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Abstract of a thesis submitted in partial fulfilment of the 

requirements for the Degree of Master of Water Resource Management. 

Abstract 

The effects of high lake levels due to climate change on lakeside communities 

and adjacent land use 

Case study: Lake Ellesmere/Te Waihora 

by 

Dalia Zarour 

 

This research aims to assess the effects of sea-level rise on Lake Ellesmere/Te Waihora’s current 

opening regime and consequently on adjacent land and it’s lakeside communities. The research also 

aims to assess Lake Ellesmere/Te Waihora’s lakeside communities’ level of preparedness to adapt to 

these anticipated changes. Unlike other natural hazards that occur abruptly, sea-level rise is 

incremental and foreseeable, and its effects on coastal areas and communities are expected to occur 

gradually. Thus, it is crucial to start planning now for future sea-level rise to reduce its adverse 

impacts on coastal areas and communities. Intermittently closed and open lakes and lagoons (ICOLLs) 

such as Lake Ellesmere/Te Waihora are vulnerable to the effects of sea-level rise due to their setting 

within the coastal landscape. The water level of many ICOLLs around the world, including Lake 

Ellesmere/Te Waihora, are managed by artificially creating a temporary opening through the barrier 

separating the ICOLL from the sea and inducing premature breakout to protect adjacent land and 

communities from inundation. The artificial opening is induced when a predefined opening trigger 

value is reached. The success of the artificial opening is dependent on local sea conditions. As sea 

levels continue to rise, the continuation of flood management practice in the form of artificial 

openings for ICOLLs will become challenging due to a decrease in hydraulic gradient between the 

ICOLL and the sea. Eventually, in order to be able to open Lake Ellesmere/Te Waihora to flow into the 

sea, the current predefined trigger value will have to increase in height relative to local sea level rise. 

In the short-term future, this will result in an increase in the risk of temporary inundation of adjacent 

land. In the long-term future, the increase of the ICOLL artificial opening trigger levels will result in 

permanent loss of adjacent land and the displacement of communities.  

A quantitative risk assessment was carried out to determine the effects of sea-level rise on Lake 

Ellesmere/Te Waihora’s artificial opening trigger levels in the short-term (10 to 30 years) and longer-

term (50 to 100 years). This quantitative risk assessment was also able to determine the probable risk 
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of permanent inundation of adjacent land. Geographic Information Systems were used to create 

contour maps showing the increase in Lake Ellesmere/Te Waihora’s current summer and winter 

artificial opening trigger levels in response to future sea-level rise. These maps are used to determine 

who will be affected by increasing amounts of sea level rise. Additionally, a qualitative risk 

assessment was undertaken to assess the level of preparedness of Lake Ellesmere/Te Waihora’s 

communities that have been identified to be at risk of inundation as a result of the anticipated 

increase in the lake’s water levels. 

Keywords: sea level rise, inundation, intermittently closed and open lakes and lagoons, vulnerability, 

risk and preparedness 
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Chapter 1 

Introduction 

1.1 Overview 

This research is an intrinsic case study, exploring the potential effects of future sea level rise on New 

Zealand’s largest coastal lake; Lake Ellesmere/Te Waihora from a flood management perspective.  

Debate over climate change and its effects on our planet started amongst 19th-century scientists. 

These debates have increased to include decision-makers and planners over the past 200 years and 

have become a global hot topic over the past century as exposure and vulnerability to the effects of 

climate change have increased significantly (Harding, 2007). One of the most conspicuous effects of 

climate change is sea-level rise which is driven by a general increase in global temperature 

(Parliamentary Commissioner for the Environment, 2015). Coastal lakes such as Lake Ellesmere/Te 

Waihora are commonly referred to as Intermittently closed and open lakes and lagoons (ICOLLS). 

ICOLLs are vulnerable to sea level rise due to their setting within the coastal landscape. ICOLLs are 

coastal water bodies that have an intermittent connection with the ocean, and they comprise 

thirteen percent of the world’s coastline (Kjerfve, 1994). They are separated from the ocean by a 

coral/sand barrier that opens naturally when there is sufficient water inflow from the catchment to 

scour an entrance to the ocean through the barrier. Many ICOLLs around the world are opened to 

the ocean prematurely. The reason for this is primarily to prevent the inundation of low-lying land 

and communities adjacent to the ICOLL. This is referred to as an artificial opening.  

The success of artificial opening regimes relies heavily on local sea conditions. Future sea level rise is 

expected to hinder artificial openings of ICOLLs and consequently increase the risk of inundation of 

adjacent low-lying land. Unlike other natural hazards that can occur abruptly, sea-level rise is 

incremental and foreseeable, and its effects on coastal areas and communities are expected to occur 

gradually. Thus, it is crucial that ongoing management of ICOLLs accounts for future sea-level rise to 

reduce its adverse impacts on coastal areas and communities.  
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1.2 Research aims and objective  

This research aims to assess the following:  

 The effects of sea level rise on Lake Ellesmere/Te Waihora’s artificial opening regime and 

consequently on the lake’s adjacent land and communities; and  

 The communities’ level of preparedness to the anticipated increase in the lake’s water levels.  

To satisfy the first aim of this research, exposure to sea level rise is measured to assess who and what 

will be affected based on the assumption that the current opening trigger levels of Lake Ellesmere/Te 

Waihora will have to increase at the same rate that the sea level is rising. This assessment was 

carried out as a quantitative risk assessment, using local sea level records and GIS software to 

visualise the findings geographically. Once the communities who are at a potential risk of flooding 

were identified, the second aim of this research addressed the communities’ level of preparedness to 

cope with the anticipated increase in the lake’s water levels using a qualitative vulnerability 

assessment. The qualitative vulnerability assessment involved interviewing individuals within Lake 

Ellesmere/Te Waihora’s communities that were identified to be at potential risk of flooding using 

open-ended questions constructed based on social indicators established within literature. These 

indicators are explored in Chapter 2 of this thesis.  

1.3 Research Design  

There have been no recorded cases worldwide where the artificial opening regime of an ICOLL had to 

be adjusted due to sea level rise. Due to this, whilst the anticipated effect of sea level rise on the 

artificial opening regimes of ICOLLs is well established in literature, the extent of the effects is not 

well understood. The extent of future sea level rise’s effects on the artificial opening regimes of 

ICOLLs will vary significantly between different geographical locations. Based on this, a case study 

approach was deemed necessary for providing real-life context. Whilst this study is site specific, the 

quantitative and qualitative tools used in this research can be replicated for the undertaking of 

similar assessments on the management of ICOLLs from a flood management perspective.  

1.3.1 Study Area  

Lake Ellesmere , which is referred to as Te Waihora in Maori,  is a large, shallow and brackish coastal 

lake located in the Canterbury region of New Zealand’s South Island (Figure 1-1). It is the largest lake 

by surface area in the Canterbury Region and the fifth largest lake in New Zealand. Lake Ellesmere/Te 

Waihora is separated from the sea by a 28 km long shingle barrier and this barrier has been 

artificially opened to sea intermittently since the 1900s. The purpose of these artificial openings was 
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primarily to prevent the inundation of land adjacent to the lake however these artificial openings 

have also been used more recently to provide for fish migration and water quality management. The 

current trigger levels for Lake Ellesmere/Te Waihora which signal for an artificial opening are set at 

1.13 metres above mean sea level (m.a.m.s.l.) in winter and 1.05 metres above mean sea 

level(m.a.m.s.l.) in summer. These artificial opening trigger levels for Lake Ellesmere/Te Waihora 

were set under a Water Conservation Order in 1990.  

 

 

Figure 1-1: Location map of Lake Ellesmere/Te Waihora catchment. (nzfishing.com, 2018; Chin, 
2015).  

Due to their setting within the coastal environment, not only are ICOLLs vulnerable to sea level rise 

but they are also vulnerable to declining water quality. ICOLLs act as sinks that capture contaminates 

from across their catchment. Like many ICOLLs around the world, Lake Ellesmere/ Te Waihora holds 

significant ecological and cultural values that many organisations highly value. However, Lake 

Ellesmere/ Te Waihora has been facing declining water quality since at least 1993. This has caused 

stakeholders to focus on artificial openings’ effects on water quality, which is well-established in the 

literature. However, whilst the current opening trigger levels do prevent inundation of adjacent land, 

they are not the most suitable in terms of managing the lake’s water quality. This will make the 

management of Lake Ellesmere/ Te Waihora increasingly challenging as the effects of sea level rise 

become more apparent. Lake Ellesmere/ Te Waihora was chosen to be the focus of this research 

because it exemplifies the challenges of managing the artificial openings of an ICOLL under the 

pressure of increasing sea level rise. The current opening trigger levels of Lake Ellesmere/ Te Waihora 

are set at a much lower level above mean sea level in comparison to other coastal lakes in New 

Zealand making it more vulnerable to future sea level rise.  
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This case study is discussed in further detail in Chapter 3 of this thesis.  

1.4 Summary  

This research is carried out with the anticipation that the findings may provide the Regional and 

District Councils with useful information that can be useful for decision making and the future 

management of Lake Ellesmere/ Te Waihora.  This Thesis is organised into six Chapters. The next 

Chapter, Chapter 2, explores literature on the anticipated effects of sea level rise on artificially 

managed ICOLLs and drivers of human response to natural hazards and disasters. Chapter 3 discusses 

the case study area of Lake Ellesmere/Te Waihora in detail and explores the shift in environmental 

management to artificially open the lake. Chapter 4 outlines the methods used to satisfy the aims 

and objectives of this research. Chapter 5 outlines the findings of the quantitative risk assessment 

and the qualitative vulnerability assessment used in this research. The last Chapter, Chapter 6, 

discusses what the findings demonstrate in terms of community displacement and discusses 

communities’ level of preparedness towards various forms of adaption and how this research could 

be used to inform future decision making.  

 

 
 

 



5 

Chapter 2 

Literature Review  

This Chapter explores existing studies research into the effects of sea level rise on ICOLLs as well as 

literature on the social drivers of communities’ preparedness towards natural hazards and disasters. 

In addition, established quantitative and qualitative assessment models were investigated to identify 

potentially suitable tools that could be used to undertake this research.  

2.1 Anticipated effects of climate change and future sea-level rise on the 
levels of intermittently closed and open lakes and lagoons 

Intermittently closed and open lakes and lagoons (ICOLLs) are brackish coastal water bodies which 

are separated from the ocean by a sand barrier or berm that closes and opens periodically. The 

opening and closure of the entrance is naturally driven by coastal morphological processes (wave-

driven littoral sand transport) and hydrodynamic processes (tidal inflow and outflows and 

intermittent flood events). The barrier is opened naturally when there is sufficient inflow into the 

ICOLL (from rivers, streams, groundwater, rainfall) and the water level in the ICOLL exceeds its 

holding capacity, overtops the barrier’s height and resultingly scours an entrance channel through 

the barrier. Once opened, wave and tide action start to gradually close the entrance channel.  

Although ICOLLs comprise thirteen percent of the world’s coastline (Kjerfve, 1994), most existing 

studies which examine the effects of sea level rise on ICOLLs were found in Australian and New 

Zealand literature. This is likely due to the abundance of ICOLLs found the areas of New South Wales 

in Australia and across New Zealand.  

Future sea-level rise is expected to result in an upward shift in water levels of ICOLLs across a range 

of possible levels which are driven by the periodic opening and closing of the barrier as shown in 

Figure 2-1 below (Haines , 2007). 
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Figure 2-1: Schematic diagram illustrating the anticipated effects of sea-level rise on the berm 
height. (Haines, 2007) 

When ICOLLs are open to the sea, their base water level is controlled by the ocean’s water level. 

Based on this, the water level of ICOLLs is expected to increase roughly at the same rate that the sea 

level is rising. When ICOLLs are closed, their water level is controlled by the berm height that 

separates the ICOLL from the ocean and the magnitude of increase of the ICOLL’s water level will 

depend on the relative rate of sedimentation (i.e. the rate at which the berm is built).  If the rate of 

sediment exceeds the rate at which the sea level is rising, the ICOLL will be short-lived and refill. On 

the other hand, if the sea level is increasing at a rate that exceeds the rate of sedimentation, the 

ICOLL will be deepened and it’s holding capacity will increase. 

Historically, the drainage of ICOLLs around the world to access the highly fertile margins for 

agricultural land-use activities was a common practice (Ramsar Convention, 2014). To prevent the 

inundation of this reclaimed land, the water level in many ICOLLs is controlled artificially, using 

heaving machinery to excavate an entrance channel through the barrier separating the ICOLL from 

the sea to induce a premature breakout to the sea. The operation of artificial opening regimes is 

driven by predefined opening trigger values (measured in metres above mean sea level) established 

under local regulatory policies. For the artificial openings to be successful, the hydraulic gradient 

between the water level of the ICOLLs and the sea level needs to be sufficient to enable the outflow 

of water towards the sea (Verhoeven & Setter, 2010).  The artificial opening regimes of ICOLLs are 

affected by other climate change variables other than sea level rise. However, the literature 

consulted in this research focused more on sea level rise as it is the most predictable variable. Future 

sea level rise will likely hinder the ability to open ICOLLs when their water levels are at their current 

opening trigger levels. When the opening trigger level of the ICOLL is reached, the hydraulic gradient 

between the water level of the ICOLL and the sea might not be sufficient to allow for the outflow of 

water from the ICOLL to the sea and the maintenance of the artificially scoured entrance. As the sea 
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level rises, opening trigger levels of ICOLLs will need to be adjusted to maintain a sufficient hydraulic 

gradient for an artificial opening to be successful.  

 

2.1.1 Quantitative risk assessment  

The risk of an environmental system to disturbance, also referred to as biophysical vulnerability is a 

function of exposure and social vulnerability. It is usually assessed as a combination of the possibility 

of an impact occurring and the consequences of that impact, as illustrated in Figure 2-2 below.  

 

Figure 2-2: The relationship between vulnerability and risk in the context of natural hazards and 

disasters, and examples of indicators for measuring risk and vulnerability. (Brand, McMullin-

Messier, & Schlegel, 2018) 

Risk can be further understood by the assessing spatial extent of a hazard and identifying 

vulnerability from a geospatial perspective (i.e. a community’s vulnerability to natural hazards is 

often exacerbated by their setting within the coastal landscape). This assessment of risk is the first 

step towards building a sea level rise adaptation plan as shown in the Figure 2-3 below. 
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Figure 2-3: The three main steps and their components which are used to develop and implement a 
sea-level rise adaptation plan (Russell & Griggs, 2012). 

Exposure can be defined as the point of interaction between an external stress (typically a natural 

hazard/disaster event) and a set of natural variables (lakes, rivers, coastline, etc.), social variables 

(people/communities) and economic variables (infrastructure and assets). Exposure to future sea 

level rise is measured quantitively commonly using either one or more of the following approaches 

(Teng, et al., 2017):  

 Empirical approaches,  

 hydrodynamic models, and 

 Simplified conceptual models 

Empirical approaches involve the undertaking of experiments to collect and analyse data using 

statistical and remote sensing models (Teng, et al., 2017) . They are used to demonstrate ground 

truth supported by observations to either validate or reject a hypothesis. The data obtained from the 

experiments can also be used to build a hypothesis. The limitations of these approaches lie within 

the common obstacles faced by researchers in a uncontrolled environment. These obstacles include 

the interference of environmental variables (i.e. wind, rain and land cover) during the experiments 

and their impact on data collection. Another common limitation is the design of the sensors, carriers 

and transmission devices used to gather such data (Teng, et al., 2017). 

