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Abstract 

Community participation has grown in prominence in mitigating disasters globally. It involves the 
active involvement in search and rescue to reconstruction that people affected by disasters 
undertake unsolicited. Predictive power in disaster recovery has further increased its relevance. 
However, quantitative analysis that community participation has on disaster mitigation measures 
is scant. 

The study analyses community participation’s impact on disaster mitigation measures following 
the Kochi flood of 2018 and 2019 in India. We use a Multivariate Probit Regression model with a 
sample size of 750 to analyse the relationship between disaster mitigation measures (namely, 
disaster event planning, previous experience, following disaster-related news closely, and 
neighbourhood relationship) and community participation. Results show participants who were 
active in community events were 23% more likely to adopt all the disaster mitigation measures 
than those who did not. In addition, households with special-needs members were more likely to 
be prepared for an unanticipated event. Results also showed higher education levels directly 
correlated to implementing more significant disaster mitigation measures. Implications for 
government policy formation include schemes to enhance community rehabilitation and promote 
social participation to mitigate future disaster events. 

Keywords: community participation, disaster mitigation, multivariate probit regression, flood, 
Kerala 

1. Introduction 

The world has been experiencing disasters since humanity existed. It has now become part and 
parcel of humankind. Coping with these disasters is not a choice anymore but has become the need 
of the hour. In 2019 alone, the world experienced 396 disasters (CRED, 2020). Out of this, floods 
recorded the highest number, with 194 occurrences worldwide taking at least 5110 lives (CRED, 
2020). India topped the mortality count with 1900 casualties (CRED, 2020). Due to frequent 
disasters, many international agencies have considered disaster mitigation their central theme to 
curb its impacts (Nations, 2005). 

Disaster mitigation can occur across various scales, from global to regional to urban to community 

and individual scale (Ali & George, 2021). At the personal level, emergency preparedness helps 
people respond to a disaster appropriately that helps them cope with the after-effects (Henry et al., 



2003). However, disaster mitigation is not an individual effort. Governmental organisations and 
NGOs may formulate mitigating strategies in the event of a disaster. Still, the effectiveness of such 
measures depends on community involvement through participation/partnership and effective 
communication (Shaw, 2012). Several recent pieces of literature have focused on community 
participation as a critical element in disaster mitigation. Its prominence has risen globally due to 
increasing disasters and viral epidemics/pandemics (Abunyewah et al., 2020; Ada & Bolat, 2010; 
Aldrich, 2011a, 2012; Koh & Cadigan, 2008). It helps share resources and expertise, and 
transmission of information leads to greater disaster mitigation and effective responses  
(Abunyewah et al., 2020; Crabbé & Robin, 2006; Ford et al., 2006; Javadinejad et al., 2021; Ostad-
Ali-Askar et al., 2018; Rayamajhee et al., 2021; Tompkins, 2005). 

In the disaster management domain, the World Health Organisation (WHO) describes community 
participation as, 

“Community participation is the active involvement of people from communities preparing for, or 

reacting to, disasters. True participation means the involvement of the people concerned in 

analysis, decision-making, planning, and programme implementation, as well as in all the 

activities, from search and rescue to reconstruction, that people affected by disasters undertake 

spontaneously without the involvement of external agencies.”(Wisner et al., 2002) 

Even though possibilities for community participation may be context and time-specific, the WHO 
recommends promoting community participation to achieve sustainable development (Wisner et 
al., 2002). 

Community participation includes volunteering, organisational involvement, religious 
involvement, providing land to the government, and other disaster mitigating organisations (Ali & 
George, 2021; Rayamajhee & Bohara, 2021). All these are different examples of how one can 
invest in community participation. Being a social participant helps for easy resource sharing, faster 
information dissemination and provides a venue to build trust, interact and create networks in a 
community (Abunyewah et al., 2020; Ali & George, 2021; Putnam, 1995a, 1995b; Rayamajhee et 
al., 2021; Rayamajhee & Bohara, 2021). Evidence-based research from Charleston, North 
Carolina, shows that those with substantial social influence/involvement were more likely to be 
evacuated faster than those with weaker social involvement (Riad et al., 1999). Similarly, members 
in a social event/organisation receive increased and faster support following a disaster event 
(Nakagawa & Shaw, 2004; Rayamajhee et al., 2021). 

Research has also linked participation in community activities to lower risky health issues 
(Hyyppa, 2003). Similarly, studies show that social participation allows formulating a necessary 
public health framework for improving disaster mitigation leading to fewer casualties (Carden, 
2010; Dynes, 2006; Koh & Cadigan, 2008; Mathbor, 2007; Pelling, 1998). 

A myriad of research and case studies have proven community participation to be a key element 
in mitigating disasters. But studies on what drives societies to enhance community participation, 
its dependencies on socioeconomic factors, and whether community participation enhances other 



disaster mitigation variables are absent. Further, quantitative analysis that community participation 
has on disaster mitigation measures is scant. In response, this study focuses on quantitatively 
analysing the relationship between community participation and other disaster mitigation variables 
through a multivariate probit model. Pair-wise correlation between variables is also explored to 
determine if community resilience is distinct and to what extent quantitatively (if it is significant). 
In addition, socioeconomic analysis and conditional probability on community participation and 
disaster mitigation measures are also explored. This will help disaster authorities and policymakers 
to implement policies that focus on enhancing community participation more specifically. 

 
Fig.1: Research gap in the disaster mitigation domain 

Thus, this study is conducted using a live case study in Kochi, India. Residents of Kochi had 
experienced floods in both 2018 and 2019. The paper is divided into eight sections. The 
introduction is followed by literature on disaster mitigation variables and a brief about the Kochi 
floods. The third section contains the study methodology followed by an empirical model. Finally, 
the study concludes with a discussion section, study limitations, and conclusion.  

