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Chapter 1 | Introduction

Chapter 1
Introduction

1. Introduction

N/

b 4
,Floods are natural disasters that have been
affecting human lives since time immemorial.
Throughout history, nature has shown little
respect for man's unwise occupancy of nature's
right-of-way and has insured that the message
has been clearly understood by sporadically
flooding people's properties and taking their

lives® (Andjelkovic 2001).

World wide, coastal zones occupy less than 15% of the earths surface but contain
more than 60% of the worlds population (European Commission 2004a, Green
2010). In Europe nearly half of population lives on or close to coastlines (European
Commission 2007). In 1998 more than half of the worlds population, about 3.2 billion
people lived and worked in areas that are less than 200 kilometres away from the
coast. Coastal areas are the world's most important and intensely used areas by
humans (Kay & Alder 1999). In almost every part of the world the sea coasts are
seen as the preferred places to live, work, play and retire because of their boundless
economic opportunities and better place of life (Hinrichsen 1999, Green 2010). Green
(2010) explains that these places offer a more relaxed lifestyle in an attractive and
natural environment with recreational opportunities. 60% of of the world‘'s 39
metropolises with a population of over 5 million people are located within 100 km of
the coast, including 12 of the world‘'s 16 with populations greater than 10 million
people (Nicholls et al. 2007). Today the highest population density exists below the
20 m elevation (Church et. al. 2001). The shift of population from the hinterland to the
coasts increased after World War 2 because of the internationalization of trade
(Hinrichsen 1999). The Unites States Census Bureau (2009) indicates that in 2010
the world has a population of about 6.8 billion people. They estimate a rise to 9.2
billion people in 2050. This means that the population density in coastal areas around
the world will rise significantly. It is estimated that by 2020 approximately 75% of the
world’s population is living on or near the coast (Green 2010). In Figure 1.01 the
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Introduction | Chapter 1

United Nations Environmental Programme (UNEP) (2008) indicates the population
density in coastal areas for the year 2008 and the status of the coastal shoreline
degradation. Coastal population density and shoreline degradation can be seen in
one context. Manmade impacts like drainage of coastal wetlands, deforestation or
construction of engineering structures are negative for the natural dynamical
shoreline system (Nicholls et al. 2007). Flood hazard is one of the most frequent
phenomena in the world (Marfai & King 2008, Kron 2002). Sivakumar (2005) counted
for the 10 years period between 1993 and 2002 2,654 natural hazardous' events,
70% of them where flood events or windstorms.

Coastal population and shoreline degradation

Population living within 100 km
of the coast

None

Less than 30% Cn .
— -
1 30to 70% 6 »”
@ More than 70% \lcm
W Selected coastal cities of more “Neal) .o [ ]
Shoreline than one million people v \\
Most altered \

Altered

Least altered W

Fig. 1.01: Coastal population density and shoreline degradation (UNEP/GRID-Arendal 2009)

From above it is evident that a large number of the world population lives in areas
that can be easily affected by natural hazards and therefore mitigation measures are
necessary. In the past many countries used structural protection measures to cope
with this hazards. But ,local and international experience shows that protective works
tend to stimulate development intensification and, paradoxically, increase the risk? of
a disaster occurring when an event eventually exceeds the design
parameters® (Glavovic et al. 2010b) and ,...people feel that the stop banks
(embankments) make them feel secure from floods or new entrants to the area are
left unaware of past flooding and the function of the stop banks.“ (Ericksen 2005a).
This effect is called the safe development paradox (Burby 2006) or levee-effect (Merz
et al. 2010).

Both statements make clear that it is not wise to trust only hard protection measures.
Strategies to improve the resilience of the coastal floodplain seem to be more

1 Definition: ,Natural hazard means any atmospheric or earth or water related occurrence the action of which adversely affects

or may adversely affect human life, property, or other aspects of the environment” (Resource Management Act 1991)

2 Definition: ,, ... risk is the product of a hazard and its consequences. Where there are no people or values that can be affected

by a natural phenomenon, there is no risk“ (Kron 2002)
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Chapter 1 | Introduction

appropriate (Nehlsen et al. 2007). And even if no absolute flood protection is
possible, this measures can reduce major parts of damages (Kreibich et al. 2005,
Heidari 2009). According to Hagemeier-Klose & Wagner (2009) precautionary
measures are the most effective protection against flooding damages. Kreibich et al.
(2005) adds that precautionary measures can reduce the flood damage to buildings
of up to 53%. Moreover, non-structural measures are able to minimise the impacts on
environmental sensitive areas and can reduce the likelihood of further encroachment

to this areas (Hayes 2004).