Hydrodynamic models involve the implementation of physical laws to model fluid motion which 

stimulate water movement using complex mathematical equations. These models are relatively 

difficult to implement and require a large set of data (Teng, et al., 2017). However, unlike empirical 

approaches, hydrodynamic models can be manipulated and used in scenario-based models (Teng, et 

al., 2017). 

ddd 
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Simplified conceptual models are not based on physics laws and do not require a large set of data to 

implement. An example of a simplified conceptual model is the Bathtub Approach. The Bathtub 

Approach is an elevation-based method, where areas adjacent to the sea and below a given elevation 

are mapped (Yunus, et al., 2016). One of the main reasons the bathtub method has been commonly 

used is that it is simple to implement, only requiring elevation data which is commonly available in 

the form of a digital elevation model (DEM). Like hydrodynamic models, simplified conceptual 

models such as the Bathtub Approach are ideal for conducting scenario-based research. In terms of 

limitations, these models do not take bathymetry, tidal patterns, coastal geomorphology or local 

climate into consideration which can result in the underestimation of the severity of a hazard (Teng, 

et al., 2017).  

While the strengths and limitations of each approach have been discussed in the consulted literature, 

within this literature there is limited discussion that compares these approaches. This indicates that 

the approaches should not be compared and instead should be applied together to obtain the best 

results. For example, the literature consulted indicates that a large dataset is required to successfully 

implement hydrodynamic models. Ensuring these datasets are of high quality is crucial for the 

construction of plausible future scenarios. empirical research approaches are excellent for Obtaining 

good quality data for the implementation of hydrodynamic modelling. However, the implementation 

of hydrodynamic models and empirical approaches is often both time consuming and costly. In 

contrast simplified conceptual models are inexpensive and easy to implement. While simplified 

conceptual models are considered elementary in nature when compared to empirical approaches 

and hydrodynamic models, simplified conceptual models provide a useful starting point for the 

process of incorporating sea-level rise into local flood hazard maps and in local decision-making. 

Simplified conceptual models are used to identify whether further assessment of natural hazards is 

required in a defined area and are used to justify from a cost-benefit perspective the implementation 

of more complex approaches and models (Teng, et al., 2017). 

This research focuses on the assessment stage of developing and implementing a sea-level rise 

adaptation plan, shown in Figure 2-3 above. Taking into account the scope of this research and lack 

of existing studies on the effects that sea level rise as on artificially managed ICOLLs from a flood 

management perspective, the implementation of simplified conceptual models is the best approach 

for to investigate the effects of sea level rise on Lake Ellesmere/Te Waihora’s artificial opening 

regime.  
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According to the consulted literature, once the extent of these effects is understood, the next step 

towards fully understanding the level of risk associated with a natural hazard is to undertake a 

qualitative vulnerability assessment.  

 

2.2 Social vulnerability assessment  

The next step towards evaluating risk in accordance with Figure 2-3 involves assessing the social 

vulnerability of the elements (i.e. communities, land an infrastructure) which have been identified to 

be at risk of being exposed to the anticipated natural hazard. The purpose of undertaking a social 

vulnerability assessment is to determine the socio-economic impact of a natural hazard. This can be 

achieved by using social indicators of sensitivity and resilience. 

 The concept of social vulnerability is complex, and its meaning varies across different disciplines 

(Ciurean, Schröter, & Glade, 2013). Due to these various meanings, Ciurean et al. (2013) have 

developed a process presented in Figure 2-4 below to select indictors for assessing social 

vulnerability.  

 

Figure 2-4: Process of developing social indicators for assessing social vulnerability. (Ciurean, 
Schröter, & Glade, 2013). 
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In accordance with Figure 2-4, the first steps of the process of developing social indicators are 

defining the goals and the scope of the subject research. These steps will then dictate the definition 

of social vulnerability and indicator framework selection. 

 This research fits within the disciplines of social science, environmental science and the field of 

natural hazards and disasters. In these disciplines, there is a consensus that social vulnerability is a 

function of exposure, sensitivity and resilience/adaptive capacity as presented in Figure 2-5  below.  

 

Figure 2-5: Vulnerability framework showing the important dynamic linkages between social and 
ecosystem/physical vulnerability. (Turner et al., 2003) 

After a suitable framework is identified, the next step towards developing these indicators is to 

define their selection criteria. Defining the selection criteria for selecting social indicators involves 

establishing the definitions of exposure, sensitivity and resilience/ adaptive capacity within the 

subject research. Exposure has already been discussed and defined earlier in this Chapter. This 

section seeks to discuss sensitivity and resilience/adaptive capacity.   

Sensitivity can be defined as the degree to which a system is influenced, either adversely or 

beneficially, by a given exposure to a stressor scenario (e.g. storm, sea-level rise, drought). The 

influence on a system can be direct (e.g. sea-level rise resulting in saltwater intrusion) or indirect (e.g. 
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sea-level rise’s effect on land use that a community relies on) (Weis et al., 2016). Directs influences 

on a system are commonly referred to as first-level sensitivity. These influences represent the 

sensitivity of a natural system and its ability to withstand the bio-geophysical events triggered by 

climate change (Cenacchi, 2008). This level of sensitivity is assessed quantitatively using 

hydrodynamic or empirical approach models. First-level sensitivity is not assessed within this 

research as this research is based on simplified conceptual models where it is assumed that the 

ICOLL’s water level will increase at the same rate as the nearby sea level.  

This research focuses on second level sensitivity, which represents natural hazard’s impacts on a 

socioeconomic system. These effects are usually defined by both the sensitivity of the natural system 

(first-level sensitivity/outcome I) and the community’s level of reliance on the goods and services 

that their natural environment provides (Cenacchi, 2008). 

Adaptive capacity refers to the capability of a natural and/or socioeconomic system, region, or 

community to adapt in behaviour and allocation of resources to mitigate the effects of climate 

change and absorb potential damages (Intergovernmental Panel on Climate Change [IPCC], 2007).  

According to the indicator development plan presented in Figure 2-6, once the selection criteria are 

defined, the next step towards developing suitable indicators for measuring social vulnerability is to 

identify potential indicators of sensitivity and adaptive capacity. The potential social indicators of 

sensitivity and adaptive capacity/resilience are outlined in Figure 2-6 below.  

 

Figure 2-6: Examples of indicators of socio-economic sensitivity and adaptive capacity of farming 
communities to drought events. (Zarafshani, Sharafi, Azadi, & Passel, 2016).  
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In addition to the capital based indicators outlined in Figure 2-4 above, other social indicators of 

adaptive capacity/resilience and sensitivity include but are not limited to  the following (Marshall et 

al., 2010):  

 Perception of risk 

The ability of a community or an individual to adapt to the effects of climate change is 

often determined by how risk is perceived. Aspects such as individual and cultural 

differences in experiences, beliefs, values, knowledge, attitudes and ability to plan and 

execute plans are all highly influential on the perception of risk and how it is managed.  

 Ability to cope with change 

The ability of a community or an individual to cope with change is measured by their 

emotional and financial thresholds.  

 Level of interest in change 

The level of interest in change refers to a community’s or an individual’s interest in 

adapting to the requirements of the future and is influenced by their financial, social 

and/or emotional flexibility as well as their access to climate technology, expertise and 

information. Level of interest is a crucial aspect of vulnerability as it defines an 

individual’s or a community’s ability to identify the consequences, impacts and possible 

responses/adaptation options to climate change.  

 Ability to plan, learn and reorganise 

An individual’s or a community’s ability to plan, learn and reorganise depends on their 

capacity for improvisation, experimentation, learning and planning around the 

anticipated effects of climate change in the future. 

 Attachment to occupation 

Individuals and communities that use and depend on natural resources such as farmers 

and fisherman are likely to exhibit a low adaptive capacity and greater sensitivity to 

foreseeable impacts of climate change due to their attachment to their occupations. The 

higher the level of attachment to their current occupation, the harder it is for an 

individual/community to come to terms with the prospect that they no longer will be 

able to continue in that occupation, losing their main source of income and possibly also 

their sense of identity.  

 Family characteristics 

Individuals within the community who use and depend on natural resources may have 

other family members depending on these resources (e.g. young children and 
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elderly/sick members of the family) and are less likely to adapt to future changes as they 

are less able to experiment with adaptation options. For example, farmers who value 

passing on their farm/occupation to their next generation are less able to accept change 

in order to adapt in the future.  

 Attachment to place 

The more attached an individual is to their physical community and/or property (e.g. 

farms that have been operated by a family for generations), the less adaptive capacity 

that individual has to effectively respond to climate change. Attachment to place is 

influenced by identity created around the local community, the sense of pride associated 

with belonging to the area and the strong interpersonal relationships that exist within it.  

 Business size and approach 

Larger businesses and individuals working and/or running big businesses have greater 

adaptive capacity to climate change than small businesses and their employees. Bigger 

businesses usually have greater financial resources to buffer themselves from 

unpredictable problems. Individuals who own larger businesses are often more strategic 

and are thus able to plan, organise and act towards economic incentives instead of 

focussing on their attachment to occupation and place.  

 Financial status and access to credit 

The financial resources of an individual within a community has a great influence on their 

ability to adapt and to respond to changes. An individual with greater financial resources 

has the capacity to successfully absorb the costs of change.  

 Income diversity 

Individuals who have multiple sources of income are able to switch between these 

sources, spread risk and increase their ability to absorb sudden expenses and adapt to 

changes.  

 Local environmental knowledge 

Local environmental knowledge allows communities and individuals within a community 

to detect subtle changes in the environment local to them. The establishment of well-

developed local knowledge requires time and adequate financial investment, thus the 

likelihood of individuals to move and develop that knowledge again elsewhere is low. 

Individuals with a high level of local environmental knowledge are usually well-adapted 

to their surrounding environment and natural resources and have a tendency to be less 

able to adapt and cope with changes.  
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 Environmental awareness, attitudes and beliefs 

Unlike local environmental knowledge, environmental awareness refers to a community 

and/or an individual that supports resource-protection strategies and values the 

sustainable and efficient use of natural resources. They are more willing to change 

lifestyle to adapt to new practices that enhance both their own resilience to the impact 

of natural hazards as well and their communities’ level of resilience to disturbances.  

 Access to technology, climate information and skills 

An individual who has access to technology, climate information and skills is often able to 

design well-developed plans and reorganise for the future.  

 Formal and informal networks 

This variable refers to the likelihood that people might move from their community in 

order obtain opportunities elsewhere. Networks can be formal through legal structures 

and government agencies or informal through friends, families and associates. 

Individuals with stronger, more informed and more effective networks are expected to 

have a greater capacity to adapt to changes. 

Once the potential indicators of sensitivity and resilience/adaptive capacity are identified, the next 

step is to evaluate potential indicators by considering the criteria developed at an earlier stage. This 

can be achieved by exploring various social models of sensitivity and adaptive capacity/resilience. 

The final stages of the process of developing indicators for measuring social vulnerability involves the 

assessment of the indicator’s performance, which is outside the scope of this research and therefore 

will not be discussed further in this chapter.  

Some of the common models established in current literature for assessing adaptive 

capacity/resilience and sensitivity are outlined below:  

 The disaster resilience of place (DROP) model,  

 The socio-cognitive model of proactive private adaptation to climate change impacts, and   

 The local adaptive capacity framework.  

The disaster resilience of place (DROP) model, which is presented in Figure 2-7 below, highlights the 

effect of a communities’ preparedness by measuring both inherent vulnerability and resilience 

towards the impact of future natural hazard/disaster events and the probability of recovery from 

these events.  
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Figure 2-7: Schematic representation of the disaster resilience of place (DROP) model. (Cutter et 
al., 2008)  

The DROP model shows that when a community is exposed to a natural hazard, coping responses 

activate (Cutter et al., 2008). Coping responses include predetermined evacuation plans and 

emergency response plans to respond to the immediate hazard. Those plans intend to absorb the 

shock of a disaster and minimise the damage of that disaster to some extent. The degree of this 

extent is referred to as the absorptive capacity. If the absorptive capacity of a community is 

insufficient for a given hazard event, that event is then transformed into a disaster. If a disaster 

occurs, the community may exercise its adaptive resilience through improvisation and learning. 

Improvisation refers to actions, including spontaneous actions which may aid in the recovery process 

(Cutter et al., 2008). Social learning refers to the diversity of adaptations and the stimulation of 

robust local social cohesion and mechanisms for communal action. Finally, the level of recovery 

alters the antecedent condition of the social and natural systems as well as built environments by 

dictating their vulnerability to future hazard events. Lessons learned from the occurrence of a natural 

hazard or disaster event can be used to prepare for future events, reducing the vulnerability of that 

communities’ social and natural systems and their built environment.  

The DROP model emphasises the role that preparedness plays in enhancing communities’ adaptive 

capacity and resilience. The DROP model does this by highlighting the role of past experiences 

influence on communities’ willingness to prepare.  

The other model explored in this research is the Socio-cognitive model of proactive private 

adaptation to climate change impacts and is presented in Figure 2-8 below.  

 

 

Material removed due to 
copyright compliance 



17 

 

Figure 2-8: Socio-cognitive model of proactive private adaptation to climate change impacts. 
(Grothmann & Patt, 2003) 

The socio-cognitive model also recognises preparedness to be an important social indicator of 

adaptive capacity. However, this model takes it’s assessment of adaptive capacity a step further than 

the DROP model by identifying the social factors that can affect a community’s or an individual’s 

willingness to act proactively and prepare for future natural hazard events. The model seeks to 

identify what factors affect the motivation of a community or an individual to protect themselves 

from potential harm associated with these hazards. Grothmann & Patt, 2003, described an 

individual’s or a community’s willingness to take proactive measure to prepare for future natural 

hazard and disaster events to be a function of their risk perception and perception of their adaptive 

capacity. The socio-cognitive model indicates that an individual or a community first assess their 

probability of being exposed to a hazard event as well as the potential damage that event poses 

towards their valuables if they were not to change their behaviour. The second perceptual process is 

referred to in this model as coping appraisal, also known as perceived adaptive capacity. Coping 

Appraisal is a process in which an individual or a community evaluates their ability avoid being 

harmed by the threat, along with the costs of taking such actions of avoidance. This process occurs 

after the risk perception process and only occurs if a specific threshold of threat appraisal is reached. 

Coping Appraisal has three subcomponents: perceived adaptation efficacy, perceived self-efficacy 

and perceived adaptation costs.  
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Perceived adaptation efficacy refers to an individual’s belief that protective actions or responses are 

effective in protecting oneself or others from being harmed by a threat. On the other hand, 

perceived self-efficacy refers to the individual’s perceived ability to perform or carry out these 

adaptive responses. Perceived adaptation costs are the costs of implementing a risk-reducing 

adaptive/preventative response to a hazard. Costs in this context refer not just to monetary costs but 

also to time and effort costs. Even though costs and self-efficacy are related, in this model the 

importance of differentiating them conceptually is recognised. It is useful to know if it is either self-

efficacy or high response costs that provoke an adaptive response to be undertaken an individual.  

Lastly, an individual’s response to a threat is based on the outcomes of the threat’s appraisal and 

coping appraisal processes. There are two main types of response: adaptation and maladaptation 

responses (Grothmann & Patt, 2003). An adaptive response is a response that is taken if the 

perception of the risk and perceived adaptive capacity is believed to prevent damage or increase 

benefits. For example, precautionary actions like avoidance of expensive investment on flood-prone 

land. In contrast, maladaptive responses, such as the denial of a threat’s existence in the form of 

wishful thinking and fatalism, are responses that do not prevent monetary or physical damage in the 

case of a climate change impact, but do  prevent negative emotions in relation to the perceived risk 

of those impacts such as fear. Maladaptive responses are usually taken when an individual’s risk 

perception is high, but their perceived adaptive capacity is low (Grothmann & Patt, 2003).  