2. Literature Review 

2.1 Determinants of Disaster Mitigation variables 

Earlier studies have shown that disaster risk reduction measures vary greatly with personal 
characteristics and situations. Socioeconomic factors such as age, gender, household size, income, 
education, and marital status are reported to be associated with disaster risk reduction measures  
(Dooley et al., 1992; Heller et al., 2005; Lindell & Whitney, 2000; Mitchell, 1988; Mulilis et al., 
2000; Russell et al., 1995). Besides socioeconomic factors, previous experience from similar 
events encourages a better preparation for disasters than factual knowledge. This experience is 
directly proportional to the number of disasters encountered (Russell et al., 1995), whether family 



losses were incurred from a disaster (O’Brien & Mileti, 1992), and how recent the tragedy had 
occurred (Witvorapong et al., 2015). 

Community participation is another closely linked disaster risk reduction measure. The strength of 
community participation comes into foresight, especially in disaster (Dynes, 2002). Before a 
disaster event, social obligations may be modest. However, people may feel closer to one another 
in a disaster since they share the same feelings and experiences. The advantages of cooperation 
are realised, and a sense of belonging is generated during such times (Dynes, 2002). This sense of 
social bonding is even more evident in places exposed to frequent disaster events; this induces the 
community to share preparedness measures through collective learning (Yamamura, 2010). Such 
times reinforce community participation and social trust (Ali & George, 2021; Witvorapong et al., 
2015; Yamamura, 2010, 2014). Beyond the capacity to support each other, studies have also shown 
community participation as a contrivance to ameliorate the agony and sufferings of the 
marginalised population during such times (Abunyewah et al., 2020; Aldrich, 2010c, 2010b; 
Aldrich & Crook, 2007; Carden, 2010; Rayamajhee & Bohara, 2021; B. M. Reininger et al., 2013). 
The inability of the elderly, women, children, and other marginalised communities to access aid 
easily as the non-marginalised community could be addressed by promoting social participation 
(Aldrich, 2010a, 2011c, 2011b; Aldrich & Crook, 2007; Askari et al., 2016; Pourrostami et al., 
2020; B. M. Reininger et al., 2013). 

At times of calamities, knowing the exact ground situation is vital for both the affected and the 
rescue operators. For this, information sharing and access to such platforms are crucial. The need 
to closely follow disaster-related news is an essential disaster mitigative measure that would help 
implement appropriate actions during a disaster (Witvorapong et al., 2015). Resource sharing on 
social media platforms has also paved the way for faster information dissemination among those 
affected and the officials (Abunyewah et al., 2020; Liu et al., 2021; Ranjit et al., 2020). 

Disaster preparedness, prevention, and recovery have been associated with more outstanding social 
participation, such as perception of trust, positive and closely-knit neighbourhood relationships, 
and involvement in social organisations (Aldrich, 2011b; B. M. Reininger et al., 2013). However, 
these studies do not consider social participation to be jointly influenced by the above-said factors. 
Very few studies, such as (Witvorapong et al., 2015), have studied its combined effects in tsunami-
prone areas and found that multiple factors influence social participation and increase with a 
combination of disaster risk reduction behaviours. This study focuses on this aspect where 
community participation influences different disaster risk reduction behaviours both combined and 
individually in flood-prone areas. The study uses a survey of 750 households located in Kochi, 
India, after the city had experienced ravaging floods in 2018 and 2019, disrupting transport 
systems and displacing thousands of families. First, a description of the study area is discussed, 
after which a multivariate probit model is conducted. Finally, the results are discussed. 

2.2 Kochi Floods 

Kerala is a South Indian state with more than 33 million population, with a geographic area 
extending to 39,000 km2. It has a coast of 590 km, and the width of the state varies between 11 



km and 121 km. Kerala can be divided into three climatically distinct regions: the eastern 
highlands; rugged and cool mountainous terrain, the central mid-lands; rolling hills, and the 
western lowlands; coastal plains (Chattopadhyay & Franke, 2006). About 90% of the rainfall in a 
year occurs during six monsoon months, from June to November. Kerala state has an average 
annual precipitation of about 3000 mm (Ministry of Earth Sciences, 2019). The continuous and 
heavy rainfall in the steep and undulating terrain finds its way into the main rivers through 
innumerable streams and watercourses. Kerala, being a coastal city with a coastline of 590 km, is 
vulnerable to natural disasters such as floods, tsunamis, and even landslides along the slopes of 
the Western Ghats. There are 39 hazards categorised as naturally triggered hazards and 
anthropogenically triggered hazards by the Kerala State Disaster Management Plan (The World 
Bank, 2018). Also, Kerala is one of India’s most densely populated states with 860 persons per sq. 
km., making it more susceptible to losses and damages from a disaster (Ministry of Earth Sciences, 
2019). 

Out of all the disasters, floods are the most common disaster in Kerala. Close to 14.5% area of the 
state is prone to floods (Ministry of Earth Sciences, 2019). Riverine flooding is a recurring event 
due to heavy or continuous rainfall. It leads to exceeding the percolation capacity of soil and the 
flow capacity of streams and rivers. The events that trigger an inundation are mainly rainfall, 
channel slope, land use in the flood plains, materials of stream banks, and relative height of banks 
(Ministry of Earth Sciences, 2019). 

Before the flood of 2018 and 2019, the previous flood of such a devastating scale happened in 
1924, almost a century ago. More commonly known as the ‘99 floods, since it happened in the 
Malayalam calendar year of 1099, the then flood had deeply submerged many districts of Kerala 
from Thrissur to Alappuzha, even parts of Idukki. After 1924, the next major flood was in 1961 in 
the Kerala Periyar Basin, with a 52% increase in Monsoon rains. However, casualties were 
relatively lesser, at 110, than the previous event due to lesser urban densities in these areas. 