1.1. The difference between structural and non-structural measures
Structural measures involve the construction of solid structures designed to fix the
position of the coastline, they are mostly advanced in engineering, technology and
material. The main shortcoming of this measures is that a complete protection
against all probable flood events cannot be provided by a designed structure
because eventually a flood event will occur which will exceed the assessment
threshold of the structure (Rasid & Paul 1987). Faisal et al. (1999) confirm that
structural measures alone cannot guarantee flood protection. The use of structural
measures is based on the paradigm that focuses on ,holding the line“. Andjelkovic
(2001) explains that a total flood protection is unrealistic and unwise because the
ultimate goal of flood loss prevention is the improvement of the quality of life by
reducing the impact of flooding.

grcts

solutions and win-win solutions

Risk transfer

Effective adaptation
eg, building adaptive capacity,

providing no and/or low- re

Fig. 1.02: Risk management and the move from structural to non-structural measures
(Ministry for the Environment 2008a)
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The movement to non-structural measures reflects a shift away from a ,humans
against nature” view to a view of managing humans rather than nature (Blackett et al.
2010). Non-structural measures are designed to work with the natural processes
(European Commission 2004b). Dhaka City in Bangladesh made the experience that
non-structural measures contributed significantly to flood damage reduction (Faisal et
al. 1999). But recent hazard events, like floods in New Zealand, showed that
communities have the tendency to only focus on hazards when they experience an
event or face a direct threat (Glavovic et al. 2010a). A goal of non-structural
measures is to raise the public awareness about hazards and the change from a
reaction based to a proactive and integrative approach (Associated Programme on
Flood Management 2008).

1.2. The uncertainty of the future

The consequences of human induced climate change is hard to predict. Since 1975
the frequency of extreme high sea levels® has increased at various sites worldwide
(IPCC 2007). Nicholls & Lowe (2004) expect a significant global-mean sea-level rise
due to human-induced global warming in the 21st century. As a consequence of
climate change and sea level rise the risk failure of structural coastal protection
measures (e.g. dikes) will increase and areas behind them will not be safe anymore
(Nehlsen et al. 2007). The arguments about the uncertainty about the future show the
importance for the use of non-structural mitigation measures against coastal flooding.

The IPCC report (2007) highlights two impacts of future climate changes that are
related to coasts. It is secured that the following impacts will happen:

1. Coasts will be exposed to increasing risks (e.g. coastal erosion) due to
climate change and sea level rise. This effect will be enlarged by
manmade pressure to coastal ares.

2. By the 2080s, many million people more than today are projected to
experience floods every year due to sea level rise. The numbers of people
affected will be the largest in the densely populated and low-lying
megadeltas of Asia and Africa. But also some areas in Australia and New
Zealand will see a rise in the frequency and power of coastal flooding.

Nicholls (2004) estimates that in future the number of people that are flooded in a
typical year by storm surges will increase 6 times by 0.5 m and 14 times by 1.0 m of
sea level rise.

3 excluding tsunamis, which are not induced by climate change
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Chapter 1 | Introduction

A short summary of climate change and sea level rise reads as follows. Between
1961 and 2003 the sea level rose with an average rate of 1.8 mm. This increase was
related to global warming (IPCC 2007). Until the end of this century the models
project a sea level rise between 18 cm and 59 cm (see Figure 1.03).
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Fig. 1.03: Estimated sea level rise until 2100 (Rijkswaterstaat 2010)

The largest contribution is obtained from thermal expansion of water. The second
largest contribution is from melting mountain glaciers and ice caps (Weisse & von
Storch 2010). Beyond the 21st century, substantial additional rises of sea level appear
to be likely and if climate change continues both Greenland and Antarctica could
eventually become significant sources of sea level rise (Church et al. 2001).

1.3. Origins of floodings

,Coastal flooding is a different issue from river flooding, particularly for structures
located on the seaward side of a barrier island, where waves riding on top of an
elevated mean water level due to storm surge commonly exert damaging forces on
the structure“ (Work et al. 1999).