Maladaptive responses are a type of adaptive response as adaptiveness is a question of “best fit”. For 

example, for an ill or poor individual who has little means of preventing flood damage proactively or 

reactively, denial of the risk of flooding can be seen as an effective adaptive coping strategy 

(Grothmann & Patt, 2003). In this case, although denial would not be considered as an adaptive 

response in the sense of preventing damage, it will protect this person’s psychological well-being 

before a flood. The term adaptation is used to describe responses that prevent or mitigate physical 

damage, while maladaptation is used to describe those response that prevent psychological damage 

(Grothmann & Patt, 2003). 

Besides adaptation intention, the socio-cognitive model also highlights the importance of objective 

adaptive capacity (e.g. time, money, knowledge or social support) in enabling effective preparedness 

to adapt to anticipated future hazard events. The socio-cognitive model presents a sound example of 

the key variables required for building objective adaptive capacity at a community scale, which can 

be scaled down to an individual household.  

Finally, the third adaptive capacity/resilience model explored in this research is the local adaptive 

capacity framework, shown in Table 2.1 below.  
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Table 2.1: The main five elements used in the local adaptive capacity framework to a assess the 
adaptive capacity of a community. (Africa Climate Change Resilience Alliance, 2010).  

 

This framework was developed as part of the Africa Climate Change Resilience Alliance. The local 

adaptive capacity framework characterises and assesses communities’ adaptive capacity to the 

anticipated effects of climate change based on five elements: asset base; institutions and 

entitlements; knowledge and information; innovation; and flexible forward-looking decision-making 

and governance. This framework provides an improved perspective on adaptive capacity that 

examines the processes through which a system adapts, unlike traditional capital-based approaches 

which focus on what values the system exhibits that enables it to adapt. 

2.2.1  Adaptation options  

There are three primary pathways for adaption to sea level rise. These pathways are presented in 

Figure 2-9 below and they include retreat, accommodation and protection.  
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Figure 2-9: The three main adaptation options to sea-level rise. (Dronkers et al., 1990)  

Retreat refers to the abandonment land in response to sea level rise. This choice is usually made 

under the circumstance where accommodation measures come with an excessive financial cost or 

environmental impact (Dronkers et al., 1990). Accommodation refers to the change of land use to 

better adapt to the anticipated impact of future sea level rise. This option revolves around adapting 

land use to the changing environment by change of lifestyle, which might not be viewed as ideal. This 

option usually involves raising houses’ floor levels and altering land use (i.e. from agriculture to 

aquaculture) and improving evacuation and emergency procedures (including building emergency 

flood shelters). In contrast, protection involves the building of hard solutions such as sea walls and 

dikes, as well as soft solutions such as dunes and vegetation, to protect low lying land and 

communities from inundation (Dronkers et al., 1990). 

 

2.2.2 Adaptation through managed retreat  

The managed retreat approach is becoming an increasingly popular approach worldwide for 

managing and adapting to future sea-level rise. Managed retreat is seen as a more sustainable 

approach than hard engineering approaches as it improves flood risk management and provides a 

more affordable coastal defence. Managed retreat approaches also prevent ecosystems from being 
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squeezed between development and the advancing sea as this approach allows for the creation of 

intertidal habitats. 

The most common mechanisms for the managed retreat approach for future planning and new 

developments are setbacks, density restrictions and rolling easement policies. Setback policy strategy 

refers to the establishment of a minimum distance from the shore which new building developments 

must not exceed. Density restriction strategy refers to the general limitation of new building 

developments in hazard-prone zones. Rolling easement policies allow for new building development 

on the condition that no effort should be taken (i.e. building of new flood defences) to protect the 

development from the rising sea. These strategies may all compromise elements of an integrated 

coastal management policy worldwide in the future. Box 2.1 below summarises a few worldwide 

examples of managed retreat in established policies for adapting to future sea-level rise.  

Box 2.1 Examples of managed retreat and related measures as adaptation to sea-level rise  

 Canada: Estimates of future coastal retreat were used to adopt a variety of setback policies in 

some provinces such as New Brunswick, where the entire coast of the province was remapped 

to delineate the landward limit of coastal features. This limit defined the setback for new 

development in the province.  

 Barbados: A minimum building setback along sandy coasts at 30 m from mean high-water 

mark and along coastal cliffs the setback at 10 m from the undercut portion of the cliff was 

established under a national statute. 

 Aruba and Antigua: Established setback at 50 m inland from high-water mark.  

 Sri Lanka: Minimum setbacks of 60 m from line of mean sea level are regarded as good 

planning practice based on setback areas and no-build zones identified under the Coastal Zone 

Management Plan. 

 United Kingdom: the concept of managed realignment was endorsed as the preferred long-

term strategy for coastal defence in some areas by the House of Commons in 1998.  

 United States: Various forms of rolling easement policies to ensure that wetlands and beaches 

can migrate inland as the sea level rises have been implemented in the states of Maine, 

Massachusetts, Rhode Island, and South Carolina. 

 Australia: Several states have coastal setback and minimum elevation policies, including those 

to accommodate potential sea-level rise and storm surge. In South Australia, setbacks take 

into account the 100-year erosional trend plus the effect of a 0.3-m sea-level rise to 2050. 

Building sites should be above storm-surge flood level for the 100-year return interval. 
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Source: Adejuwon et al. (2001) 

 

Implantation of managed retreat in New Zealand 

There are examples in New Zealand where coastal communities have either chosen to take proactive 

actions or retreated or where forced to retreat. These examples include Muriwai Beach in Auckland, 

Ōhiwa Spit in Bay of Plenty, Pourewa Point in Aotea Harbour, Te Kopi in Wairarapa, Waihi Beach in 

Bay of Plenty, and Wainui Beach in Gisborne District. For all of the seven cases, protection and 

defence work has been tried and failed due to the onset of erosion. Muriwai Beach in Auckland was 

the only place out of the seven locations where managed retreat took place where property owners 

were forced to abandon their houses. Managed retreat has been implemented in the form of a 

deliberate formal strategy, where the regional and district councils adopted recommendations to 

accommodate coastal erosion by a gradual process of retreat in 2004 (Turbott & Stewart, 2006).  

2.3 Summary 

This chapter presented the literature that was explored in this research to obtain information on the 

following subjects:  

 current understanding of sea level rise of artificially managed ICOLLs,  

 quantitative tools for measuring the risk of exposure to the anticipated effects (i.e. flooding) 

of future sea level rise,  

 qualitative tools for measuring vulnerability and communities state of preparedness to future 

sea level rise, and  

 adaption options in response to future sea level rise.  



23 

Chapter 3 

Case study: Lake Ellesmere/Te Waihora 

Worldwide, the management of ICOLLs has proven to be particularly challenging due to their setting 

within the coastal environment and their ecological, cultural and economic values (Hughey, 2010). 

They act as the sinks of their catchments, capturing upstream flows and contaminants from various 

land-use activities, which subjects them to declining water quality and fisheries (Hughey, 2010). 

ICOLLs are usually highly valued by various organisations and are often subject to indigenous 

peoples’ rights (Hughey, 2010). Historically the reclamation and drainage of ICOLLs’ fertile margins 

was a common practice for creating productive agricultural land (Hughey, 2010). The protection of 

these reclaimed margins from inundation continues to be a challenge today. 

Lake Ellesmere/Te Waihora was chosen to be the subject of this research because it presents an 

excellent example that typifies the immense and diverse management challenges of ICOLLs 

nationally and worldwide. 

3.1 Lake Ellesmere/Te Waihora catchment  

Lake Ellesmere/Te Waihora is an expansive, shallow and brackish coastal Lake located along the east 

coast of the Canterbury region in the South Island of New Zealand (Varona, 2012) (Figure 3-1).The 

Lake Ellesmere/Te Waihora catchment covers an area of 26,708 km², composed of 777 km² of hills 

and 1,295 km² of plains. Lake Ellesmere/Te Waihora occupies seven percent of its catchment, 

receiving flows from at least 32 drains, five main rivers and groundwater (Kitto, 2010). The lake 

receives approximately 840 million m3/year of groundwater and around 271,395,360 m3/year from 

the Selwyn River, the LII River, the Halswell River, the Irwell River and the Kaituna River (Kitto, 2010).  
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Figure 3-1: The Lake Ellesmere/Te Waihora catchment. (Waihora Ellesmere Trust, 2015) 

Lake Ellesmere/Te Waihora is recognised internationally for its significant wildlife habitat and rich 

biological diversity (Golder Associates, 2011). Nationally, the lake is highly valued by various 

organisations and recognised for it is economic, ecological and cultural significance (James, 1991). 

The lake has no natural outlet to the sea and is separated from the sea by a 28 km long shingle/sand 

barrier referred to as the “Kaitorete Spit” (Lettink, Cree, Norbury, & Seddon, 2008). The lake is 

periodically opened to the sea using heavy machinery to scour an opening channel through the 

Kaitorete Spit. This opening acts primarily to protect adjacent productive land around the lake from 

inundation but also to maintain the lake’s water quality and to facilitate fish migration. The opening 

regime seeks to maintain the lake water level at an average of 2 metres above mean sea level 

(m.a.m.s.l.). Without human intervention, the lake water level can reach up to 3 to 4 m.a.m.s.l. 

before naturally breaching the barrier and discharging out to the sea.  

3.2 Climate change and the lake’s water levels 

As the sea-level rises along the Kaitorete barrier, the swell and storm waves riding on a progressively 

higher sea level are expected to build-up the barrier by sediment supplied from the lower foreshore. 

The barrier’s height is expected to increase at a similar rate to sea level rise. In time, given the lack of 

a backshore ridge at the outlet, over-washing processes are expected to result in the barrier 

retreating and rolling landward. However, the scale of the retreat is expected to be minor given the 
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steep nature of the foreshore. In the meantime, the lake’s water level is expected to increase in 

relation to adjacent land at the same rate that the sea level is rising (Renwick et al., 2010).  

The success of the artificial opening of Lake Ellesmere/Te Waihora is based on the number of days 

that the opening can be maintained (Haines & Thom, 2007). Sea-level rise will present less favourable 

conditions to achieve successful openings in the future and could even result in increasingly delayed 

openings. Sufficient gradient (referred to as hydraulic gradient) between the lake’s water level and 

sea level is required to initiate the opening and maintain it (Renwick et al., 2010). As the sea level 

rises, this hydraulic gradient will decrease. As a result, the current opening trigger levels will need to 

be adjusted to maintain a sufficient gradient to enable the outflow of water from the lake to the sea 

(Renwick et al., 2010).  

The scale of effects of sea-level rise on the lake’s water levels can either be inflated or condensed 

based on effects that climate change has on the lake’s hydrological cycle and the local climate. Based 

on climate data from 1990, it is likely that the Canterbury Region is going to experience an increase in 

temperature of approximately 0.9˚C by 2040 and an increase of temperature of approximately 2.0˚C 

by 2090 (Renwick et al., 2010). The Canterbury Region is expected to experience an increase of 

approximately 20–40 days annually where maximum temperatures exceed 25˚C. As temperature 

increases, evaporation loss from the lake will increase, resulting generally in lower lake water levels. 

However, the effects of changes in the lake’s evaporation due to climate change will be minor on the 

lake’s artificial opening regime.  

Rainfall will vary locally within the region due to climate change (Renwick et al., 2010). The region is 

expected to become wetter in the west and drier in the east, with greater amounts of rainfall in the 

ranges and less rainfall on the plains. Rainfall is projected to decrease in coastal Canterbury, large 

alpine-fed rivers such as the Waitaki, Rangitātā, Rakaia, Waimakariri and Hurunui rivers could have 

increased flows due to greater rainfall in the headwaters (Renwick et al., 2010). This will cause a 

higher volume of water to enter Lake Ellesmere/Te Waihora via inflows from the catchment. In 

addition to an increase in rainfall, temperature and evaporation in the region, projected climate 

change is also expected to affect wind intensity, which can temporarily increase the lake’s water level 

(Renwick et al., 2010).  

Overall, the effects of climate change on the lake’s hydrological cycle and local climate is expected to 

result in a net decrease of the lake’s water levels.  

In addition to the biophysical effects of projected climate change on Lake Ellesmere/Te Waihora, the 

anticipated increase in local temperature due to climate change is expected to result in an increase in 
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water demand across the Region. The increase in demand of water and resulting pressure on surface 

water and groundwater resources will result in a decrease in volume of water flowing into Lake 

Ellesmere /Te Waihora from the catchment. The effects of increasing temperature due to climate 

change and increase in water demand on surface water has already been experienced in the 

Canterbury Region, where surface water flows have started to deplete significantly. To restore this 

depletion of surface water flow, Christchurch City Council and Selwyn district council have 

established the Central Plains Water Enhancement Scheme in 2004 (Central Plains Water Limited, 

2017) to recharge surface waterways using groundwater. This restoration of surface water flow 

means that the volume of water flowing into Lake Ellesmere/Te Waihora will be maintained or 

increased by human intervention despite the effects of climate change in general on the biophysical 

characteristic of the lake.  

 

3.3 Governance and management  

The opening regime of Lake Ellesmere/Te Waihora plays a fundamental role in facilitating the 

migration of fish, maintaining water quality and protecting adjacent land from inundation. However, 

not all of these services have always been valued equally by decision makers and community groups 

involved in the management and operation of the lakes’ artificial opening regime. The management 

of the lake’s artificial openings has evolved significantly over the 20th century in response to a shift in 

environmental views and attitudes. There has been a shift from focusing on utilising productive land 

to the preservation of swamps and wetlands (Varona, 2012). Historically, the opening of Lake 

Ellesmere/Te Waihora to the sea has been carried out by generations of the Māori tribe/local iwi; Te 

Rūnanga o Ngāi Tahu, for decades prior to the arrival of Europeans. The local iwi used flax sticks and 

shovels to open the lake to the sea and protect their settlement at Taumutu (Ngāti Moki Marae) 

from inundation and to facilitate the migration of eels to the sea (Varona, 2012). Historical records 

indicate that the local iwi used to open the lake to the sea when the lake’s water level reached 2.7 

m.a.m.s.l. Upon the arrival of Europeans in the early 1800s, the Canterbury Association was formed 

to provide guidance to the European Settlement in the Canterbury Region. The Association’s leader 

at the time; Robert Godly, envisaged the future of Canterbury’s economy to lay in pastoralism, which 

led to the commencement of extensive modification of land across the plains (James, 1991). By 1853 

around 100 sheep farms consisting of over 100,000 sheep occupied the Canterbury Plains (James, 

1991). By 1868 settlers realised that the soils of the lower catchment surrounding the lake are lighter 

and more fertile than the soils of the Central Plains (James, 1991). This led to the extensive drainage 

and reclamation of the swamps and wetlands margining Lake Ellesmere/Te Waihora. By 1894 there 

were around 418 drains across the Central Plains and the lower catchment, which included the 
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construction of the 5 km long Halswell Canal. Local statutory government bodies took over the 

responsibility of periodically opening the lake to the sea until 1944, when the North Canterbury 

Catchment Board was formed. During this period, the lake’s water level was maintained at a 

relatively lower level than the level maintained earlier by the local iwi. The lake was artificially 

opened when its level reached 1.13 m.a.m.s.l. in winter and 1.05 m.a.m.s.l. in summer to prevent the 

inundation of the reclaimed margins of the lake. 