The flood seems to be recurring at a closer frequency, especially when it is happening back-to-
back years. The year 2019 ran through a deficit of 29% rainfall on August 1, 2019, to no shortage 
on August 14, 2019, implying the excess rain was received in just two short weeks (Ministry of 
Earth Sciences, 2019). Houses damaged due to flooding stood at 1789, and over 26,000 people 
have taken refuge in relief camps (Ministry of Earth Sciences, 2019). Out of all the districts in 
Kerala, Kochi seems to be the most affected in infrastructure, transportation, and economic terms. 

The area was severely affected during the floods of 2018 and 2019, disrupting roadways, railways, 
and even airways. All transportation networks were submerged in water for at least two weeks 
during the 2018 flood. The central location of Kochi for the state of Kerala resulted in separating 
the state into two parts. All state functioning and even rescue operations were severely affected. 
Rescue operations during these times were mainly through local boats used by fishermen residing 
in the area (Ali & George, 2021). 

 



3. Methodology 

3.1 Quantitative Analysis 

This study analyses community participation’s impact on disaster mitigation measures following 
the Kochi flood of 2018 and 2019 in India. For this, we have used a Multivariate Probit Regression 
model with a sample size of 750 to analyse the relationship between disaster mitigation measures, 
namely, disaster event planning, previous experience, following disaster-related updates, 
neighbourhood relationship, and community participation. 

The study is analysed in three parts. Firstly, a multivariate probit regression model is conducted to 
examine the significance between socioeconomic factors and disaster mitigation variables. Here, 
all variables including ‘community participation’ is considered as a dependent variable. Secondly, 
correlation between all the disaster mitigation variables is analysed. Again, all variables are 
considered as dependent variables, including ‘community participation’. Thirdly, a conditional 
probability between ‘community participation’ and other disaster mitigation measures is analysed. 
Here, ‘community participation’ is considered an independent variable while all other variables 
are dependent variables. 

3.2 Site and Sampling 

The site selected for the study is Kochi Municipal Corporation limits in Kerala. We followed the 
systemic random sampling method. Every third household was surveyed within the 74 wards of 
the municipal corporation area (Figure 2 shows the ward distribution in the Kochi municipal 
corporation area). The population of the Kochi municipal corporation is 677,381 (Bose, 2011). 
The study used a confidence interval of 95% with a 5% margin of error using Cochran’s (1977) 
formula for calculating sample size. The survey count does not vary significantly for a vast 
population, and hence the minimum required sample size is 385 responses. The surveyed sample 
size stands at 750 surveys and is higher than the minimum requirement. A door-to-door survey 
was conducted in all the 74 wards, ensuring at least ten households were surveyed in each ward.  

3.3 Safety Precautions 

The survey was conducted during February-March 2021, which was during the corona-virus 
pandemic. However, since the government of India had removed the country’s lockdown by this 
time, we were able to conduct the survey. All safety protocols were followed, including double 
face masks, hand gloves, social distancing, and frequent use of sanitisers. Households had the 
absolute right to decline the survey without stating any reason, resulting in a response rate of 78% 
in household participation. Figures 3 and 4 show the current scenario of the areas submerged in 
water during the 2018 flood, which was also the study area. 

 



 

Fig.2: Kochi Municipal Corporation Map, Source: (Open Street Map) 

3.4 Survey Questionnaire 

A 20 item in-person survey was conducted. The questionnaire was divided into two parts. The first 
part included socioeconomic characteristics such as age group, gender, household size, household 
income, education level, and the presence of a special needs person (SNP). The second part 
included disaster mitigation variables such as community participation, disaster event planning, 
previous experience of a disaster, following disaster-related news closely, and neighbourhood 
relationship. The questions related to disaster mitigation were developed from earlier assessments 
of Witvorapong et al.(2015) and Aldrich(2011). Even though the questionnaire was in English, 
questions were asked in the local language, namely, Malayalam, since the survey was conducted 
verbally. 

After collecting all the surveys (750), statistical analysis using multivariate probit regression 
(MVPR) for five disaster mitigation variables was analysed with socioeconomic factors. We 
conducted the research using Stata13 software. Descriptive statistics of the study are shown in 
Table-1. The empirical model followed and formulas used to conduct MVPR are explained. First, 
results on significance are discussed, including positive and negative coefficient values, after 
which correlation between variables has also been analysed. Further, conditional probability for 
‘community participation’ has been conducted. 

4. Description of variables 

4.1 Socio-economic variables 

The study considered six socioeconomic items. The initial question included selecting their gender 
from male, female, transgender, and an option not to specify. Age-group was measured by a close-
ended question that consisted of the following response categories (18-24, 25-34, 35-44, 45-54, 



55+). Monthly income was measured with the following response categories (<Rs.30000, 
<Rs.50000, <Rs.75000, <Rs.100000, >=Rs.100000). After which, respondents were asked if they 
were married or unmarried. Those who responded as divorced or widowed were also considered 
under the category of unmarried.  Education was measured in five levels: no formal education, 
primary school, high school, graduate, and post-graduate. Households with a special needs person 
(SNP) were assessed based on questions related to the presence of a differently-abled person, a 
person with mental or physical disabilities and dependence for routine care or require medical 
assistance and medication. Household sizes were measured in five levels: single occupancy, 
double, 3-4, 5-6, and 7 or above. After the socioeconomic section, participants were asked 
questions related to disaster mitigation and their awareness. 

