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ABSTRACT 

The objective of this research is to assess the potential effects of climate change and 

natural hazards in three coastal villages of Kanokupolu, Sopu and Patangata in the main 

island of Tongatapu, Tonga, and their levels of vulnerabilities; and to determine solutions 

to mitigate the risks to their livelihoods based on their existing resources, priorities, views, 

level of understanding of climate change and its challenges. The information and data 

obtained and subsequent analysis were derived from a literature review, field interviews 

and focus group discussions with 30 household members from the three villages and with 

government officials working in climate change related areas using a sustainable 

livelihood framework.  The framework has a comprehensive approach to planning and 

evaluating disaster risk management and climate change adaptation.  

 

The study shows that cyclones, flooding, sea-level rise, drought, earthquakes faced 

by these three communities have different impacts on their sources of livelihoods.  

Droughts have the greater impact on the water supply and food crops particularly for 

Kanokupolu respondents who have no rainwater catchment and limited piped and 

ground water.  Flooding is a major issue for Patangata and Sopu.  Sea level rise 

including storm driven sea surges are a threat to Kanokupolu and Patangata.  

Cyclones have greater impact on food supply for full time fishers from Patangata and 

artisanal women fishers. All households heavily rely on fishing, agriculture and 

forest-based resources for their livelihoods and these hazards have and will impact 

on their livelihoods.    

 

The findings also show that respondents’ understanding of climate change is limited to 

post event cyclones and flooding. They have some understanding of mitigation measures 

but do not have required in-depth knowledge of actual risks in health, food/water sources 

and preservation measures and neither the coping strategies nor the resources nor 

knowledge of new technologies to cope with these.   These make them highly vulnerable 

to new and sudden disasters. 

 

The villagers’ vulnerability is further highlighted by the lack of’ government climate 

change initiatives/programs. No risk assessment or loss evaluation on potential 

damages or losses has been carried out for these villages, no vulnerability map or 
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database on areas of vulnerability, and no structured education or awareness 

programs through government.   

 
The government needs to consider a community based approach in decision making 

and programming to reduce the vulnerability of the study areas. An empowerment 

strategy will facilitate and strengthen decision making including in-depth research 

into the study areas to identify further areas of vulnerability, coping strategies, and 

other livelihood options. 
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DEFINTIONS 

Adaptation: That element of risk management of natural hazards 

comprising the various  processes, policies and actions 

designed to limit the potential impacts relating to climate 

change, climate variability, extreme events, and sea-level rise 

risks. 

Climate change: Predicted future changes in global and local and local 

climates, including the incidence of extreme climate events, 

due to increased greenhouse gas concentrations in the 

atmosphere. 

Disaster risk  

management:  The systematic management of administrative decisions, 

organization, operational skills and abilities to implement 

policies, strategies and coping capacities of the society or 

individuals to lessen the impacts of natural and related 

environmental and technological hazards through disaster risk 

reduction and disaster management procedures and practices. 

Hazard risk 

management:  The risk management process applied to comprehensive, 

integrated management of all risks. 

Kyoto protocol: International agreement linked to the United Nations 

Framework Convention on climate change. 

Mitigation: Action taken to reduce future damages and losses from natural 

disasters, such as the anticipated consequences of global 

climate change. 

Natural disaster:  Sever disruption to a community’s survival and livelihood, 

loss of life and property, resulting from a natural event. 

Natural hazard: A geophysical, atmospheric or hydrological event, or series of 

events, that has the potential to cause significant harm or loss. 

Preparedness: Activities and measures taken in advance to ensure effective 

response to and recovery from the impacts of hazards, 

including effective early warning systems, stockpiling of relief 

supplies, and evacuation plans. 

Risk: The likelihood of a specific hazard of specific magnitude 

occurring in a particular location and its probable 

consequences for people and property. 

Risk management 

of natural hazards:  The management of all natural hazard risks - including climate 

and other natural hazards such as earthquakes and tsunamis - 

to minimize their potential of becoming natural disasters. 

Vulnerability: The potential to suffer harm or loss, related to the capacity to 

cope with a hazard and recover from its impacts.
1

                                                 
1  Source of these definitions is: Klein, 2002; IPCC, 2001; Smit, 2000; Smith and Petley, 2009, 

UNFCCC 
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CHAPTER ONE 
 

The first chapter describes the general overview of this research, including the 

country context, background of the research, issues and challenges to be addressed 

(problem statement), the research framework focusing on the research objectives, 

research questions and expected outcomes, limitations and the structure of the thesis. 

 

1. Preface to climate change adaptation and disaster risk management in Tonga 

 

Climate change effects are new within the country of Tonga and as a result little 

experience is available to tackle such impacts. For this reason, coordinated action to 

address both existing and new challenges becomes urgent. When dealing with climate 

change risk it is important to recognize that the starting point for adaptation measures is 

the existing vulnerability at both community and national level to climate variability and 

extremes.  Improving the capacity of communities, governments or regions to deal with 

current climate vulnerabilities is also likely to improve their capacity to deal with future 

climate changes; in particular, if such measures take a dynamic approach and 

consequently can be adjusted to future changes in risks and vulnerabilities. 

 

Disaster risk management (DRM) in Tonga implies addressing the underlying social, 

economic and environmental vulnerabilities and thereby reducing the probability of a 

disaster occurring. It tries to address hazard risks as an integral part of development 

along the lines suggested by the United Nations International Strategy for Disaster 

Reduction (UN-ISDR) to focus less on events and more on the process of developing 

appropriate policies and activities.  This will require a continuous assessment of actors 

and stakeholders, such as governments, technical experts and local communities in 

Tonga, the ownership of developing and implementing DRM policies, and their 

underlying respective responsibilities. 

 

1.1 Country Context 

 

The Kingdom of Tonga is a small developing country located in the Central South 

Pacific. It lies between 15º and 23º30’ South of the Equator and 173º and 177º West 

of Greenwich (Figure 1-1). It comprises four main island groups.  Tongatapu and 

‘Eua in the south, Ha’apai in the middle, Vava’u in the north and Niuafo’ou and 



 

2 
 

Niuatoputapu in the far north (Lao, 2007).  The main island of Tongatapu, located in 

Tonga’s southern island group, hosts the capital city Nuku’alofa where the seats of 

government and commercial activities are. Tongatapu is a raised coral island. Its 

maximum height is only a little over 60m above sea level whereas much of the settled 

area is below the 5m mark. Many of the migrants from outer islands as well as the 

coastal villagers settle in areas below the 5m mark making them vulnerable to inundation 

and shoreline erosion.   

 

Figure 1-1: Location map of the Kingdom of Tonga in the Pacific 
        Adapted from SPC, 2011 

 

The capital Nuku’alofa itself is located on a flat peninsula between the lagoon and 

the ocean (Figure 1-2). It has an elevation of 0.5 to 1.5m above sea level, and many 

parts of the city are below 0.5m (Nunn, 1988; Spennemann, 1997; Fifita et al., 1992; 

Nunn & Waddell, 1992; Mimura and Pelesikoti, 1997; Nunn and Mimura, 1997; 

Mimura, 1999). Over the years, a clear trend of population growth is evident on the 

capital Nuku’alofa and its suburbs. This trend will continue into the future unless 

successful incentives are provided to people living in outer islands of Tonga such as 

Sopu and Patangata to remain there.  Many of these migrants settle in vulnerable 

reclaimed coastal lands such as Sopu and Patangata which are deemed unsafe and not 
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secured in terms of land ownership and vulnerable to natural hazards such as 

cyclones, flooding and sea level rise.    

 

Figure 1-2: Map of Tongatapu Island;     Source: Douglas and 

Douglas, 1989 

 

 

1.1.1 Population Density, Distribution and People  

 

At the beginning of the 20
th
 century Tonga had a population of just 20,000. In 2006, the 

figure had reached 100,000 and for 2050 it is estimated that the population will be 

123,000. At present there is an estimated population of 103,682 (SPC, 2011).  As already 

mentioned, Tongatapu, the focus of the study, accommodates more than two thirds (71%) 

of Tonga’s population, in the 2006 Census (MECC, 2010) followed by Vava’u, 15,505 

(15%); Ha’apai , 7,570 (7%); ‘Eua, 5,206 (5%); and the  two Niuas islands, 1,665 (2%)  

(see Figure1-3).  The ratio of the urban to rural population is roughly 1:3 with a recorded 

24.8 percent of the population in urban areas in 2008 (World Bank, 2010). Since about 

70% of Tonga’s population and infrastructure are located in the coastal areas/zones, this 

makes them highly vulnerable to climate change and sea-level rise (Lutui et al., n.d).  Like 

many countries in the Pacific, Tonga has a rather young population (about 40 percent 

below the age of 15). From a climate change perspective this means that the percentage of 

those who depend on others for support and protection is rather high. 
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Figure 1-3:  Total Population by islands, Tonga, 2006;  
Source: Ministry of Environment and Climate Change, (MECC), 2010. 

 

 

Figure 1-4: Population Census Tonga (Historical trend, 1901-2006);   Source: 

SPC 2011 

 

1.1.2 Climate 

The climate of Tonga is basically tropical with a distinct warm period during the wet 

and cyclone seasons which is from November to April, at which the temperatures 

rise above 32ºC (90ºF), and the annual rainfall ranges from 170 to 297 centimetres 

(67-117 in.). The mean temperature is 13.5 degree and mean daily humidity is 80% 

(Thistlethwaite et al., 1993). The two major causes of rainfall variation in Tonga are 

those related to tropical cyclones, which can result in unusually wet periods and 
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those linked to El Niño events, which can cause lower rainfall and drought. As such, 

Tonga’s climate tends to be strongly influenced by ocean-atmosphere interactions.  

 

1.1.3 Economy 

In the last few years, Tonga’s economy has gone through downturns and is reported 

to have contracted by 0.4% in 2009 as an impact of the global economic crisis and 

caused primarily by lower inflow of remittances, lower household incomes, lower 

economic activity, and falling government revenue (World Bank, 2010a). The World 

Bank reports a budget deficit in the Financial Year 2010 and the overall contraction 

of the economy was evident in a decline of electricity consumption, fewer new motor 

vehicles registrations, and a decline in overall imports, especially a more pronounced 

contraction in imports of fuel, machinery and transport. The ADB Economic Monitor 

for December 2010 also stated that government revenue for the 2010 fiscal year was 

more than 20 percent below estimates or 4 percent lower than FY2009. The report 

highlights that “fiscal pressures will undermine achievement of long-term social and 

development objectives.” (ADB 2010, 11) and this may have implication on 

financing national climate change mitigation and adaptability measures. 

 

A social protection issues report prepared for the Tonga Ministry of Finance 

analyzed preliminary results of the Tonga 2009 Household Income and Expenditure 

Survey (HIES) conducted by the Statistics Department, showed more than 22,000 

Tongans (22.5% of the population) were living below the basic poverty line, an 

increase from only 16.2% in 2001 (ADB, 2010). 
2
 The figures match back to back 

drops in the nation’s GDP growth as reported by the ADB– shrinking 0.9 percent in 

2009 and then 1.2 percent in 2010. This is compared to an average increase of 3.9 

percent in economic growth throughout the rest of the Pacific. In their report, the 

number of people living below the basic needs poverty line has increased 

significantly over the past years, as has the depth of poverty. The report stresses that 

many of those who are technically not below the poverty line, are still at high risk of 

dropping to poverty status during times of crisis. Journalist Josephine Latu 

                                                 
2
  ADB’s definition of hardship in the Pacific was developed to include:  

(i) lack of access to basic services such as health care, education, and clean water;  

(ii) lack of opportunities to participate fully in the socioeconomic life of the community; and  

(iii) lack of access to productive resources and income generation support systems (rural credit, 

capital, markets, skills) to meet the basic needs of the household, or customary obligations to 

the extended family, village community, or the church.  
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researching on climate change impact in Tonga reported that “a significant portion of 

the population lives just above the basic poverty line. Even a small event can readily 

push many households below the poverty threshold,” (Latu, 2010). Most of the poor 

live on Tongatapu, outside of Nuku’alofa. This includes many of those in this study 

especially in Sopu and Patangata. The reports highlights that strengthening “social 

protection safety nets” – both traditional and official – can ease the negative impacts 

of poverty (Latu, 2010). Of great concern from a climate change and disaster risk 

perspective is the social and economic situation of a population who are already 

facing hardships and/or reliant on livelihoods that may be affected by climate 

change. The anticipated severe impacts arising from climate change can put extra 

pressures on these already vulnerable people to fall below poverty line levels. This is 

a very critical aspect of this study: the consideration of livelihoods (social, economic, 

cultural etc) in planning of climate change resilience and disaster management 

frameworks.  

 

Remittances from Tongans abroad have been a key source of income for 77 percent 

of households in Tonga and have played a key role in improving domestic living 

standards and finances agricultural enterprises and small businesses of many Tongan 

families in addition to being the major foreign earner for Tonga (World Bank, 

2010a). In 2004, remittances contributed to about 55 percent of the GDP which was 

estimated to be USD 189.6 million but remittances have declined in the last three 

years because of global recession, a trend that is expected to continue (Ibid, 2010). 

Again, the implication of this on the vulnerability of people in terms of their 

livelihood and assets to cope with any disaster is immense. 

 

The global economic crisis also has cut back on Tonga’s tourism revenue which is a 

source of income for many of Tonga’s struggling families and is the second largest 

source of foreign exchange following remittances (World Bank, 2010). However, 

few assessments of projected impacts on tourism and climate change are available, 

particularly those using specific scenarios. Climate change could, for example, lead 

to a shift of tourist activity towards other areas/ countries, as well as a shift in the 

nature of tourist activities and interest. For example, places and activities of tourist 

interest in Tongatapu such as marine parks, whale watching, sandy beaches may 

attract few tourists under marked climate changes. 



 

7 
 

1.1.4 Agriculture and Fisheries 

Agriculture is the main source of livelihood for about two-thirds of Tonga’s population. It 

accounted for 75 per cent or more of export earnings (squash, vanilla beans and root crops) 

and a key foreign currency earner over many years comprising (2000 – 2009) as much as 

25% of Tonga’s GDP and remains the largest sector of the Tongan economy. 

Table 1-1: Annual share of GDP (TOP million) at constant prices by industries, 2000-2009 

 

Source: Statistics Department, Tonga, 2010  

Tonga has a narrow export base in agricultural goods with comprising two thirds of 

Tonga’s main agricultural exports (including fish). These have been stagnant to Tonga’s 

GDP in the last decade as shown in Table 1-1 and includes  a decline in fisheries 

contribution (products such as beche-de-mer, dried shark fin, aquarium fish, soft coral 

and coral rock, lobster and fish in 2008 - 2009 (MECC, 2010). Livestock production 

(pigs, herds of cattle and goats) is a key income earner and source of livelihoods for rural 

households. Any disaster has implication for farming tracts and animals. Likewise, many 

of Tonga’s rural, coastal and outer island families rely on the sea for their livelihood.   
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1.2 Rationale for the study. 

1.2.1 Changing climatic conditions and Global climate change imperatives 

Previous studies highlight that Tonga is highly susceptible to the effects of climate 

change, and natural hazards (Nunn, 1990; Spennemann, 1988; Fifita et al., 1992; Nunn 

& Waddell, 1992; Mimura and Pelesikoti, 1997; Nunn & Mimura, 1997; Mimura, 

1999). Historically, the main climatic hazards that result in rainfall variation are tropical 

cyclones which can result in unusually wet periods or El Niño events which can cause 

prolonged droughts. More recently, Tonga has experienced more frequent earthquake 

activities and strong sea surges, with the latter caused from earthquake-generated 

tsunamis in other parts of the world. Then there are the human linked environmental 

hazards such as deforestation and denuding of trees and coconut woodland for 

commercial cash cropping such as squash in the 1990’s and for local timber construction 

(Nunn, 1980). Tonga has limited capacity to adequately adapt to these impacts and it is 

important to examine variables such as physical environment, human lifestyles and other 

factors and how these respond to particular climate changes so as to enable planners and 

communities to make decisions to counter-effect future hazards and disasters. 

 

1.2.2 Climate change adaptation and disaster risk management assessment 

Climate change adaptation and disaster risk management and assessment require data. 

Two decades ago, the climate agenda was not high in the view of Tonga policy makers 

and a matter of speculation only (Nunn, 1990).   The use of data to analyse environment 

and climate trends was not a priority and not coordinated.   Likewise, the use of research 

findings in this area for developing strategic climate change disaster and risk management 

plans has not been properly utilised. Relevant climate data are hosted under different 

agencies in Tonga such as the Ministry of Lands, Survey and Natural Resources 

(MLSNS), MECC, Civil Society, NGOs. Trends analysis and planning are being provided 

by different sources. For example, rainfall and temperature records, high and low tides and 

analysis are done by the New Zealand Meteorological services. Weather forecasting is 

provided by the Fiji Meteorological services and Tsunami warnings from Hawaii. 

Coordinating and synchronising data for a holistic disaster risk management and 

assessment at regional level is also an issue where a number of important data (e.g. 

spatial maps) are stored in various regional agencies, including the Asian Development 

Bank (ADB), United Framework Convention on Climate Change (UNFCCC), 

Secretariat of the Pacific Regional Environmental Programme (SPREP), South Pacific 
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Applied Geoscience Commission (SOPAC), Secretariat of the Pacific Community 

(SPC), National Agency on Meteorology, Climatology and local agencies in the 

government such as Natural Emergency Meteorology Organization (NEMO). 

 

1.3 Tonga’s Natural Disaster Preparedness  

 

Disasters impose a huge burden on the small economies of island states already struggling 

to meet their basic needs and aspirations. For example, it has been estimated that in the 

1990s alone, the cost of natural disasters in the Pacific region was about $US 2.8 billion 

dollars (in 2004 dollars) (SOPAC, 2007). Because of its small size and location, Tonga is 

highly vulnerable to such disasters which tend to affect the entire group of islands in 

Tonga. The costs to government (a high share of the GDP), and the lack of capacity of the 

government to respond effectively with the appropriate infrastructure and systems make 

them highly dependent on external assistance in the aftermath of disasters.  

 

Disaster preparedness and proper risk management is required to minimize the 

impacts. It needs concerted efforts, system in place, and proper coordination when 

the country is hit by a disaster, although disaster preparedness and disaster resilience 

is a continuous process. Natural hazards need not become natural disasters if both the 

general public and the government are well prepared for coping with the underlying 

hazards and managing risks through proactive planning and implementation of 

appropriate activities to avoid or mitigate the potential impacts of a disaster.  

 

The government of Tonga has been slow to respond strategically to climate change 

issues when first raised two decades ago.  The government was  more concerned with 

environmental issues relating to demographic and livelihood issues such as over-

exploitation of natural resources (forest and marine), increasing use of pesticides and 

impact on groundwater quality, and coastal erosions due to over exploitation for 

construction purposes (Nunn, 1990).  There was no political will to designate climate 

change and human health as a national priority and there was a need to develop a 

comprehensive action plan on climate change and human health. 

 

In 1998, Tonga acceded to the United Nations Convention to Combat Desertification 

(UNCCD) and ratified the Convention in December 1998 which was concerned with 
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global impacts of desertification and land degradation. Tonga’s National Capacity self-

Assessment (NCSA) was aimed at identifying and characterising critical capacity 

constraints relevant to effective environmental management in Tonga and for Tonga to 

assess their ability to address these issues and related capacity requirements as required 

of them under the UNFCCC, UNCBD and UNCCD. However, given the involvement of 

different departments and ministries (Department of Environment, Ministry of Forestry, 

Lands Division, and MLNSR), issues of coordination affected progress in this area. 

 

It is only quite recently that they have made a significant response through an integrated 

three pronged approach via the establishment of a new Ministry of Environment and 

Climate Change (MECC) which was set up in 2009 moving the Department of 

Environment from the Ministry of Lands, Survey and Natural Resources (MSNLR); the 

setting up of the Waste Management Authority, and a Renewable Energy Policy and 

Unit.  Under MECC, Tonga also developed a national climate change policy that 

addresses climate change adaptation issues. The vision, key objectives and priorities of 

this policy and a Joint National Action Plan (JNAP) on Climate Change Adaptation and 

Disaster Risk Management, approved by government in 2009, is to ‘promote and ensure 

safe, healthy, secure and resilient communities to climate change impacts and disaster 

risks’ by increasing resilience of Tongan people, their livelihoods and environment to 

climate change impacts and risks through: 

a)  Coastal Areas: Increase resilience of low lying coastal areas to climate change 

impacts and risks in Tonga 

b)  Water Resources: Improve water quality and expand water collection systems in 

rural areas and outer islands, Tonga. 

c)  Natural Disasters: Strengthen preparedness and responses to natural disasters and 

extreme weather events, Tonga. 

d)  Forestry: Promote sustainable management of forestry resources in Tonga 

e)  Agriculture: Promote sustainable agricultural practices and food security, in Tonga 

f)  Fisheries: Promote sustainable use and management of coastal and marine resources 

in Tonga 

g)  Human Health: Strengthen data collection systems and research on climate change 

impacts on health in Tonga 

h)  Mainstreaming: Mainstreaming climate change issues into national, sectoral and 

local planning and executing programs as well as budgeting processes 

i) Awareness Raising: Promote awareness to climate change issues at all levels, Tonga. 

h)  Assistance: Provide new and additional technical and financial assistance for 

capacity training and implementation of adaptation measures. 
Source: MECC, 2010 
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Tonga is the first in the SPREP membership to report on this joint plan for climate change 

adaptation and disaster risk management bringing together two separate bodies to work in 

a more uniform manner under one Action Plan that covers all sectors, instead of working 

independently and often duplicating efforts. The plan has six goals covering good 

governance, enhanced technical knowledge and an increase in education and 

understanding of the JNAP, analysis and assessment of climate change impacts and 

disaster risk, enhanced community preparedness and resilience to all disasters, and 

provides technically reliable, economically affordable and environmentally sound support 

to Tonga, and strong partnerships between government agencies, NGO’s and private 

sectors. It addresses issues in relation to climate change, sea level rise, extreme events and 

geological hazards. According to a MECC officer, (quote) “you really need good 

teamwork for this to work well and strong partnerships. It is also best if there is direct 

involvement of the communities in project activities to ensure ownership and there is a real 

need for donor coordination to avoid duplication.” (cited by Matoto, 2010). The lack of 

grounded specific data for their work was also identified. The implementation of the JNAP 

needs ongoing grounded approaches that involve communities being affected and this 

research will help provide updated information that will hopefully help in a more effective 

implementation of the JNAP. 