World wide the origins of coastal floods are manifoldly. Coastal storm surges, winds,
tides and earthquakes (that create tsunamis) are natural drivers (Petry 2002). Human
activities like the disruption of natural protective coastal buffers (e.g. dunes or
wetlands), land use change (e.g. the lowering of land through drainage) and human
induced climate change are drivers (Environment Waikato 1999, Associated
Programme on Flood Management 2008). But failure of manmade structural
measures (e.g. dikes) are origins of floods, too (Andjelkovic 2001). Greiving et al.
(2006) point out that natural extreme events are part of the natural process and do
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not pose any threat to the natural system itself. Glavovic et al. (2010b) argues that
the key factors of shaping community exposure#4 to hazards are social conditions and
human choices. Environment Waikato (2006) support the argument that human
activities and assets combined with natural coastal process create coastal hazards
like flooding.

The most frequent hazard in New Zealand is flooding (Glavovic et al. 2010b) and the
possibility of experience an extreme hazard event is high (Becker & Saunders 2007).
Between 1920 and 1983, 935 damaging floods occurred in New Zealand
(McSaveney 2009). Various origins like storms, cyclones and tsunamis create coastal
flooding in New Zealand. Low pressure storm systems and ex-tropical cyclones can
create waves and higher seas that are added to normal tides creating storm tides
(Environment Waikato 1998, Bell & Borman 2007). Storm tide levels are dominated
by high perigean-spring tides (Bell 2010a). New Zealand's location on the Pacific rim
exposes it to a high risk of tsunamis. Tsunamis are generated by great earthquakes
from several subduction zones like the Hikurangi-Kermadec zone at the east coast of
the North Island and the Fjordland and Puysegur zone at the south-west coast of the
South Island. Volcanoes or landslide on the continental shelf can also create
tsunamis (Power et al. 2007). The east coast of New Zealand is the most vulnerable
area for tsunamis (see Figure 1.04), specially for tsunamis from South America
(Berryman 2005). The earthquake with a magnitude of 8.8 that occurred on the 27
February 2010 in Chile caused a tsunami that reached New Zealand. The two
biggest recorded wave heights were in Kaingaroa (Chatham Island) with 1.55 m and
in Timaru (South Island) with 1.30 m (Bell 2010b). Bell et al. (2000) state that
L,comparatively little is known in New Zealand about the recurrence intervals of
extreme sea levels generated by storm surges, waves or tsunamis because of the
paucity of good quality sea-level data of any length®. The Thames region saw in 1995
and 1997 storm surges of 0.6 m with coastal flooding, that caused a damage of 3-5
million NZ$ and acted as a wake-up call for the country. Other extensive coastal
flooding and wave overtopping events occurred in the Hauraki Plains (1936),
Haumoana / Te Awanga (1974, 2002), Invercargill (1999), Colac Bay (1999) and
South Canterbury (2001) (Bell & Gorman 2003, Bell 2010, personal comment). Storm
surges with coincidental high tides can vary up to 2-2.4 m MSL (mean sea level) (Bell
et al. 2000). A technical publication by the Ministry for the Environment (2009) deals
with the problem of climate change and sea level rise and its impacts to coastal
hazards in New Zealand.

4 Definition: , ... the values / humans that are present at the location involved” (Kron 2002)
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Fig: 1.04: The natural hazards of New Zealand (Glavovic et al. 2010b)

Studies indicate that the frequency and the magnitude of storms will change, that
severe storms may become more intense and storm tides are more likely. This
factors and the change in the wave climate will increase the probability of coastal

floodings accompany with more extensive impacts.
Nevertheless one of the biggest driver for flooding is human activity in hazardous
areas (Environment Waikato 2006, Glavovic et al. 2010b). Bell & Gorman (2007)

point out that ,the growing popularity of a coastal lifestyle and the increasing risk of
natural hazards are on a collision course®. At the coasts in the Waikato Region for

Page | 7




Introduction | Chapter 1

example humans use and occupy natural flood-prone areas for agriculture,
settlements and transportation (Environment Waikato 1999).
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Fig. 1.05: The flooding Invercargill Airport in 1984 (The Southland Times 2009)

The airport of Invercargill / Southland (see Figure 1.05) is another bad example of
using flood-prone areas. It is directly located at New River estuary with a tidal
influence of the rough Foveaux Strait / Te Ara a Kiwa.