4.2 Measurement of disaster mitigation variables 

Five disaster mitigation variables were analysed for the task. The question that measured 
community participation was, ‘Are you active in any Social/Community Events/Awareness 
Events?’. In addition, participants were asked which events they participate in and their frequency 
of attendance. Community events were not always a physical event. Many of the events are held 
virtually through video conferences/phone calls/WhatsApp messages etc. However, if the 
respondent were active in any of the social events through any means such that their involvement 
was present, the respondent was considered an active participant. Else, the respondent was marked 
as inactive. 

Respondents were then asked if they had good contacts with their immediate neighbours. 
Responses such as ‘not in talking terms’ were perceived as a ‘No’. After which, questions related 
to flood-related experiences were asked. ‘Following Disaster-related updates’ was asked as ‘Had 
you closely followed flood-related updates on any media (Smartphone/T.V./Laptop/Radio)?’, this 
is to make sure respondents were aware of the situation around. Next, the factor “Disaster event 
planning’ was asked as ‘Had you prepared Emergency kits or had an emergency evacuation 

plan?’. Such measures are a critical disaster mitigation factor for any disaster (Bell et al., 2020; 
Lam et al., 2017; McNeill et al., 2018; Pickering et al., 2018; Wilkinson et al., 2018). The next 
question enquired about the knowledge gained from a similar experience if applicable. 
Respondents were asked if they had experienced any disaster previously and if it helped them in 
any way during the 2018/2019 floods. Most respondents had an experience of the 2018 flood. 
Hence, some respondents were better prepared for the 2019 flood from the experience of the 
previous year. 



 

Fig.3: Site Photos, Location: Kochi 

 

Fig.4: Site Photos 2, Location: Kochi 

Table-1: Descriptive statistics 

Variable Frequency Percentage 
Gender 
Male 395 52.67 
Female 355 47.33 
Age Group 

18-24 136 18.13 
25-34 189 25.20 
35-44 200 26.67 
45-54 196 26.13 



55+ 29 3.87 
Household Size 
1 97 12.93 
2 99 13.20 
3 326 43.47 
4 162 21.60 
5-6 59 7.87 
7+ 7 0.93 
Education Level 
Illiterate 7 0.93 
Primary School 14 1.87 
High School 142 18.93 
Graduate 369 49.20 
Post-Graduate 218 29.07 
Differently-abled Persons 111 14.80 
Married 473 63.07 

 

5. Empirical Estimation 

5.1 Empirical Model 

The following section explains all the formulas used to conduct the study. Latent variable (𝑌𝑖𝑘∗ ) 
determined by observed explanatory variable (𝑋𝑖) and the error term (𝜀𝑖) is defined as (𝛽 represents 
the vector of coefficients to be estimated): 
 𝑌𝑖𝑘∗ = 𝑋𝑖′𝛽𝑘 + 𝜀𝑘𝑖 where, (k = Y1+ Y2+ Y3+ Y4+ Y5) 

 

where 𝑌𝑖𝑘 = {0 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒1 𝑖𝑓 𝑌𝑖𝑘∗ >0
 (k=𝑌1, 𝑌2, 𝑌3, 𝑌4, 𝑌5) 

 
From the above equations, the following latent variable models are assumed: 

 
1. 𝐶𝑖∗ = 𝑋𝑖′𝛽𝐶 + 𝜀𝐶𝑖 (where C represents Community participation) 
2. 𝐷𝑖∗ = 𝑋𝑖′𝛽𝐷 + 𝜀𝐷𝑖 (where D represents Disaster event planning) 
3. 𝑃𝑖∗ = 𝑋𝑖′𝛽𝑃 + 𝜀𝑃𝑖 (where P represents Previous experience) 
4. 𝐹𝑖∗ = 𝑋𝑖′𝛽𝐹 + 𝜀𝐹𝑖 (where F represents Following Disaster related updates) 
5. 𝑁𝑖∗ = 𝑋𝑖′𝛽𝑁 + 𝜀𝑁𝑖 (where N represents Neighbourhood relationship) 
 

The multivariate probit model assumes the error terms(five) are correlated according to a 
multivariate normal distribution as follows: 

[   
 𝜀𝐶𝑖𝜀𝐷𝑖𝜀𝑃𝑖𝜀𝐹𝑖𝜀𝑁𝑖]  

  ~𝑁 [  
   [   
 00000]   

 , [  
  1 𝜌𝐶𝐷 𝜌𝐶𝑃 𝜌𝐶𝐹 𝜌𝐶𝑁𝜌𝐶𝐷 1 𝜌𝐷𝑃 𝜌𝐷𝐹 𝜌𝐷𝑁𝜌𝐶𝑃 𝜌𝐷𝑃 1 𝜌𝑃𝐹 𝜌𝑃𝑁𝜌𝐶𝐹 𝜌𝐷𝐹 𝜌𝑃𝐹 1 𝜌𝐹𝑁𝜌𝐶𝑁 𝜌𝐷𝑁 𝜌𝑃𝑁 𝜌𝐹𝑁 1 ]  

  
]  
   = 𝑁𝑜𝑟𝑚𝑎𝑙(0, Ω) 



where,  

 N= Normal Distribution 
 0= Expected error term value 
 Ω= variance-covariance matrix of the error terms (Symmetric) 
 ρ= conditional tetrachoric correlation for each pair of outcomes 
 
Cumulative Probability Distribution Function 

Pr(𝐶𝑖 = 1,𝐷𝑖 = 1, 𝑃𝑖 = 1, 𝐹𝑖 = 1,𝑁𝑖 = 1) 