 

1.4  Research Problem Statement 

Due to changing climatic conditions, urgent global climate change directives and the 

need for a more holistic, evidenced based approach to climate change adaptation and 

disaster risk management, the research problem driving this study is climate change 

and vulnerability of coastal communities of Kanokupolu, Sopu and Patangata in 

the main island of Tongatapu, and implications for a climate change adaptation 

and disaster risk management approach for them and for Tonga.  

 

The problem is best captured by this article on Kanokupolu villagers, ‘Climate change: 

a tough reality for Tongan villagers’ which was on Kanokupolu villagers by Jospehine 

Latu (2010) for a Tonga Online news. Climate change is happening and the level of 

vulnerability for the people of Patangata, Sopu and Kanokupolu, their capacity and 

ability to adapt and to sustain their livelyhoods is the focus of this research in the 

context of the Tonga Joint National Action Plan (JNAP). 
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Climate Change: A tough reality for Tongan villagers  
12 October, 2010 

 

The foreshore Havili 'Uta'atu stands on needs work, 

but lack of funding stalls the project, putting the 

community at risk. Residents of the seaside village of 

Kanokupolu in Tongatapu’s Western district are 

fighting to keep the sea at bay. The ocean has become 

both a source of life as well as a constant adversary 

for the low lying coastal area – one of Tonga’s most 

vulnerable to the effects of climate change. 

Standing on the beach, a three minute walk from his 

home, Havili ‘Uta’atu talks of the frustrating but 

also inspiring community effort to deal with receding 

shorelines, rising sea levels and more frequent 

cyclones and tropical storms. 
“We’re in a state of critical need. We’ve raised over 

$100,000 ourselves to protect the land from getting 

eaten away,” he says. 

Money raised by the village from local concerts and donations from kin members in Australia, New Zealand and the 

U.S helped to build land extensions in some of the more severely eroded spots on the coastline, using silt and gravel 

excavated from the seabed. 

The community also constructed a 3km foreshore running the length of the village, and local youth were rounded up 

to plant trees in the area. “If it wasn’t for the seawall and the excavation projects, the sea would reach right up to 

where the main road is now [about 100m inland],” ‘Uta’atu explains. 

Limited government funding, lots of advice 

The Latu and 'Akau'ola families live on the more vulnerable spots of the Kanokupolu coastline and may have to 

resettle elsewhere if the seawall wears away. The Tongan government cannot do more to help the Kanokupolu 

people, other than providing advice and only limited funding for projects. 

“We assisted them financially with reclaiming the roads, building the stone mounds and planting trees. The amount 

came up to roughly $25, 000,” says Ministry of Environment’s Climate Change Coordinator Lu’isa Malolo. 

 

“But we just can’t afford to cater for all. In fact, most of our 

activities are funded from external assistance. Our ministry is 

not a big part of the national budget.” In the 2009/2010 fiscal 

year, 1.1% of government’s resources were allocated to be 

shared between the Ministry of Land, Survey and Natural 

Resources and the Ministry of Environment and Climate 

Change. 

However, Malolo adds the “the money is always coming in” 

from donors such as the Global Environment Facility (GEF), 

AusAID, ADB, UNDP and the EU. The bulk of this goes towards 

getting more groundwork implemented on adaptation projects 

and raising awareness amongst Tongans of the effects of climate 

change. The department has a national action plan to make 

climate change a core part of development planning. 

Climate change – it’s happening 
“We’ve done wide consultations on the issue, but it’s an attitude problem – it takes time for people to grasp. But the 

fact is, climate change is happening,” says Malolo. Areas less than 2m above sea level – like the villages of 

Kanokupolu, Popua and Ha’apai coasts – stand the most risk. In Kanokupolu, heavy rain also means that large 

areas of swamp land never dries up, causing health hazards like mosquitoes. 

Need help 
But due to limited resources, some of the adaptation projects stall at the early stages. “The Civil Engineers from 

town estimated the total costs for our seawall at about S1.2 million, to have the right amount of rock and slope. We 

have nowhere near that so we’re going Tongan-style at the moment and doing what we can, little by little,” says 

‘Uta’atu. The village can only pay for “two or three truckloads” of rocks at a time, and the seawall still has only 

one layer of stone, which at times cannot withstand waves seeping through and eating into the soil. “We need help. 

Hopefully with the government change in November, maybe things will get moving… But who knows,” he adds. 

– By Josephine Latu,2010 
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1.5 Research Objectives  

The main objectives of this research are to: 

 assess the potentials effects of climate change and natural hazards on 

Kanokupolu, Sopu and Patangta villages and level of vulnerabilities. 

 determine solutions in minimizing the problems in the coming future by capturing 

the perceptions of the people of Kanokupolu, Sopu and Patangata on issues 

around natural hazards and their impacts on their livelihoods and resources.  

 seek views of other stakeholders on Tonga’s climate change adaptation strategies 

to minimize impacts and manage risks of climate change on study areas. 

These will be achieved through:  

a) a literature survey on the projected impacts of climate change on vulnerable 

sectors and critical areas of the main island Tongatapu; specifically focusing 

on human health, agriculture and food security, fisheries, forestry, water 

resources and supply, natural hazards AND coastal areas. 

b). a field survey on vulnerability of coastal areas of Kanokupolu, Sopu and 

Patangata to flooding hazards associated with climate change related risks. 

This involved specific case studies in these areas. 

c) interview survey of perceptions on vulnerability of these coastal areas and 

includes people in these communities and other stakeholders. 

 

1.6 Research Benefits 

The main benefit of this research is to provide updated and validated information for 

the national committee implementing the JNAP in Tonga as well as to provide a 

baseline of information to assist future researchers carry out further in depth research 

in this area. In particular, the research will be able to identify:  

a. Problems and solutions to climate change impacts (through data collection, 

sharing and integration of interview questions particularly on climate change 

adaptation and disaster risk management).  

b. A rationale for the setting up of  local committees based on the JNAP for 

climate change adaptation and disaster risk management for local people of 

Kanokupolu, Sopu and Patangata which will bring benefits such as:  

 strengthening their resilience, their livelihoods and environment to 

climate change impacts and risks. 

 reducing the impacts of natural disasters and risks on vulnerable 

sectors such as Coastal Areas, Water Resources, Agriculture and Food 

Security, Fisheries and Human Health. 

c. Best practice for CCA and DRM for local residents of Kanokupolu, Sopu 

and Patangata and for the government. 
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The immediate benefit would be the increased awareness and possible proactive actions of 

these communities to the urgency of the challenges of climate change to their well being 

and livelihoods. 

1.7 Justification of the Study 

Climate change ‘is happening’ as succinctly phrased in the Latu Kanokupolu article. As 

such, this project will provide some practical strategies and approaches for local 

governments and local communities of the three villages, to minimise the potential effects 

of climate change and natural hazards on their wellbeing and livelihoods from a holistic 

perspective. These grounded strategies will ensure greater relevance and targeted 

approaches on vulnerable communities and can contribute to a more systematic and 

evidenced approach to planning climate change and disaster management for Tonga. For 

instance, the pattern inferred from data during survey and field work could be used to 

predict the future behaviour of climate change effects and natural hazards and guide 

decision-making for these and other similar communities. This project will also remind as 

well as urge government communities to disseminate all important information to the local 

communities residing in these coastal areas. With more accurate and timely information at 

the community level, the public is likely to be better informed and supportive of efforts to 

manage the potential effects of  climate change and natural hazards in a timely, responsible 

and effective way. All these can be done through implementing climate change adaptation 

and disaster risk management based on grounded data. 

 

1.8 Scope 

Conceptually, the study will focus on the effects of climate change and natural disasters 

on livelihoods, resources, coastal communities and recommend climate change 

adaptation strategies with the intention to help minimize impacts of climate change on 

the study areas, and to improve disaster risk management in Tonga. Geographically, the 

study will focus on the three coastal communities of Kanokupolu (Western), Sopu 

(Northwest) and Patangata (North-eastern). 
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1.9 Mini-Thesis Structure 

This research contains six chapters. Each chapter is explained briefly as follows: 

Chapter 1: Introduction 

This chapter describes the general overview of the research, including background 

and rationale of the research, problem statement, research objectives, expected 

benefits and scope, and thesis structure. 

Chapter 2: Literature Review 

The section provides conceptual background from available literatures related to the 

research topic. 

Chapter 3: Methodology 

This chapter explains the research methodology, fieldwork preparation, fieldwork with 

people in the local communities of Kanokupolu, Sopu and Patangata, and other means 

of data collection and analysis. 

Chapter 4: Results  

This part will discuss research data and analysis tools such as the database Minitab 

15 based on the key research objectives and research tools used. 

Chapter 5: Discussions 

This chapter describes all the findings based on the key objectives and research questions 

in the context of the theoretical framework that the research has been based on. 

Chapter 6: Conclusion 

This section outlines the study’s key results and recommendation for further research 

or for consideration by interested stakeholders such as the Government of Tonga’s 

taskforce on climate change.  
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CHAPTER 2 LITERATURE REVIEW 
 

This chapter reviews theories and researches to support the conceptual framework of the 

study and its main arguments and recommendations. It explains concepts of adaptation, 

disaster risk management, vulnerability from a holistic perspective, in order to better 

understand how and whether current approaches including those being adopted by local 

communities and the Government of Tonga have made any significant activities/initiatives 

to reduce vulnerability and risks to climate change especially for people living at the 

community level. This section also reviews various studies that are relevant to the study. 

 

2.1 Introduction 

Among many other perspectives, climate change has a global security and human rights 

concern. It represents serious challenges to sustainable development, social justice, equal-

ity and respect for human rights. It is anticipated to have far reaching effects on Tonga’s 

and other developing countries’ sustainable development including their ability to achieve 

the United Nations Millennium Development Goals (MDGs) by 2015 (United Nations, 

2007). As a very small developing country, Tonga is highly vulnerable and susceptible to 

the effects of climate change and natural disasters, because the country has few resources 

to adapt socially, technologically and financially. As earlier outlined Tonga is not only 

small with islands and population scattered across a fairly large spread of ocean, but it 

suffers from a number of infrastructural, resource and demographic challenges that 

compound limited opportunities to adapt to climate change and manage risks associated 

with it in a sustainable manner. With possibly an increasing number of catastrophes and 

growing in their intensities (e.g earthquakes, flooding, droughts and related famines that 

have struck countries across the world such as in Indonesia, Haiti, New Zealand, 

Mynamar, Japan earthquakes, severe droughts in Sub-Sahara Africa and Asia, severe 

flooding and storms in Sub-Sahara Africa and Asia, Europe, South America), the coping 

mechanisms of communities and countries need to be relooked at seriously. 

 

2.2 Vulnerability, Adaptation, Risk, Disaster, Hazard, and Disaster 

Management Cycle: exploring the concepts from a holistic perspective 

 

Vulnerability, adaptation and disaster risk management are three basic concepts 

around which the research of this thesis has been organized. Other concepts that are 

also very useful to this research are ‘disaster’, ‘hazard’, ‘capacity’ and ‘disaster 

management cycle (framework).  
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The thesis specifically focuses on adaptation, vulnerability and risk of certain areas in 

Tongatapu and its citizens to climate change and natural disasters.  However, to understand 

the potential for adaptation, to reduce  adverse impacts of climate change and to anticipate 

the impacts of changes in climate, it is first necessary to better understand the terms 

‘vulnerability’ and to clarify the relationships between vulnerability, risk and adaptation.  

 

2.2.1 Vulnerability – Conceptual Framework 

The concept of vulnerability has been defined variously though there is a general broad 

agreement on the key elements of vulnerability. The United Nations Framework Conven-

tion on Climate Change (UNFCCC) sees ‘vulnerability’ as a measure of a system’s sus-

ceptibility to climate change, which is a function of the system’s exposure, sensitivity and 

adaptive capacity (IPCC, 1991, 1992, 1996a, b, 2001 and Klein, 2002). The UN Frame-

work is the single most important document on climate change for both scientists and 

policy makers and was one of the outcomes of the United Nations Conference on Environ-

ment and Development (UNCED) held in Rio de Janeiro, Brazil, in June, 1992.There is a 

limitation in the framework when referring to countries that are “particularly vulnerable to 

the adverse effects of climate change (Article 4.4) as it does not provide a definition of 

vulnerability or any other indication as to how vulnerable countries may be identified. 

 

Whereas, Kelly and Adger (2000) describe vulnerability as “the ability or inability of 

individuals or social groups to respond to, cope with and  recover from or adapt to, any 

external stress placed on their livelihoods and well-being” (Kelly and Adger, 2000:328). 

Cutter (1996) sees vulnerability as an inherent state of danger representing a potential for 

loss - a view which forms the basis for analysis in many disciplines (e.g. natural hazards, 

disasters, risk assessment, food security), including climate change (Livemann, 1990; 

Blaikie et al., 1994; Yamada et al., 1995; Clark et al., 1998; Harvey et al., 1999; Cutter et 

al. 2000; WU et al., 2002). 

 

In general, vulnerability has many dimensions: economic, social, demographic, political 

and psychological (Twigg, 2001), and it is not the purpose of this paper to review them 

all. This study focuses on the dimension of vulnerability of a specified system to a 

specified hazard or range of hazards.  In particular the relationship between biophysical 

vulnerability, socio-economic vulnerability, risk, adaptive capacity and adaptation is 

crucial to this paper’s research framework and will be explored in this chapter.  
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Dolan and Walker (2004) identified three broad characterizations of vulnerability from 

climate change and natural hazards research which address the dynamic and integrated 

nature of social and environmental vulnerability. The first characterizes vulnerability in 

terms of exposure to hazardous events (e.g., droughts, floods) and how this affects people 

and structures. The second views vulnerability as socially constructed - a function of social 

conditions and historical circumstances that put people at risk to a diverse range of climate-

related, political, or economic stresses. As such, exposure is determined by the inequitable 

distribution of damage and risk among groups of people (WU et al., 2002) and vulnera-

bility is a result of social processes and structures that block  access to resources (such as 

wealth,  income,  social security) which enable people to cope with impacts (Blakie et al., 

1994). Thus, protection from the social forces imposed on people that create inequitable 

exposure to risk is equally as important as protection from natural hazards. Social vulner-

ability and how it is produced, becomes the focus, regardless of the nature of the exposure. 

 

The third view integrates both the physical event and the underlying causal 

demographic characteristics that lead to risk exposure and limited capacity of 

communities to respond (Liverman, 1990; Burton et al., 1993; Adger, 2000; Cutter et al., 

2000). Vulnerability is therefore a physical risk and a social response within a defined 

geographic context, a view that has been adopted in several studies on coastal regions to 

flood hazards under varying storm intensities and projected sea level rise and which 

included social vulnerability indicators such as age, gender, race, income and housing 

conditions (e.g., Blakie and Brookfield, 1987; WU et al., 2002). 

 

The socio-economic dimension of vulnerability identifies vulnerabilities as ‘long 

term factors’ that affect a community’s ability to respond to events or make it 

susceptible to disasters (Anderson and Woodrow, 1998).  This formed the basis for 

the framework (Capacities and Vulnerabilities Analysis or CVA) that NGOs use in 

designing and evaluation disaster and relief work. Such a view sees ‘vulnerability’ 

from three dimensions - physical/material vulnerability and capacity; social and 

organisational vulnerability and capacity; and motivational/attitudinal vulnerability 

and capacity (Twigg, 2001).  For example some of the physical features of 

vulnerability are to do with security in terms of ‘food’, ‘water’, ‘habitat’ and ‘work’ 

(Disaster Mitigation Institute, quoted by Twigg, 2001).  
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From a food security perspective, vulnerability, according to the Food Agriculture 

Organisation’s (FAO) publication The State of Food Insecurity in the World (1999) is 

defined in relation of famine, food intake or food insecurity – that is, as “the presence of 

factors that place people at risk of becoming food insecure or malnourished and includes 

hunger vulnerability which refers to the vulnerability of individuals or households rather 

than that of regions or economic sectors” (FAO, 1999). Likewise, the World Bank 

introduced the definition of food security as “access by all people at all times to enough 

food for an active, healthy life” (World Bank, 1986). Under this dimension, vulnerability 

is also categorised at different levels ranging from individuals (men, women, children 

etc), to households, to community, to specific regions, and national or country-wide, 

with many of the studies looking at household and national level impacts (Leichenko and 

O’Brien, 2002).   The IPCC Third Assessment Report (TAR) considers climate change 

vulnerability to be a function of exposure, sensitivity, and adaptability (McCarthy et al., 

2001). Through this broad framework, the meaning of vulnerability has broadened to 

engulf notions of risk, impacts, and adaptability.   

 

In general, any framework of action needs to consider ‘risk’, ‘impacts’, and 

‘adaptation’ factors to effectively address vulnerabilities in the coming future. 

Vulnerability’s definition and assessment is ideally a multidisciplinary endeavour 

involving a range of factors to address the different dimensions discussed earlier. 

 

2.2.2 Adaptation 

As referred to earlier, a related concept to this study is ‘adaptation’ because it 

suggests ‘action’ and provides a framework of action to adapt to climate change.  

Like vulnerability, adaptation is an important concept in the UNFCCC and Kyoto 

Protocol. The term was highlighted in the UNFCCC as one of the two response 

strategies to climate change, along with mitigation. Adaptation in the context of 

climate change refers to any adjustment that takes place in natural or human systems 

in response to actual or expected impacts of climate change, and aimed at moderating 

harm or exploiting beneficial opportunities (IPCC, 2002).  

 

Likewise, other researchers define ‘adaptation’ as the adjustments in ecological, 

social, and economic systems in response to the effects of changes in climate (Smit et 

al., 2000; Smit and Pilifosova 2001; Davidson et al., 2003) or a complex ‘process’ 
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that uses appropriate measures to reduce the negative effects of climate change (or 

exploit the positive ones) by making the appropriate adjustments to cope with an 

uncertain future (UNFCCC, 2007).  

 

In general, adaptation is limited in meaning to specific actions or measures that 

directly avoid the adverse effects of climate change. These include measures such as 

changing crop varieties, increasing water supply, building sea-wall, and so on. As 

experienced by many SIDs, there are potential ‘adaptations’ that have a human 

dimension and somewhat indirectly reduce vulnerability such as planning of 

preserving traditional knowledge for dealing with environmental changes, or 

reducing poverty to make people more resilient to climate variability and extremes 

such as tropical cyclones.  

 

This research adopts the use of ‘adaptation’ in the IPCC as adjustments in a system’s 

behaviour and characteristics that enhance its ability to cope with external stresses. 

Faced with increased hazard, a system may maintain current levels of risk through such 

adaptations; however, reductions in risk in the face of increased hazard will require a 

greater adaptation effort (Brooks, 2003). Therefore, if hazards increase in frequency or 

severity, a human system may face greater risks despite reduction in social vulnerability 

achieved through the implementation of adaptation strategies. Multiple systems 

adjustments to adaptation are required. 

 

2.2.3 Disaster Risk Management concepts 

The UN International Strategy for Disaster Reduction (UNISDR) proposes disaster risk 

management (DRM) as a series of processes linking administrative directives, organi-

zations, operational skills, and capacities in order to reduce the adverse effects of hazards. 

The term is an extension of the more general term “risk management” to address the 

specific issue of disaster risks. In the traditional Disaster Management Cycle, risk manage-

ment tends to focus on the prevention, mitigation and preparedness stages as presented in 

Figure 2-1, even though prevention is seldom achievable (Smith and Petley, 2009). 

 

In the area of climate change, DRM deals with the systematic application of management 

policies, procedures and practices to the tasks of identifying, analyzing, assessing, treating 

and monitoring risk. In many countries, before a disaster, DRM frameworks have been 
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developed to reduce impacts of natural disaster especially those which cause a ‘serious 

disruption in the functioning of the community or a society causing wide spread material, 

economic, social or environmental losses which exceed the ability of the affected society 

to cope using its own resources’ (de Guzman, ND: 8). As a process it includes identifying 

and analyzing the different characteristics of risks (biophysical, structural, social, cultural, 

economic, political and psychological) estimating its potential effects, and determining its 

importance and how to manage these in a holistic and multidisciplinary way (Cardona, 

2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1:  The management of disaster through pre-disaster protection and post-disaster 

recovery activities;      Source: Smith et al., 2009 
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2.3  Exploring Disaster Management Frameworks  

Recent work on sustainable livelihoods and vulnerability to disasters emphasises the 

crucial role of ‘livelihood security’ to a sustainable approach to disaster mitigation, an 

element that has often been ignored in disaster mitigation plans (Twigg, 2001). Two key 

frameworks mentioned earlier which focus on understanding and reducing the socio-

economic dimension of vulnerability have been influential among disaster management 

models and policies in explaining vulnerability and in drawing attention to the centrality  

of livelihoods to vulnerability. The first is the Capacities and Vulnerabilities Analysis or 

CVA (Anderson and Woodrow, 1998) and the Pressure and Release/ Access Models 

(Blaikie et al., 1994). 