1.4. Research question & Methodology

In this master thesis the author will give an overview of international used non-
structural measures that mitigate coastal flooding. New Zealand was selected for a
case study because it is very unique compared to other countries in the world. The
preservation of the natural character of the coastal environment is a matter of
national importance under the Resource Management Act (section 6(a)) and this is
why New Zealand has the NZ Coastal Policy Statement. The ,coastal environment®
has been considered in many decisions of the Environment Court and it is well
established that this area is more than the beach and sea below Mean High Water
Springs (MHWS). It also includes those areas inland of MHWS that have vegetation
suited for saline conditions, the nearest ridgeline and estuaries. This is relevant to
integrated management of coastal hazards as it means that Regional Coastal Plans
do not stick to regulating what happens below MHWS. They often direct district plans
to provide for particular methods of managing development and thus cross that legal
boundary (Crawford 2010, personal comment). The concept of sustainability is the
central theme of the RMA that was introduced in 1991 (Resource Management Act
1991). The peoples personal responsibility is a very high commodity in the New
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Zealand society and therefore awareness raising about natural hazards and the
applying of self protection measures is distinct. The central question in the case
study is, what kind of lessons can be drawn from the New Zealand case study for the
international perspective and what kind of circumstances are necessary that this
particular measure works?

The thesis is divided into two parts. Chapter 2 is the theoretical part about
international used non-structural mitigation measures. It is based on literature
research from peer reviewed journal articles, scientific books and official
governmental publications. The research focus was based on keywords that are
directly linked to coastal protection. Therefore everything else was sorted out. The
factors that are necessary for a successful implementation will be identified and
listed. In the end of this chapter a framework to classify all the non-structural
mitigation measures will be developed.

Chapter 3 is a case study about New Zealand and hence the practical part. To gather
all relevant informations it was necessary to do field work in place. The International
Global Change Centre at The University of Waikato in Hamilton was my host in the
months May and June 2010. First a literature research was done, again with the
same focus as in Chapter 2, to find all relevant topics and informations. Then
meetings with experts from NIWA (National Institute of Water & Atmospheric
Research, a crown owned research and consultancy company that is specialised on
water and atmospheric research), EDS (Environmental Defence Society, a non-profit
environmental advocacy organisation) and independent planning consultancy
companies (Planning Consultants Ltd. and Environmental Context Ltd) were setup to
get deeper insights to the RMA (their strengthens and weaknesses), the used
mitigation measures to coastal flooding and hazard planning.

The factors that are necessary for a successful implementation in New Zealand will
be identified and presented. The developed classification framework from chapter 2
is used to compare the international prospect with the local New Zealand one. This
will give an easy overview of the used measures.

At the end of this thesis a concluding chapter 4 will:
1. show what lessons can be learned from the New Zealand case study and
2. what kind of circumstances are necessary that a particular measure works
3. give an outlook about what kind of research should be done in future to
round up the knowledge about non-structural measures to mitigate coastal
flooding.
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Chapter 2
Non-structural mitigation measures

2. Non-structural mitigation measures

This chapter will give an international overview of non-structural measures that are
used to mitigate coastal flooding. The factors that are necessary for a successful
implementation will be identified and at the end of this chapter a classification
framework will be developed.

The advantages of non-structural measures are that they do not interrupt the natural
processes in the coastal area (European Commission 2004b) and that they are able
to raise the public awareness about hazards (Associated Programme on Flood
Management 2008). This is because they are based on a proactive and integrative
approach (Associated Programme on Flood Management 2008) and many measures
can be applied by the people itself as self protection measures.

2.1, Restoration of nature

All measures that are used to enhance the natural resilience of the environment are
part of this category. Niedkowski (2000) defines restoration as the re-establishment
of previously existing natural resource character and functions at a site where they
have ceased to exist, or exist only in a substantially degraded state. The restoration
measures serve a double function. Beach nourishment, restoration of coastal dunes
and coastal wetlands like mangroves and salt marshes are important natural buffers
against floods and erosion. A major question for all restoration projects in the
beginning is the question about a reference landscape (Provoost et al. 2009). The
morphological response of dunes and wetlands to climate change induced sea level
rise is not yet clear. A study by Pethick (2001) about the British coast shows that
estuaries, open coasts and tidal deltas respond different to obtain their natural
equilibrium. It is likely that dunes in estuaries will move stronger landwards and
alongshore if enough sediment is available (Pethick 2001, Psuty & Silveira 2009). At
open coasts a migration of salt marshes and dunes from one location to another is
likely and therefore a replacement of existing land forms may happen. Tidal deltas
seem to expand seawards and longs-shore and create a greater coastal protection
buffer (Pethick 2001).
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= Beach nourishment