The North Canterbury Catchment Board focused on improving drainage across the catchment, which 

led to the construction of two lower level ocean discharge culverts to increase the overall drainage 

capacity. By 1980, around 2,200 farms occupied the Central Plains.  

In 1985 the New Zealand Wildlife Service released its Fauna Survey Unit Report No. 4, titled Lake 

Ellesmere: A Wildlife Habitat of International Importance  (O'Donnel, 1985). The report identified the 

wildlife values of Lake Ellesmere/Te Waihora, which meet all of the criteria set by the International 

Union for Conservation of Nature and Natural Resources (IUCN) to be ranked as an outstanding 

wildlife habitat for the national wildlife habitat inventory compiled by the New Zealand Wildlife 

Service. The report identifies Lake Ellesmere/Te Waihora and its margins to be New Zealand’s largest 

and most important wildlife habitat of its type, supporting approximately eight native and endemic 

bird species which were not recorded anywhere else in New Zealand and were considered to have a 

vulnerable or threatened conservation status. Moreover, the lake’s wildlife habitat was also 

recognised internationally for supporting a number of overseas migratory waders. In the meantime, 

further reclamation and drainage scheme proposals were made by both community groups and 

individuals, including the Nutt’s stop-banking and the Osborne pumping scheme to improve drainage 

in the lower part of the catchment.  

The Minister of Internal Affairs exercised his statutory duty of administering the Wildlife Act 1953 in 

light of the information released by the New Zealand Wildlife Service, and in response to the 

proposed reclamation and drainage schemes. The Minister applied under the Water and Soil 

Conservation Act 1967 (replaced by the Resource Management Act (RMA) 1991) for a Water 

Conservation Order for Lake Ellesmere/Te Waihora on 27 June 1986 to protect the lake’s significant 

wildlife habitat. The application was approved, and the National Water Conservation (Te 

Waihora/Lake Ellesmere) Order 1990 came into force on 2 July 1990.  

3.4 National Water Conservation (Te Waihora/Lake Ellesmere) Order 
1990 

Water Conservation Orders (WCOs) are applied to water bodies that are deemed to have 

outstanding amenity and/or intrinsic values. Any person or group can apply for a WCO under the 
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Resource Management Act 1991 (Ministry for the Environment [MfE], 2016). A WCO provides the 

following:  

 preservation of the water body’s natural state; and  

 protection of the characteristics that contribute to the water body’s significant ecological, 

recreational, historical, spiritual, or cultural values (including outstanding significance in 

accordance with tikanga Māori). 

WCOs can restrict regional councils from issuing discharge and water permits. Regional policy 

statements as well as regional and district plans must be consistent and give effect to the provisions 

of the relevant WCOs (MfE, 2016). However, a WCO’s statutory powers are limited in relation to 

existing permits.  

The National Water Conservation (Te Waihora/Lake Ellesmere) Order 1990 (National Water and Soil 

Conservation Authority, 1990) recognises the international and national significance of the lake’s 

wildlife habitat and seeks to protect it by:  

 preserving the natural state (water quantity) of the lake by preserving the existing artificial 

opening regime and only allowing the lake to be opened when its level reaches 1.05 m.a.m.s.l. 

(from August to March inclusive) and 1.13 m.a.m.s.l. (from April to July inclusive); 

 prohibiting the stop-banking and drainage of the lake’s bed below 1.13 m.a.m.s.l.;  

 allowing for the lake to be opened in early spring to facilitate fish migration; and  

 allowing the closure of the lake opening when the lake has dropped to tidal levels.  

Prior to the WCO coming into effect, the North Canterbury Catchment Board opened the lake to the 

sea once its level exceeded 1.13 m.a.m.s.l. in winter and 1.05 m.a.m.s.l. in summer. These artificial 

opening trigger levels were based primarily on the need to protect reclaimed land from inundation. 

The amendment of these artificial opening trigger levels under the provisions of the WCO was 

restricted by the presence of notified uses (National Water and Soil Conservation Authority, 1990). 

Notified uses are land-use activities dating back to 1967, when the Water and Soil Conservation Act 

came into effect, and cannot be affected by the WCO’s provisions as they are deemed to be 

perpetual rights (National Water and Soil Conservation Authority, 1990). Thus, these opening trigger 

levels were preserved under the 1990 WCO. However surprisingly, regardless of this restriction, 

assessment of the benefit of possibly higher opening trigger levels on the lake was not considered in 

the process. At that time, the focus was on preventing any further drainage and on the detrimental 

effects of low lake levels (National Water and Soil Conservation Authority, 1990).  

The North Canterbury Catchment Board operated the lake’s opening regime under the National 

Water Conservation (Te Waihora/Lake Ellesmere) Order 1990 as well as a number of resource 
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consents upon the dissolution and replacement of the Board by the Canterbury Regional 

Council/Environment Canterbury in 1989. During that period, the local iwi were granted ownership 

of the Crown-owned portions of the lake bed and a few surrounding areas under the Ngāi Tahu 

Claims Settlement Act 1998. In 2005, the Department of Conservation and Ngāi Tahu signed a joint 

management plan that allows Ngāi Tahu to have greater input into the management of the lake’s 

bed. The Te Waihora Joint Management Plan was significant as it was the first statutory joint land 

management plan between the Crown and iwi. 

3.5 WCO amendment 2011 and co-governance  

Today Lake Ellesmere/Te Waihora and its catchment are co-governed by multiple organisations, 

some of which have statutory responsibility while others are involved based on a wide range of 

interests. The co-governance approach was first established in 2006, when Environment Canterbury 

(ECan, the current regional council) negotiated a protocol for opening the lake to ensure that the 

views of those who are affected by the opening regime are heard (Lomax, Johnston, Hughey, & 

Taylor, 2015). This approach has since evolved significantly to cover the entire catchment.  

In 2010, the Department of Conservation and Ngāi Tahu applied for amendments to the 1990 WCO 

(Waihora Ellesmere Trust, 2015). Some of these amendments were administrative in nature while 

others regarded the inclusion of additional outstanding characteristics, features and values to be 

protected by the order (Smith, 2010). The amendments applied for the following to be included:  

 adding the Māori name Te Waihora to the title of the order; 

 changing any reference made in the order to the Soil Conservation Act 1967 to the Resource 

Management Act 1991; 

 changing the means of recording when the lake may be opened from 1988 mean sea level to the 

1937 Lyttelton datum as this datum was considered to be more accurate; 

 providing for an additional lake opening between 1 April and 15 June to facilitate fish migration; 

 amending the level at which damming, stop-banking and polderisation can occur; 

 addition of the following further outstanding characteristics, features and values to be protected 

by the order:  

– indigenous wetland vegetation;  

– customary fisheries;  

– Ngāi Tahu historical, spiritual and cultural values and significance in accordance with tikanga 

Ngāi Tahu, including in respect of kaitiakitanga and mahinga kai.  

On 2 September 2011 the amendment was passed. Shortly after, a long-term relationship agreement 

was signed between ECan and Ngāi Tahu to manage the lake and its wider catchment collaboratively. 
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This collaborative agreement was not signed as a formal joint agreement under the RMA but as more 

of a voluntary collaboration that sought to bring together the tikanga (customary system of values 

and practices) responsibilities of Ngāi Tahu and the statutory responsibilities of the local councils. 

Later, the Selwyn District Council (SDC) joined the agreement in 2014, followed by Christchurch City 

Council in 2016.  

3.6 Current opening regime  

Prior to 2014, ECan was the sole consent holder for resource consents that authorised the artificial 

opening of the lake to the sea. In light of the cultural values recognised through the amendment of 

the WCO in 2011, ECan and Ngāi Tahu agreed to apply for joint resource consents. Today the lake’s 

opening regime is regulated by a WCO and a number of resource consents held jointly between Ngāi 

Tahu and ECan (Te Rūnanga o Ngāi Tahu, 2014).  

The opening of the lake is currently restricted to the following under section 4(2) of the WCO.  

2) A resource consent may be so granted— 

a) to allow the lake to be artificially opened to the sea whenever the lake level— 

i) exceeds 1.05 m.a.s.l. during any period commencing on 1 August and ending with 31 

March next following; or 

ii) exceeds 1.13 m.a.s.l. during any period commencing on 1 April and ending with 31 July 

next following: 

b) to allow the lake to be artificially opened to the sea at any time during any period 

commencing on 15 September and ending with 15 October next following: 

c) to allow the lake to be artificially opened to the sea at any time during the period 

commencing on 1 April and ending with 15 June next following: 

d) to allow the lake to be artificially closed from the sea whenever the lake level is below 0.6 

m.a.s.l. during any period commencing on 1 October and ending with 31 March next 

following. 

The area of land that benefits directly from lake openings is approximately 14,000 hectares (Kitto, 

2010) and is known as Lake Ellesmere/Te Waihora’s flood zone marked by a 2.74 m.a.m.s.l. contour 

line (Figure 3-2). The flood zone is used by SDC to guide the appropriate floor level for development 

near the margins of the lake. This flood zone takes into account the effect of the southerly winds on 

the lake’s water level. The southerly wind lash has been estimated to increase the lake’s water level 

by as much as 1.6 m (Kitto, 2010).  
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Figure 3-2: Lake Ellesmere/Te Waihora’s flood zone. (Canterbury Maps, 2015) 

Prior to the commencement of the lake’s opening, ECan and Ngāi Tahu engage and consult with eight 

other stakeholders. These stakeholders collaboratively act under what is known as the lake’s  

opening “Protocol”, which is a guide that seeks to enable collaborative and transparent decision 

making by providing a forum where each group of interest can have their say. The Protocol was 

negotiated in 2006 upon the renewal of the resource consents that authorised the artificial opening 

of the lake to the sea.  

Currently, once the views of each of the stakeholders are heard, ECan and Ngāi Tahu act 

collaboratively to make a decision of whether artificial opening is possible with the help of technical 

experts who provide advice on the suitability of the weather and sea conditions at the time.  

3.7 Statutory requirements and responsibilities 

The national and regional significance of this research stems from the need to have sound data that 

can assist local government in making informed decisions and meeting their statutory duties. These 

decisions and duties include taking a precautionary approach to managing the effects of future sea-

level rise.  

In relation to future planning and decision-making processes, regional and territorial authorities in 

New Zealand (district and city councils) are bound by six key national statutory instruments to take 

into consideration the effects of climate change and natural hazards. These key statutory 

instruments include the Local Government Act 2002, the Civil Defence Emergency Act 2002, the 

Building Act 2004, the RMA and the New Zealand Coastal Policy Statement (NZCPS) 2010 (Hart, 

2011).  
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Given the scope of this research, only the RMA  1991 and the NZCPS  2010 will be discussed further 

in this thesis. 

3.8 Summary 

This research seeks to provide sound data to assist Lake Ellesmere/Te Waihora’s decision makers in 

making informative decisions to meet their statutory obligations under the RMA and the NZCPS in 

relation to planning for future sea-level rise. Lake Ellesmere/Te Waihora was chosen to be the focus 

of this research because it provides an excellent example of the challenges that decision-makers are 

likely to be faced with when it comes to managing the effects of sea-level rise on artificial opening 

regimes of ICOLLs. In relation to Lake Ellesmere/Te Waihora, these challenging aspects stem from the 

outstanding significance of the lake to local stakeholders. This is reflected in the current co-

governance approach which is used to manage the lake and its catchment. The lake’s opening regime 

seeks to account for the lake’s ecological, economic, recreational and cultural values and to cater 

towards the interest of a number of groups. The lake’s water levels are expected to increase in 

response to sea-level rise, which will trigger the need to adjust the current opening regime. This will 

increase the risk of flooding of adjacent land in the near future and permanent loss of productive 

land in the long-term. However, this increase in Lake Ellesmere/Te Waihora’s water levels may be 

beneficial for water quality and it’s life supporting capacity.  
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Chapter 4 

Methodologies  

The scope of this research includes the first stage of incorporating sea-level rise in the future 

management of Lake Ellesmere/Te Waihora, in accordance with the development and 

implementation of a sea-level rise adaptation plan presented in Figure 2-3. In Russell and Griggs’ 

2012 framework for developing and implementing a sea-level rise adaptation plan, presented in 

chapter 2 of this thesis, the first step is referred to as the assessment stage, which involves 

conducting a sea-level rise risk and vulnerability assessment (Russell & Griggs, 2012).  

This research adopts both a quantitative and a qualitative approach to assess the effects of sea-level 

rise on Lake Ellesmere/Te Waihora’s opening regime and consequently on the lakeside communities 

and adjacent land use. 

This chapter seeks to discuss the rationale for the choice of methods used to gather information to 

satisfy the aims and objective of this research, which are:  

 to conduct a quantitative risk assessment to examine the effects of sea-level rise on the 

lake’s opening regime, and 

 to conduct a qualitative vulnerability assessment to examine the lakeside communities’ (and 

professional experts’) level of preparedness to cope with/manage these effects.  

4.1 Measuring exposure  

The land and communities surrounding Lake Ellesmere/Te Waihora rely on the current artificial 

opening regime to protect them from flooding. The operation of the lake’s opening regime is dictated 

by nearby sea conditions and the continuation of this flood management practice is expected to be 

affected by future sea-level rise. There is a lack of information on the scale and nature of these 

anticipated effects. The aim of this chapter’s quantitative analysis is to fill that void of information 

and provide some certainty in terms of what the “actual risk” of increasing lake water levels due to 

sea level rise are, who will be affected by it and when these effects are likely to take place. The 

quantitative analysis assesses the need and urgency of instigating the process of incorporating sea-

level rise in the local (Selwyn District/Canterbury Region) flood hazard maps, regional/district plans 

and in the decision-making processes regarding the future management of the lake.  

The relationship between Lake Ellesmere/Te Waihora and the sea is complex as previously discussed 

in Chapter 3. This relationship is driven by the interaction of multiple environmental processes. Sea-



34 

level rise is not the only impact of climate change that will affect the lake’s water levels. Changes to 

wind intensity, local climate and the lake’s hydrological cycle as well as changes in sediment 

deposition/supply (rate of erosion) are also expected to affect the lake’s opening regime and the 

intensity of the anticipated effects of sea-level rise on the lake and adjacent land (Renwick et al., 

2010). Moreover, land movement and changes in land elevation driven by tectonic activities such as 

earthquakes will also affect the nature of these effects (i.e. subsidence of adjacent land might mean 

that properties that didn’t use to flood in the past might flood/become more sensitive to changes to 

the lake level in the future) (Hughes et al., 2015). The incorporation of these potential effects of 

these environmental processes and events in the quantitative risk assessment is not feasible due to 

the lack of local historical long-term records and the numerous uncertainties that exist around the 

science of climate change. Thus, the scenarios presented in the research are based solely on a 

hypothetically simplistic relationship between the sea and the lake that does not account for these 

environmental process and events.  

The current predetermined winter opening trigger level is set at 1.13 m.a.m.s.l. This level currently 

provides a sufficient outflow gradient to enable successful artificial openings. As the sea-level rises, 

this hydraulic gradient will decrease. In order to maintain a sufficient gradient in relation to sea level 

rise, the current opening trigger level will need to increase potentially at the same rate that the sea 

level is rising.  
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The Ministry for the Environment (MfE) has prepared a guidance manual titled Coastal Hazards and 

Climate Change: Guidance for Local Government (Bell, Lawrence, Allan, Blackett, & Stephens, 

2017)(hereafter referred to as the MfE manual) to provide direction for New Zealand’s local 

government towards planning and management of future climate change-induced effects such as 

sea-level rise. The MfE manual has been adopted into this research to determine the necessary 

increase in the lake’s opening trigger levels in response to future sea-level rise. The MfE manual was 

released in May 2008 and adopts global sea-level rise averages from the IPPC Fourth Assessment 

Report, which advocates and recommends the following sea-level rise values which are presented in 

Table 4.1 for planning and decision-making timeframes until 2099. 