 

2.3.1  The Capacities and Vulnerabilities Analysis (CVA) framework  

As mentioned earlier, the CVA framework is a broad-based, practical and diagnostic tool 

that views people’s vulnerabilities and capacities in three broad interrelated areas: physical/ 

material, social/organisational, and motivational/attitudinal with five other factors such as 

gender, socio-economic, impact over time, and different levels or scales of application 

added to the matrix. The framework is widely used for disaster preparedness, mitigation 

and targeted NGO relief work. It is very useful as it links the different dimensions of vul-

nerabilities and capacities.  However, it does not have indicators of vulnerabilities and ca-

pacities and focuses more on human aspects of disasters over natural hazards (Twigg, 

2001). 

 

2.3.2 The Pressure and Release/Access Model (PAR) 

Blaikie et al (1994), working in natural hazards, explain vulnerability in terms of its human 

dimension,  their capacity to anticipate, cope with, respond to, and recover from, an exter-

nal stimulus. Biophysical and social dimensions are separated in this framework. In de-

termining the causes of vulnerability, they use the Pressure and Release and Access Model 

(PAR) which has a more holistic view of vulnerability including it as part of risk and giv-

ing more weight to hazards than the CVA framework. The model is based on a view that 

disaster is the intersection of two opposing forces: the processes generating vulnerability 

on one side and physical exposure to hazard on the other.    Their framework proposes a 

‘progression of vulnerability’ with three main levels or social factors that generate vulnera-

bility: root causes, dynamic pressures and unsafe conditions. The second element of this 

framework is the Access Model which sees livelihood strategies as the key to understand-
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ing the way people cope with hazards. Access entails the ability of an individual, family, 

group, class or community to use resources to secure a livelihood. Blaikie et al argue that 

capacity, the ability to respond to, cope with, and adapt to, a stimulus or in other words, 

‘livelihood strategies’ should at the centre of analysis and the key focus of coping strat-

egies for all kinds of disaster. Likewise, the Disaster Management Institute (DMI) explains 

vulnerability from a human, ‘victim security’ approach where it looks at key elements of 

vulnerability in terms of food, water, habitat and work security (Twig, 2001). Similar con-

ceptual frameworks like those of Adger and Kelly (1999), Adger (2000), Kelly and Adger 

(1999) use a multidisciplinary approach to capture the dynamic nature of vulnerability. 

 

 2.4 Environment and Climatic Hazards in Tonga 

Studies have shown that Tonga is highly vulnerable in number of areas to climate change 

and natural hazards (Fifita et al., 1992, 1994; Mimura and Pelesikoti, 1997; Mimura and 

Nunn, 1997, Mimura, 1999). A few of them are discussed in the following paragraphs, 

mainly those that are related to climate change.   This is particularly true for coastal 

populations that are vulnerable to coastal inundation, flooding and sea-level rise and even 

drought. One exception is tsunamis, which are triggered mainly through geological 

processed such as earthquakes and volcanic eruptions. These geological hazards are 

included as Tonga is particularly exposed to such and therefore would be exposed to same 

levels of vulnerability as they do for climatic hazards. Resilient communities are in a better 

position to cope, adapt and recover from hazards, natural as well as man-made including 

those of economic crisis and political instability. However, different hazards have 

distinction characteristics and that preparedness to multiple hazards has to be approached 

from different levels and dimension (for example, social versus technical dimensions). 

One thing is clear, the El Niño effect has seen some oceanic and climatic fluctuations 

which are already a real threat for the livelihoods of people in Tonga. 

  

2.5 Climate Induced Hazards in Tonga  

 

Tropical cyclone, flooding, sea level rise are climate related hazards for Tonga.   

 

2.5.1 Tropical Cyclones  

Tropical cyclone season in Tonga is usually from November to April with an average 

of one cyclone per year (Mailau et al., 2007). Exceptions were in 1990, when there 

were four, two of which were severe hurricanes. Hurricanes have been the most 
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frequent and damaging in the last two decades (see Figure 2-2). The economic, social 

and psychological damage that cyclones wreak multiplies the threats to already 

vulnerable coastal communities and to the national budget. Lives, sources of 

livelihoods in the form of agriculture crops, livestock, shelter, services and basic 

amenities such as water and electricity supply, fuel and others are negatively 

affected.  Historical records show an increased trend in tropical cyclone (TC) 

frequency in Tonga since the 1980s (Table 2-1) (Figure 2-2). 

 

Table 2-1: Important tropical cyclones and estimated damage in Tonga (1982 to 2010) 

Tropical 

Cyclones 

Year Class Damage in 

TOP$ (Est.) 

TC Class Year Damage in 

TOP$ (Est.) 

Isaac 1982 Severe 

hurricane 

 $18.1 

million 

Waka Tropical 

cyclone 

2001 $104.2 million 

‘Ofa , Sina 1990 Severe 

hurricanes 

 Eseta  2003 $1.5 million 

Val 1991 Hurricane $3.2 million Lola Gale 2005  

 1993 Hurricanes 

& Storm 

 Tam,  

Urmil, 

Vaianu 

Gales 2006  

Hina,  Keli 1997 Hurricanes  Cliff Gales 2007  

Ron, Cola 1998 Severe 

Hurricane 

& 

Hurricane 

$19.6 

million. 

Rene Hurricane 2010 $19.4M agricrops, 

$15.6M 

residential houses 

$3,000,000  roads 

& causeways  

Mona 2000 Storm  Hettie Gales 2009  

 

Tropical cyclones can affect the entire country of very small islands like Tonga, 

causing major damages and incurring a high recovery costs for government which 

often do not have the logistical infrastructure to respond effectively, nor the financial 

means to help affected populations to quickly and effectively recover from such 

disasters. 

 

No specific studies on the effect cyclone Isaac which caused a lot of damage to 

Tonga in 1992 on the three coastal communities under study have been done as well 

as the larger damage caused by Cyclone Waka in 2001. Hurricane Rene in 2010 also 

caused major damage to crops and residential buildings but there are no specific data 

on their various impacts on the three communities under study. However, it was 

generally accepted that the impact on their livelihoods, on access to clean and 



 

25 
 

hygienic sources of water dry shelters as well as food supply for those in Sopu and 

Patangata was severe during that period. It is possible that these communities may 

have been sheltered by the wide barrier reef along this coast (referred to by Oliver & 

Reardo 1982; Woodroffe 1983 and Spennemann, 1987). 

 

Photo 1:  Damaged  schools in Ha’apai from TC Rene on February, 2010; Source: Sela 

Havea Finau. 

 

2.5.2 Inundation and Flooding 

Many low-lying areas in Tongatapu including the three study sites have a high 

exposure to inundation from heavy rainfall in addition to threats of sea level rise. 

Homes, schools and commercial buildings are always affected (Photos 1 and 2), and 

it takes a while (about 48-72 hours for the water to dissipate. The annual mean 

rainfall from year 1971-2007 (Figure 2-2) for Tongatapu has been 1721mm (Tonga 

Metrological Services, 2007) but in 2008, it has been more than the average. For 

example, on 9
th

 February 2008, Tongatapu witnessed the greatest ever rainfall, and 

the Tonga Defence Services sent quick reaction teams to assist families whose homes 

were submerged (Jayavanth at et, 2009).  
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Figure 2-2: Annual Mean Rainfall for Five Meteorological Stations in Tonga, 1971-2007; 

Source: JNAP on climate change adaptation (CCA) and disaster risk management (DRM) 2010-2015, 2010.  
 

Photo 2:  Flooded residential areas from heavy 

rainfall, 2009, SNC Project MECC 

 

Photo 3: Flooded St Andrew’s  High 

School from heavy rainfall, 2009, SNC                     
Project, MECC  

 

 Source:  JNAP CCA & DRM 2010-2015 (July 2010). 

Heavy rainfall increases surface runoff and this has resulted in the pollution of nearby 

coastal areas and lagoons due to sediments and debris being washed off to these areas.  

Agricultural crops with low water tolerance can also be affected (MECC, 2010). Likewise, 

Tonga’s poor drainage systems especially in waterlogged and reclaimed low-lying and 

densely populated areas of Sopu and Patangata (part of this study) pose health risks of 

water and vector borne diseases such as dengue fever, diarhoea, eye and skin conditions. 

Many of these areas are swampy and often remain flooded for longer periods following 

storm surges or prolonged heavy rain. 
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2.5.3 Sea-level rise 

 
Low-lying coastal villages in the Nuku’alofa area such as Sopu, Popua, Tukutonga 

including Kanokupolu, whose topographic elevation is below 2m above sea-level are 

currently affected by sea-level rise (Photo 4). 

 

Photo 4:  Impacts of sea-level rise on coastal area in Western side of Tongatapu;  Source:  

MECC, Tonga, 2010. 

 

The vulnerability of coastal areas in Tongatapu is due to its physiographic, socio-economic 

and ecological characteristics (IPCC, 1992; Fifita et al., 1992, 1994; Mimura and Pelesik-

oti, 1997; Nicholls, 1995; Mimura and Nunn, 1997; Department of Environment, 2002, 

2005). According to McLean et al. (2001) higher sea-levels could affect the coastal zone in 

a variety of ways, including greater shoreline retreat, increased coastal erosion. Areas up to 

5m above the sea level can be affected.   A Sea Level Fine Resolution Acoustic Measuring 

Equipment (SEAFRAME) gauge was installed in Nuku’alofa, Tonga, in January 1993. It 

records sea level, air and water temperature, atmospheric pressure, wind speed and direct-

ion. A general increase in sea-level in Tonga of about 6.4mm per year from 1993 to 2007 

was recorded (TMS, Tonga, 2007). As at December 2010, based on the short-term sea 

level trend analyses performed by the National Tidal Centre using the Tonga SEAFRAME 

data, a rate of +8. mm per year was observed with a net sea level trend of +7.8 mm per 

year (Pacific Country Report, AusAID, 2010). This is seen as a relatively large sea level 

trend compared to nearby SEAFRAME stations such as Fiji and Cook Islands. By com-

parison, the Intergovernmental Panel on Climate Change (IPCC) in its Fourth Assessment 

Report (IPCC AR4, 2007) estimates that global average long-term sea level rise over the 

last hundred years was of the order to 1 to 2 mm/yr. However, according to the AUSAID, 
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report, given the sea level record is within a short time span, it is too early to deduce a 

long-term trend. The large difference in the IPCC prediction and that which is recorded 

despite the short term record is worrying.  

 

Seawall and similar shoreline protection structures are no barriers to inundation resulting 

from sea-level rise on limestone islands like Tongatapu and it seems certain that sea-level 

rise bigger than the magnitude predicted by the IPCC for the next few decades will cause 

widespread inundation of the island’s northern parts and coastal areas (see figure 2-3) 

which include the areas under study. 

  
Figure 2-3:  Villages with historic inundation in Tongatapu; Source: LGIS, Ministry of 

Lands, Survey and Natural Resources (MLSNR), Tonga, 2010) 

 

2.5.4 Coastal Erosion within Tongatapu  

Shoreline erosion and gradual degradation are an ongoing challenge due to human over 

exploitation. Beaches form the first line of defence against ocean waves, providing a buffer 

between the waves and coastal properties (Nunn, 1998) where the islands are periodically 

susceptible to flooding and scour from storm surges, an increase in storms would further 

stress natural and human systems located at the coast (Nicholls and Hoozemans, 1996). 

Coastal erosion problems that occur in most parts of the coastal areas of Tongatapu are 

partly the result of human activities such as sand mining (Gillie, 1997; Ragoonaden, 1997). 

Many beaches including those in Kanokupolu are overexploited for construction purposes 

and decoration of tombs (latter as a social tradition). The supply of sand is therefore very 

limited, since the main sources of the sand are the biological activities of the coral reeds. 

According to Nunn (1998), carbonate beaches on the northern low-lying coastal area of 

Tongatapu are maintained by sand produced from productive reefs whose degradation is 
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causing accelerated beach erosion. This further results in a landward displacement of 

coastal environments including dunes (Martinez and Psuty, 2004) thereby reducing 

available land area available for planting and habitation (Feagin et al., 2005)  Moreover, a 

flood or storm could result in sudden changes in the shape of the island’s beaches. The 

amount of erosion from storms which are the biggest causes of change on the shoreline is 

directly related to their number, intensity and duration. Large amounts of sand have 

vanished, shorelines disappear and risks of damage to coastal properties along Tonga’s 

coast as well as vulnerabilities to other natural hazards have increased (Lao, 2007). 

 
Photo 5: Swampy coast of Sopu village, Northwest Nuku’alofa, 2006; Source: Lao, 2007. 
 

 

Photo 6: Coast of Patangata village, Tongatapu; Source: Lao, 2007. 
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2.5.5 Volcanic and Seismic Earthquakes and Tsunami 

Earthquakes, volcanic eruptions and tsunami are geo-hazards that cause heavy 

damages in Tonga when they occur, though are less frequent. 

 

Earthquakes 

Tonga is highly vulnerable to impacts of geo-hazards due to its geographical location and 

geological makeup. The islands of Tonga lie close to the convergence of the Australian 

tectonic plate and the Pacific tectonic plate, at the Tongan Trench within the Pacific ring of 

fire which is one of the most seismically active areas in the Pacific region (see Figure 2-5).  

 

Since 1902 there have been 17 earthquakes of Modified Mercalli (MM) intensity 8 

where it shook all the southern islands of the Kingdom. Less severe tremors are 

much more common (MSNLR, 2007). The SEAFRAME has recorded 21 separate 

tsunami events since its installation. The largest tsunami signal of trough-to-peak 

height 40 cm was recorded after an earthquake of magnitude Mw8.0 that occurred 

near Tonga around 160km NE of Nuku’alofa on 3
rd

 May 2006 (Pacific Country 

Report, AusAID, 2010). Table 2-2 highlights the history of earthquakes and its 

impacts in Tonga. The most recent earthquakes in 2009 and 2010 had a severe 

impact on the local communities of Ha’apai island and Niuatoputapu causing 

damages to buildings, including hospitals, churches, schools, homes and the wharves. 

Electricity and water supply infrastructure were also damaged and services disrupted.  

 

Figure 2-4:  Tonga in Pacific ring of fire, Source: Geology Unit Report, MLSNR, 2007. 
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Anecdotal reports from the island of Ha’apai talk of continuous tremors over a period 

of six months or more in the island, lower seafloor and high sea level at low tide after 

the 2009 earthquakes, with sand mounds and seaweeds beds which used to be visible 

during low tide no longer visible after the earthquake, and their usual shellfish sites 

no longer evident. Whilst specific studies have not been made on the impact of these 

geohazards on the livelihoods of the coastal communities of Ha’apai and their ability 

to cope, what is clear is that Tonga is encountering intense, more frequently 

occurring earthquakes and the threat of tsunamis remains high for all of Tonga but 

particularly for coastal communities such as the three under this study. 

Table 2-2: Earthquakes and impacts in Tonga. 

Date Location Depth Time Mag Tsunami 

Warning 

Impact (s) 

22 Jun 

1977 

175.74W 

22.19S 

69Km 120h08m3

3.7s 

7.1 No warning has 

been issued 

Damage to 

infrastructure 

(Centenary Church, 

Vuna Wharf, PM 

Office and others 

3
 
May 

2006 

174.16W 

20.13S 

55Km 4:26a.m  Tsunami warning 

issued but no 

tsunami hits 

Tonga 

No major damage 

reported 

19 Mar 

2009 

174.30W 

20.34S 

50Km 7.17a.m 7.9 Tsunami warming 

but no tsunami 

hits Tonga 

Major damage to 

Ha’apai’s 

infrastructure 

29
 
Sep 

2009 

15.509S172

.034W 

18Km 17:48:11U

TC 

8.1 Tsunami hits Niua 

Toputapu in 

Northern Tonga 

Major damage to 

infrastructure and 9 

lives lost 

24 Nov 

2009 

20.641S174

.068W 

10Km 02:47a.m. 6.8 No tsunami 

warning 

No damage recorded 

Source: Geology Unit, Ministry of Lands, Survey & Natural Resources, 2010. 

 

Tsunami 

Most of Tonga are vulnerable to tsunami destruction and inundation (MECC, 2010). 

Since the 19
th

 century, about 21 small tsunamis (<1m wave) have impacted Tonga. 

An earthquake in 1919 is reported to have caused a major tsunami (>2.5 m) that 

occurred in Ha’apai. Fifty two tsunami warnings were issued by the Pacific Tsunami 

Warning Centre (PTWC) during 2007 but no tsunami reached Tonga. The September 

2009 tsunami caused a great destruction to Tonga’s northern most island of 

Niuatoputapu including the loss of nine lives.  About 465 people were affected and 

more than 300 people left homeless. The waves were generated by an 8.3 magnitiude 

earthquake close to Samoa and two of the three villages on the island, Hihifo and 

Falehau were swamped out by the waves and tress and houses were either pushed 
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over, flattened or moved. According to reports, the deceased were trying to escape on 

a vehicle to higher ground when they were struck by a wave which overturned the 

vehicle and they were trapped in the vehicle (Fonua, 2009). 

Photo 7: Tsunami Impacts, Niuatoputapu, Photo 8: Tsunami Impacts, Niuatoputapu 

     NEMO, 2009.    NEMO, 2009. 

   

Source: JNAP on CCA & DRM 2010-2015 (July 2010). 

 

Having a clear understanding of the public’s perception of tsunami is a vital element 

in developing risk assessment and risk management procedures (see Hurnen and 

McClure, 1997; Johnson and Benton, 1998; Gough and Hooper, 2003).  

 

 

Volcanic Eruption and Activity 

Tonga is vulnerable to volcanic eruption as it is located in the arc of volcanic zones 

and in the ring of fire (see Figure 2-4). 

  

Figure 2-5: Major Volcanoes of Tonga         Figure 2-6: Underwater volcanic eruption 

Source: Simkin & Siebert 1994                                             Hunga Ha’apai, 2009;  

Source: MECC, 2010. 
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A violent volcanic eruption in 1946 destroyed many buildings, crops, and copra sheds in 

Niuafoo’u.  The entire population of about 2,500 people were evacuated to ‘Eua but most 

people returned to Niuafo’ou in the following decades (SOPAC, 2007). Another threat is 

the undersea volcano off the coast of Nuku’alofa which erupted in March 2009, sending 

plumes of steam, ash and smoke up to 100 meters into the air (see Figure 2-7). As a result 

domestic and international aircraft flights were cancelled. The eruption also had detriment-

tal impacts on the marine ecosystem around the area of eruption (MECC, 2010). Despite 

there being no recent highly destructive eruptions, this remains an ever-present hazard. 

 

2.6 Effect of Climate Change on social, economic means of livelihoods 

There are social and economic challenges related to the impact of climate change on 

people’s livelihood in terms of their health, productivity, food security, income, 

behaviours and general livelihoods. Climate related events affect different aspects of 

lives at different levels-from individual, to families, to communities, to the whole 

country.  Recent extreme events such as the tsunami in Niuatoputapu and severe 

flooding have severely tested Tonga’s health and agriculture systems as well as the 

government’s ability to cope with these disasters. 

 

2.6.1 Human Health – Public Health in Tonga 

The past two decades have called attention to possible health consequences due to 

increased instability of weather patterns and large inter-annual variability in the world’s 

climate (Epstein, 1997; Epstein et al., 1997; Hales et al., 1997; Woodward et al., 1998). 

For example, increased heavy rainfall and stagnating sweet water has a higher probable 

increased incidence in water-borne and vector-borne diseases such as dengue, and malaria 

as well as diarrhoea and skin/eye diseases as earlier suggested. It is possible that 

temperature and rainfall changes in Tonga will increase vector-borne diseases in the 

country, which would have a serious human health, livelihoods, as well cost implications.  

 

Drought conditions can also exacerbate problems with sanitation and hygiene, increased 

incidence of diarrhoeal diseases, asthma & skin conditions. Water borne-diseases such as 

cholera and the diarrhoeal diseases caused by organisms such as giardia, salmonella and 

cryptosporidium, could become more prevalent in Tonga as in other South Asian countries 

as a result of global warming (Hartmann et al., 2002). Coastal settlements and those in low 

lying areas around Tongatapu are particularly vulnerable to these threats and their capacity 



 

34 
 

to respond effectively to (or mitigate) increasing health threats posed by climate change is 

a challenge for the Joint NAP committee. 

2.6.2 Agriculture, Fisheries - Food Security and Livelihoods 

Agriculture and fisheries are key sources of livelihood for families in the study areas.  

According to the Food and Agricultural Organization (FAO), 2007a) the croplands, 

pastures and forests that occupy 60 percent of the Earth’s surface are progressively being 

exposed to threats from increased climatic variability and in the longer run to climate 

change. Abnormal changes in air temperature and rainfall and resulting increases in 

frequency and intensity of drought and flood events have long term implications for the 

viability of these ecosystems.  The impact of climate change on subsistence and 

commercial agriculture is profound as noted on the millions worth of damage from past 

cyclones (ref to Table 2-2). 