=∫ ∫ ∫ ∫ ∫ 𝛷5(𝑋𝑖′𝛽𝐶 , 𝑋𝑖′𝛽𝐷, 𝑋𝑖′𝛽𝑃 , 𝑋𝑖′𝛽𝐹 , 𝑋𝑖′𝛽𝑁;  𝜌𝐶𝐷, 𝜌𝐶𝑃 , 𝜌𝐶𝐹 , 𝜌𝐶𝑁 , 𝜌𝐷𝑃 , 𝜌𝐷𝐹 , 𝜌𝐷𝑁 , 𝜌𝑃𝐹 , 𝜌𝑃𝑁 , 𝜌𝐹𝑁)𝜀𝑁𝑖−∞𝜀𝐹𝑖−∞𝜀𝑃𝑖−∞𝜀𝐷𝑖−∞𝜀𝐶𝑖−∞ 𝑑𝜀𝐶𝑖𝑑𝜀𝐷𝑖𝑑𝜀𝑃𝑖𝑑𝜀𝐹𝑖𝑑𝜀𝑁𝑖  
= Φ5(𝑋𝑖′𝛽𝐶 , 𝑋𝑖′𝛽𝐷, 𝑋𝑖′𝛽𝑃 , 𝑋𝑖′𝛽𝐹 , 𝑋𝑖′𝛽𝑁;  𝜌𝐶𝐷, 𝜌𝐶𝑃 , 𝜌𝐶𝐹 , 𝜌𝐶𝑁 , 𝜌𝐷𝑃 , 𝜌𝐷𝐹 , 𝜌𝐷𝑁 , 𝜌𝑃𝐹 , 𝜌𝑃𝑁 , 𝜌𝐹𝑁) 

where, Φ5 = Joint Probability density function of the fifth-order 

Log-Likelihood Function 

ln 𝐿 = ∑𝐶𝑖∗ ∗ 𝐷𝑖∗ ∗ 𝑃𝑖∗ ∗ 𝐹𝑖∗ ∗ 𝑁𝑖∗ ∗𝑁
𝑖=1 lnΦ5(𝑋𝑖′𝛽𝐶 , 𝑋𝑖′𝛽𝐷, 𝑋𝑖′𝛽𝑃 , 𝑋𝑖′𝛽𝐹 , 𝑋𝑖′𝛽𝑁;  𝜌𝐶𝐷, 𝜌𝐶𝑃 , 𝜌𝐶𝐹 , 𝜌𝐶𝑁 , 𝜌𝐷𝑃 , 𝜌𝐷𝐹 , 𝜌𝐷𝑁 , 𝜌𝑃𝐹 , 𝜌𝑃𝑁 , 𝜌𝐹𝑁) 

Since the number of integrals is more than two (five in this case), the traditional maximum 
likelihood method may be computationally burdensome. Hence the simulated maximum 
likelihood (SML) method based on the Geweke-Hajivassiliou-Keane recursive simulator is used. 
The minimum number of draws required for conducting should be greater than the square root of 
the total number of observations taken into consideration, the square root of 750=28. The study 
has used 30 draws. Stata (version 13) has been used for conducting multivariate probit regression 
of the above research. Table 2 shows the descriptive statistics of the combination of probit 
variables considered. 

Table-2: Combination of probit variables 

Sl. Probit Variables Frequency Percentage 
1 Only Community Participation 0 0 
2 Only Disaster Event Planning 22 2.93 
3 Only Previous Experience 8 1.06 
4 Only Following disaster-related updates 69 9.2 
5 Only Neighborhood relationship 0 0 
6 Community Participation & Disaster Event Planning 0 0 
7 Community Participation & Previous Experience 7 0.93 
8 Community Participation & Following disaster-related updates 1 0.13 
9 Community Participation & Neighborhood relationship 6 0.8 
10 Disaster Event Planning & Previous Experience 1 0.13 
11 Disaster Event Planning & Following disaster-related updates 16 2.13 
12 Disaster Event Planning & Neighborhood relationship 10 1.33 



13 Previous Experience & Following disaster-related updates 51 6.8 
14 Previous Experience & Neighborhood relationship 15 2 
15 Following Disaster related updates & Neighborhood 

relationship 
0 0 

16 Community Participation, Disaster Event Planning & Previous 
Experience 

5 0.66 

17 Community Participation, Disaster Event Planning & 
Following disaster-related updates 

14 1.86 

18 Community Participation, Disaster Event Planning & 
Neighborhood relationship 

2 0.26 

19 Community Participation, Previous Experience & Following 
Disaster-related updates 

30 4 

20 Community Participation, Previous Experience & 
Neighborhood relationship 

24 3.2 

21 Community Participation, Following Disaster News & 
Neighborhood relationship 

23 3.06 

22 Disaster Event Planning, Previous Experience & Following 
disaster-related updates 

11 1.46 

23 Disaster Event Planning, Previous Experience & 
Neighborhood relationship 

0 0 

24 Previous Experience, Following Disaster related updates & 
Neighborhood relationship 

9 1.2 

25 Community Participation, Disaster Event Planning, Previous 
Experience & Following Disaster related updates 

73 9.73 

26 Community Participation, Disaster Event Planning, Previous 
Experience & Neighborhood relationship 

7 0.93 

27 Community Participation, Disaster Event Planning, Following 
disaster-related updates & Neighborhood relationship 

73 9.73 

28 Community Participation, Previous Experience, Following 
disaster-related updates & Neighborhood relationship 

160 21.33 

29 Disaster Event Planning, Previous Experience, Following 
disaster-related updates & Neighborhood relationship 

0 0 

30 All of them 176 23.46 
31 None of them 18 2.4  

TOTAL 750 100 

 

5.2 Results 

A multivariate probit regression for all the disaster mitigation measures was analysed. From Table-
3, it is clear that all five selected variables have statistical significance with regard to 
socioeconomic factors. A negative and significant coefficient of age groups reflects that 
community participation decreases with higher age-group, i.e., people within lower age groups 
seem to be more active participants in social events. A positive and significant coefficient of 
education level and households with special needs persons shows that community participation 
increases with an increase in education level and is also prominent with families with differently-
abled people. 