Table 4.1:  MfE’s baseline sea-level rise recommendations to guide the risk assessment processes 
for planning and decision making over the 21st century. (MfE, 2008)  

 
 

There are over 35 sea-level measuring gauges around New Zealand managed by several agencies. 

These agencies include port companies, the National Institute of Water and Atmospheric Research 

(NIWA), regional councils and territorial authorities. The MfE manual adopts the global sea-level rise 

averages presented in the IPCC Fourth Assessment Report because they show similar trends to the 

oldest sea-level measuring gauge in New Zealand, placed at Waitemata Harbour, Auckland. The 

Waitemata Harbour gauge has been measuring sea level since 1889, while most of the other gauges 

have only been measuring sea level over the past 10 years, making it challenging to discern local 

variation in climate trends. Thus, it was deemed appropriate to adopt the global sea-level rise 

averages presented in the IPPC Fourth Assessment Report to plan for future sea-level rise in New 
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Zealand. The use of these averages presented in the IPPC Fourth Assessment Report will continue 

perhaps until the results gathered from Waitemata Harbour gauge start to differ from the global sea-

level rise trends.  

MfE’s sea-level rise recommendations outlined above in Table 4.1 were used to estimate the 

potential short-term and long-term increase in Lake Ellesmere/Te Waihora’s winter opening trigger 

levels, which are presented in Table 4.2 and Table 4.3 below. The short-term projections represent 

increases in the lake’s water levels over the next 10, 20 and 30 years, while the long-term projections 

represent increases in the lake’s water levels over the next 50 to 100 years.  

Table 4.2: The change of Lake Ellesmere/Te Waihora’s winter opening regime trigger level 
(providing that it remains at 1.15 m.a.m.s.l.) in the short-term future (over the next 10 to 30 years) 
in response to the anticipated future sea-level rise based on MfE’s recommendations, summarised 
in Table 4.1 in this chapter.  

Year(s) Base sea-level rise 
allowance  
(m relative to 1980–
1999 average) 

Future lake’s winter 
minimum (1.13 m) 
opening level (m 
above current mean 
sea level) 

Also consider the 
consequences of 
sea-level rise of at 
least: (m) 

Future lake’s winter 
minimum (1.13 m) 
opening level (m 
above current mean 
sea level) 

2025 0.10 1.23 0.15 1.28 

2035 0.15 1.28 0.20 1.33 

2045 0.20 1.33 0.27 1.4 

Table 4.3: The change of Lake Ellesmere/Te Waihora’s winter opening regime trigger level 
(providing that it remains at 1.15 m.a.m.s.l.) in the long-term future (over the next 50 and 100 
years) in response to the anticipated future sea-level rise based on MfE’s recommendations, 
summarised in Table 4.1 in this chapter.  

Year(s) Base sea-level rise 
allowance  
(m relative to 
1980–1999 
average) 

Future lake’s winter 
minimum (1.13 m) 
opening level (m 
above current mean 
sea level) 

Also consider 
the 
consequences 
of sea-level 
rise of at 
least: (m) 

Future Lake’s winter 
minimum (1.13 m) 
opening level (m above 
current mean sea level) 

2065 0.31 1.44 0.45 1.58 

2115 0.71 1.84 1.09 2.22 

 

The timeframe for the projections in this research was chosen to give effect to the following planning 

timeframes that New Zealand’s local government is bound to under the RMA:  

 commence review of a provision of a regional policy statement, a regional plan, or a district plan 

at least once every 10 years in accordance with Section 79(1); and  



37 

 give effect to Policy 24 of the New Zealand Coastal Policy Statement (NZCPS) 2010 by 

considering, managing and planning for the effects associated with climate change, sea-level rise 

and associated natural hazards over at least 100 years, through local plans and policy 

statements. 

4.2 Projecting future lake levels  

GIS Tools available in ArcMap (ESRI, 2015) were employed to create maps that project the results of 

the quantitative risk assessment presented in Table 4.2 and Table 4.3. The future anticipated 

increase in the lake’s winter opening trigger level are presented via contour maps generated by 

ArcMap’s spatial analyst tool using a light detection and ranging (LIDAR) digital elevation model with 

8 metre resolution of the Lake Ellesmere/Te Waihora Catchment. These contour lines created were 

based on the Lyttelton 1937 NZDV2009k local mean sea level datum of 2.695 m.  

Figure 4-1 and Figure 4-2 show the increase of the lake’s winter opening trigger levels over the next 

10, 20 and 30 years, and Figure 4-3 and Figure 4-4 show the increase over the next 50 to 100 years. 

The projections presented in Figure 4-1 and Figure 4-3 take into consideration a base value sea-level 

rise of 0.5 m while the projections presented in Figure 4-2 and Figure 4-4 take a base sea-level rise of 

0.8 m from the MfE manual (MfE, 2008) into consideration.  

 
Figure 4-1: Projected change of Lake Ellesmere/Te Waihora’s winter opening regime trigger level 
(providing that it remains at 1.15 m.a.m.s.l.) in the short-term future (over the next 10 to 30 years) 
in response to the anticipated future sea-level rise based on MfE’s base sea-level rise 
recommendations, summarised in Table 4.1 in this chapter.  
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Figure 4-2: Projected change of Lake Ellesmere/Te Waihora’s winter opening regime trigger level 
(providing that it remains at 1.15 m.a.m.s.l.) in the short-term future (over the next 10 to 30 years) 
in response to the anticipated future sea-level rise based on MfE’s range of possible higher sea-
level rise recommendations, summarised in Table 4.1 in this chapter.  

 
Figure 4-3: Projected change of Lake Ellesmere/Te Waihora’s winter opening regime trigger level 
(providing that it remains at 1.15 m.a.m.s.l.) in the long-term future (over the next 50 to 100 years) 
in response to the anticipated future sea-level rise based on MfE’s base sea-level rise 
recommendations, summarised in Table 4.1 in this chapter.  
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Figure 4-4: Projecting the change of Lake Ellesmere/Te Waihora’s winter opening regime trigger 
level (providing that it remains at 1.15 m.a.m.s.l.) in the long-term future (over the next 50 to 100 
years) in response to the anticipated future sea-level rise based on MfE’s range of possible higher 
sea-level rise recommendations, summarised in Table 4.1 in this chapter.  

In 2016, Land Information New Zealand (LINZ) established 13 local mean sea level datums based on 

the most updated records gathered from the sea-level measuring gauges around New Zealand. The 

new records allude to a higher mean sea level datum nationwide. The NZDV2016 is setting at 2.830 

metres at the Lyttelton Harbour. This means the maps presented above have an inherent 

underestimation of the anticipated risk. However, given the scale of the maps and the small spatial 

variation they present in relation to the increase in the lake’s water levels over time, it was deemed 

unnecessary to update the maps presented in this research, especially given that the estimated risk 

remains accurate. These maps were used to ease communication by spatially visualising water level 

rise during the interviews presented later in this chapter with those who have been identified to be 

at potential risk or involved in the current and potentially future management of the lake.  

4.3 Qualitative vulnerability assessment – measuring preparedness  

The aim of the qualitative vulnerability assessment is to capture the various levels of preparedness 

amongst the lakeside communities to the anticipated increase in the lake’s water levels. The 

assessment intends to identify communities’ opportunities and barriers to adaptation to sea-level 

rise to inform district and regional agencies and to spur community-level action in developing action 

plans for reducing vulnerability and strengthening resilience.  
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As discussed in Chapter 2, a communities’ vulnerability to natural hazards is a function of exposure, 

sensitivity and adaptive capacity/resilience. Lake Ellesmere/Te Waihora’s communities’ level of 

exposure and risk has been identified earlier in this research through the quantitative risk 

assessment. The qualitative risk assessment focuses on assessing the sensitivity and the adaptive 

capacity of the communities that have been identified to be at risk (Turner et al., 2003).  

4.3.1 Sensitivity and adaptive capacity  

Given the wider purpose of this research, the qualitative vulnerability assessment employed in this 

thesis focuses on exploring the second-level sensitivity of Lake Ellesmere/Te Waihora’s lakeside 

communities and on exploring the willingness of these communities at risk to adjust their behaviour 

to take into account the potential effects and impacts associated with the increase in the lake’s water 

levels in response to sea-level rise.  

Selecting indicators  

There is an extensive list of possible social indicators for measuring and assessing sensitivity and 

adaptive capacity. The social indicators employed in this research have been drawn from indicator-

based vulnerability assessment approaches presented in the climate change and natural hazards and 

disasters adaptation literature featured in Chapter 2 of this thesis. The indicators were selected from 

the DROP model (Cutter et al., 2008), Grothmann and Patt’s (2003) socio-cognitive model of 

proactive private adaptation to climate change impacts, the vulnerability framework (Turner et al., 

2003), and the local adaptive capacity framework (Africa Climate Change Resilience Alliance, 2010).  

The following indicators were adapted to assess the sensitivity and adaptive capacity of Lake 

Ellesmere/Te Waihora’s lakeside communities: 

 Awareness and knowledge:  

This indicator was adapted in this research to investigate the level of knowledge and awareness 

amongst the lakeside communities and professional experts of the following matters:  

– climate change and sea-level rise; 

– potential effects of sea-level rise on the lake’s artificial opening regime;  

– the risks associated with higher lake water levels; and  

– adaptation measures and options available. 
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 Experienced exposure  

This indicator has been adapted into this research to capture physical, economic and social 

drivers through lessons learned at the local government level and at an individual household 

level from the latest major flood event experienced in the area; the 2013 flood event, and other 

previous events.  

 Perceived risk/level of concern  

This indicator has been adapted into this research to assess the lakeside communities’ 

perception on the risk presented in the inundation maps created as part of this research and to 

assess the factors that may affect perception of risk. This indicator also assesses the factors that 

may affect a communities’ motivation to take proactive action to prepare in order to minimise 

the effects of the anticipated flood events which are associated with the future increase in the 

lake’s water levels.  

The information obtained on the communities’ perception of risk was then communicated to the 

professional experts (i.e. Lake Opening Protocol Groups) to provide an insight on what challenges 

these results may translate to in terms of future management and to identify potential solutions.  

 Adaptation intention 

This indicator has been adapted to enable the direct assessment of the research’s participants’ 

adaptation intention in relation to scenarios presented to them in the inundation maps (Figure 4-

1, Figure 4-2, Figure 4-3 and Figure 4-4). Participants were presented with three adaptation 

options; retreat, accommodate or protect, and they were asked to choose their preferred option. 

This indicator has been adapted for completion purposes to capture how the previous indicators 

translate to the likelihood of individuals taking action in response to increasing lake water levels.  

In regard to the professional experts group, this indicator was used to assess the adaptation 

option that is likely to be promoted and supported by Lake Ellesmere’s/Te Waihora’s managers 

(government and non-government agencies). This was seen to be crucial as the government’s 

financial support is likely to have an effect on the communities’ choice of adaptation in the 

future.  

4.4 Methods of data collection  

Semi-structured interviews consisting of open-ended questions were deemed to be the most 

appropriate method of data collection to cater for this research’s aims and objectives. Semi-



42 

structured interviews are best suited for explorative studies which revolve around obtaining the 

perceptions and opinions of respondents on multifaceted and sensitive topics (Barriball & While, 

1994). In comparison with other qualitative data-collecting methods such as online questionnaires, 

focus groups and structured interviews, semi-structured interviews have a relatively open and 

flexible framework that enables purposeful and efficient two-way communication. These semi-

structed interviews provide the respondents with the opportunity to provide profound and vivid 

answers that encompass creativity and emotions (Keller & Conradin, 2010). Most importantly, semi-

structured interviews can allow both the researcher and the respondent to probe and clarify 

questions and responses (Kajornboon, 2005).  

4.4.1 Construction of research questions  

Open-ended questions were constructed using the indicators of adaptive and social sensitivity. The 

first set of questions aim to explore the knowledge and level of awareness amongst the professional 

experts group and Lake Ellesmere/Te Waihora’s lakeside communities. The second set of questions 

aim to explore individuals past experiences with flood events and their perception of risk or level of 

control. The last set of questions aim to explore the adaptation intension and the level of willingness 

to adapt present in communities identified to be at risk of flooding.  

4.4.2 Data collection and analysis  

Interviews were carried out between September 2015 and February 2016, with 18 participants from 

the Lake Ellesmere/Te Waihroa’s flood management zone (shown in Figure 3-2) and with 

professional experts from the following the Lake Opening Protocol Groups; SDC, ECan, Waihora 

Ellesmere Trust and Ngāi Tahu.  

Land-use information within Lake Ellesmere/Te Waihroa’s flood managed zone (Figure 3-2) (obtained 

from an AgriBase survey conducted by ECan and AsureQuality in April 2015). The data obtained are 

presented in Figure 4-5 below.   
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Figure 4-5: AgriBase 2015 survey dataset for properties intersecting the Lake Ellesmere/Te Waihora 
flood zone.  

 
Figure 4-6: Land-use activities in the Lake Ellesmere/Te Waihora catchment. (McCallum-Clark, 
Maw, Painter, & Robson, 2014)  
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Based on the 2015 AgriBase survey, there are 134 properties situated within Lake Ellesmere/Te 

Waihora’s flood zone and 21 different types of land use. A target sample set of 30 properties out of 

the 134 was initially deemed appropriate for the scope of this research. At the same time, it was 

deemed appropriate to cap the sample set size if a point of saturation is reached prior to reaching 

the target. A point of saturation occurs when no new themes emerge within six consecutive 

interviews or when the target cannot be reached within a reasonable timeframe (Saunders et al., 

2017), which for this research is 3 months.  

The concept of data saturation is used widely in qualitative research and it refers to the stage in 

research where no new themes are emerging. It sets the justification for discontinuing data 

collection (Saunders et al., 2017). Unlike quantitative studies, in qualitative research more data 

collected does not necessarily translate into more reliable information, as frequencies are not 

perceived as crucial (Al-Busaidi, 2008). Frequencies are not often significant in qualitative research, 

as a single occurrence of the data is potentially as valuable as the reoccurrence of many for obtaining 

insight on processes behind a topic (Manson, 2010). Qualitative data collection that revolves around 

studies of perception need to ensure that the sample is large enough to cover a range of potentially 

diverse opinions. However, large data can become repetitive and ultimately unessential (Manson, 

2010).  

The target sample was not reached within three months; however, a point of saturation was 

reached, bringing the completion of the interview phase after interview no. 18 as no new themes 

emerged within the last six consecutive interviews.  

To ensure that the data collected is representative and reliable, the sample was chosen based on a 

stratified sampling approach. Stratified sampling is a method of probability sampling that involves 

the categorisation and division of the population of interest into different strata or subgroups, where 

a sample is selected via a simple random sampling method (Suresh, Thomas, & Suresh, 2011). 

Initially, the communities within Lake Ellesmere/Te Waihora’s flood zone were divided into different 

strata based on the decade of the anticipated effect (i.e. year 10, year 20, year 30 etc.). However, this 

categorisation and divisional approach was abandoned as the inundation maps showed insignificant 

spatial variation between individuals to group them in relation to increasing lake water levels.  