 

Agriculture has been the mainstay for survival and economic development in Tonga. 

Subsistence agriculture provides local food security, and cash crop agriculture has enabled 

Tonga to earn export revenue and participate in the world trade. Arable land for crop 

agriculture in the country is increasingly in short supply and the likely prospect of land loss 

and salinization due to climate change and sea-level rise will threaten the sustainability of 

both subsistence and commercial agriculture particularly for coastal communities. For 

instance, much of the agricultural land in the study village of Kanokupolu is near the coast 

and vulnerable to sea-level rise and salt intrusion.  

 

In addition, fisheries is a major source of livelihoods for a large numbers of the rural, 

coastal, outer islands people. Though there are doubts as to the direct effect of climate 

change on artisanal fisheries for instance (some can be caused by over-fishing, degraded 

reefs and mangroves – loss of habitat), some can be due to climate change elements such 

as the turbidity, salinity and temperature of water (Challenger, 1997).  Table 1-1 in the 

introduction shows a decline in fisheries exports though it is not clear if this is affected by 

climate change.  Climate change however can change fish habitats, migration patterns and 

fishing-related infrastructure, and presents significant risks to fisheries and to Tongans who 

depend on them for food and income.  Recently, the increases in climate-driven storm 

damage impact on fisheries development in Tonga through damage or loss of boats, boat 

launching and fuel facilities, and fish storage and processing facilities (Petelo et al., 1995).   
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How Tonga manages these challenges is important consideration for the effective 

achievement of the JNAP objectives. 

2.6.3 Forestry (Biodiversity) 

The impact of population change within Tonga includes both land scarcity and land 

hunger.  Past decades have seen more forest/bush land being used more intensively for 

habitation, other income generating ventures and commercial farming (e.g, squash) which 

have contributed to loss of tree and forest resources in the country (Forestry Annual Re-

port, 2008).  The loss of forests, whether from agriculture and land clearing or from 

climate related activities can have devastating effects for the people and economy of 

Tonga. The biodiversity of coastal forests and mangroves ecosystems remain threatened 

by climate, demographic and socio-economic factors.   For example, in the three study 

areas, mangrove ecosystems have been cleared for infrastructural development (including 

sea-wall construction), while those in Kanokupolu has been cleared for sea wall construc-

tion and agriculture activities.   In addition to it being a buffer during storms, assisting with 

soil erosion and a home and breeding ground for many important sources of seafood, 

mangroves are a source of firewood for coastal communities, and for women, a source of 

natural plant dye for their traditional mulberry cloth making.   Increasing growth of coastal 

settlements have seen this important source being replaced for reclamation purposes.   

 

Other desertification activities such as land degradation in Tonga leads to 

biodiversity loss and is increasingly caused by human activities. This involves the 

increasing clearance of forest land for farming/habitation; overgrazing of roaming 

pigs, over-mining of sand from coastal areas, which adversely impact on agriculture 

productivity, the health of humans and  livestock, and economic activities such as 

eco-tourism in Tonga (Mailau et al., 2007). 

 

2.6.4 Water Resources and Supply 

Climate change is affecting and will have a significant impact on the quality of life of 

communities. As water availability is expected to be highly vulnerable to future 

climate change with significant changes in runoff systems of the country.  The 

majority of Tonga’s population depends on groundwater resources with increasing 

number using rainwater catchments as backup water supply. Rainwater is the 

primary source of freshwater to majority living in Tongatapu. 
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The freshwater lenses in Tongatapu is larger in volume than those in small islands of 

Ha’apai in Lifuka and a reduction in the area of freshwater lens and salt water, through 

saltwater from sea level rise/intrusion will be disastrous to the availability of fresh 

drinking water and particularly so for low lying areas and those in rural areas . Of the 

total population of Tonga, 98 % have access to water supply in urban areas but only 63% 

have access in rural areas (MECC, 2010). Due to the hardness of the ground-water, local 

people in Tonga supplement their supply with rainwater from catchment systems and 

from purchased filtered groundwater. This reliance on rainfall increases Tonga’s 

vulnerability to future changes and variations in rainfall distributions.  

 

Droughts will also result in water scarcity and can impact on the supply of freshwater 

supply for drinking and for other activities including agriculture.  Cyclones have caused 

damages to, or destruction of key water catchments for people who do not have access to 

tap water, especially those in rural areas of Kanokupolu village (Western Tongatapu). 

Droughts can cause water pollution and poor water quality which would affect human 

health and the incidence of water-borne diseases. Overall, Tonga has already experienced 

water stresses over the years from both water scarcity due to drought and to flooding as 

well as salt water intrusion. Water resources in the country are extremely vulnerable to 

changes and variations in climate, especially rainfall levels.  

 

2.7 Sustainable Livelihood in Tonga- In relation to climate change 

It is generally accepted that climate change impacts on people’s livelihood security. The 

concept of ‘livelihood’ comprises capabilities, assets (including both material and social 

resources) and activities required to survive. Chambers and Conway (1992), find that 

people’s livelihoods can be vulnerable to climate change as  any other external stress 

factors (e.g. natural hazards, economic crisis, political instability), which can be beyond 

people’s control. People’s livelihoods are sustainable when they can cope with or are able 

to adapt to external risks, stress and pressures and are able to recover from stresses and 

shocks. It is therefore crucial to maintain and even enhance people’s capabilities and assets 

both now and in the future to make them more resilient to the impacts of climate and other 

external stress. This means not to undermine their natural resource base. Any approach to 

disaster management and preparedness needs ensure that communities such as 

Kanokupolu, Sopu and Patangata are resilient and so are their livelihoods. 
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2.8 Early Approaches to Sustainable Livelihoods 

To understand how climate change affects sustainable livelihood in Tonga more clearly, it 

is crucial to understand its conceptual development.  The sustainable livelihoods (SL) 

approach, starts from a developmental standpoint and puts livelihoods at the centre of the 

discussion. It considers vulnerabilities, of all kinds, as part of the context in which 

livelihoods are shaped. These approaches essentially are means of organizing data and 

analysis through which to view development interventions. The aim of the approach is to 

help stakeholders consider the many factors that affect livelihoods, their relative 

importance, the ways in which they interact and the most effective means of promoting 

more sustainable livelihoods.  

 

In the SL approach, the main elements are classified to some degree such as Context: the 

external environment in which poor people live their lives and which is responsible for 

many of their hardship; Asset and capabilities (or capital):  the resources poor people 

posses or have access to and use to gain a livelihood; Policies, institutions and processes 

(sometimes called transforming structures and processes): the institutions, organisations, 

policies and legislation that determine access to assets and choice of livelihood strategies; 

Livelihood strategies: the ways in which poor people deploy their assets and capabilities to 

improve their livelihoods(i.e., consumption, production, processing, exchange and income-

generating activities): Outcomes: successful livelihood strategies should lead to more 

income and more economically sustainable livelihoods, increased well-being, reduced 

vulnerability and more sustainable use of the natural resource base (Figure 2-8) 

 

There are three agencies that use the SL approach slightly different: UNDP, CARE and 

DFID. For UNDP the SL approach serves primarily as a programming framework to 

devise a set of integrated support activities to improve the sustainability of livelihoods 

among poor and vulnerable groups by strengthening the resilience of their coping and 

adaptive strategies.   Policy and governance issues affecting people’s livelihoods are 

addressed. The various support activities are organized as specific SL programmes, usually 

implemented at a district level with ramifications at the community and household level. 

 

CARE’s organizational mandate as an international NGO is to focus its programmes on 

helping the poorest and most vulnerable, either through regular development programmes 

or through relief work. Since 1994, CARE has used Household Livelihood Security (HLS) 
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as a framework for programme analysis, design, monitoring, and evaluation. The concept 

of HLS derives from the classic definition of livelihoods developed by Chambers and 

Conway (1992), which embody three fundamental attributes: the possession of human 

capabilities (such as education, skills, health, psychological orientation); access to tangible 

and intangible assets; and the existence of economic activities. The interaction between 

these three attributes defines what livelihood strategy a household will pursue. CARE puts 

particular emphasis on strengthening the capability of poor people to enable them take 

initiatives to secure their own livelihoods (Krantz, 2001:10). 

 

DFID’s SL approach aims to increase the agency’s effectiveness in poverty reduction in 

two main ways: the first is by mainstreaming a set of core principles which determine that 

poverty-focused development activity should be people-centred, responsive and 

participatory, multi-level, conducted in partnership, sustainable, and dynamic. The second 

is by applying a holistic perspective in the programming of support activities, to ensure 

that these correspond to issues or areas of direct relevance to improving poor people’s 

livelihoods. A central element of DFID’s approach is the SL Framework to facilitate a 

broad and systematic understanding of the various factors that constrain or enhance 

livelihood opportunities, and their relationships. 

 

 In sum, the SL approach serves primarily as a programming framework to devise a 

set of integrated support activities to improve the sustainability of livelihoods among 

poor and vulnerable groups. 

 

2.8.1 Sustainable Livelihood (SL) Framework 

The SL framework continues to evolve for disaster management and takes a broad 

and holistic view of livelihood that includes capabilities and assets, material and 

social resources, and activities required for life (DFID, 1999a, b and d – 2000a, b). It 

places people, their assets/capitals and capacities as the centre of development - and 

at the same, recognises that other complex and many factors impacting and 

influencing their survival/livelihood are dynamic (Figure 2-2).  

 

At the same time, there is concern that the effects of natural hazards may be 

downplayed by this approach especially for those random and infrequent extreme 

events as it could lead stakeholders to undervalue the potentially beneficial impact of 
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local and higher-level disaster mitigation measures, as well as the creation of hazards 

and risks due to inappropriate use of resources (Twigg, 2001). 

 

Figure 2-7:  Sustainable livelihood framework   Source: Carney et al. 1999  

 

Another sustainable development approach allows for the development of a wide range of 

program activities to protect communities, property and the environment against disasters.  

Local people cannot prevent disaster but can reduce it through prevention and mitigation, 

preparedness, response and recovery, in the context of sustainable development.  The ‘all-

hazards approach’ concerns developing and implementing disaster management strategies 

for the full range of probable disasters. This approach has been useful in addressing similar 

problems in a community, arising from different hazards and emergencies. Several hazards 

that cause disasters may require specific response and recovery measures as well as 

specific prevention programs. The integrated approach ensures that all organizations, 

including government, private and community organizations, are involved in disaster 

management. There may be some factors that organizations would take into account in 

determining the extent of their involvement and the prepared community concept concerns 

the application of all the foregoing approaches at the community or local level. The 

approach emphasises the important roles and responsibilities of different community 

members in establishing disaster management programs and systems, and ensuring self-

reliance and self-sufficiency in times of disasters. 
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CHAPTER 3 Research Methodology 
 

The methodological approaches adopted in the study are a combination of qualitative 

and quantitative methods and triangulation of the data and findings. Jick (1979) used 

the term ‘triangulation’ to explain the rationale for using multi-methods in a study. 

Triangulation is based on the assumption that any bias inherent in data sources, 

investigator and method would be neutralised when used in the conjunction with 

other data sources, investigators and methods. 

 

The theoretical and practical foundations of qualitative methodology are appropriate 

for this study because it requires a close study of events in their historical and social 

contexts using a range of methods which produce a richer and fuller set of data. 

Secondly, my research question requires a methodology that captures the impacts of 

climate change and natural hazards on people’s life and livelihoods. It requires an 

approach that attempts to find out what people do, think, have, and know, and an 

analysis of the context where they live and using other secondary data for validation 

in order to minimize the issues of climate change and natural hazards.   It means a 

range of methods can be used to get a good understanding of the dimension of the 

issues people face with climate change. The qualitative methodology like primary 

and secondary sources provides tools and techniques such as observation, interview, 

case studies, review and analysis to gather such information. Further, the practical 

application of the qualitative inquiry is particularly useful for sector studies, which 

can be synthesised to draw larger conclusions on climate change impacts and natural 

disaster issues, generate concrete recommendations, and provide policy advice to 

decision makers. Vulnerabilities and impacts caused by tropical cyclones and climate 

change will have different dimensions and qualitative approaches are appropriate as 

they place an emphasis on the validity of multiple meaning structures and holistic 

analysis, as opposed to the criteria of reliability and statistical compartmentalisation 

of quantitative research (Jick, 1979). The few studies that have been completed on 

climate change adaptation and disaster risk management in the Pacific and in Tonga 

have mainly emphasised the impacts caused by natural hazards and climate change to 

people’s livelihoods and the environment but more research needs to dig deeper into 

the different dimensions of livelihoods and climate change as per specific contexts.  



 

41 
 

This study also used the quasi- quantitative approach in the methods used in collecting 

field data and in the data analysis. This mixed method approach is taken by the author to 

classify the data during analysis before inputting to the Minitab software. 

 

Given that this is a small research project and targets only a selected group of 

communities, the findings cannot be generalised for the whole of Tonga. However, it 

can be the source for further research or for specific actions and strategies regarding 

these communities.  The data can contribute to the development of context specific 

strategies in the Tonga’s climate change and disaster management framework. For 

example, a survey using field samplings and based on a focus group interview has 

the potential for being the most definitive (Punch, 1998). Quantitative sampling 

methods were used in selecting the sample population to be interviewed so that the 

data can be statistically analyzed and to determine any relationship between 

variables. Further, the Likert Scale was administered to a randomly selected sample 

to ensure the reliability and validity of answers given.  

 

3.1  Research Framework and Structure 

3.1.1 Research Framework 

This project’s key research questions and objectives (see below) determined the 

different research tools and the research framework used.  The key research problem 

is climate change and vulnerability of communities on the main island of Tongatapu 

– Kanokupolu, Sopu and Patangata. Methodology of the research is presented in 

Figure 3-1. It consists of five phases. 

 

The key research questions are on the projected effects of climate change on these 

communities, the level of vulnerability of these areas and how these challenges are 

viewed or acted upon by the people living in these communities. Actions are required 

to be introduced and carried out to minimize the effects of climate change on local 

communities. These in general required several research methods. 
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3.2 Research Process/Phases 

The research process was conducted in several phases and is presented in Figure 3-1. 

 

Figure 3-1: Research Framework 

Note:          Iteration Process 

 

Table 3-1: A summary of the research journey of the mini-thesis 

Purpose Method Locations 

To conduct a literature survey on the projected 

effects of climate change on vulnerable sectors 

and priority areas Tongatapu. 

Library and 

Internet survey 

USP library, Laucala 

Campus, Suva, Fiji 

To assess the potential effects of CC and 

natural disasters in Tonga (vulnerability) in 

study areas. 

Field survey, 

questionnaire 

and interview 

MECC,MOW,MOH, 

TWB, MAFFF, MLS NR.  

To survey perceptions of local people of 

(Kanokupolu, Sopu and Patangata) on the 

effects of climate hazards on their livelihoods 

and resources that they depend on. 

Interview  Kanokupolu village, 

Sopu village and 

Patangata village 

To seek views/ recommendations of 

officials/ experts on CCA to minimize 

impacts of climate change on study areas & 

to improve DRM  in the country. 

Questionnaire MECC, MOW, NEMO, 

etc. 
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3.2.1 Literature Review phase 

Before, during and also after the fieldwork, materials on climate change and natural 

hazards were collected and studied  through internet and library research and 

included published and online books and reports from the University of the South 

Pacific (USP) Library, Secretariat of the Pacific Community (SPC) library, South 

Pacific Regional Environmental Programme (SPREP) website, SOPAC, United 

Nations Framework Convention on Climate Change (UNFCCC), and Inter-

governmental Program on Climate Change (IPCC). A key source of information was 

from online internet sites.  Since internet sites are often updated, they provide recent 

material on issues that are not often published and available in libraries. Particularly 

useful were documents from global organizations such as the FAO, ADB, World 

Bank and different programs sponsored by United Nations Development Program 

(UNDP), and United Nations Environmental Program (UNEP). This was part of the 

initial phase of the research and continued throughout. 

 

The literature review phase explored potential impacts of climate change and natural 

disaster on the livelihood and environment of Kanokupolu, Sopu and Patangata 

through research studies and approaches and the various dimensions of climate 

change and vulnerability that have been researched by others. It looked at the 

impacts of climate change on vulnerable sectors like human health, fisheries, 

agriculture and food security, water resources / supply, coastal sites and forestry that 

affect livelihoods of these communities. 

 

3.2.2 Fieldwork Phase 

The field work phase comprised  identification of villages and local participants for 

the study, then  followed by  open-ended interviews, focus group interviews,  field 

survey and narrowed down to selected households and it took approximately two 

months from 12 July to September 9, 2010.   Interview questions and the 

questionnaires developed were based on the understanding from the literature review. 

These are described in detail in the following paragraphs: 

 

Case Studies 

Kanokupolu, Sopu and Patangata villages were selected due to their geographic 

location as they show great vulnerability to climate change and natural disasters. 
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These villages are located in the coastal zones of the main island Tongatapu.   

Kanokupolu village is located Western Tongatapu; Sopu village is on west of the 

capital Nuku’alofa (North Tongatapu) and Patangata is situated to the east of 

Nuku’alofa (North Tongatapu) (Figure 3-2).    Indigenous people have been living in 

the villages and have observed and survived environmental changes for decades. 

They have their own traditional knowledge and coping strategies and the case study 

snapshot of these communities will address lack of specific data in this area.  

 

Figure 3-2: Map showing locations of Kanokupolu, Sopu and Patangata villages. 

 

Questionnaires and focus group interviews and surveys 

The third phase was the fieldwork itself  It involved two main primary data 

collection activities – i) open ended interviews and focus group interviews and ii) a 

questionnaire survey of experts from eight institutions  based on an initial field 

survey of the study areas.  This phase collected information on their level of 

preparedness and how they deal with climate change and natural hazards.  

 

The questionnaires collected personal information on the respondent (name, name of 

institutions, gender, occupation and age) and included questions related to impacts of 

climate change, and natural disaster on their livelihoods.  Interviews were arranged 

with six local government institutions in Tongatapu and local communities of 

Kanokupolu, Sopu and Patangata villages. (see Appendix 2). 
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Open ended, focused group interviews 

The interviews aimed to gather information about climate change impacts on the 

villages and how natural hazards like tropical cyclones affect the coastal areas and to 

obtain a general profile of the community such as basic information on village 

infrastructure & facilities (schools etc), land tenure systems, livelihood systems that 

were affected by climate change, and their level of vulnerability and coping 

strategies.   

 

The interview process took place over a period of two weeks from the 12
th

 of July 

2010 (starting in Kanokupolu) to the 26
th

 July 2010. Thirty respondents, ten from 

each village, participated in these interviews (see Table 3-1).  The ten from each 

village were a mix of elderly adults and youths. The same group again participated in 

focus groups open ended interviews.  All the discussions and responses to 

questionnaires were recorded in a field notebook. Respondent’s names are not 

published due to an agreement to keep names of participants in interviews 

confidential.  

Table 3-2: Number of respondents in the study areas. 

Village No. of Respondents Date of interview 

Kanokupolu 10 12 July 2010 

Sopu 10 19 July 2010 

Patangata 10 26 July 2010 

TOTAL 30  

 

Of the 30 participants from the three villages, two thirds (60 percent) are females and 

40 percent are males with the ages of females ranging from 21 years to 76 years 

whilst males range from 23 years to 77 years (see Figure 3-3). Of the females, 43 

percent are housewives or live at home. Of the overall total, 13 percent work in 

government, 10 percent fish for a living, 14 percent students and the remaining 18 

percent had occupations ranging from taxi drivers, shopkeeping, farming, 

engineering and teaching. Two percent did not participate in the open ended 

interview. 
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Figure 3-3: Age group of participants from three villages of Kanokupolu, Sopu and 

Patangata. 

 

Questionnaire survey of experts 

The second major fieldwork activity was primary data collection through a 

questionnaire survey of eight experts and key stakeholders from eight institutions
3
 

active in the field of climate change and disaster risk reduction (Appendix 2). The 

surveys contain multiple choice and short answer questions. Non-Governmental 

Organizations (NGOs) who are seen to be crucial to the project because they work 

directly with communities were included. The researcher also attended a workshop 

on the Tonga national action plans on climate change and disaster risk management 

which provided valuable background information to the project. 

 

Field Survey 

Field surveys were carried out in the coastal areas and in-land of Kanokupolu, Sopu 

and Patangata villages. Before the survey began,- preliminary data was collected 

from the Ministry of Land, Survey and Natural Resources (MLSNR), Ministry of 

Environment and Climate Change (MECC). The location of study areas was plotted 

in the map (Figure 3-2). The survey included sea walls which were noted to have 

been seriously damaged by the sea during tropical cyclones, as well as coastal areas 

eroded by sea due to sea-level rise. All those observations were written down in a 

field note book and photographed using a digital camera (see Photo 9-12). 

                                                 
3  MECC, MLSNR, Tonga Waterboard, Ministry of Health, MAFFF and NEMO. Civil Society and 

Ministry of Statistics 
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Photo 9: Side view of Kanokupolu sea wall,   2010 

                                                                                                        

P  Photo 10: Viewing the sea moving towards the sea 

wall of Kanokupolu village, 2010. 

  
Photo 11: Patangata sea wall (from                      Photo 12: Sea wall of Patangata village 

                Eastern side of the village) 

 

3.3 Data Analysis 

After results from the respondent were collected, a data validation process was made 

before the data analysis. Some of the answers from questionnaires survey needed to 

be verified by comparing it with hard evidence from other documentations on the 

subject. Another way to validate the opinion given by respondents was through 

observation of study areas and cross checking with qualitative information from 

focus group interviews and reports from MECC on the impacts of sea-level rise. 