In disaster event planning, ‘coefficients of age-group’, ‘households with special needs persons’, 
‘higher education level’, and ‘married households’ have positive coefficients, which means 
disaster-event planning is directly proportional to these factors. Negative and significant value for 
married homes and those with previous experience of a similar event shows that unmarried 
households are more likely to be better prepared for a disaster if they have had experience from a 
similar event previously. 

Table-3: Multivariate probit model analysis 

Variable Community 

Participation 
Disaster 

Event 

Planning 

Previous 

Experience 
Following 

Disaster-

related 

updates 

Neighbourhood 

relationship 

Gender 0.107 
(0.967) 

-0.148 
(0.099) 

-0.065 
(0.098) 

0.387** 
(0.113) 

0.134 
(0.090) 

Age Group -0.096* 
(0.041) 

0.140** 
(0.045) 

-0.045 
(0.043) 

-0.040 
(0.050) 

-0.101* 
(0.039) 

Household 
Size 

0.095 
(0.056) 

0.087 
(0.056) 

-0.012 
(0.057) 

-0.118 
(0.065) 

-0.005 
(0.052) 

Special needs 
Person (SNP) 

0.294* 
(0.148) 

1.115** 
(0.163) 

0.228 
(0.156) 

0.757** 
(0.214) 

-0.194 
(0.138) 

Education 
Level 

0.163* 
(0.067) 

0.426** 
(0.064) 

0.085 
(0.062) 

0.027 
(0.067) 

0.131* 
(0.057) 

Married 0.051 
(0.128) 

0.531** 
(0.129) 

-0.280* 
(0.135) 

0.197 
(0.143) 

0.348** 
(0.120) 

Constant -0.286 
(0.350) 

0.459 
(0.334) 

0.641* 
(0.318) 

0.968** 
(0.359) 

0.725* 
(0.299) 

Log likelihood= -1773.978 
Number of observations= 750 
Draws= 30 
Wald Chi. Sq. (30) = 257.10 
Prob. > Chi. Sq.= 0.00 

Note: Standard Errors are in parenthesis. Likelihood ratio test of 

rho21=rho31=rho41=rho51=rho32=rho42=rho52=rho43=rho53=rho45=0 chi2(10) = 

662.924, Prob > chi2 = 0.0000  

*p<0.05, **p<0.01 

Females tend to be more active in following disaster-related updates as compared to male 
counterparts. Positive coefficients for households with special needs persons also imply that such 
families are more likely to follow disaster-related updates. Negative and significant coefficients 
for age-group in neighbourhood relationship shows that, if all other values remain the same, higher 
aged people are less likely to mingle and bond with their neighbours. On the other hand, positive 
coefficients for education level and married people imply that people with higher education levels 
and those married have a higher chance of knowing and having positive ties with their neighbours. 

 



Correlation between variables 

[   
 𝜀𝐶𝑖𝜀𝐷𝑖𝜀𝑃𝑖𝜀𝐹𝑖𝜀𝑁𝑖]  

  ~𝑁
[  
   [   
 00000]   

 , [  
  1 𝜌𝐶𝐷 𝜌𝐶𝑃 𝜌𝐶𝐹 𝜌𝐶𝑁. 43 ∗∗ (. 05) 1 𝜌𝐷𝑃 𝜌𝐷𝐹 𝜌𝐷𝑁. 75 ∗∗ (. 03) . 11(. 06) 1 𝜌𝑃𝐹 𝜌𝑃𝑁. 52 ∗∗ (. 05) . 21 ∗∗ (. 07) . 45 ∗∗ (. 06) 1 𝜌𝐹𝑁. 87 ∗∗ (. 02) . 06(. 06) . 63 ∗∗ (. 04) . 27 ∗∗ (. 06) 1 ]  

  
]  
   

= 𝑁𝑜𝑟𝑚𝑎𝑙(0, Ω) 

Note: **p<0.01 

Pair-wise correlation coefficients are studied using multivariate probit regression to help 
understand the correlation between the selected variables. From the correlation matrix, it is clear 
that most of the pair-wise correlation coefficient is significant, with the highest correlation between 
‘community participation’ and ‘neighbourhood relationship’ with 𝜌𝐶𝑁 Value of 0.87, which is 
followed by ‘community participation’ and ‘previous experience’ with 𝜌𝐶𝑃 Value of 0.75. The 
significance between variables justifies using a multivariate probit model instead of an 
independent probit model. 

Conditional probability 

Table-4: Conditional probability on community participation 

Events When 

Community 

Participation=1 

When 

Community 

Participation=0 

Paired 

Difference 
t-test 

statistics 

Disaster Event Planning=1 0.46 0.08 0.38 191.22*** 
Previous Experience=1 0.64 0.12 0.52 258.96*** 
Following Disaster related 
updates=1 

0.73 0.30 0.43 201.28*** 

Neighborhood relationship=1 0.62 0.04 0.58 276.34*** 
Disaster Event Planning=0, 
Previous Experience=0, 
Following Disaster related 
updates=0, Neighborhood 
relationship=0 

0.00 0.02 -0.02 -43.50*** 

Disaster Event Planning=1, 
Previous Experience=1, 
Following Disaster related 
updates=1, Neighborhood 
relationship=1 

0.23 0.00 0.23 147.45*** 

 Note: *** Significant at p<0.001 

Very high significance exists between ‘community participation’ and all other variables. 
Conditional probability between all variables and ‘community participation is studied to 
understand this significance. Drawing on the predicted joint probabilities as explained earlier, the 



paired difference of conditional probability values when ‘community participation’ is present and 
absent are charted (Table-4). 