In this research, the lakeside communities were divided into groups based on the type of land use 

(i.e. dairy, sheep and beef, orchard, etc.) and the orientation of their property in relation to the lake 

(i.e. west, north, east, etc.).  

https://research-methodology.net/sampling/probability-sampling/
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The 2015 AgriBase survey did not include the Upper Selwyn Huts, the Lower Selwyn Huts or the 

Greenpark Huts settlements. To ensure that residents and property owners of the Huts are included 

in this research, door-to-door invitations were delivered.  

All of the interviews conducted were audio recorded. The recorded responses were transcribed and 

categorised by the predetermined indicators of adaptive capacity and social sensitivity, outlined 

earlier in this chapter. The interviews conducted with members of the lakeside communities were 

undertaken confidentially, by assigning an identifying code to each participant and keeping a 

separate list in a separate and secure location that links the codes to the names of the participants. 

For the interviews conducted with the professional experts, consent was given by each participant to 

reveal their name and the organisation they were representing. Research information sheets (refer 

to Appendix C) and consent forms (refer to Appendix D) were sent out amongst the invitations 

delivered by mail, door-to-door delivery and emails. The consent forms consisted of a summary of 

the research as well as the research’s aims and objectives and a brief outline of the reason for the 

invitation and the role that the potential participant would play in this research. A copy of these 

consent forms was taken to each of the interviews and discussed with the participants before 

commencing the interviews.  

4.5 Summary 

The quantitative risk assessment undertaken in this research consisted of estimating the increase in 

Lake Ellesmere/Te Waihora’s current winter and summer opening trigger levels in response to future 

sea-level rise. The estimations are based on MfE’s guide for assessing risk associated with sea-level 

rise for planning and decision-making purposes over the 21st century (MfE, 2008). ArcMap GIS 

software was used to visualise the anticipated risk. Adjacent land and communities at potential risk 

were identified through this assessment. A sample was selected from the lakeside communities that 

had been identified to be at risk and from the Lake Opening Protocol Group to assess their views and 

their level of preparedness to the projected risk of lake water level rise.  
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Chapter 5 

Results 

This chapter presents the key findings gathered during the interviews phase of this research carried 

out with professionals/decision-makers and members of the lakeside communities between 

December 2015 and February 2016. The key finding have been categorised into the indicators chosen 

in Chapter 4 of this thesis (i.e. awareness/knowledge, adaptation intentions, risk perception and 

experienced exposure) to explore adaptive capacity and level of preparedness at both the private 

property level and the local government level to the anticipated effects of sea-level rise on Lake 

Ellesmere/Te Waihora.  

5.1 Lakeside communities  

As stated in the previous chapter, interviews were carried out with 18 participants from the 

communities residing within Lake Ellesmere/Te Waihora’s flood zone. The 18 participants included 

sheep and beef farmers (7 participants), dairy farmers (4 participants), beekeepers (1 participant), 

crop farmers (1 participant), lifestyle block property owners/residents (2 participants) and Huts 

residents (Greenpark Huts ( 1 participant), Lower Selwyn Huts (1 participant) and Upper Selwyn Huts 

(1 participant) from the north, north east, north west, west, east, south west and south east side of 

the lake. The interview questions that members of the lakeside communities were presented with 

are outlined in Appendix A.  

5.1.1 Awareness  

The first set of questions aim to explore the participants’ general level of awareness of:  

 the climate change induced sea-level rise;  

 the operation of the lake’s opening regime;  

 the connection between the sea and the lake and how that relationship might change and 

affect them in the future; and 

 general subtle changes of the local climate over the past decade or so.  

Once the initial response of the participants was received, they were then presented with the maps 

created prior to the interviews as part of the quantitative risk assessment of this research and with 

ECan’s map showing the lake’s flood zone. The maps aimed to explore further what the participants’ 

thoughts are on the situation at hand, in terms of whether they have thought about the potential of 

the lake receding landward over time as a result of sea-level rise prior to participating in this 

research.  



47 

Seventeen of the participants understand the operation of the lake-opening regime and are aware of 

the current opening level threshold. Moreover, they understand that the sea conditions do affect the 

ability to open the lake. Of those seventeen participants, one participant mentioned that they have 

been out during the opening process to observe. Sixteen of the eighteen of the participants 

mentioned that they receive emails from ECan informing them when the lake is opened and closed. 

Most of the participants mentioned that they can just tell whether the lake is open or closed by 

inspecting the drains on-site.  

If they don’t open the lake it affects us because it brings the water table 

quite high and again the water can only go so far. The water table here at 

the moment is about 800 mm to a metre below ground level, but when it’s 

shut and they don’t open it, it can be 300 mm. The water hasn’t got up 

above ground level yet but it has been close. (Participant 1) 

In terms of subtle changes in local climate, Seventeen of the eighteen participants mentioned that 

they have been experiencing drier climate and more frequent “good winters” in comparison to the 

late 1990s and early 2000s.  

None of the participants had seen ECan’s Lake Ellesmere/Te Waihora flood-zone map prior to 

participating in this research, but all of the participants are aware that they are residing on flood-

prone land that was at one point covered by water and part of the lake’s bed. 

We knew exactly what we were getting into when we bought the place. We 

knew exactly what we were doing when we moved here, and the plants we 

planted don’t mind wet feet because they’re hazelnuts and that was part of 

the reason why we came here because they don’t mind having wet feet for a 

week. (Participant 8) 

Five out of the eighteen participants bought their property on the lake edge as a swamp and drained 

it in order to be able to farm on it, while nine participants had to build drains as soon as they bought 

their property to reduce the risk of flooding. 

When I first came here I spent a lot of time digging out all the roads because 

all the pipes were collapsed and there was no water getting through. I also 

dug a big hole, a duck pond, and all the water goes down to that then 

through the drain and out to the lake. It certainly has made a huge 

difference to this place because it was extremely wet and now it’s great 

because the water can now be drained. (Participant 9) 

Once the participants were presented with the maps showing the anticipated increase in the lake’s 

water level over the next 10 to 100 years in response to sea-level rise, seventeen out of the eighteen 

participants stated that the information presented in front of them is not new to them and that they 
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are fully aware of the possibly of the fact that it might get harder to open the lake. However, only 

one  of the participants linked the increase in the lake’s water level to future sea-level rise. Sixteen of 

the eighteen participants linked the increase in the lake’s water level to storm events, earthquakes 

(subsidence of adjacent land), changes in local climate and change in the current lake management 

priorities (i.e. opening the lake at higher than the current level for the purpose of improving the 

lake’s water quality) and funds (i.e. no government subsidies). Nevertheless, seventeen of the 

eighteen participants said that they understand the logic behind how sea-level rise might suggest 

increasing in the current lake opening level set under the WCO to maintain the current hydraulic 

gradient between the lake and sea required to achieve successful openings.  

5.1.2 Experienced exposure  

The second set of questions aimed to explore the participants’ past experiences with flood events 

and the actions that were taken at the time to mitigate associated adverse effects on their property. 

The latest major flood event that the land adjacent to Lake Ellesmere/Te Waihora has experienced 

was back in 2013, where the flood levels reached 1.8 m.a.m.s.l. The participants were also asked 

specifically about the 2013 flood event.  

Seventeen of the eighteen participants stated that they have experienced flood events in the past. Of 

those seventeen participants, three participants described some of those flood events to be major in 

nature. When asked specifically about the 2013 flood event, only one of the three participants 

considered it to be a major event. Participants from the north side of the lake stated that the 2013 

flood event affected them more severely than it affected communities on the west and east sides of 

the lake due to a combination between land elevation and soil type. Nine of the eighteen 

participants mentioned that soil type varies significantly around the lake and it affects how fast the 

water is drained. Properties located further down west of the lake edge have better drainage due to 

highly permeable soil according to Participant 1, who said, “It’s very porous here, it’s gravely and not 

clay or anything like that.” Participant 3 mentioned that “over the north side of the lake you can get 

up to half a metre to a metre depth of clay that affects the drainage in the area”. The variation 

between the participants’ responses also depended on what they considered to be a major flood. 

The severity of the flood event depended on previous experience and overall financial loss. The 

financial loss experienced by different participants from the same flood event depended on 

preparedness, in terms of having a management plan in place to reduce impacts of such major flood 

events, financial situation and occupation, and type of land use. A farmer who owns property on the 

west side of the lake said: 
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You see you’re talking about the 2013 flood, but we really didn’t get 

affected. I mean a lot of water came through for sure but nothing got 

damaged. We had quite a good river going through the place, but again 

everything just went through the duck pond then out through the orchard 

where I got bridges and water went straight out. (Participant 1) 

Another farmer from the west side of the lake said, “No damage at all, I mean you take your stock 

away and you don’t damage, you don’t bog up the paddocks” (Participant 2). On the other hand, a 

beef and sheep farmer from the north east side of the lake was one of the few to describe the 2013 

flood as a major flood event: “We lost about 30 to 40 hectares of productive land and we didn’t have 

a place to relocate and lost some stock that year” (Participant 3). Two of the eighteen participants 

went through the Wahine storm in April 1968, including Participant 3, and thus subsequent flood 

events are not considered anywhere near major in comparison. Furthermore, seventeen of the 

eighteen participants commented on how they are experiencing less frequent and severe flood 

events due to “good winters” and very dry summers, and a much lower and drier Selwyn River. Some 

of the participants stated that the volume of water running through their drains has decreased 

significantly over the years. Box 5.1 below summarises a few quotes gathered from various 

participants regarding the subtle change in the local climate experienced over the past decade. 

Box 5.1: Summary of quotes gathered during the interviews with members of the lakeside 

communities addressing changes to the nature of flood events and regional climate.  

 
In the 80s and 90s we probably had more flood events in relation to the 

lake then we do now, mainly the water would come down the Selwyn. 

The water in the Selwyn is nothing like it was when we were kids. There 

used to be good swimming holes in there when we were kids. A lot of kids 

learned how to swim down there back in the sixties. (Participant 12) 

Streams don’t flow any more, especially the hammer drain. I mean it only 

flowed for less than a month this year. When we first came here it use to 

flow all year round and there used to be trout in it. Now it’s lucky if it 

flows two months a year. (Participant 10)  

I don’t think we could do too much damage here really, I mean when you 

look at the floods they had in ’45, most of this place was still above 

water. (Participant 13) 

In the time, the 23 years that we have been here it’s a lot dryer than 

when we first came here because Coe’s Ford would be closed due to the 

flooding maybe three to four times a year, whereas I don’t think it was 

closed once this year, maybe once at most last year when the water came 
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up. (Participant 15) 

This year and last year we didn’t really have wet winters, we started in 

spring and were able to cultivate early, which I haven’t been able to do 

for years, so it’s hunky dory really … We dug and improved drains over 

the past two years, but they haven’t had the chance to prove themselves 

yet as the past couple years have been quite dry. (Participant 18) 

This is the first year that our ditches have been completely dry. We 

always had water in our ditches. Ditches were dry last year but not as 

early as this year … Before the bridge was there it would have happened 

quite few times every year didn’t happen at all last year. (Participant 7) 

 
Five of the eighteen participants stated that the financial loss from experiencing a flood event 

depends on the type of the land use that is being impacted. A beekeeper from the west side of the 

lake said, “Flooding of my land does not affect our honey harvest” (Participant 16), while crop 

farmers from the west and east sides of the lake stated that “with crops you can’t really do much 

when the land is under water. Unlike stock farms, we cannot relocate the crops, so we expect to lose 

our entire yield if we were to flood” (Participant 17). Moreover, three of the farmers interviewed 

stated that farming is one of the many sources of income they have, so it balances out any financial 

losses they might experience. Four of the farmers stated that farming on the land at risk is their main 

source of income, and most of them don’t have the option of relocating stock to higher ground when 

it is necessary. Six out of the seven sheep and beef and dairy farmers interviewed, stated they have 

reduced stock numbers on the properties at risk over the years to reduce financial losses during flood 

events and to ease the process of relocating the stock when necessary.  

Participants from the Upper and Lower Selwyn Huts stated that the 2013 flood event affected them 

to a point where they did consider evacuation for the first time in five years:  

During the 2013 flood event, I could see the groundwater seeping up from 

underground and it has flooded our backyard, nearly coming through into 

the backdoor into our bedroom. (Participant 5)  

Another Huts resident said: 

We live in the Huts for the lifestyle and because we don’t have the financial 

means to live elsewhere, especially living on the pension. The majority of the 

Hut’s permanent residents are over 65 years of age and relocation is not 

always easy, but we are a tight-knit community and we always help each 

other’s out. (Participant 6)  
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5.1.3 Level of concern/perception of risk  

The third set of questions aimed to explore the participants’ perception of risk and level of concern. 

In general, the level of risk amongst the participants was perceived to be low, with fifteen of the 

eighteen participants stating that higher lake’s water levels and alteration to the current opening 

level of the lake is not of any concern to them. Although none of the participants disputed the 

projections on the maps presented to them earlier in the interviews, the majority of the participants 

stated that they couldn’t simply foresee change in the future when no major change has occurred 

over the past decade, and they believed that there are a variety of options available at the wider lake 

management level that haven’t been totally exhausted or tried yet (i.e. some have suggested the 

construction of a permanent outlet).  

The maps are showing that the lake is going back to its original level, that’s 

not news to me. I can see it happening but it does not concern me because 

we can manage it. In the Netherlands they do, so I can’t see a reason for us 

not to be able to do so. (Participant 11) 

Probing questions followed to explore the reason behind the general lack of concern and low 

perception of risk amongst the participants, and answers varied from aspects such as age and 

financial status to disbelief in the possibly of any major changes occurring over the next 20 years. The 

majority of the participants stated that they are not concerned or interested in effects beyond 20 

years into the future as it’s considered to be outside their lifetime. 

I really don’t think it’s going to affect us in our lifetime. I don’t think in 10 

years’ time we will be setting in anything different than what we’re setting 

in now because it hasn’t changed in the last 100 years, so why should it 

change in the next ten years? (Participant 13)  

Some of the participants stated that if any changes were to occur, they will be temporary in nature.  

If it happens there is not much we can do about it, the whole world would 

change. You get good years and you get bad years. The last couple of 

winters have been the best winters we ever had mainly because it has been 

so dry and we can only hope that it stays that way. (Participant 11)  

Some of the participants even described the 2013 flood event to be rare in nature and thus wouldn’t 

expect it to occur again in the near future. 

It was the set of circumstances. The Selwyn, the rain and the lake pressure 

all come into it. All the ducks were in a row and that may never happen 

again for another 20, 30 years. (Participant 12)  
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On the other hand, five of the eighteen participants stated that there is no point to be concerned 

because they have taken all the necessary precautions and have prepared and planned for such flood 

events from past experiences.  

I’m not concerned because I have lived here all my life, I got hay for the next 

three years ahead and got shelter. I made my mind many years ago on how 

to handle it. (Participant 2) 

Seven of the eighteen participants said that they are not concerned about the effects of sea-level rise 

because they are more likely to experience the adverse effects of other natural disasters and hazards 

such as earthquakes and southerly storms before encountering the effects of sea-level rise. A few 

participants are simply not concerned as they don’t believe that the lake’s environmental value will 

be under threat, and that’s what they care about the most. 

I am not really concerned about it because if you’re taking the history of the 

lake as from a Ngāi Tahu or Māori perspective, the lake was far bigger and 

it was drained through the settlement and so there was a lot of wetlands 

and scrublands lost and big change in the environment so I guess in the 

future, economically it’s an issue but environmentally perhaps less so. 