 

Questionnaire results and survey findings were input into a database using Microsoft 

Excel for analysis. The database contains responses from the 30 respondents and 

from other experts interviewed. The data was analyzed using Minitab 15 software 

including qualitative analysis and is presented in chapter four and five. 
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3.4 Research Limitations 

During the survey on Tongatapu when local people and government officers were 

interviewed, a number of challenges came up. It took a while to collect 

questionnaires form government officials.  Selected officers from related government 

agencies in the study areas were not always available despite appointments being 

made. It was difficult to conduct interviews at the agreed time.  Some government 

officers took long to complete the questionnaires and provide information. In many 

instances, I was asked to come again the following day and the officers were still 

unavailable. As a result, the collection of data was severely delayed and the analysis 

of the data started much later which led to delays in the conduct of the interviews. 
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CHAPTER 4 RESULTS  
 

This chapter provides an analysis of empirical findings framed in light of the research 

questions at two levels: the extent of vulnerability of these communities and their ability to 

respond to the impacts of climate change and natural hazards at the grassroots level, but 

also at the national level – looking at Government strategies and policies that have been 

developed to tackle the challenges and risks of climate change and natural hazards. 

 

4.1 Introduction 

As discussed in chapter two, field surveys were conducted between the 9
th

 July – 9
th

 

September 2010, using 30 respondents (ten landowners each from three coastal 

villages in Tongatapu); and experts who were government officers from eight 

government agencies (Ministry of Work; MECC; Tonga Water Board; Ministry of 

Health; and Ministry of Agriculture, Food, Forestry and Fisheries, NEMO, and Civil 

Society and Ministry of Statistics). The open interview form consisted of eight 

topics, sub-divided into sub-sections. The full survey form is attached in Appendix 2. 

 

4.2 Personal Background 

The personal backgrounds of the participants were solicited so as to identify personal 

characteristics and background that would be useful in explaining the findings of the 

survey.  The majority of the respondents comprising 60 - 80 percent, belong to the 

Methodist Church (better known as the Free Wesleyan), the largest denomination in 

Tonga with the remaining 20 –40 percent shared between the Church of the Latter 

Day Saints, different branches of the Church of Tonga and a Pentecostal church.  

Figure 4-1: Religions of Respondents in the Study Areas. 
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4.2.1 Length of Stay in the Village  

Kanokupolu, Sopu and Kanokupolu Village 

More than half of the respondents (63 percent) have stayed in their village for more than 

20 years. Most of the ten respondents from Kanokupolu village have lived in the village 

for most of their entire life. About 34 percent have lived in their village between five to 

nineteen years. Only 3 percent has stayed less than one year in the village of Patangata 

(Figure 4-2 - Village one is represented by Kanokupolu village, Village two by Sopu and 

Village three by Patangata).  

Figure 4-2: Length of years living in the village 

 

4.2.2 Natural hazards events experienced by respondents  

A total of 30 responded to this question from the three villages.  They were asked 

questions on their exposure to natural hazards and related important information. These 

were then classified into categories such as natural hazards information, agriculture, 

water resources and supply, forests, fisheries, health, community risk management and 

climate change adaptation in Tonga.  Table 4-1 shows that cyclones followed by 

earthquakes were the main natural hazards for around 50 percent of Kanokupolu 

respondents in the past 20 years, whilst flooding was the more common for Sopu 

followed by earthquakes.  Patangata residents however, found cyclone, flooding and 

earthquakes of similar occurrence.  None had experienced any tsunamis. 

Table 4-1: Natural hazards experienced by respondents in the past 20 years. 

Name of village Flood Earthquake Tsunami Cyclone 

Kanokupolu 5 10 0 10 

Sopu 5 8 0 6 

Patangata 10 10 0 10 
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4.3 Natural Disaster Preparedness 

4.3.1 Households preparation for natural hazards and sources of information 

This question looked at the level of preparedness of respondents, sources of 

information, and the steps that they take to address hazards/disasters.  A total of 28 

responded to this question. 

Table 4-2 below shows that the majority of respondents (60%) from all three villages 

were well prepared. Thirteen percent were not at all prepared or just somewhat 

prepared, while 7 percent responded that they were adequately prepared. Ten percent 

did not respond. 

Table 4-2: Percentage of respondent’s preparedness for natural hazards 

Village Kanokupolu         Sopu Patangata  

How prepared 

Gender 

          Yes      Yes        Yes      Total 

M F M F M F M F 

Not at all prepared 0 0 1 0 0 0 1 0 

Somewhat prepared 0 0 1 2 0 0 2 1 

Adequately prepared 0 0 1 0 1 0 2 0 

Well prepared 2 5 1 2 3 5 6 12 

Very-well prepared 1 0 1 1 1 0 2 2 

 

Sources of information 

On the sources of information regarding natural hazards, the majority (93 percent) 

received natural hazards precautions and information from local news, with some 13 

percent getting additional information from local community meetings about hazards 

whilst 7 percent access information through schools.   Three percent heard about 

natural hazards from a community emergency training while none of the participants 

has attended any training or received any information on emergency preparedness 

from a Government source (see Table 4-3). 

 

Table 4-3: Sources of information on natural hazards  

Village Kanokupolu Sopu Patangata         Total 

Source of information 

Gender 

      Yes      Yes    Yes          Yes 

M F M F M F M F 

Locally news 5 4 2 8 3 6 10 18 

Schools 1 0 0 0 0 1 1 1 

Meeting 0 1 0 0 0 3 0 4 

Training 0 1 0 0 0 0 0 1 

Government source 0 0 0 0 0 0 0 0 
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Households preparations  

Figure 4-3/Table 4-4 show that most of the respondents have already taken steps to 

prepare for an unexpected natural hazard. About 83 percent stored food and water for 

use during natural hazard and after, 67 percent stored flashlights and batteries while 

13 percent already stored medical supplies like first aid kit and medications in case 

of injury. Also, 47 percent had a battery-powered radio for news about natural 

disasters as there is tendency for power outages during a cyclone.  In terms of 

receiving any emergency training, only 10 percent has received some community 

training for emergencies on natural hazards (Table 4-4). There was no other means 

that participants used to prepare for sudden natural hazards. 

 

Table 4-4: Household preparation for natural hazard 

Village Kanokupolu       Sopu Patangata  

Household preparation 

 

Gender 

         Yes        Yes        Yes    Total 

 

M F M F M F M F 

Stored food and water 3 4 5 5 3 5 11 14 

Flashlights & batteries 3 3  4 3 5 8 12 

Medical supplies 1 1 2 0 0 0 3 1 

Battery powered radio 2 3 2 3 3 4 7 7 

Disaster supply kit 0 0 0 0 0 0 0 0 

Emergency training 0 1 0 1 0 1 0 3 

Other 0 0 0 0 0 0 0 0 
 

Figure 4-3: Household preparation before a natural disaster strikes unexpectedly 
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4.4 Agriculture and food supply to the 3 villages 

Thirty respondents answered this question.  Some respondents identified more than 

one purpose of agriculture and to more than one type of crops.   

 

4.4.1 Purpose of agricultural activities and type of crops 

Agricultural activities are for subsistence use and income. About 47 percent use 

crops for everyday consumption with 34 percent for commercial purposes, which 

they sell at the central market, Talamahu at Nuku’alofa, to help with their children’s 

school fees, bill payments and buying other groceries. The other 19 percent is used 

for family functions, church obligations and so on. Of the 47 percent for subsistence 

use, 20 percent is from Kanokupolu village. All of Patangata and many from Sopu 

respondents do not grow crops but buy their root crops from the market. 

  

Figure 4-4: Purpose of growing crops Figure 4-5: Type of crops planted by  respondents 

 

Table: 4-5: Purpose of growing crops and type of crops planted. 

Village Kanokupolu Sopu Patangata  

Purpose 

Gender 

         Yes        Yes        Yes    Total 

 

M F M F M F M F 

Commercial 5 2 6 0 4 2 15 4 

Subsistence 8 1 6 3 3 1 17 5 

Others 0 0 0 0 0 0 0 0 

 

Type of crops planted 

      Total 

M            F 

Yams 5 4 4 4 4 0 13 8 

Taro 6 3 5 3 2 2 13 8 

Cassava 7 2 5 2 3 1 15 5 

Sweet Potatoes 4 4 5 3 2 2 11 10 

Others 0 1 1 0 0 0 1 1 
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Kanokupolu and Sopu respondents grow their food crops and vegetables in both bush 

(‘api ‘uta) or town allotment (‘api kolo) and they use mixed or intercropping to avoid 

pests and diseases. As in Figure 4-5, the most common crops grown for susbsisence 

use by Kanokupolu village are Taro (70%), yams (70%) and sweet potatoes (70%). 

Cassava (Manihot esculenta Crantz), yams (Dioscorea alata) and sweet potatoes 

(Ipomoea batatas) account to 67 per cent and used primarily for farmers from 

Kanokupolu and Sopu for commercial purposes. Other uses are for family functions 

like wedding, funeral, birthdays and church obligations.  Respondents also grow 

about one percent of other crops such as giant taro (Colocasia) and potatoes 

(Solanum tuberosum).   Other crops, and vegetables planted in the backyard of local 

communities residing in Kanokupolu and Sopu villages are found in Appendix 1. 

  

4.4.2 Income from agriculture sales 

Only the respondents from Kanokupolu and Sopu benefit from agriculture because 

they have land for growing crops.  About 20 percent from these two villages earn on 

average more than T$500 a week from selling their cassava, sweet potatoes, yams 

and taro at the Talamahu market in Nuku’alofa. About 13 percent get T$200 - $500 

whilst ten percent receive less than T$200 a week from their crops. These crops have 

varying times of maturity and harvests. 

 

4.4.3 Impact of tropical cyclones on crops/plantations 

A total of 23 responded to this question.  Fifty percent agree that tropical cyclones 

affect their plantations. The twenty-seven percent who claim that tropical cyclones 

do not have any serious damages to agriculture are the ones who do not have a 

plantation or crops but buy their food from the market (Patangata and some from 

Sopu) (Table 4-6). 

 

Table 4-6: Tropical cyclones and their impact on food crops  

 Kanokupolu Sopu Patangata 

 
Natural 

hazard 

Agree Disagree No 

answer 

 

Agree Disagree No 

answer 

 

Agree Disagree No 

answer 

 

Tropical 

Cyclone 

7(23%) 3(10%) 3(10%) 4(13%) 2(7%) 2(7%) 4(13%) 3(10%) 2(7%) 

 

Damages caused by tropical cyclones 
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About half of the respondents answered this question.  Table 4-7 indicates that 

damage claims range from Tongan Pa’anga $1000.00 - $5000.00 a year (27%) and 

more than T$5000.00 a year (20%). About 53 percent could not give an answer of 

damages to this question. 

 

Table 4-7: Estimated Cost of damages caused by Tropical Cyclones 

Village Kanokupolu Sopu Patangata  

Amount of Money 

Gender 

        

M            F 

      

M        F 

    

M        F 

     Total 

M       F 

$1000.00-$5000.00 2 1 2 2 1 0 5 3 

More than $5000.00 0 3 2 1 0 0 2 4 

No answer 1 4 2 2 3 4 6 10 

 

4.5 Water Resources and Storage  

This question looked at respondent’s source of water and level of supply, means of 

storing water, ability to invest in maintaining water supply, and impact of 

supply/source from natural disasters. 

 

4.5.1 Source of water 

Respondents’ main source of water for use and for drinking is rainwater, followed by 

groundwater and piped (tap) water.  Not many from Kanokupolu and Sopu have 

access to piped water compared to Patangata and not as many from Kanokupolu 

(only 30%) have cement water tanks compared to the 100% ownership of cement 

tanks of Patangata and Sopu respondents (see Table 4-8).   Patangata respondents 

have more access to ground and piped water and is usually from a well within their 

home, but which they have to boil for drinking. 

Table 4-8: Main source of drinking water and storage in the study areas. 

Source of Drinking water Kanokupolu Sopu Patangata 

Groundwater 2 1 5 

Rainwater 10 10 10 

Piped (Tap) Water  2 3 4 

Imported Drinking Water 1 3 0 

Sources of Storing water 

Cement tanks 5 10 10 

Fibreglass tanks 0 1 0 

Water bottles 4 0 3 

Others 0 0 0 
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Sopu respondents use more imported drinking water for backup drinking supply 

(10%) compared to Patangata who do not purchase drinking water and Kanokupolu 

(3%). 

  

Figure 4-6: Source of drinking water for         Figure 4-7: Means of storing water in 

                    Kanokupolu, Sopu and Patangata                      Kanokupolu, Sopu and Patangata 

4.5.2  Means of storing water 

In terms of water storage, about 21 percent claim that they collect water in 

bottles/other containers and store for later use and they do not throw away empty 

bottles as these are collected for the family water collection. A high percentage (76 

%) also use cement water catchments to store rain water. Most respondents from 

Sopu and Patangata have cement catchments with none in Kanokupolu whilst 3 

percent have fibreglass storage tanks which are more expensive.  

 

4.5.3  Investment on water storage 

In terms of investment in water storage,  about 32 percent  have spent more than TOP 

$900 for their cement tanks, 24 percent around TOP$700 - $900, 24 percent around 

T$500-$700, and 8 per cent  paid less than T$400 to build their cement tanks. The 

costs vary according to the size of the catchment, period of construction and whether 

the catchment was subsidised from donor/government funding (Table 4-9) 

 

Table 4-9: Expenses incurred on cement tanks by respondents  

 Kanokupolu Sopu Patangata 
Less than T$400 1 0 1 
T$500-T$700 3 2 4 
T$700-T$900 1 2 3 
More than T$900 0 6 2 
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Figure 4-8: Estimated expenses on cement tanks by respondents 

 

4.5.4  Natural hazards and impacts on water supply 

Twenty nine respondents participated in this question which focuses on the natural 

hazards and impacts on water supply.  Drought appears to have had the worse impact 

on their water supply. All in all 66 percent see this as a major impact, with 80 percent 

of Patangata residents followed by Sopu (60%) and Kanokupolu (50%). Tropical 

cyclones affected their water supply to a smaller extent and was more generally felt 

across the repondents.  Other hazards were not identified as threats to water supply 

(Table 4-10).  

 

Table 4-10: Type of natural hazards that affect water supply in three villages 

Natural hazards Kanokupolu Sopu Patangata 

Tropical cyclones 4 3 3 

Drought 5 6 8 

Others 0 0 0 

                          

 
Figure 4-9: Natural hazards affecting water supply in the study areas. 
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4.6 Forest 

This question looks at other sources of livelihood for the respondents, the impact of 

natural hazards on these and conservation measures they used. All respondents 

answered this question and some participants responded to several uses.  Forestry 

products are important sources of fuel, shelter, and income for many Tongans. For 

this study, the forest is defined by primarily the mangrove forests of the coastal 

areas, and to a limited extent, the trees in bush allotments close to the villages under 

study as well as coastal trees and vegetation.  

 

 

4.6.1  Uses of forests in the study villages 

Table 4 – 11 shows that the forest resources are mainly used for ‘fuel’with around 

80% either collecting these from their own landplots (bush allottment) or buying 

from local markets. The use of trees for medicinal (43%) as well as for cultural and 

recreational purposes (37%) was highest for Kanokupolu respondents whilst the use 

of fuel was fairly spread across the three villages.  Other uses are for food and for 

tapa cloth dyes.   

 

Table 4-11: Uses of forests in the study villages 

Village Kanokupolu Sopu Patangata  

Uses 

 

Gender 

      Total 

M F M F M F M F 

Food 1 2 1 1 1 1 3 4 

Medicine 3 4 1 1 2 2 6 7 

Fuel 3 4 5 3 5 4 13 11 

Cultural & 

Recreational value 

3 3 2 1 2 0 7 4 

Tapa cloth dyes 0 2 2 0 2 1 4 3 

Others 0 0 0 0 0 0 0 0 

 

4.6.2 Natural hazards on forest ecosystems in the study villages 

Burning/fire (38%) and drought (35%) are the two main natural hazards that affect forest 

resources followed by tropical cyclones. Those mainly affected are the Kanokupolu 

respondents.  Sopu residents also claim similar though less impact and Patangata 

residents did not identify any natural hazards as they reside in swampy reclaimed land 

and do not have any forest ecosystems and minimal coastal vegetation. 
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Table 4-12: Natural hazards that affect forest ecosystems in the study villages 

Village Kanokupolu Sopu Patangata  

Natural Hazards 

 

Gender 

      Total 

M F M F M F M F 

Tropical cyclone 2 5 1 1 0 0 3 6 

Drought 3 5 2 2 0 0 5 7 

Fire 5 2 3 2 1 0 9 4 

Others 0 0 0 0 0 0 0 0 

 

 

   
Figure 4-10:  Natural hazards that affect forest 

ecosystem in the study areas   

Figure 4-11:  Conservation methods used by  

respondents and their communities 

4.6.3 Conservation and protection measures 

Twenty nine answered this question.  In terms of conservation and protection 

measures of these important sources of livelihoods, the majority (77%) do not 

support deforestation especially trees and plants such as ironwood (Carpinus 

caroliniana) beach hibiscus (Hibiscus tiliaceus) and mangroves (Rhizophora 

mangles) that grow in the coastal areas as they are a source of protection and 

livelihood.   For example, ironwood is given the highest rating (97%) for 

preservation by the majority of  the three villages (Table 4-13) followed by beach 

hibiscus (48%) and mangroves (45%) as they prevent  erosion and are important 

wind buffers  for  their communities (Figure 4-11).  Beach hibiscus is given higher 

priority for preservation by Patangata and Kanokupolu respondents than those from 

Sopu.  Other types such as medicinal trees/plants were also identified to be important 

(refer to Appendix 1).   Beach hibiscus and mangroves have been replanted and 

prioritized for preservation throughout the coastal sites to prevent coastal erosion and 
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act as protection from tropical cyclones and destructive winds.  Twenty percent 

believe that government should have public notices to promote conservation 

measures, ban the cutting of important trees and should warn the public (90%) to be 

careful about causing forest or plantation fires.  Three percent suggests the banning 

of burning for clearing (Table 4-14).  

 

Table 4-13: Plant species protected by local villagers 

Village Kanokupolu Sopu Patangata  

 

Plant species 

      Total 

M F M F M F M F 

Mangrove 2 2 3 2 2 2 7 6 

Beach Hibiscus 3 2 2 1 4 2 9 5 

Ironwood 2 6 5 5 5 5 12 16 

Coconut Palm 1 0 1 1 2 2 4 3 

Others 3 2 2 1 1 2 6 5 

 

 
Figure 4-12: Plant species protected by local villagers 

 
Table 4-14:  Methods used to promote conservation measures. 

Village Kanokupolu Sopu Patangata  

Methods used 

Gender 

      Total 

M F M F M F M F 

Put public notice 1 1 0 2 1 1 2 4 

Ban cutting 

important trees 

1 9 2 8 1 6 4 23 

Ban burning trees 0 1 0 0 0 0 0 1 

 

4.7 Fisheries  

As discussed in the literature review, fishing is a major source of livelihood for many 

Tongans especially those living in coastal areas.  This question tries to identify the degree 

of reliance on fishing as a source of livelihood and impact of natural hazards on this source 
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in the three study villages.  In this study, full time fishers refer to those who fish regularly 

and fishing is their primary means of livelihood.  Part time fishers are those who have 

other full time occupations but carry out fishing during spare times to supplement their 

sources of income and food supply.   All respondents answered this question but while 

some of them are not necessarily heads of their households (e.g. most women, younger 

members), they responded on behalf of the members of their families who carry out 

fishing and had referred to all members of the families engaged in fishing and not just one.   

 

Full time or part time fishing 

There are twice as many full time fishers from Patangata compared to Kanokupolu and 

Sopu who have more part time fishers.  Almost all fishers are males from the three villages 

and only one female is identified as a full time fisher and is from Kanokupolu village 

(Table 4-15). 

 

Table 4-15: Part-time and full-time fishers in the study villages 

Village 

 

Fishers/Gender 

Kanokupolu Sopu Patangata  

      Total 

M F M F M F M F 

Full- time fishers 4 1 4 0 8 0 16 1 

Part-time fishers 5 0 6 0 2 0 13 0 

 

4.7.1  Importance of fisheries 

All of respondents (100%) from Sopu and Patangata villages rely on fishing for daily sub-

sistence and likewise 70 percent from Kanokupolu village. Most of those from Kanoku-

polu (80%) and Patangata (80%) rely on fishing for commercial purposes and Sopu to a 

lesser extent (60%). There are more males engaged in subsistence fishing from Sopu and 

Patangata (57%) whilst Kanokupolu records more females engaged in both subsistence 

and commercial fishing.  The results show that more females than males are engaged in 

fishing for commercial purposes from these thirty families under study (Table 4-16).    

 
Table 4-16:  Importance of fisheries to three study villages  

Village Kanokupolu            Sopu        Patangata  

       Total 

Use 

Gender 

 

F 

 

M 

 

F 

 

M 

 

F 

 

M 

 

F 

 

M 

Subsistence 5 2 1 9 4 6 10 17 

Commercial  5 3 3 3 4 4 12 10 
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Those who sell their catches at the Tu’imatamoana fish market in Nuku’alofa or in 

their local village receive income to pay school fees, bills and other needs.  The 

highest average income from fish sales is around  TOP$200 – $500  weekly from 

selling of finfish (‘otule, ma’ava, sifisifi, ‘unomoa), sea weeds (limu fuofua), giant 

clams (vasuva) for 56 percent of respondents, while 27 percent receive less than 

TOP$100 weekly and 17 percent receive more than TOP$500 a week (Table 4-17). 