The first four rows show the conditional probability of each disaster mitigation measure 
independently with community participation using the bivariate probit model. This is done to study 
the relationship between each disaster mitigation measure to understand their separate impacts on 
‘community participation’ irrespective of others. The remaining two rows explain conditional 
probability when all events co-occur using the multivariate probit model. The first two columns 
define the probabilities when people have some to no community participation and are active 
community participants. The third column illustrates the paired difference of the before mentioned 
probabilities, and the final column shows the significance using the t-test statistics. 

The conditional probability of the above variables shows that Community Participation influences 
the other variables positively. Without the presence of ‘Community Participation,’ the rate of 
‘Disaster Event Planning,’ ‘Previous Experience,’ ‘Following Disaster-related updates’ and 
‘Neighbourhood relationship’ stands at 8, 12, 30, and 4%, respectively. But the same increases by 
38, 52, 43, and 58% with community participation. A negative paired difference in the fourth row 
shows no such event, implying that, following all other disaster mitigation measures without 
community participation, does not cease to exist. Simultaneously, the paired difference increases 
by 23% for all other disaster mitigation measures with community participation. 

6. Discussion 

The paper examines the relationship between community participation and disaster mitigation 
measures using a case study of disaster mitigation response during the Kochi flood of 2018 and 
2019 in Kerala, India. We investigate five disaster mitigation behaviours: disaster event planning, 
experience from previous similar events, following disaster-related updates closely, 
neighbourhood relationships, and community participation. The study analysed socioeconomic 
significance, modelled the probability of engaging in community events, and quantified the 
relationship between community participation and disaster mitigation behaviours by estimating 
conditional probabilities. 

6.1 Study Findings 

The significant finding from this study is that community participation is highly correlated to 
disaster mitigating variables. The probability of undergoing disaster event planning, following 
disaster-related updates, learning from previous experiences to be better prepared for the future, 
and having a neighbourhood relationship increases significantly for those involved in community 
activities. As evident from previous literature, community participation helps share resources and 
expertise, facilitates easy transmission of critical information, provides a venue to build trust, 
interact, and create networks in a community that would eventually benefit individuals during 
times of distress (Ali & George, 2021; Crabbé & Robin, 2006; Ford et al., 2006; Tompkins, 2005). 
Community participation also brings out positive externalities such as surviving in old age and 
increasing leisure-time physical activity (Lindström et al., 2001; Maier & Klumb, 2005). These 
factors suggest that community participation can be beneficial for disaster mitigation. 



Studies have shown that first responders are usually family, neighbours, and friends (Ali & George, 
2021; Perrow, 2007). Such has been the case in this study as well. Most responders said they 
benefited immensely from their neighbours’ support, including physical and mental aid. Studies 
have shown that individuals sometimes rely on other households and people living close by to 
evacuate them (B. Reininger et al., 2013; B. M. Reininger et al., 2013). Policymakers could 
develop intervention models, such as using community heads or neighbourhood leaders to 
disseminate critical information and foster greater participation among families and neighbours to 
prepare for a disaster  (B. Reininger et al., 2013). 

Having a previous experience of a similar event did not necessarily increase disaster preparedness. 
It was only prevalent amongst households with a special needs person or people with higher 
education levels. When asked to the responders why efforts were not taken to prepare emergency 
kits even after experiencing floods back-to-back years, people did not expect life-altering events 
to happen frequently, was the response. This is in line with many studies that claim having a 
previous experience of a similar condition may not increase disaster preparedness (Kohn et al., 
2012; Witvorapong et al., 2015). Respondents linked it to wastage of resources and space, and 
such measures were primarily overseen by the economically weaker section of the society. 

Different disaster mitigating measures require varying levels of effort (Witvorapong et al., 2015). 
For example, following disaster-related news only requires a smartphone connection. But 
preparing an emergency kit or setting out an escape plan requires more time and effort. Our study 
shows that the latter measures of having an emergency kit ready were more prominent with 
graduates or above. The above factors show the importance of education levels (Teo et al., 2018). 
Governments will have to invest in these sectors, which in turn may affect disaster mitigation 
efforts positively. However, this is not true for places that experience disasters frequently. For 
example, research has shown that 59% of the economically weaker section of the society had 
prepared emergency kits in Texas, USA, as their city was prone to frequent hurricanes (B. M. 
Reininger et al., 2013). 

Mixed evidence exists in the case of people with special needs and disaster preparedness. Studies 
from the United States have shown no significance between households with a special needs 
person (SNP) and disaster preparedness (Bethel et al., 2011; Eisenman et al., 2009; Uscher-Pines 
et al., 2009). However, our study lies in line with Witvorapong et al. (2015) results, where 
households with a special needs person did indeed increase the likelihood of having disaster kits 
prepared. 

Regarding disaster mitigation differences amongst gender, women tend to be more prepared than 
men, which could be since women tend to perceive disaster or threats much more seriously than 
men (Cutter et al., 1992; Fothergill, 1996; Witvorapong et al., 2015). Also, certain studies explain 
that disaster impacts affect women more than men (Hamidazada et al., 2019; Nguyen, 2018; 
Tanyag, 2018; Teo et al., 2018). Consequences range from lower opportunities to learn about 
disaster mitigation measures to women exploitation post-disaster (Fujii & Kanbara, 2019; 
Hamidazada et al., 2019). Furthermore, research has linked female education to play a vital role in 
lowering health risks in children, reducing disaster-related mortality counts, and enhancing 
adaptive capacity (Ostad-Ali-Askari et al., 2020; Siri, 2014; Striessnig et al., 2013; Talebmorad et 



al., 2021; Wamsler et al., 2012). Since women are more likely to have a more robust social 
connection with neighbours than men (Renzulli et al., 2000; Witvorapong et al., 2015), providing 
education opportunities for women could improve disaster mitigation measures in a community. 