(Participant 6) 

Five of the eighteen participants said they are concerned about how sea-level rise and lake-level 

increase is going to contribute to the decrease of their property value. Of those five participants, two 

participants said they are already struggling to sell their land. When asked about concerns they might 

have in regard to insurance and an increase in their current rates contribution going towards opening 

the lake more frequently than the current rate, only very few said that these aspects concerned 

them.  

Five of the eighteen participants stated that they are concerned about the potential of flooding of 

properties that have subsided after the 2011 earthquake event and the potential increased 

frequency of flood events as a result of the Central Plains Water Enhancement Scheme.  

I thought that it was meant to get wetter down here when the central plains 

irrigation scheme starts. There is an argument out there about the scheme 

that we will be getting back swamp lands and rushes around the lake edge. 

Things have been changed for our irrigation, which I understand, but if there 

is an awful lot of rain one year and they got a catchment that is overflowing 

and they let it go, what’s going to happen down this end? I would say we 

possibly might be in trouble. Nothing has changed yet for us but it’s always 

something at the back of your mind when they start developing things like 

that. (Participant 7)  
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Some of the participants stated that they have noticed subsidence on their land after the 2011 

earthquake: “It has changed since the earthquakes though. There are areas that didn’t use to flood 

that flood now. Nothing got pushed up, everything went down” (Participant 11).  

When some of the farmers who are heavily involved in the Waihora Ellesmere Trust and drainage 

committees were asked about the potential reason behind the general lack of concern and low 

perception of risk amongst the lakeside communities, they have stated that the lack of concern could 

be due to not having a major flood event since 2013 and having “good winters”, which has made 

people feel more secure.  

When you meet up with a wet winter, everybody shows up to drainage 

committee meetings. Apart from that they don’t really care. A good one was 

after the earthquakes, the major bank subsidence and the Halswell River 

flooded, people in Halswell had no idea about how the Halswell River works 

and things like that. The meeting we had after that because of the damage 

that happened after the earthquake to increase their rates to pay for river 

clean up and things like that, I think we had about 80 people turn up, where 

we usually would have around 13 at the meeting. This is the only reason 

people attend community meetings and become more aware. Until 

something majorly happens they really don’t care. (Participant 14)  

Moreover, the risk maps didn’t seem to have an effect on the level of concern amongst the lakeside 

communities, where the level of concern that the participants expressed at the start of the 

interviews did not change once the participants were presented with the risk maps. The only concern 

the participants had was the potential negative impact of publishing such maps on their property’s 

value.  

5.1.4 Adaptation intentions and on-site management plans  

The last set of interview questions aimed to explore the participants’ intentions to adapt and the 

current plans in place to manage the effects of potential future flood events on their properties in a 

manner that will reduce the impact of any potential adverse effects as much as practical. The 

participants were presented with three adaptation options – to retreat, to accommodate or to 

protect – which they were asked to choose from, in terms of which option appeals to them more.  

Two of the eighteen  participants chose the retreat option over the other two adaptation options. 

However, the term retreat in this research does not just refer to managed retreat but also reactive 

retreat. The term was left for the participants to interpret, and seventeen of the eighteen 

participants did interpret the option of retreating to be equivalent to taking no action (i.e. proactive 

retreat rather than planned and managed retreat). 
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I will stay here as long as I can. It all really depends on the cost of the 

defence structure and how much we would be contributing to it. At this 

stage in our lives and at my age, changing the current land use is not 

practical. I can only graze it, that’s about all I can do without going to a 

great lot of trouble. I mean unless it got to be cost effective to grow rice or 

something like that. It’s something I would consider but it’s got to be cost 

effective. (Participant 4)  

In terms of management plans and level of preparedness to the anticipated effects of sea-level rise 

on Lake Ellesmere/Te Waihora, participants were asked to rate their level of preparedness from 1 to 

5 (1 = Not feeling prepared at all; 5 = Feeling very prepared), and they were asked about the plans 

they have currently in place for responding to flood events. Initially when the participants were 

asked about current and future management plans, Ten of the eighteen participants addressed the 

question at the catchment/lake scale rather than at their property scale, where some have suggested 

that the best option in the future would be to manage the lake in the same manner that the Ahuriri 

Lagoon is currently being managed – by constructing a permanent outlet and using pumps when 

necessary. A few of the participants mentioned a project carried out in the Netherlands of a very 

similar nature to Lake Ellesmere/Te Waihora and believe that we need to get experts from the 

Netherlands to try and implement the project here.  

We need experts from overseas to go over to assess the cost of a permanent 

opening. It has been carried out successfully in the Netherlands and I don’t 

see why we can’t implement the same solution here. (Participant 11)  

Probing questions followed to explore what management plans the participants had to protect their 

own properties from flood events.  

Eleven of the eighteen participants gave a rating of 3 out of 5 for preparedness and the remaining 7 

participants gave a rating of 4 out of 5. The majority of those who gave a rating of 4 out of 5 stated 

that being prepared comes down to the concept of “farming accordingly”, having good drainage and 

knowing when to move the stock and where to place them. 

Your farm is already under water. It’s just what stock you got where and 

how you manage your stock when it does happen. When the Wahine storm 

went down, I noticed where all the ponding bits were and I got a map of the 

farm and marked them down. (Participant 18)  

Most of the farmers stated that over the years they have reduced stock numbers on their property 

and consider further reduction in the future.  
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We did a SWOT [strengths, weaknesses, opportunities, and threats] analysis 

a year ago and the lake was the big threat because we can’t control it. We 

have changed our management over time to do with the animals, and if 

we’re still here then currently we’re looking at the idea of downsizing and 

having a smaller farm. Going back 10 years ago we probably had around 

200 cows during the winter. Now the farm is stock free from June to 3rd of 

July. (Participant 15)  

5.2 Professional experts/decision makers  

Ultimately the effective management/adaptation of the effects associated with the potential 

increase in the lake’s water level as a result of sea-level rise will require collaboration between 

decision makers and members of the communities at risk. Thus, it was deemed necessary for the 

scope and purpose of this research to undertake interviews with planners, managers, engineers, 

scientists and iwi representatives from Ngāi Tahu, ECan and SDC who are either directly or indirectly 

involved/or have been involved in the decision-making process for managing the current operation 

of the lake’s opening regime and/or the decisions around the general management of the lake as a 

whole. The decisions made at the local government level will influence actions taken at the private 

property level and vice versa. The interviews carried out with the professionals/decision makers aim 

to explore the general level of awareness and perspective on the future management of the lake 

(including the future operation of the lake’s opening regime) at the local government level. Overall, 

five  experts were interviewed. The interview questions these participants were presented with are 

outlined in Appendix B.  

5.2.1 Level of awareness and risk perception  

When the participants were presented with the future lake level maps, all eighteen participants 

stated that they were aware of the possibility of having to increase the current lake opening trigger 

level as a result of sea-level rise prior to participating in this research.  

We know from experience, Mike Kit who has opened the lake for the past 25 

years and from his on-ground experience that it’s getting harder to open the 

lake. In the future we will need to open the lake at higher levels, which will 

obviously impact the lake margin and people that live around it. There is 

more chance in the future that there could be more flood events, it will 

happen slowly over time but it’s definitely moving towards a higher 

operation level. (Leigh Griffins, ECan)  

As the mean sea level increases, we will struggle with that gradient out of 

the lake. The opening level will probably have to increase over time as the 

mean sea-level rises otherwise we won’t have the gradient to do it and in 

time we all will have to look at mitigation around the effects of high lake 
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levels. That might be that some of the farmers very close to the lake level 

will have wet feet more often than what they do now. (Murray Washington, 

SDC)  

Nine of the eighteen participants stated that there are numerous uncertainties around the science of 

climate change and sea-level rise, and in this case uncertainties exist around how the lake will 

respond to future sea-level rise. 

The relationship between the sea and the lake and the potential effects of 

sea-level rise on the operation of the lake’s opening is not as simple as it 

may seem. Aspects such as sediment transportation and a full analysis of 

the current hydrological cycle and future potential changes to that 

hydrological cycle due to both climate change and new policies and 

regulation coming into place in the Selwyn District such as the Central Plains 

Irrigation Scheme will be required. (Justine Cope, ECan)  

Some of the participants have stated these uncertainties have hindered and will continue to hinder 

proactive planning and management. 

We are going through a district plan review at the moment which would 

take 3 to 7 years and I suspect that there will have to be consideration of 

flood levels in those, and we have to be very careful about that because as 

soon as we identify the lands that will be flooded under these extreme 

conditions, it goes on people’s LINZ [property report] and unfortunately may 

affect the evaluation of their property so we’ve got to be careful with the 

information we’re putting on that it’s actually relatively accurate or as 

accurate as can be and that’s the problem with sea-level rise. (Murray 

Washington, SDC)  

In terms of the future management of the lake and opening regime, sixteen of the eighteen 

participants agreed that a cost–benefit analysis is required to determine whether to promote 

managed retreat, alteration of the current land use, and/or the building of flood protection 

infrastructures (including constructing a permanent opening). 

If there is going to be a future connection between sea level and lake level, 

any physical flood mitigation work is going to be at risk of becoming 

obsolete the higher the lake level goes. The structures will only have limited 

lifespans so the question’s got to be asked – are the assets you’re trying to 

protect worth protecting? (Justin Cope, ECan) 

However, most of the participants favoured managed retreat and alteration of the current land use 

over the building of flood protection infrastructure. Some of the participants have stated that the 

future management of the lake will not only depend on the results of the cost–benefit analysis, it will 
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also depend on the range of values (social, cultural and environmental) of the lake and how the 

priorities of these values at both the communities level and the local government level change over 

time. 

There has been a physiological change that has been occurring over the last 

decade, where the river engineers and the engineers that open the lake 

have shifted from a flood management perspective to certainly in the last 

five years a view that, right, we have reached the level now we need to have 

a conversation about if we open, what values would be enhanced and what 

values would be affected, and if we delay or not, would we get a better 

outcome. (David Perenara-O’Connell, Ngāi Tahu representative at ECan)  
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Chapter 6 

Discussion and Conclusion  

The sea level is rising and it will continue to rise for at least this century. Some coastal communities 

around New Zealand have already been forced to retreat and take a reactive response to sea level 

rise. However, that does not have to be the case for the communities of Lake Ellesmere/Te Waihora. 

Unlike other natural hazards, sea-level rise is gradual and foreseeable, thus it is crucial to start 

planning for the future as soon as possible to reduce the impacts of the adverse effects associated 

with sea-level rise. Quantitative risk and qualitative vulnerability assessments are highly useful in 

their ability to gauge the effects of anticipated sea-level rise only on the central government and 

regional and city councils but also on individuals within the communities at risk (Hart, 2011; Russell & 

Griggs, 2012).  

This chapter discusses the findings of the quantitative risk and qualitative vulnerability assessments.  

6.1 Community displacement  

The lowest existing floor level development around Lake Ellesmere/Te Waihora is the Lower Selwyn 

Hutt’s floor level which is set at 1.5 metres above current mean sea level. This floor level marks the 

first trigger level in ECan’s current flood management procedure for the Lake Ellesmere/Te Waihora 

area (Waihora Ellesmere Trust, 2013). Based on the results of the quantitative risk assessment and 

assuming there is no change to the current winter opening trigger level of 1.13 m.a.m.s.l., the 

minimum allowable artificial opening trigger level at which the lake can be opened during winter will 

be approximately 1.5 metres above current sea level by 2065. This marks the first point in time 

where a potential forced community displacement might occur. In the short-term future, the gradual 

increase of the lake’s opening trigger level means high average lake water levels which are expected 

to increase the risk, duration and intensity of temporary flood events.  

The results of the quantitative risk assessment confirm the need for local government to start 

integrating the potential effects of sea-level rise into their regional and district plans to manage 

activities in areas around Lake Ellesmere/Te Waihora identified to be at potential risk of flooding. 

However, given that no significant increase in the lake’s opening trigger level is anticipated to occur 

until 2065, the current individuals within the lakeside communities that have been identified to be at 

potential risk of flooding might not need to consider the option of a proactive action in the form of a 

managed retreat as initially anticipated. Yet, preparing for more frequent and intense flood events in 

the short term might be necessary to minimise damage associated with these events.  
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Given that the estimated increase in the lake’s opening trigger levels does not consider the current 

effects of wind or future climate change effects on the local climate (temperature, wind intensity, 

rainfall events) or on local coastal erosion, forced displacement of communities could occur much 

sooner than anticipated. Future assessment of the effects of climate change on the lake’s 

hydrological cycle will be required to provide more precise estimates of future risk.  

6.2 Willingness of communities to prepare for future sea-level rise  

The impacts of future sea-level rise (i.e. increase in the lake’s water levels) and associated natural 

disasters (i.e. more frequent and intense flood events) on the communities at risk can either be 

inhibited or catalysed by their level of preparedness. The communities’ level of preparedness is 

fundamentally determined by the lessons learned that community has learned from past natural 

hazard events (i.e. floods). Although the land adjacent to Lake Ellesmere/Te Waihora is known to be 

a high-risk flood zone, the lakeside communities have not experienced a major flood event since 

2013, and even then the flood event was not considered major to those who have resided in the area 

since the 1940s, 50s and 60s. This demonstrates a low level of preparedness amongst the lake-side 

communities. Overall, the Canterbury region has seen a gradual increase in temperature and a 

decrease in heavy rainfall events over at least the past decade. These local climate variations are 

represented by an increased risk of drought and an increased demand in water for irrigation as well 

as a decrease in surface water flows (including the flows of the tributaries discharging into Lake 

Ellesmere/Te Waihora) across the region.  

The results of the qualitative vulnerability assessment indicate that amongst Lake Ellesmere/Te 

Waihora’s lakeside communities, the level of awareness and knowledge is higher than the level of 

concern giving them a lower perception of risk. This relatively low perception of risk was reflected in 

the answers given by most of the participants when they were asked about their preferred 

adaptation option. Most of the participants chose managed retreat as their preferred adaptation 

option over protection and accommodation. However, it became clear during the interviews that 

managed retreat was chosen as it was seen to require less action and effort in relation to the other 

options, meaning this option was chosen out of apathy to adapt. It was noted that the managed 

retreat option was misinterpreted for “taking no action”, where most of the participants clarified 

that they would only consider relocating only if they considered themselves forced to. This form of 

adaptation response is described in the socio-cognitive model (Grothmann & Patt, 2003) as a 

maladaptive response. Maladaptive responses are often chosen over adaptive response when risk 

perception is high, but perception of adaptive capacity is low. In this case, age, attachment to 

occupation, and experience gained from exposure to past events played a crucial role in influencing 

how the participants viewed their own adaptive capacity. The DROP model (Cutter et al., 2008) 
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emphasises that past experiences play a fundamental role in motivating an individual to take 

proactive measures to prepare for future hazard events. The responses received during the 

interviews demonstrated otherwise because those interviewed who had resided near the lake for 

decades and experienced a range of flood events perceived themselves as having high adaptive 

capacity due to their past experience with damage associated with flood events. However, as the 

DROP model (Cutter et al., 2008) presented in Chapter 3 illustrates, preparedness enhancement is an 

ongoing process. If a community does not continue to enhance their level of preparedness, then their 

adaptive response will become outdated, decayed and inefficient for absorbing the shock of future 

events. Most of the responses indicated a low perception of potential harm as most of those who 

were interviewed could not envision the anticipated effect of sea level rise occurring within their 

lifespan.  