The more the catch, the more income received with fin fish from local sea areas 

providing the most catch and income.  Kanokupolu and Patangata respondents 

appear to earn more per week, than those from Sopu.   

 

Table 4-17: Estimated weekly income received from fishing  

Village 

Weekly Income 

Gender 

Kanokupolu Sopu Patangata  

       Total 

F M F M F M F M 

Less than T$100 0 1 2 1 2 2 4 4 

T$200 –T$500 3 3 2 4 2 3 7 10 

More than T$500 1 2 0 1 0 1 1 4 

 

   
Figure 4-13:  Estimated weekly income 

received from fishing  

Figure 4-14:  Amount of sea foods catches by  

respondents from the ocean per week 

4.7.2 Impact of natural disasters on fisheries 

All respondents agree that cyclones affect their artisanal fisheries activities, 

livelihood and income because any strong winds limit the distance that their small 

fishing boats go out to fish and often, discourage any fishing at all.  Respondents 

mention that during cyclone seasons, few go out fishing in the open sea and that 

cyclones (strong waves) tend to disrupt normal habitats and locations of fish.  
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4.8 Health – climate change related diseases 

This question looks at climate change related diseases and how respondents view and 

cope with these including their sources of information.  All respondents answered this 

question. 

 

4.8.1 Sicknesses/Illnesses in the study villages 

About 87 percent claim that different diseases in the country are due to climate 

change effects such as diarrhoea whilst 13 percents disagreed that climate change is 

the main cause for the existence of varieties of disease in the country.  About 22 

percent experienced other sicknesses such as typhoid and headache (Table 4-18).  

Dengue fever caused by mosquito bites was the key disease identified by 60 percent 

of respondents, followed by diarrhoea (43%) and others that include typhoid and 

headache (27%).   

Table 4-18: Sicknesses found in the study villages and diseases caused by poor nutrition. 

Village Kanokupolu Sopu Patangata  

Diseases 

Gender 

        Total 

M F M F M F M F 

Diarrhoea 2 3 2 2 2 2 6 7 

Dengue Fever 3 4 2 3 3 3 8 10 

Others 3 2 1 1 1 0 5 3 

Poor food nutrition 

Diabetes 3 2 1 2 0 0 4 4 

Hypertension 1 1 1 0 2 2 4 3 

Cardio-vascular 2 1 0 0 1 1 3 2 

 

Non-communicable disease is high among the respondents with 27 percent suffering 

from diabetes; 23 percent vascular related conditions and 17 percent from 

hypertension. The illnesses affect both men and women. 

 

4.8.2 Sources of information on impact of climate change on health 

All respondents answered this question.  The key source of information on impact of 

climate change on health for almost half of the respondents (97%) is through radio 

programmes, followed by television programmes (50%), local news (17%), local 

news papers  and  schools  (Table 4-19). 
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Table 4-19: Source of information on impact of climate change and natural disasters on health 

Village Kanokupolu Sopu Patangata  

Type of Information 

Gender 

        Total 

M F M F M F M F 

Radio programme 3 6 5 5 3 7 11 18 

Television programme 0 3 2 4 3 3 5 10 

Local newspaper 1 0 1 0 1 0 3 0 

Public meeting 0 0 0 0 0 0 0 0 

Local news 1 0 1 1 0 2 2 3 

School 0 1 0 0 0 0 0 1 

           

4.8.3 Degree of government responsibility in risk reduction  

The statement “It is the responsibility of the government to provide education and 

programs that promote citizens to reduce exposure to the risks associated with 

natural hazards” was used to obtain responses on government’s responsibility 

regarding risk management and reduction.  All responded to this question. 

 

Sixty seven percent (67%) strongly agreed that it is the government’s responsibility to 

reduce the exposure of the country to the risks associated with natural hazards, followed 

by 10 percent who somewhat agreed. Around 17 per cent did not agree.  (Table 4-20).  

Table 4-20: Degree of government responsibility in reducing risks of exposure to natural hazards 

Village Kanokupolu Sopu Patangata  

Type of Information 

Gender 

        Total 

M F M F M F M F 

Strongly agreed 5 5 1 2 4 3 10 10 

Somewhat agreed 1 1 0 1 0 1 1 3 

Neither agree nor 

disagree 

0 0 1 1 0 0 0 1 

Strongly disagreed 0 0 0 0 0 0 0 0 

Somewhat disagreed 0 1 1 1 0 2 1 4 

 

However, as shown in Table 4-21, 67 per cent did not see key government agencies 

collaborating well with communities on risk reduction.  According to the respondents, 

government agencies do not visit local communities of Kanokupolu, Sopu and Patangata 

to conduct any programmes or workshops to prepare local communities if a disaster strikes 

the country unexpectedly. About 33 percent however do think that government agencies 

have held some programmes and workshops in their local communities to prepare youths 

for unexpected natural hazards. 
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Table 4-21:  Responses on government organizations collaboration with local community 

on natural risk reduction 

Village 

Gender 

Kanokupolu           Sopu      Patangata     Total   

F           M F      M F     M F M 

Yes 2 2 1 2 2 1 5 5 

No 5 3 2 3 4 3 11 9 

 

At the same time, all claim that the government has done nothing specifically to reduce the 

risk in their areas around Kanokupolu, Sopu and Patangata. For example, the sea-walls in 

Kanokupolu village was built and constructed by the local communities from their own 

fund raising and though the government had agreed to assist the construction of the sea-

walls, this has not happened. 

 

4.9 Climate change adaptation 

This question looked at measures that government has made on adaptation to climate 

change and the role government should play as perceived by respondents including 

methods used by communities to adapt to climate change impacts.  A little more than 

half (53%) strongly agree that the government should emphasize the issue of climate 

change in the country. This is a global issue and it affects small island states like 

Tonga. Forty seven percent disagreed (Figure 4-14) (Table 4-22). 

Table 4-22: Government should prioritise climate change and related issues 

Village 

 

Gender 

Kanokupolu Sopu Patangata  

          Yes Yes Yes         Total 

F M F M F M F M 

Strongly agree 5 2 2 2 3 2 10 6 

Disagree 3 2 1 2 4 2 8 6 

 

   

Figure 4-15:  Government should prioritise 

climate change and related 

issues 

Figure 4-16:  Action plan by government to 

deal with Climate change 

issues in Tonga 



 

66 
 

A little over half of the respondents are aware that the government has launched a climate 

change action plan to minimize impacts of climate change in Tonga while the remaining 

47 percent have no idea of this (Figure 4-15). The main means of reducing climate change 

impacts for these communities is the construction of sea walls to protect coastal areas and 

sea level intrusion. To do this, about 56 percent claim that they fundraise within their local 

community to build sea-walls to stop the sea coming inland. Replanting of mangroves, 

ironwood trees and coconut palms is another way (27%) to protect their coastal sites from 

erosion, and banning the use of sand mining is another way (17%) (Table 4-23). 

Table4-23:  Methods used by local communities to minimise CC problems in the stud villages 

Village Kanokupolu Sopu Patangata  

Methods used to minimize 

CC impacts  

Gender 

         Yes        Yes        Yes      Total 

M F M F M F M F 

Rebuilding of sea-walls 4 4 0 1 2 6 6 11 

Replanting  mangroves, 

ironwood, coconut palms, 

others 

1 0 2 3 1 1 4 4 

Banning of sand mining 1 0 2 2 0 0 3 2 

Methods in educating local people 

Public meeting 1 1 2 1 1 2 4 4 

School 0 0 1 0 1 0 2 0 

Radio news 1 0 2 1 1 2 4 3 

Local newspaper 1 0 0 1 0 0 1 1 

Television 2 1 1 1 2 1 5 3 

 

All respondents believe that the government should assist in the reconstructing of sea-walls 

especially those from Kanokupolu. The sea is moving into residential areas threatening 

their security and wellbeing. Television and public meetings (30%) followed closely by 

radio (26%) are the key methods of educating local people for climate change adaptation 

measures. The newspaper is also a source of information on the issue (7%) (Figure 4-16). 

  

Figure 4-17: Methods to educate local people about CC impacts 
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CHAPTER 5 DISCUSSION OF FINDINGS 
 

This chapter analyses the findings from the surveys within the context of the research 

questions and key objective of the thesis and the sustainable livelihood (SL) 

framework. The discussion refers to the empirical finding in the villages, in the 

context of the key elements (context, capabilities, assets, material and social 

resources, activities, processes and structures) of the SL framework, and other 

relevant findings on climate change adaptation and disaster risk management. 

 

As outlined in the literature review, the SL framework takes a broad and holistic 

view of livelihood and recognises multiple and complex factors impacting and 

influencing people’s survival and livelihoods with people, their assets/capitals and 

capacities at the centre of development.  Its analysis of the vulnerability context 

includes capabilities and assets, material and social resources, and activities required 

for life (DFID, 1999a, b and d – 2000a, b).  

 

Kanokupolu, Sopu and Patangata are generally flat, and have coastal swamps along 

their coastal edges.   The three villages are located in the coastal sites with elevation 

2m sea level.  Each village has some form of seawall with those of Sopu and 

Patangata constructed by government, and through donors and Kanokupolu through 

local community fundraising.  

 

5.1  Natural Disaster Preparedness 

The respondents’ assets and resources, their  capacity and village context were 

analysed based on their responses to questions on their access to i) information on, 

and awareness of natural hazards, ii) food and water supply, use of natural 

resources, sources of livelihood, their health, and their community risk management 

and adaptation measures regarding climate change. 

 

5.1.1 Natural hazards events experienced by respondents  

The survey found that the three villages faced the same natural hazards but at 

different occurrences  with  earthquakes more common for Sopu respondents (80%)  

followed by cyclone (60%) and flooding (50%); whilst Kanokupolu found cyclones 

and earthquakes as more common (100%) followed by flooding  (50%).  Patangata 



 

68 
 

appears to be the most vulnerable as all responses give the highest equal rating 

(100% each) for three of the natural hazards - cyclones, flooding and earthquakes.  

None from the three villages has experienced any tsunamis.  While drought has not 

been mentioned in the responses (and most likely because it was not mentioned in 

the questionnaire item), it is identified as the key natural hazard impacting on their 

water supply followed by cyclones. 

 

5.2 Households preparation for natural hazards and sources of information 

The majority of respondents (79%) from the three villages were well to very well 

prepared, and an additional 7 percent were adequately prepared for natural hazards.   

Thirteen percent were not at all prepared or just somewhat prepared.  Kanokupolu and 

Patangata respondents are more well prepared than respondents from Sopu and females 

appear to be better prepared than males at a male: female ratio of 10:14 based on adequate 

to very well prepared.  This preparation however is primarily in view of cyclones. 

 

The management of disaster risks and the question of how well prepared communities are 

to face threats arising from natural hazards has much to do with people’s perception and 

awareness of  potential risks as well as their willingness and ability to prepare themselves 

for adverse events. Preparation is an individual’s as well as a community responsibility.  

The respondents’ view that they are well and very well prepared for a tropical cyclone 

before it strikes unexpectedly is likely a reflection of their  experience with past events and 

might be misleading for future events that may be more intense and of a different hazard 

(e.g. tsunami or severe drought). 

 

In terms of sources of information regarding natural hazards, the local news is the key 

source for the majority (93 percent), with some 13 percent getting additional information 

from local community meetings about hazards whilst 7 percent access information through 

schools.   Three percent heard about natural hazards from a community emergency 

training while none of the participants has attended any training or received any 

information on emergency preparedness from a government source. Good communication 

is crucial for disaster preparedness.   Of a concern is the very limited government directed 

activities to prepare the residents for hazards such as tsunamis and to increase their 

awareness and understanding as well as coping strategies (e.g. emergency training) of such 

new hazards or the implications for severe hazards.   
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Most of the respondents have already taken steps to prepare for an unexpected 

natural hazard but mostly for strong winds/tropical cyclones. Three key items 

common across the three villages are stored food and water (83%), followed by 

flashlights and batteries (67%) and battery powered radio (47%). Medical supplies 

were of a lesser concern.  In terms of receiving any emergency training, only 10 

percent has received some community training for emergencies on natural hazards 

and these are all females.  While the results show that there are more females who 

are prepared than males, it is not sufficient to suggest that women are more prepared 

than men as the male: female ratio of respondents in the study is 12:18.  However, 

there is no significant difference in the level of preparation across the three villages.  

The items identified by the villagers to prepare for a disaster are geared mainly 

towards a cyclone and does not address the long term impact of disasters on their 

overall livelihoods including health.  Overall, there appears to be no structured 

approach to prepare these coastal villagers to existing and emerging hazards.  

 

To sum up, the three communities are not adequately prepared for all hazards either 

natural or technological, and awareness is very much limited to food readiness and not to 

emergencies or any new disasters such as earthquakes, tsunamis or health related 

pandemics. There does not appear to be any structured ongoing program that includes 

direct engagement and awareness raising with these communities.  It is important to keep 

in mind that weighing uncertainty is not a new challenge, but rather an integral part of 

disaster risk preparedness for Tonga. In this context a lot of mitigating and adaptation 

measures need to be done for sudden and extreme disasters. 

 

5.3 Agriculture and crops 

Agricultural activities are  for subsistence use and income with close to half of the 

respondents (47%) relying on agriculture for their  daily subsistence and 34 percent 

for commercial purposes to help with their children’s school fees, bill payments and 

buying other groceries. Other uses of agricultural crops are for family functions, 

church obligations and so on (17%). Kanokupolu respondents are the most active in 

agricultural production followed closely by Sopu respondents and they are the ones 

who benefit most from agriculture both in terms of daily consumption and also in 

income because they have land for growing crops.   About 20 percent from these two 

villages earn on average more than T$500 a week from crops sales. About 13 percent 
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get T$200 - $500 Pa’anga whilst 10 percent receive less than T$200 a week. 

Patangata respondents do not grow that much because of limited land (like some 

from Sopu) but buy their root crops from the market.   

 

Taro, yams and sweet potatoes are the major crops grown by Kanokupolu and Sopu 

respondents, and to a less extent by Patangata. Cassava is also grown most by 

Kanokupolu respondents.   These crops have varying times of maturity and harvests. 

Damage of crops by tropical cyclones has affected about close to 50% of those 

engaged in crop production with costs ranging from Tongan Pa’anga $1000.00 - 

$5000.00 a year (27%) and more than TOP$5000.00 a year (20%).    

 

Local food production is vital to the local communities where the majority of them 

still live and depend on susbistence agriculture and cash crops to cater for other 

needs.  Key future impacts may be caused by extended periods of drought and 

increased cyclones as a result of increased precipitation, both of which will 

negatively impact on agriculture and their food security. For example, Kanokupolu 

village respondents have mentioned that cyclones have affected their crop yields. 

Whilst crops like yams are seasonal, all need water.   Any prolonged periods of 

drought will affect crop yield especially for the four main crops (yam, taro, sweet 

potatoes and cassava) grown by these villagers. Though there was no question about 

knowledge or use of drought resistant varieties for these crops, it is important to 

consider these in terms of making villagers prepared since they show a heavy 

reliance on crops for their livelihoods.  

 

5.4 Water Resources and Storage  

Rainwater is respondents’ main source of water for daily use and for drinking 

followed by groundwater and piped (tap) water.  Not many from Kanokupolu and 

Sopu have access to piped water compared to Patangata.  None from the Kanokupolu 

respondents own cement water tanks compared to the 100% ownership of cement 

tanks by those from Patangata and Sopu.  Highest risk in terms of access to water are 

those from Kanokupolu.  Cement water tanks are the main means of storing water 

across the three villages although the respondents from Kanokupolu do not have one 

of their own.  Patangata respondents have more access to ground and piped water 

which they claim to boil for drinking.  Sopu respondents use more imported drinking 
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water for backup drinking supply (10%) compared to Kanokupolu (3%) and 

Patangata who do not purchase drinking water.  

  

The costs of setting up new water catchments is getting more expensive and those 

who have water tanks have spent a minimum of TOP$400 to pay for this either 

through shared costing with donor funding or more depending on how recent the 

tanks have been built.  A little over half of those who have cement tanks from Sopu 

and Patangata paid a minimum of around $700.  

 

Drought appears to have had the worse impact on their water supply (66%) with 80 

percent of Patangata residents rating this as having a major impact followed by Sopu 

(60%) and then Kanokupolu (50%).  They have experienced rationing of rain water 

from their catchments at times of drought or limited rainfall.   Tropical cyclones 

affect their water supply to a smaller extent and was more generally felt across the 

respondents with Kanokupolu respondents seeing cyclones as a bigger threat on their 

water supply than those from Sopu and Patangata. Cyclones have damaged water 

tanks.   Kanokupolu villagers who have less water storage capacity from the study 

are particularly vulnerable.  The potential to drink contaminated water due to lack of 

drinking water is a vulnerability faced by communities without enough storage 

capacity.  Other hazards were not identified as threats to water.   

 

Little research  has been conducted on the future impact of climate change on 

groundwater in these three villages but it is generally understood that tap water and 

other climatic conditions (salt water intrusion) may result in the infiltration of soil, 

other pollutants and saltwater into the groundwater therefore increasing its hardness, 

safety and salinity.  This is already happening to the ground water in Patangata. 

 

 The survey results show that these villagers already identify natural hazards such as 

cyclones, flooding and droughts as having had damages and thereby affecting their 

food production systems, agricultural activities and sources of water.  Ocean 

warming and sea level rise was hardly mentioned by these villagers though evidence 

of their effect has been noted by Kanokupolu residents – sea water moving inland 

and marks on the seawall observed during the survey. 
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5.5  Forests and Fisheries  

Forestry products are important sources of fuel, shelter and income for many 

Tongans.   The survey shows that forest resources including mangroves are mainly 

used for ‘fuel’ (80%) across the three villages, medicinal (43%) as well as for 

cultural and recreational purposes (37%).  Burning/fire – desertification (38%) and 

drought (35%) are the two main natural hazards that affect forest resources followed 

by tropical cyclones. Those mainly affected are those from Kanokupolu followed by 

those from Sopu whilst those from Patangata residents did not identify any natural 

hazards as they live in reclaimed coastal swamps and do not have any forest 

ecosystems and very little coastal vegetation. 

 

The majority (77%) do not support deforestration with  ironwood (Carpinus caroliniana) 

beach hibiscus (Hibiscus tiliaceus) and mangroves (Rhizophora mangles) that grow in the 

coastal areas rated highest for preservation  (97%) by the majority of  the three villages 

followed by beach hibiscus (48%) and mangroves (45%) as these  prevent  erosion and are 

important wind buffers  for  their communities.  Beach hibiscus is given higher priority for 

preservation by Patangata and Kanokupolu respondents than those from Sopu and most 

likely because they are also used for handmade crafts.  Other types such as medicinal 

trees/plants were also identified to be important (refer to Appendix 1).  Degradation of land 

is an issue faced mainly by those from Kanokupolu and their challenge whilst similar to 

that of Sopu and Patangata is caused by opposing factors.  Where Sopu and Patangata 

respondents live in a context of sea or swampy areas being reclaimed for habitation; 

Kanokupolu respondents live in a context where the sea is claiming land already inhabited.  

Moreover, Sopu and Patangata respondents live in a context where mangroves have been 

removed for habitation leaving communities vulnerable to flooding, pollution and high 

exposure to strong winds and cyclones.  They are likely to overfish for survival since many 

are full time fishers; whereas Kanokupolu respondents live in a context where the sea is 

taking over their shelter and means of livelihood and their key vulnerability is intrusion 

especially from storm surges and tidal waves.   Replanting of beach hibiscus and 

mangroves and ironwood are already underway across the three villages and are prioritised 

for preservation throughout the coastal sites to prevent coastal erosion and act as protection 

from tropical cyclones and destructive winds. Both females and males respondents share 

the need for preservation across the three villages.  
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Soil erosion from desertification and degradation, flooding and changing coastlines 

are risks for these three villages but particularly so for Kanokupolu residents.  

Overfished breeding grounds and deforested mangroves are risks to important 

sources of livelihood for Sopu and Patangata respondents.  Whilst the survey did not 

address contribution of  forests as natural regulators of the amount of carbon-dioxide 

in the Earth’s atmosphere and that to income (other as source of fuel), the high 

support for preservation of some of these important trees suggest that these villagers 

have more than just ‘sources of fuel’ in mind.   Some informal forest management 

are evident in these three villages but a lot more is required to manage sustainable 

use and development of plans to increase resilience.  

 

Beach mining is an issue that affects Kanokupolu beaches but was not rated highly as 

a preservation method by the respondents under study as this is not a direct issue that 

they face on their area.  They identify their key risk as sea level rise and storm surges 

hence their common prioritisation of the construction of sea wall as the key 

intervention to combat climate change impact.    