In 2013, under the Ministry of Law and Justice, India, “The National Food Security Act,2013” was 
passed by the parliament. It declared women the head of the family in issuing a ‘ration card’ 
(Ministry of Law and Justice, 2013). The government of India passed an act to provide subsidised 
food grains, especially for the economically weaker sections. The rationale for making women the 
head of the family was because the government believed women were better homemakers than 
men (Lakkadi, 2013). The takeaway here is that women seem to be better at the job than men 
regarding household sustainability. Disaster mitigation measures could very well fall on the same 
line if women are empowered with education and opportunities. 

This study has also found significance with disaster event planning increasing with higher age- 
groups. People aged more than 55 were common in households with a larger number of people. 
Some studies have shown that, in specific communities, the elder in the family holds the highest 
responsibility of its members due to their life experiences and more significant connections with 
decision-makers (B. M. Reininger et al., 2013). But in households with really aged people who 
need external support due to their physical conditions, they also seem to implement more disaster 
preparedness measures (The study has considered such household members under the category of 
‘special needs person’). 

Another unique observation while conducting the survey saw existing communities followed a 
multicultural settlement pattern, which included daily-wage workers to highly respected doctors 
and lawyers on the same street lanes. Respondents claimed they were highly benefitted from this 
mixed household pattern. People in different strata of the society had access and knowledge of 
various resources which would otherwise be absent for a particular section. For example, daily-
wage workers had acquaintances with the local fishermen, who passed the information of those 
stranded and eventually were rescued on local boats. Here, multiple instances of resource sharing 
are something not to be overlooked. Expansion of community participation depends on 
encompassing the excluded sections of society (Aldrich, 2011b; Elliott et al., 2010). 

6.2 Conditional probability on community participation 

Conditional probability on community participation and other measured disaster mitigation 
measures showed high significance. The chances of individuals undertaking all other disaster 
mitigation measures increased by 23% compared to when community participation was absent. 
Individuals could be encouraged to participate in community events or volunteer in public 
programs. A community ‘currency program’ implemented by the government of Japan for 
Ichikawa city to promote social participation resulted in higher trust levels among citizens. Here 

the community currency was earned for volunteering in social events and could be used at local 
shops (Richey, 2007). Taking ideas from such measures could improve community participation 
leading to increased disaster preparedness by disaster mitigation professionals. 

 



6.3 Future Scope 

Even though numerous studies highlight the relevance of community participation in disaster 
mitigation (Ada & Bolat, 2010; Aldrich, 2011a, 2012; Koh & Cadigan, 2008; Mathbor, 2007), 
post-disaster aid primarily focuses on physical restoration from the effects of the disaster. Instead, 
organisations should focus more on community rehabilitation and promote social participation to 
help individuals be better prepared and thereby decrease mortality rates. 

Another aspect of increased community participation could be including the neglected sections of 
the society to inculcate similar skills (Abunyewah et al., 2020; Aldrich, 2011b; Elliott et al., 2010). 
For example, the Tata Institute of Social Sciences (TISS) has developed and promoted leadership 
seminars across India to connect and increase the mobilisation capacity of people excluded from 
the outside communities like the tribal people.  

The ‘Kudumbashree’ organisation (a joint programme between the National Bank for Agriculture 
and Rural Development and the Government of India) in Kerala, India, focuses on the upliftment 
of women, especially the economically weaker section. The programme is aimed to provide 
economic opportunities to expand their livelihood and thus provide for society (Ali & George, 
2021). The same ‘Kudumbashree’ organisation also provided counseling support to more than 
10,000 families and helped distribute relief material after the 2018 Kerala flood (Ali & George, 
2021). Such initiatives are long-term investments that different organisations must ensure in 
developing, especially when disaster preparedness is considered. Promoting community 
participation in public events and proposals to interlink social events to strengthen the deprived 
sections of the society could play a vital role in disaster preparedness from unanticipated future 
events. 

7. Limitations 

This study has focussed on the effects of community participation solely on a flood-prone area. 
The results cannot be generalised as they are context-specific and depend on other factors such as 
the city’s age, rate of in and out migrants, and other social and political dependencies. The study 
also does not consider the strengths and types of community participation individuals undergo, 
often referred to as bonding and bridging (de Souza Briggs, 2004). Other variables of community 
participation include trust, strong and weak ties of communities in access to resources, and support 
during times of distress. Instead, the study has focused on the presence and absence of self-reported 
community participation and its effects on disaster mitigation measures. Future research should 
consider analysing the types of communities in society, political mindsets, and segregation if 
applicable, and the strength and involvement of community heads with policymakers. Such 
measures could further explain the barriers and issues that are hindrances in building and 
promoting community participation. 

Broader networks, such as interlinkage between local community groups and 
national/international scale agencies for combined disaster mitigating efforts, can be explored in 
future research. 

 



8. Conclusion 

The study conducted here is of a particular case since the city had experienced floods consecutively 
for two years when the previous experience of a disaster of such scale had happened almost a 
century ago. People are exposed to unanticipated events as they lack prior experience. However, 
with the floods occurring in 2018 and 2019, only a portion of the community had prepared 
beforehand. The primary reason being stated that reoccurring events were unheard of at the 
location. However, this study reveals that the community’s level of social participation had helped 
them cope with the disaster to a large extent. This study finds that community participation is 
significant and increases the chances for participants to take up other disaster mitigation measures, 
thereby reducing the effects of the disaster. 

Results show participants who were active in community events were 23% more likely to adopt 
all the disaster mitigation measures than those who did not. In addition, households with special-
needs members were more likely to be prepared for an unanticipated event. Results also showed 
higher education levels directly correlated to implementing more significant disaster mitigation 
measures. Implications for government policy formation include schemes to enhance community 
rehabilitation and promote social participation to mitigate future disaster events. 
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