The lack of concern amongst Lake Ellesmere/Te Waihora’s communities becomes even more 

apparent through the responses received regarding their preferred adaptation option/pathways. 

Prior to the interviews taking place with the members of the lakeside communities, it has been 

assumed that participants who would choose accommodation and retreat over protection as an 

adaption option would be the ones who are likely to be more prepared and adapt better to the 

anticipated changes to their surrounding environment. However, this was proven not to be the case. 

The majority of the participants that chose managed retreat over the building of flood protection 

infrastructure have misinterpreted the option and chose it simply because they lacked interest, 

underestimated risk, did not believe in climate change. This was because managed retreat option 

presented itself as the option with the least effort and action to be taken. The majority of those who 

chose managed retreat stated that they don’t think they will ever reach a stage within their lifetimes 

where they have to choose this option and that they are willing to take the risk and stay on their 

property for as long as they can rather than acting proactively. Those interviewed were willing to 

take the risk of being forced to retreat, with some stating that if they were ever to choose to migrate 

elsewhere it would be due to the financial burden involved with farming near water bodies in the 

region as they held concerns over the effects of agriculture on water quality at both the national and 

regional scale and not because of concerns over the potential impacts of sea-level rise and increasing 

lake water levels. This showed that those interviewed value environmental sustainability in the form 

of maintaining water quality though this concern only arose after the threat of financial loss became 

apparent. 

The participants that chose protection over the other two options chose it mainly because they 

believe that the assets which they are trying to protect are worth protecting and they were willing to 

contribute financially towards the building of flood protection infrastructure. The findings indicated 
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that these participants were not necessarily concerned about the anticipated effects of future sea-

level rise, but they had strong attachment to their place and their occupations, and they planned on 

passing their land and occupations to their following generations. The participants who chose the 

protection option highly value the continuation of their farming culture to the point where they are 

willing to absorb the financial cost of flood protection infrastructure. 

These findings indicate that the participants who chose accommodation over protection and 

managed retreat showed interest in the range of values that the lake holds and believed that 

opening the lake at higher levels could be beneficial for improving the water quality in the lake. 

These participants demonstrated improvisation and creativity and an overall willingness to adapt 

their lifestyles to increasing lake water levels in contrast to those participants who chose protection 

who were unwilling to change their lifestyles.  

6.3 Future lake management  

A hard engineering approach might be required to facilitate the continuation of artificially opening 

the Lake Ellesmere/Te Waihora to the sea at the current opening trigger levels. However, the 

promotion of this adaptation option over a proactive managed retreat option or the accommodation 

option might be hindered by the shift in environmental management and attitudes seen regionally 

and nationwide over the 20th and 21st century. As discussed in Chapter 3, the management of the 

lake’s opening regime has evolved significantly since the significance of the lake’s wildlife habitat was 

formally recognised internationally and nationally through the National Water Conservation (Te 

Waihora/Lake Ellesmere) Order 1990. In the meantime, New Zealand as a whole has seen a shift in 

environmental management and attitudes towards managing land-use intensification and improving 

water quality. Today, more than 1.14 million dollars has been spent on restoring the lake’s wetland 

and swamps margins and improving the lake’s water quality (Hughey , Taylor, & Ford, Te 

Waihora/Lake Ellesmere State of the Lake 2017, 2017). Whilst the local government has regulatory 

responsibilities to protect the adjacent lands of Lake Ellesmere/Te Waihora from flooding, it also has 

regulatory responsibilities to maintain and improve water quality throughout the region.  

Lake Ellesmere/Te Waihora is co-governed and is valued by various groups for various reasons. The 

opening regime plays a fundamental role in serving these values. While the lake managers have 

attempted over the years to operate the opening regime in a manner that will provide and cater for 

all of these values, lower trigger opening levels seek to only provide for landowners of the land 

adjacent to the lake with protection from flooding. The professional experts interviewed indicated 

that a higher opening trigger level might be highly beneficial for the lake’s ecological values. The 

experts’ responses indicate that managed retreat might not only be the best option for the lake’s 
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health but also for adjacent landowners as the use of flood protection infrastructure might become 

less financially feasible. Financial loss experienced by the communities of Lake Ellesmere/Te Waihora 

will only get worse due to more frequent and intensive flood events. However, a thorough cost–

benefit analysis should be undertaken in order to better understand this financial loss.  

Lake Ellesmere/Te Waihora’s artificial opening regime plays a fundamental role in facilitating fish 

migration and maintaining water quality, the increase of the opening trigger levels will be beneficial 

to the lake’s ecological health. However, this increase of opening trigger levels would have 

detrimental effects on adjacent properties, drains, and infrastructure and land-use activities 

(Renwick et al., 2010). 

The results of the interviews undertaken with the professional experts indicate that SDC and ECan 

are at the early stages of planning to provide for the effects of sea-level rise in their district and 

regional plans and accounting for the effects of sea-level rise in the lake’s flood-zone hazard maps 

shown in Figure 3-2. To date, the progress of publishing hazard maps and projecting future sea-level 

rise around the Lake Ellesmere/Te Waihora has been greatly hindered by the uncertainty around the 

science of climate change and sea-level rise and how the lake’s natural processes will respond to 

these changes. Due to this perceived uncertainty, the experts are reluctant to request changes to 

district and regional plans and local flood maps from these scientific observations due to their 

knowledge that these changes would result in a decrease in housing values around Lake 

Ellesmere/Te Waihora’s area, resulting in a backlash from existing landowners in these communities.  

The management of Lake Ellesmere/Te Waihora and land-use activities across the catchment has 

changed significantly over the 20th and 21st century. Firstly, the significance of the lake’s wildlife 

habitat was recognised internationally and nationally with the passing of the National Water 

Conservation (Te Waihora/Lake Ellesmere) Order 1990. Since then, multiple values were 

acknowledged, which triggered the need to amend the WCO in 2011 to reflect them. These values 

included ecological and cultural values. With the increasing recognition of Lake Ellesmere/Te 

Waihora’s ecological and cultural significance, the maintenance of low lake water levels might not be 

supported by the local government or the local iwi, given that the lowered water level do not 

enhance these values any form. The timings of lake openings and the artificial opening trigger levels 

at which they occur has been a source of conflict as different segments of the community are 

affected differently and have different needs and values for the lake. 

In relation to the future management of Lake Ellesmere/Te Waihora and management of land-use 

activities within the catchment, the lake managers’ responses reflect the shift in the management 

approach and environmental attitudes towards the lake documented in current literature. The lake 
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managers indicated that gains from improving the lake’s water quality and restoring adjacent 

swampland and wetlands might outweigh the gains from preventing adjacent land from flooding.  

The publication of natural hazard maps can have an unnecessarily detrimental effect on property 

values. SDC and ECan face challenges in terms of uncertainty around the signs of climate change and 

the effects it might have on property valuation which was stated by Mr Washington from SDC and Mr 

Cope and Ms Shearer from ECan during their interviews. Although primarily the artificial lake 

openings of Lake Ellesmere/Te Waihora are driven by the need to protect adjacent land use and 

communities from inundation, there has been a significant shift in the management of the lake 

where there has been an increased focus on the lake’s water quality. The experts interviewed stated 

that it is already difficult to align the opening regime with the range of values that the lake holds and 

expect it to become more challenging in the future, as higher lake levels might be beneficial for the 

lake’s water quality but not for the current adjacent land use. This shows awareness amongst the 

experts currently involved in managing the lake around the effects of sea level rise on artificial 

opening and what the challenges these effects might pose on the current management of the lake’s 

water quality.  

6.4 Conclusions and recommendations  

The original goals for this research were to determine the effects of sea-level rise on Lake 

Ellesmere/Te Waihora’s opening regime and consequently adjacent land use and lakeside 

communities, and to assess the lakeside communities’ level of preparedness to cope with the 

anticipated increase in lake’s water levels.  

The quantitative risk assessment undertaken in this research indicated that forced community 

displacement might not occur until 2065, and thus will not impact the current generation of lakeside 

communities of Lake Ellesmere/Te Waihora. However, more frequent flood events are anticipated in 

the short term that might affect their livelihood and the viability of their current use of land. While 

there is generally a high perception of risk amongst the lakeside communities, there is a lack of 

concern and motivation towards taking proactive actions driven by lack of recent experience with 

flood events and a high adaptive capacity perception.  

Whilst the anticipated increase in the lake’s water level is not expected to displace the current 

communities around Lake Ellesmere/Te Waihora, it is expected to have significant effects on future 

development in the area, which the local authorities and decision makers are aware of.  

The findings of this research suggest that future researchers will find it useful to explore the effects 

of climate change on the catchment’s local climate and coastal erosion and the lake’s hydrological 



64 

cycle to gain a more precise estimate of objective risk. In addition, it will be useful for the local 

government and decision makers to undertake a cost–benefit analysis to assess whether the worth 

of the assets that are currently being protected by the artificial opening regime outweigh the 

benefits of increasing the opening trigger levels for enhancing water quality and the lake’s life-

supporting habitat.  

Overall, the findings suggest that the indirect, cascading effects of slow-impact sea-level rise will 

need careful attention by disaster planners and may require a substantial effort to create an 

understanding of the potential consequences for those people who are likely to suffer from such 

effects. 
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 Appendix A

Interview Guide – Professional Experts (Lake Opening Protocol 

Group) 

1. What role does your organisation/iwi play in the operation of the lake opening? And how long 

have you been involved with operating the lake openings?  

2. From your experience since you have been involved in the operation of the lake openings, what 

were the major obstacles faced? And how did you respond and cope with them?  

3. What is your general opinion on the current opening regime? Do you think it’s practical or does it 

require improvement? And do you have any suggestions in mind?  

4. In your opinion, what would be some of the major obstacles that the operation of the lake 

opening might face 10 years into the future from now?  

5. What is your perspective on climate change and sea-level rise? Do you consider sea-level rise to 

be one of the major obstacles to face the operation of the lake opening in the future? And do 

you have any management plans for the future in place or are you planning to create one in the 

near future to address climate change and sea-level rise impacts on the lake?  

6. What changes are expected to be experienced in regard to the nature of future flood events 

(clarify to the participant that by nature I mean frequency and duration) as a result of sea-level 

rise increasing the level of the lake?  

7. In your opinion do you think sea-level rise poses a great threat to the current adjacent land use 

and the lakeside communities (lake settlers)? (If they do then ask) And would you be more 

inclined towards advising them about and recommending to those who are affected or could 

potentially be affected in the future various management options? Which might these be? 

Would you see building dikes and using water pumps as reasonable options? Or would you be 

more inclined towards advising them to seek an alternative land use? Or do you think they will 

just have to leave their land? Whichever options, have you made any plans or strategies to 

facilitate that process?  

8. Do the maps showing the flood zones in the Selwyn District Council Plan take sea-level rise into 

account? (If they don’t know, ask them who I could see about it.) (If they do know the answer 

and it’s a no, then ask) Do you think they should take sea-level rise into account? And do you 

think future potential lake expansion due to sea-level rise as part of the flooding hazard should 

be included in the plan maps? (If they do then ask) Is there a plan in the near future to improve 

those maps by taking sea-level rise future projections into consideration? (This question is for 

ECan and SDC participants only.)  
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 Appendix B

Interview Guide – Lakeside Communities  

1. Since you have been farming/residing here, roughly how many flood events have you 

experienced and how did you cope with them?  

2. What is your understanding of the operation of the current opening regime of the lake and its 

effects on you?  

3. What is your perspective on climate change and sea-level rise?  

4. Do you have any concerns about the potential impacts of sea-level rise on your home and/or 

business? And have you got a management plan in place or are you planning to create one in the 

near future?  

5. Have you thought about options of alternative land use for the future? If you did what are they? 

If not (then ask) what is your opinion on options such as fish farming, coastal wetland or any 

other alternative land use? (Not valid for Lower, Upper and Greenpark Hut residents.)  

(Participants will be presented with the maps and it will be explained to them what the maps are 

showing and how they were created, then the following questions will be asked.)  

6. What do you think of the map(s) and what they are showing? Were you aware that the effect of 

sea-level rise might be experienced as soon as 10 years from now? And does it change your 

perspective on the issue and/or affect any decisions you may take in the future in regard to your 

current land use?  
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 Appendix C

Research Information Sheet  

Lincoln University Faculty of Environment Society and Design, Waterways Centre Research 

Information Sheet 

 
You are invited to take part in a research project entitled “The effects of sea-level rise due to climate 

change on the current opening regime of Lake Ellesmere/Te Waihora”. As the sea level rises, the lake 

levels will rise, which will increase the risk of flooding for the lakeside communities and poses a 

threat to the viability of the current adjacent land use. The aim of my research is to examine the 

effects the change in the lake’s opening regime due to sea-level rise will have on adjacent land use 

and lakeside communities and their preparedness for coping with these effects.  

The aim of the interviews is to enable the researchers to design a questionnaire to collect data to 

further understand this topic. 

The focus group will comprise of lake settlers, members representing Te Taumutu Rūnanga, 

Christchurch City Council (CCC), Selwyn District Council (SDC), Environment Canterbury (ECan), Ngāi 

Tahu, Waihora Ellesmere Trust (WET), Department of Conservation (DOC), Fish and Game (F&G) and 

commercial fishers. It is anticipated that the pilot study will take an hour of your time. 

Participation in this study is voluntary. You may withdraw at any time, or decline to be involved in 

any part of the discussion or research. You may ask to view any notes compiled by the researcher 

during the focus group/pilot study. Any such notes will be destroyed after the 

questionnaire/research instrument has been finalised. 

I am undertaking this research as part of my studies towards a Master in Water Resource 

Management. My supervisors for this research are Hamish Rennie and Magdy Mohssen. My 

supervisors and I will address any questions you might have regarding this research. Our contact 

details are as follows:  

Dalia Zarour (student researcher) – mobile: 021 250 8828, email: dalia.zarour@lincoluni.ac.nz  

Hamish Rennie (supervisor) – Telephone: +64 3 423 0437, email: Hamish.Rennie@lincoln.ac.nz  

Magdy Mohssen (co-supervisor) – Telephone: +64 3 423 0433, email: 

Magdey.Mohssen@lincoln.ac.nz  

 

 

 

Thank you for your valued assistance. 

 

Kindest regards,  

Dalia Zarour 

mailto:dalia.zarour@lincoluni.ac.nz
mailto:Hamish.Rennie@lincoln.ac.nz
mailto:Magdey.Mohssen@lincoln.ac.nz
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 Appendix D

Proforma Consent Form 

Lincoln University Policies and Procedures 

 
 

This pilot study discusses sea-level rise effects on the current opening regime of Lake Ellesmere/Te 

Waihora. Latest reports indicate that the sea level is going to rise up to 30 cm by 2050 across New 

Zealand, threatening low-lying lands. As the sea level increases so would the lake level, threatening 

the livelihood of the lakeside communities and the viability of the current land use. Thus, it is crucial 

to have a management plan in place to reduce vulnerability and increase resilience to such changes. 

The aim of this research project is to examine the effects that changes to the lake’s opening regime 

due to sea-level rise will have on adjacent land use and lakeside communities and their preparedness 

for coping with these effects. 

 

I have read and understood the description of the above-named pilot study. On this basis, I agree to 

participate in the pilot study and consent to the information that I provide being used to develop a 

research questionnaire. I will respect the privacy of information given to me by others participating in 

the pilot study and not discuss the information they have provided with others outside of the pilot 

study. 

 
 
 
 
 
Name: Dalia Zarour 
 
 
 
 
Signed: __________________________________  Date:______________ 
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