 

5.6 Fisheries  

Fishing is a major source of livelihood for most of the respondents.  All of the 

respondents (100%) from Sopu and Patangata villages rely on fishing for daily 

consumption and likewise for 70 percent from Kanokupolu village.  Most of those 

from Kanokupolu (80%) and Patangata (80%) rely on fishing for commercial 

purposes and likewise for Sopu to a less extent (60%).  Whilst there are more males 

engaged in fishing at subsistence level from Sopu and Patangata respondents (57%), 

Kanokupolu records more females engaged in both subsistence and commercial 

fishing and generally more females are engaged in fishing for commercial purposes 

(the collection of intertidal resources such as clams, urchins, octopus and small fish) 

in this study.  Men carry out deeper sea fishing.  

 

The survey identified two main strategies used by these villagers to deal with variable 

catches.  Specialist fishers, mainly from the village of Patangata tend to be highly mobile, 

following the fish resource round the nearby sea and are engaged on this full time as long 

as the weather is fine. Fishers from Sopu and Kanokupolu, tend to be part-time fishers, 

with farm and non-farm labour being important in sustaining households.  
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In addition, households involved in fishing have higher incomes than non-fishing 

households in the same villages and the cash income generated from selling fish is 

used to invest in other assets (livelihood diversification) which further reduces their 

vulnerability.  Highest earnings from fishing go to the Kanokupolu and Patangata 

respondents (56%) who earn the highest  average income of  around  TOP$200 – 

$500  weekly from selling of finfish (‘otule, ma’ava, sifisifi, ‘unomoa), sea weeds 

(limu fuofua), giant clams (vasuva) while 27 percent receive less than TOP$100 

weekly and 17 percent receive more than TOP$500 a week.  

 

All respondents agree that cyclones, of all hazards, affect their artisanal fisheries 

activities and livelihood.  Respondents mention that cyclones discourage fishing in 

the open sea and disrupt normal migration and breeding grounds of fish.  More 

intense tropical cyclones and rise in sea surface will negatively impact inshore 

fisheries and food supply for these local communities. Patangata respondents are the 

most vulnerable as they have more full time fishers relying on good weather and 

solely on fishing for their livelihood. 

 

The findings show that any natural disaster whether it is cyclone, drought or sea level 

rise affects the communities’ quality of life, their sources of food, water, shelter and 

income.   Important crops such as taro and yam, and catches from artisanal fishing  

are both for daily susbsistence and for income.  Just as important, any disaster 

disrupting sources of livelihoods reduces the capacity and capability of the 

communities to diversify their livelihoods and adapt to climate change hazards. 

 

  5.7 Health – Climate change related diseases 

About 87 percent claim that different diseases in the country are due to climate 

change effects such as diarrhoea whilst 13 percent disagree that climate change is the 

main cause for the existence of varieties of disease in the country.  Dengue fever 

caused by mosquito bites was the key disease identified by 60 percent of 

respondents, followed by diarrhoea (43%) and others that include typhoid and 

headache (27%).  Whilst this cannot be verified under this study, the results suggest 

that climate change and impact on health is not well understood even at an informal 

level by the villagers. 
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Non-communicable disease is high among the respondents with 27 percent suffering 

from diabetes; 23 percent vascular related conditions and 17 percent from hypertension. 

The illnesses affect both men and women.  How this is linked to climate change impacts 

and preparedness is not clear and was not addressed by this study.   The key source of 

information on impact of climate change on health for almost half of the respondents 

(97%) is through radio programmes, followed by television programmes (50%).  Sixty 

seven percent (67%) strongly agreed that it is the government’s responsibility to reduce 

the exposure of the country to the risks associated with natural hazards,  and also  did not 

see key government agencies collaborating well with communities on risk reduction.  

According to the respondents, there have been no specific programmes conducted by 

government for local communities of Kanokupolu, Sopu and Patangata to prepare them 

for sudden disasters or to reduce the risks though there was some claim (33%) that 

government agencies have conducted some workshops in their local communities to 

prepare youths for unexpected natural hazards.  The sea-walls in Kanokupolu village 

was constructed by the local communities from their own fund raising and though the 

government had agreed to assist, this has not happened. 

 

Whilst there are no documented studies on the impact of climate change or natural 

hazards on health for these communities – the level of preparedness in terms of 

understanding the issues involved, as well as physical well being of communities to cope 

with any epidemic caused by any disaster such as flooding, drought, cyclone or 

earthquake (affecting drinking and clean water supply; or food sources) need to be given 

strong consideration by the JNAP.  Having a population that suffers from high incidence 

of non communicable diseases has implication for ability and capacity to produce, 

prepare and be resilient to any climate change impacts. 

 

The results show that there is no evidence that some of the diseases such as dengue, 

and others are the result of climate change conditions though the majority assume 

they are and that the radio appears to be the key source of information on any climate 

change related health conditions.  There does not appear to be any integrated or 

structured program from the communities or from the governments and other 

stakeholders that which includes information and training for these communities on 

climate change related health conditions and how to deal with health cases if they 

arise in the event of a climate change related hazard. 
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5.8 Climate change adaptation and community risk management programs 

The findings show that respondents in these communities are vulnerable to climate change 

and natural hazards.  Whilst some of these are common to the respondents families from 

the three villages, there are some that are specific to each village.  For instance, 

Kanokupolu respondents are vulnerable to sea level rise and an eroding coastline; access to 

proper drinking water due to lack of rainwater catchments; threats of drought that would 

affect their food crops and income, threat of forest fires and desertification that  may affect 

their supply of fuel, root crops and important medicinal and recreational plants, and access 

to correct information and education about climate change and alternative means of 

livelihood using their forest resources and land.  Sopu and Patangata residents face similar 

threats but their vulnerabilities are differentiated in degrees by their obvious lack of access 

to land and forestry resources for alternative livelihoods from Kanokupolu.  Both their 

respondents rely on fishing as a source of livelihood (most are full time fishers).  Threats of 

cyclones and flooding can affect migratory and breeding grounds of fin fish and intertidal 

catches that they rely on for their artisanal fishing; or cause damage or loss of their fishing 

boats and gear, as well as clear water supply and safe shelters.  Alternative means of 

livelihood need to be considered given that subsistence and commercial benefits received 

by these two communities from their fishing as well as those from Kanokupolu are quite 

significant.   Their water sources particularly ground water for Patangata can be affected 

by flooding and saltwater intrusion into the water lens would make this water undrinkable.  

Pollution through flooding is a real threat.   

 

There was not enough consensus among the respondents on whether government should 

prioritise climate change and its related issues and close to half are not aware of the 

government’s climate change action plans.  Ignorance about government’s plans and a 

lack of faith in government’s genuine commitment in addressing some of their present 

needs as a result of natural hazards could be the cause for this divided view on whether 

government should prioritise climate change issues though they believe that government 

should assist in the construction of seawalls (all Kanokupolu respondents).  It could be the 

reason behind the communities taking up responsibility in tackling some of these 

challenges.  For example, 56% claim that they fundraise within their local community to 

build sea-walls to stop the sea coming inland.  Some replant mangroves, ironwood trees 

and coconut palms (27%) in collaboration with NGOs to protect their coastal sites from 

erosion and banning of sand minding is another way (17%). 
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From the findings, the ability of these three communities to manage the risks from 

climate change hazards and disaster related risks is in doubt. The respondents want 

emphasis on strategies that address their vulnerabilities and which focus on long term 

changes and building resilience rather than on short term trends (the next 5-10 years).  

They believe that it is the responsibility of the government to provide education and 

programs that promote development activities that generate knowledge and processes 

about managing and coping with disaster risks as well as citizens who will act on 

reducing their vulnerabilities to the risks associated with droughts, cyclones, 

earthquakes and flooding.  

 

Government and external stakeholder involvement in preparing these villages to be 

climate proofed through coping and management strategies has been either very limited 

or nil.  They need to be more visible and if they have plans, to make this clear and 

known to everyone. It was also clear that the three communities interpretation of a 

’disaster’ is only linked to the associated post disaster effects of loss and damage, and 

not on the  different factors and processes that create risks and increase their 

vulnerability to disaster.   This suggests that a lot more awareness raising and training 

needs to be conducted for these communities by the government and that they need to 

relook at their climate change action plan (JNAP) and strategy to be more targeted, 

community owned and to be  based on actual conditions and capacity that affect and 

would affect the livelihoods of these communities. Whilst the radio and television as 

well as public meetings have been identified as the main means these villagers learn 

about climate change and related impacts, a lot more can be done through actual 

development activities that require physical engagement between climate change 

officials and other stakeholders (MECC and JNAP) with these communities. There is 

already available knowledge and strategies within the communities of Kanokupolu, 

Sopu and Patangata but this study has not addressed in depth the knowlege and coping 

strategies, capabilities and activities already in place.  It  takes the interaction with 

experts from the local governments concerned with disaster and climate risks to identify 

the vulnerabilities and adaptation measures for current and future and unexpected 

hazards.  The assets or resources are there – but the capability in terms of resources, 

knowledge and understanding as well as readiness are gaps or areas of vulnerabilities for 

these villagers.    Lack of resources may undermine the ability of the community to 

withstand adverse environmental events and changes.  



 

78 
 

5.9 Views of other stakeholders 

According to the experts from the six stakeholders of the government: MECC, 

MLSNR, Tonga Water Board, Ministry of Health, MAFFF and NEMO, the only way 

to slow down the effects of climate change is for the government to play a stronger 

role at regional and international levels. This is based on the fact that Tonga and the 

region produce an insignificant amount of Carbon Dioxide emissions to have any 

effect on the climate. At the national level, the government must take measures to 

educate the people on the causes and effects of climate change. It must also take 

mitigation steps in the way of tree-planting, and recycling. 

 

In addition, to successfully deal with the effects of climate change, government must 

implement stringent climate change strategies and measures at the policy level so as 

to make environment and specifically; climate change, the highest priority. Should 

government ignore this, the very existence of Tonga and its people is under threat.  A 

Tonga Water Board official highlighted during their interview that the impact of 

drought on the ground water resource of Kanokupolu, Sopu and Patangata is 

particularly noticeable. The relative nature of drought - the fact that a low rainfall 

period across the three villages can have worse consequences for those from 

Kanokupolu than for those from Sopu and Patangata because they have less access to 

piped water and lack rainwater catchments suggest community specific measures to 

address their respective needs.   

 

5.10 Challenge : Institutional Structures 

A comprehensive response to natural hazards and climate change is often constrained 

by institutional fragmentation resulting in communication gaps and unclear 

responsibilities for disaster management and climate change adaptation. This may 

explain the different evolution of both concepts and the resulting different policies in 

Tonga.  Responsibilities on disaster management, including prevention and relief, is 

often traditionally associated with Civil Defense. Climate change policies and 

information are usually serviced by the Ministries of Environment and Natural 

Resources.   This is the case for disaster risk management and climate change issues 

in Tonga which have been/are serviced by different government departments.  

Measures concerned with disaster prevention are often implemented during 

reconstruction efforts following a disaster. In a wake of the disaster, institutional 
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weaknesses, lack of warning systems and issues become very obvious. This was 

illustrated in the 2009 tsunami that struck Niuatoputapu, Tonga’s most northern 

island, where two villages were destroyed, ten people lost their lives, livelihoods 

(crops, livestock, trees)  and infrastructure destroyed and damaged, and development 

progress set back for the whole of Niuatoputapu.  Mitigation and risk reduction 

responses only emerge after the disaster has struck.  In the face of such disaster the 

obligation is felt by many in the local communities of Kanokupolu, Sopu and 

Patangta so as the government of Tonga to ensure that this does not happen again.  

 

According to the SL concept of ‘livelihood’, people’s livelihoods are sustainable 

when they can cope with or to adapt to external risks, stress and pressures and are 

able to recover from stresses and shocks. It is therefore crucial to maintain, enhance 

and not undermine these people’s capabilities, resources and assets both now and in 

the future to make them more resilient to the impacts of climate and other external 

stress (see Chambers and Conway, 1992). Any approach to disaster management and 

preparedness needs to ensure that communities of Kanokupolu, Sopu and Patangata 

are resilient and so are their livelihoods. 
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CHAPTER 6 CONCLUSION AND RECOMMENDATIONS 
 

This chapter summarises the research findings and their relationship with the 

objective of the thesis. Some recommendations are offered. 

 

6.1 Potential effects of climate change and natural hazards and levels of vulnerabilities  

The main objective of this research is to assess the potential effects of climate change 

and natural hazards in Kanokupolu, Sopu and Patangata villages and their levels of 

vulnerabilities, and to determine solutions to mitigate the risks to their livelihoods based 

on what they have in terms of resources, priorities, views, level of understanding and 

knowledge of climate change, natural hazards and their challenges.    

 

A summary of the hazards and vulnerability/risks faced by these three communities 

is as follows: 

 Cyclones, flooding, sea-level rise, drought, earthquakes are specific hazards 

that they all face.  Each of these hazards has different impacts on their 

various sources of livelihoods.  Droughts have the greater impact on their 

water supply and food crops particularly for Kanokupolu.  Flooding has 

greater impact on their health and wellbeing; and cyclones have greater 

impact on their food supply and livelihood particularly fishing as well as 

shelter.  While earthquake is experienced by all, there has not been any 

recorded impact or identified risks associated with it.  Tsunami is a hazard 

none has experienced. 

 The level of understanding of climate change of the respondents is basic and 

limited to post event cyclones and flooding which they have experienced.  

They have some basic understanding of mitigation measures to replant 

important trees.  They need to know actual risks to do with health, food/water 

sources and preservation measures, coping strategies including alternative 

livelihood options, resources required, and even the use of new technologies.  

 The 30 households are vulnerable because these will affect their key sources 

of livelihoods – water supply, food supply and other means of livelihood 

such as fuel and income.   

 They are also vulnerable as they do not have sufficient coping strategies for 

new and sudden disasters as their main experiences have made them prepare 

only for cyclones and for short term impacts,  and not so much on adaptation 

or diversified measures that would better meet sudden and extreme hazards 

that might affect their health, income and general well being. 

 They are also vulnerable because no risk assessment or loss evaluation on 

potential damages or losses have been made.  
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  there is no database on status of these villages – on assets, resources and 

households to identify areas of vulnerability (vulnerability map). 

  there is no structured programs to educate/train and increase their awareness  

  there is not enough evidence of mitigation other than planting of protective 

structures such as seawalls which is still technically unsafe, ironwood and 

mangrove replanting and so on.  No evidence of land planning or zoning or 

social welfare/insurance provision. 

  there is not enough efforts in adaptation from these households. 

 

The following paragraphs provide solutions associated with these challenges. 

 

6.2   Solutions  

Utilise context specific data generated from the villages of Kanokupolu, Sopu and 

Patangata for planning DRM programmes and activities. 

Adaptation to climate change and risk management is absolutely necessary to protect and 

reduce its negative impacts on the Kanokupolu, Sopu and Patangata communities. The 

MECC under the JNAP has been undertaking hazards identification, risk assessment, 

mitigation measures and preparedness actions in the local communities including 

operating procedures for the DRM process
4
.  It appears from this study that these villages 

have not received sufficient information or communications on these issues or any specific 

risk assessments or interventions from the MECC or relevant government agency.  

Though there are similarities in the hazards and risks, they face, there are differences in 

terms of levels of vulnerabilities and exposures from a sustainable livelihood framework as 

identified in this study.  This is where specific data from these villages need to be used and 

collected for their own DRM planning. 

 

Government has a priority role in reducing the vulnerability of the study areas to 

flooding hazards and other climate change related risks. 

 

The study results show that the three villages are highly vulnerable to drought, 

tropical cyclones and sea level rise. The development of the national disaster risk 

management and reduction plan is still in its early stages and while government  

activities are yet to be seen in these communities, it is still the government’s 

                                                 
4  Tonga has completed their second national communications, a report which is required 

under UNFCCC. Tonga has also established a Parliament Standing Committee for Environment and 

Climate Change which will discuss any issues on a cabinet level to fast track any outstanding issues 

on climate change. Every quarter the MECC host a national climate change roundtable with resident 

donors and all relevant stakeholders, the first one was held in 2009. 
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responsibility to create an enabling environment for community initiatives in risk 

mitigation, and to design mechanisms that foster community involvement, and to 

empower individuals in Kanokupolu, Sopu and Patangata as this, is the only key for 

a successful disaster risk management programme.  

Empowerment Strategy  

The most important component of successful disaster risk management is an 

empowerment strategy that invests in people’s knowledge and promote the 

understanding of local risks, improve/expand livelihood options, empower  key 

individuals, strengthen local institutions including women’s, farmers and church 

groups, and work with other partners.  These have to be included in the national and 

community development planning process and mainstreamed into local functions and 

services and not processed as a separate climate change issue.  Included in this 

strategy is a solid program of ongoing research  to generate new knowledge and 

understanding of climate change and risks,  strengthen existing collaborations with 

agencies and explore doable and cost effective solutions, share expertise and 

experience within Tonga and abroad and continue with development of new risk 

reduction policies where required.    

 

Development of community based action plans for CCA and DRM for the three 

communities 

 

The Disaster Risk Management in Tonga through the Joint NAP tries to address hazard 

risks as an integral part of development focusing less on events and more on process.   It 

is based on a continuous assessment of vulnerabilities and risks and involves many 

stakeholders, such as governments, technical experts and local communities (UNISDR 

2004). A DRM task force has been established (CD No.564 of 22 July 2009) to provide 

the technical inputs in the DRM process and new legislations such as the Emergency 

Management Act 2007 has come into effect calling for the development of a National 

Emergency Management Plan and the establishment of emergency management 

committee systems at the national, district and village levels. A National Emergency 

Management Plan Cyclone Emergency and Risk Management Project has been initiated 

and other subsequent initiatives to improve risk management processes in Tonga through 

institutional strengthening and human resource development has taken off (NEMP 

2009).  While there is no recent information about the progress made so far particularly 



 

83 
 

the establishment of an emergency management committee at the village level; it is 

important that this has to be set up under a community based CCA/DRM development 

plan or village plan and to align with the JNAP.  During the research, there was no 

evidence this was in place.  Disaster Risk Management can be addressed in three ways: 

structural measures, non-structure measures and establishing failsafe communication 

networks. Structural measures would reduce the impact of disasters. Non-structural 

measures include vulnerability mapping, risk assessment analysis, hazard zoning, and 

inventory of resources to meet the emergency. Given variations in vulnerabilities and the 

relative nature of hazards, a community based plan for the three villages should include 

the following: 

 Development of national database that has village/context based information 

on vulnerability, risks and all other relevant information that affect the 

livelihood of local communities of Kanokupolu, Sopu and Patangata. 

 Support to include disaster management in school curriculum and drilling 

schedule in disaster prevention and response for schools around these 

communities. 

 Promoting partnerships with academic institutions and private sector in the 

development of disaster risk management plans. 

 Strengthening disaster management information centres for accurate 

dissemination of early warning and information for preparedness and quick 

recovery operations. 

 Developing vulnerability and risk indices, and annual vulnerability and risk 

reduction reports to establish benchmarks to measure disaster risk 

management within these local communities. 

 Capacity building activities for all stakeholders including churches, youth and 

farmer/fisher groups, community women groups and civil society 

organizations in the rescue, relief and restoration in disaster situations and the 

use of equipment involved. 

 

6.3 Recommendations 

Based on these findings and foregoing discussions, the following recommendations 

are being proposed: 

1. That the government and non government units responsible for the JNAP note 

some of these findings, and use these to review existing activities and to follow 

up for further information. In particular, to note that disaster management 

preparedness should be based on areas identified in this study which are 

essential to these communities’ livelihoods.  This should be mainstreamed into 

all aspects of the government’s and stakeholder planning and operations; and to 

be included in national development frameworks and community based plans. 
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2. That the JNAP goals and objectives as well as strategies be made known to the 

three communities and similar others, and for the government stakeholders to be 

more visible in the implementation of these activities. 

3. That the MECC raises public awareness on these areas:  

- different types of natural disasters not just cyclones or droughts; 

- possible natural and other signs to watch out for (effective forecasting system;)  

- possible impacts and scenarios; and  

- what to prepare and how to respond (warning and evacuation procedures).  

 

These can be done through a number of structured and non structured measures 

including structured educational programs and clear communications strategies.  

For instance, developing a disaster preparedness plan requires a sequencing of 

the activities, clear responsibilities of each participant from local government 

agencies or local communities and clear lines of communications as the 

occurrence of a disaster is a critical time and the response must be quick and 

complete. Other specific initial and secondary responses include any evacuation 

process such as identifying exit-routes, gathering points and shelters for safe and 

immediate evacuation. The closest high point in Tonga is a fair distance from 

these three coastal communities (20 – 30 minutes) so a clear exit route 

(especially route maps from villages to the single main road) is required to avoid 

congestion mindful that there is only one road to this destination and that 

everyone else will be using it. 

4. That these educational programs and strategies be mainstreamed into multi-year 

annual rolling programs that are cross-sectoral and linked to sectors that are and 

would be affected by climate change and are basic to the livelihoods of these 

communities – agriculture, forestry, fisheries, education and training, and to 

strategic plans of major utilities such as Electricity and Water. 

5. That the JNAP ensures that the communities are included in these educational 

programs and that some key community people are identified to be resource 

people given that government does not often have the capacity to provide 

ongoing concrete support. This should be part of the National Emergency 

Management Plan where representation up to village levels would address the 

needs of the community during response and recovery phases.  

6. That these strategies ensure an ongoing government presence that promotes 

awareness and alertness to disaster and other hazards. 

7. That the government relooks at the importance of radio as a key source of 

information and awareness raising and think about how it can utilise this better and 

other media such as television, advertisements, bill boards, newspapers and pre-

recorded dvds on sound climate  change adaptation and risk management measures.  

Some local organisations such as the Tonga Development Trust, Tonga Family 

Health and Foundation of the South Pacific International have run successful 

environment awareness programs using community drama and theatre. 

8. Those other agencies such as agriculture, forestry, fisheries and health, given 

their important food security and nutrition contribution, provide these 

communities with other improved varieties and options as part of adaptation 

strategies to build community resilience and offset any climate change impact.  

These can be drought resistant or tolerant planting materials (taro, yam, others), 
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introduction of other  more hazard tolerant crops, food preservation and value 

adding techniques, and other skills training for non farm and non fishing 

products and income.  Also, other government incentives to diversify their 

resource base are needed. 

9. The government should also note in their disaster management plans the 

significant social and cultural outcomes attached to fishing and agriculture as 

these are often community or family activities. Fishers, farmers, their families 

and their wider communities benefit. The income from sales of these harvests 

may go towards community projects and improving services for the community, 

or towards support for needy families and these need to be supported and value 

added.  

10. In addition, the gender and seasonal dimension of fisheries and agriculture/forestry 

livelihood activities need targeted support and strategies to (diversify their income) 

increase access to other non crops and non fisheries resources (e.g. animal husbandry 

rearing).  Gender specific activities can be targeted for value adding activities such as 

craft production and other income-generating activities. The decline in exports of 

fisheries products such as beche-de-mer, dried shark fin, aquarium fish, soft coral 

and coral rock, lobster, and fish has implication for their livelihoods and ability to 

cope with external threats or hazards. 

11. Government should also ensure that overexploitation of certain fish and seafood 

stock, the source of livelihood for many of these people, is well managed especially 

in Tonga where there is open access to coastal fishing and that overfishing may 

result in unsustainable fish and seafood supplies and this includes variability of 

catches due to environmental degradation or changes in climate, which are beyond 

the control of most fishers. Policy responses should focus on a cross-sectoral 

approach to management and planning and in building institutions in Tonga capable 

of managing fisheries in the face of these threats, and building the ability of fishing 

communities to deal with threats to their livelihoods. 

12. Conserving forests and practising sustainable forestry is vital for the balance of 

greenhouse gases in the atmosphere and limiting the impacts of climate change 

and these must be part of the disaster management and adaptation plans 

especially the training and awareness raising activities. 

13. That mitigation plans for effective responses critically consider food/water aid, 

clothing, medical and shelter. At times, these are not often in place until disaster 

strikes, and some designated shelters such as churches, schools and other large 

buildings are sometimes structurally unsafe. Most experts agree that the best 

alternative is adequate preparation, warning and evacuation of the threatened areas. 

14.  That disaster risk management and mitigation must involve changing the 

mindsets of communities to understand that pre-disaster preparedness and risk 

management is equally perhaps more important in reducing impacts of disasters 

rather than just focus on associated effects, loss and damage.  

15. That government should prioritise through national budgetary allocations and in 

bilateral discussions, the construction of sea walls where appropriate as these 

villages themselves have been requesting these over a long period and this is a 

national security and life threatening issue. These would enable villages to invest 

in other sustainable diversified livelihood activities to increase their resilience to 

climate change impact. 
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6.4 Conclusion 

It is important to recognise that the starting point for adaptation measures is the 

existing vulnerability to climate variability and extremes. Improving the capacity of 

coastal communities of Kanokupolu, Sopu and Patangata to cope in the long term in 

addition to immediate provision of essential physical infrastructure such as sea 

walls/water catchments to address existing risks will improve their capacity to deal 

with future climatic changes.   

 

It is important to the villages of Kanokupolu, Sopu and Patangata to recognise that 

climate change is occurring and has already considerable implications for disaster 

risk management strategies. The knowledge of change itself is important. Even if 

uncertainty exists about the direction of change, change should imply precaution. 

Change means the past experiences upon which disaster risk planning efforts have 

previously been based on may only be of limited use for disaster preparedness in the 

future (if at all). If the local communities ignore climate change when implementing 

development strategies, this may lead to solutions which do not have the capacity to 

adapt to changes in physical exposure in the future and thereby may exacerbate 

vulnerabilities of them to environmental hazards in the long run. Instead of finding 

solutions to the impacts of flooding on their coastal areas, it may be better to explore 

natural resource management options for example. 

 

Usually, however, there exists more specific information on climate changes within 

these three villages which gives insights into direction of changes. Such knowledge 

provides insights whether a specific climatic risk is likely to be exacerbated in the 

future and therefore should receive further attention.  In depth research into these 

communities or development activities to provide information on these need to be 

carried out.   

 

In general, in order to successfully deal with the effects of climate change, 

government must make environment and specifically climate change the highest 

priority as the very existence of Tonga and its people is under threat. 
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APPENDICES 

 

Appendix 1 

 

 List of crops, vegetables and other coastal plant species that planted in the backyard 

and coastal sites of the three villages. 

 

Root Crops 

Tongan Name English Name Scientific Name 

‘Ufi Yam Dioscorea alata 

Manioke Manioc/Tapioca Manihot esculenta 

crantz 

Kumala Sweet Potato Ipomoea batatas 

Kape Giant Taro Colocasia 

Talo Taro Colocasia esculenta 

 

Vegetables 

Common Name English Name Scientific Name 

Piini Bean Phaseolus vulgaris 

Kapisi Cabbage Brassica oleracea 

Kapisi Siaina Chinese cabbage Brassica rapa 

Kaloti Carrot Daucus carota sativus 

Temata Tomato Solanum lycopersicum 

Polo fifisi Bell Pepper Capsicum annuum 

 

Other Coastal Plants species found in Kanokupolu, Sopu and Patangata coastal 

area 

 

TONGAN NAME ENGLISH NAME SCIENTIFIC NAME 

Fa Pandanus/ Screw pine Pandanus tectorius 

Feta’u Alexandrian laurel Calopyllum inoplhyllumd 

Ifi Tahitian chestnut Inocarpus 

Koka Red cedar Bischofia javanica 

Lautolu ‘uta        - Vigna adenantha 

Loupata Macaranga Macaranga harveyana 

Mango Mango Mangifera indica 

Niu Coconut Cocos nucifera 

‘Ovava or ‘Ovava Tonga Banyon tree/ Strangerler fig Ficus obiliqua 

Telie Tropical/ Indian almond Terminalia catappa 

Toa Ironwood Carpinus caroliniana 

Tongo Mangroves Rhizophora mangle 

Tuitui Candlenut Aleurites moluccana 
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Appendix 2 

 

Full Survey Form of Questionnaire on Climate change adaptation and Disaster 

risk management in Kanokupolu, Sopu and Patangata villages 

 

 

 

   

 

 

 

Introduction: Thank you for taking the time to answer this questionnaire and 

participating in this research project concerning Climate Change Adaptation and 

Disaster Risk Management in Tonga. This questionnaire is designed to collect 

information from households in Kanokupolu, Sopu and Patangata villages about 

their views on impacts of Climate Change and Natural hazards on their livelihoods 

and the resources that they are depending on. The information you provide will help 

improve public/private coordination for risk activities within the country. I ask that 

you please take a few minutes to complete this questionnaire. 

 

1. General Information 

Respondent No.: _____Gender:           Male           Female   Age: ____ Religion: 

___________ 

Location: ___________ Occupation: _______________ Interviewer: ___________ 

 

2. Natural Hazards Information 

 

Question 2a: How long have you been staying in these coastal villages? 

(Kanokupolu, Sopu or Patangata) 

            Less than one year 

  1-5 years 

  5-9 years 

  10-19 years 

   >20  

            

 Question 2b:  Which of the following natural hazards events have you or has 

anyone in your household experienced in the past 20 years (Please check 

all that apply) 

 

             Drought 

                       Earthquake 

                       Cyclone 

                       Flood 

            Tsunami 

            Other (please specify) _______________________________ 

 

 

 

 

                   ES600 Mini-thesis Questionnaire 

                KANOKUPOLU, SOPU & PATANGATA VILLAGES 
“CLIMATE CHANGE ADAPTATION & DISASTER RISK MANAGEMENT IN 

TONGA” 
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Question 2c: How prepared is your household to deal with a natural hazard event? 

(Please check one) 

        

 Not at all prepared     somewhat     Adequately          Well                       

Very Well Prepared          Prepared               Prepared                         Prepared                 

 

 

Question 2d: Which of the following have provided you with useful information to 

help you be prepared? (Please check all that apply) 

 

 Locally news or other media information 

 Schools and other academic institutions 

 Attended meetings that have dealt with disaster preparedness 

 Community Emergency Response Training 

 Emergency preparedness information from a government source (e.g. local 

emergency   management) 

 

Question 2e: Which of the following steps has your household taken to prepare for a 

natural hazard event? (Please tick all that apply) 

 

   Stored food and water 

   Stored flashlights and batteries 

   Stored Medical supplies (first aid kit, medications) 

   Stored a battery-powered radio 

   Prepared a disaster supply kit 

   Community Emergency Response Training 

   Other (Please Specify) 

 

 

3. AGRICULTURE 

 

Question 2a: What is the importance of agriculture (farming) to your household?  

 

 

Question 2b: What types of crops do you grow in your plantation? And what does it 

used for?  

 

 

Name of Crops Subsistence or 

Commercial Use 

Yams  

Taro  

Cassava  

Sweet Potatoes  

Other (please specify)  

 

Question 2c: How much do you receive from selling your crops a year? 
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Question 2d: Do tropical cyclones affect your plantation? How much? Please 

explain. 

 

 

 

 

Question 2e: Which of the following have provided you with useful information to 

help you be prepared when natural hazards hit the country unexpected? (Please check 

all that apply) 

            Television                Local Newspaper            Radio News 

                     Schools                   Public Meeting         Other (please specify) ______ 

 

4. WATER RESOURCES AND SUPPLY 

 

Question 3a: What is the main source of drinking water in your household? 

 

                   Groundwater   Rainwater        Surface Water       Imported    

Drinking Water 

 

 

Question 3b: How many in your households depend on:  

Source of Drinking Water No. of Respondents 

Groundwater (dug wells)  

Rainwater  

Surface Water  

Imported Drinking Water  

  

Question 3c: How does your family collect water? 

Collection Systems in 

households 

No. of Respondents 

Water storage tank  

Cement  

Bottles  

Pots  

Others  

 

Question 3d: Can you state the approximately price for construction of a water tanks 

or cement? 

Approx. Cost (T$ Pa’anga) No. of Respondents. 

T$ > 400  

T$ 500 – 700  

T$ 700- 900  

Above T$900  

 

Question 3e: Which of the following that mostly affect water resources in your 

village? (Please check all that apply). 

 

                Tropical Cyclones              Drought   Other (please specify) _____ 
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5. FORESTS 

 

Question 4a:  Please identify the importance of forests in your village.  

       

Importance of Forest No. of Respondents 

Food  

Medicine  

Fuel  

Cultural  & Recreational value  

Tapa cloth dyes  

Others (please specify)  

 

Question 4b: Which of the following natural hazards that affects forests ecosystem 

in your village? 

         Cyclones                          Fire 

         Drought                                    Other (please specify) 

 

Question 4c: How does your village or local community protect and preserve 

forests? 

 

Question 4d: What plants does your village preserved in the past 10 years? Please 

explain. 

 

 

 

6. FISHERIES 

 

Question 5a: What is the importance of Fisheries to your household? Please explain. 

 

Question 5b: What is the approximately total income (T$ Pa’anga) does your 

household receives from fisheries?  

   

 Total Income (T$ Pa’anga) 

Shellfish and shells  

Corals crustaceans  

Marine plants  

finfish  

Others (please specify)  

 

Question 5b:  How do Climate Change / Natural hazards affect artisanal fisheries in 

the village?  

 

 

 

Question 5e: How much do you receive from subsistence fisheries and commercial 

fisheries? 
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Type of fisheries T$ Pa’anga 

Subsistence fisheries  

Commercial fisheries  

 

7.  HEALTH 

 

Question 6a: Do you think that Climate Change is related to the increasing of 

diseases in the country? 

 

Answer(s) No. of Respondents 

Yes  

No  

 

Question 6b: What are the health problems that you have experienced from the poor 

sanitation? 

 

Health problems 

(Diseases) 

No. of Respondents 

Diarrhoea  

Dengue fever  

Others (please specify)  

 

Question 6c: Food and Nutrition Related diseases: Does anyone in your household 

have any of these diseases? 

 

Diseases No. of Respondents 

Diabetes  

Hypertensions  

Cardio-vascular 

diseases 

 

 

Question 6d: Which of the following do you think it’s important to provide 

information for your local community regarding the impacts of Climate 

Change on health issues? (Please check all that apply). 

 

    Television     Radio News     Newspaper 

    Public Meeting            Schools    

 

 

 

COMMUNITY RISK MANAGEMENT PROGRAMME 

 

This community programme aimed to strengthen the capacity of relevant hazard and 

risk management agencies, increase the awareness of hazards and risks, and directly 

find ways to mitigate the effects of natural hazards in Tonga. 

 

Question 7a: Which of the following methods do you think are most effective for 

providing information on emergency management? (Please check all that apply) 
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   Newspaper       Televisions News 

   Public Meetings      Radio News 

   Workshops       Schools 

  

Question 7b: Please indicate how you feel about the following statement: 

It is the responsibility of government (local, state and federal) to provide 

education and programs that promote citizen actions that will reduce exposure 

to the risks associated with natural hazards. 

 

            Strongly disagree           Somewhat disagree    Neither agree nor       

disagree 

            Strongly agree               Somewhat agree 

 

Question 7c: Do government organizations collaborate with your local community 

on natural risk reduction and implementing natural hazard-related components of 

development project? Please explain. 

 

Question 7d: What has the government of Tonga done so far to reduce this disaster 

risk in the coastal villages of (Kanokupolu, Patagata and Sopu?) 

 

8. CLIMATE CHANGE ADAPTATION IN TONGA 

 

Question 8a: Do you think that Climate Change should be stressed by the 

government? Please explain. 

 

Question 8b: Has the government launched any Climate Change Action Plans to 

minimize the impacts of Climate Change in the coming future? Please 

explain. 

 

     Yes                 No 

 

Question 8c: How do the people in your local community deal with the issue of 

Climate Change? 

 

Question 8d: What do you think it’s the best way to educate people about the 

impacts of Climate Change? (Please check all that apply)    

 

                Public Meeting     Schools              Radio News 

      Local Newspaper                  Television 

 

Question 8e: Any other comments 

 

 

                                                   THANK YOU… 
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QUESTIONNAIRES TO NGOs and GOVERNMENT ORGANIZATIONS 

INTONGA 

 

 

MINSITRY OF ENVIRONMENT AND CLIMATE CHANGE 

    Climate Change Adaptation – Tonga 

1. What do the government of Tonga meant when they talk about adaptation to 

climate change? 

 

2. What should be done by the government of Tonga to produce a successful 

outcome on adaptation? 

 

 

3. Has the government launched any climate change action plans to minimize 

the impacts of climate change in the coming future? Please explain. 

 

 

4. What has been done by the government of Tonga to slow down the effects of 

climate change and make a real difference? 

 

 

TONGA WATER BOARD 

1. What have been done by Tonga Water Board to limit saline intrusion in 

groundwater resource in the country? (Please explain). 

 

 

2. What and where do most of the Tongans (Tongatapu) get their water from? 

 

a)Urban areas __underground water, rainwater_ and bottled 

water___________________ 

b)  Rural Areas __underground water, rainwater and bottled 

water___________________ 

 

 

3. Can you please state the approximation # of people in Tongatapu uses:  

 

 

4.  Which of the following that affects water resources in Tongatapu? (Please 

check all that apply). 

 

                   Tropical Cyclones     Drought     Other (please specify) ______ 

 

 

5. How does natural hazard (tropical cyclones or drought) affect drinking water 

in Tongatapu? 

 

 

6.  How does sea-level rise affects drinking water in local communities of 

Kanokupolu, Sopu and Patangata? 
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7. What has the Department done to deal with the issues of sanitary facilities in 

the main island, Tongatapu? 

 

 

8. How and why do the Department of Tonga Water Board monitor water in the 

urban and rural areas? 

 

 

9. Who has been funding in monitoring water quality in Tongatapu? How 

much? Please explain. 

 

 

MINISTRY OF FOOD, AGRICULTURE, FORESTRY AND FISHERIES 

1. How does your Ministry define climate change in relation to food security? 

 

2. What are the major impacts of climate change on food, agriculture, forestry 

and fisheries in Tonga? 

 

3. What has been done (solutions) by your own Ministry to reduce the impacts 

of CC on food, agriculture, forestry and fisheries of the country? 

 

4. Do you think that your company is collaborating together with the other 

organization to fight against the potential impacts of CC on the country 

livelihoods? 

 

5. Do you believe that CC can be tackle? 

 

6. Any other comments 

NATURAL EMERGENCY METEOROLOGY OFFICE 

1. What is the main objective of this Organization? 

2. Does your organization work together with other NGOs in Tonga. In what 

way? 

3. How does your organization collaborate with the other NGOs and 

public sectors to tackle the issue of CC and Natural Disaster in Tonga? 

 

4. Do you have any strategies in reducing the effects of CC and natural 

disasters in Tonga? 

 

5. Do you see any changes in the country especially with the issues caused 

by CC and natural disasters which affecting people livelihood? 

 

6.  What do you think is the main cause of these natural disasters 

(earthquake, tropical cyclones, tsunami, drought etc). Do they relate to 

CC? 
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MINISTRY OF HEALTH 

1. What is the goal of the ministry when dealing with climate change? 

2. What are the impacts of CC to the health of people? 

3. Does CC the main cause of NCD in the local communities in Tonga 

especially in the three study villages of Kanokupolu, Sopu and 

Patangata? 

4. Has the Ministry establish any Action plan to reduce the growth of 

NCD and other diseases causes by CC in the country? 

5. Do you think that CC is the main cause to the increasing of health 

problems in the country? (i.e. Obesity etc) 

6. What has been done by the MOH to minimise the impact of CC in the 

country? 

7. Any other comments? 

     

 

MINISTRY OF LAND, SURVEY AND NATURAL RESOURCES 

1. What do you think about issue of climate change that affecting our 

country these days? 

2. Does climate change have any effects on MLSNR? 

3. What is the main goal of the Ministry when it comes to the issues of 

climate change? 

4. Do you have any strategy or action plan to tackle the problems caused 

by climate change in the country? 

5. Do you think that the country can reduce the impacts of climate change 

in Tonga or not? 

6. What has been done by the local government to minimize the negative 

effects of CC 

 

CIVIL SOCIETY 

1. What is the main purpose of the Organization? 

2. Does your Organization have any connection with the other NGOs in 

Tonga? If yes,   In what way? If no, give a reason. 

3. What do you think about the word ‘climate change’? Does it affect the 

work of the organization? If Yes why? If no why? 

4. What are the tasks of the Organization when it comes to the issues of 

natural disaster and climate change? 

5. Does the Organization has any Action plan to deal with the issues of 

CC and natural disasters in the country? 

6. Any other comments 



 

104 
 

Appendix 3 

            Potential Impacts of Climate change on Agriculture and Food Security in 

Tonga 

Threat Impact Potential Response 

Cyclones  Erosion of coastal areas due to wave 

surges and flooding. 

 Wind destroy agricultural crops and 

forest trees in the coastal villages 

 Damage to crops from salt spray and 

rising sea levels. 

 Inundation of groundwater sources by 

salt water. 

 Less fish catches 

 Replant and no 

deforestation of coastal 

areas. 

 Introduce wind resistant 

crops and other forest trees 

 

 Introduce salt tolerant 

species. 

 

 Enlarge genetic bas of 

traditional crops 

 

 Strengthen quarantine and 

invasive species control 

measures. 

Sea level rise  Inundation of underground water 

sources 

 Erosion of soil and coastal areas 

 Increase salinity of agricultural lands 

 Introduce salt tolerant 

species 

 Apply groundwater 

protection measures 

 Replant and protect coastal 

vegetation. 

Drought  Water shortages for agricultural 

purposes 

 Affect health, production and 

reproductive capacity of animals 

 Low productivity of farmers 

 Increase risk of fires 

 

 Broaden genetic base of 

traditional crops 

 Local processing of food 

product 

 Apply water conservation 

measures 

 Adopt adaptive 

management approaches 

Increase in 

rainfall 

 

 

 

 

 Erosion of soil 

 Flooding of agricultural lands 

 Pollution of water sources and coastal 

areas 

 Spread pest and diseases 

 

 Restore degraded lands 

 Introduce tolerant varieties  

 Apply groundwater 

management and protection 

measures 

 Apply pest management 

control 
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Appendix 4 

 

SEA WALL OF KANOKUPOLU VILLAGE – WESTERN SITE OF 

TONGATAPU 

            

 
Picuture 1: Kanokupolu sea-wall 

Sea wall at Kanokupolu village shows some damage and according to local 

respondents that lives in the coastal area, during high tides and cyclones sea level rise 

is rising and goes inland. The sea wall has beeen damaged by the sea and they can 

not do anything about it rather asking for aids from the government of Tonga 

 

 

            

 
Picutre 2: Patangata sea-wall 

This picture shows the sea-wall of Patangata area in the North eastern site of 

Nuku’alofa. It shows that sea-level is affecting the coastal area of Patangata village 
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Picture 3: Coastal area of Sopu village.  

This is the breakthrough of the sea to coastal site of the village in the past years and 

it happens these days. Climate change has been causing a lot of changes to sea level 

rise in the coastal zones in Tonga including coastal villages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