Beach nourishment® is used since almost 100 years. In 1922 the beach in front of
Coney Island® in New York was one of the first places where beach nourishment was
used (Davison et al. 1992). Today it is widely considered that beach nourishment is a
better alternative compared to the construction of hard measures to protect the coast
against erosion (Adriaanse & Coosen 1991, Hanson et al. 2002). It is the most widely
used method to cope with coastal erosion in the USA. Between 1923 and 1999 more
than 573 nourishments were done at 154 locations on the east coast of the USA, a
significant increase occurred in the 1970s. This is a result of adapting new
legislations and the shift from hard coastal protection measures to soft measures.
Approximately 267,594,200 m3 sand were used for the nourishments (Valverde et al.
1999). Adriaanse & Coosen (1991) explain that beach nourishment is not ,only more
flexible but also offers potential benefits in terms of safeguarding the environment
and the provision of improved recreational facilities“. Beach nourishments neutralise
the effects of structural erosion problems. It is designed to treating the symptoms and
not curing the disease (van de Graaff et al. 1991). Another two reasons of beach
nourishments are protection against flooding and maintain a wide recreational beach
(Verhagen 1992). Spybroeck et al. (2006) conclude that beach nourishment is the
most ecologically coastal defence alternative available.

Fig. 2.01: Large scale beach nourishment in Ocean City, Maryland, USA (Rutgers University
2010)

5 or beach feeding

6 Coney Island is the place of New Yorks famous amusement park
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To avoid negative impacts and to keep the coastline unchanged it should be repeated
every 5-10 years (van de Graaff et al. 1991, Kelletat 1992) and this is often seen as a
major disadvantage. To refuse this argument van de Graaff et al. (1991) argue that
regular maintenance of houses or bridges (e.g. painting to conserve the value) is
never seen as a waste of money. In their view some beaches need maintenance as
well and compared to other coastal defence measures it is very effective and cheap.
At the German North Sea coast for example 1,000,000 m3 sand reach for more than
1 km coastline (Kelletat 1992). To achieve the optimum results the sand for the
nourishment should have at least the same grain size as the native on. A slightly
coarser grain size is moreover preferable (Davison et al. 1992, Hanson et al. 2002).
Davison et al. (1992) made a literature review with annotations. The following
aspects can be liberated from the article. A slightly coarser sand has the advantage
that less material is necessary to fill up the beach. The performance is also improved
because the beach is more stable and less erosion occurs. But coarser sand has
also a disadvantage. Through wave action it can be accumulated in the swash zone,
the most important biological zone, there it can have negative impacts on
invertebrates (Peterson & Bishop 2005). If the borrow material is smaller then the
native one, erosion will incline. Different sources for filling material are available. The
USACE (2008) distinguish in their Coastal Engineering Manual (CEM) four different
sources: terrestrial, backbarrier, offshore and navigation channels. Terrestrial sources
are widely found on coastal zones. It is a cheap source but adverse impacts to
coastal area occur very often. Material from navigation channels can be suitable if it
is not too much contaminated. The source is very cheap because it has to be either
dredged to maintain the functionality. Backbarrier or near shore sources are cheap
because of their short transportation distances but the grain size is normally too small
and dredging in this area has massive negative impacts to flora and fauna. Dredging
offshore is the best solution even if the transportation costs are higher. Offshore
sources contain usually large volumes of coarser material with uniform
characteristics.

Beach nourishment is only effective if the following factors are considered in
advance:

1. It can only be done in areas where beaches occur naturally.
2. It must be repeated every 5-10 years to avoid negative impacts to the
coast.

3. Enough feeding material should be available, preferably slightly coarser
sand from near distance sources.
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= Restoration of coastal dunes

Coastal dunes are distributed worldwide with a variety of forms. They offer a broad
range of ecological, geomorphological, geological, historical, archaeological and
scenic values (Heslenfeld et al. 2008). Coastal dunes are also highly valuable
multifunctional ecosystems that offer a wide variety of microhabitats (Martinez et al.
2008). But they are drastically altered through people‘s exploitation and coastal
development (Provoost et al. 2009). Today the restoration of coastal dunes with
vegetation is widely used to counteract coastal erosion and restore the natural
coastal buffer because is a very efficient measure at a low cost (de Lillis et al. 2004).

Fig. 2.02: Dune restoration by planting sand-binding species, altered (DoC 2008)

Suitable vegetation for restorations are grasses, scrubs or woods. For example the
Marram grass’ is world wide the most common plant species to protect coastal
dunes (Esler 1970, van der Putten & Peters 1995). Pre-grown seedlings are planted

7 lat. Ammophila arenaria, also known as European Marram Grass and European Beachgrass
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to trap the wind-blown sand and stabilise the sand substrate (Esler 1970, van der
Putten & Peters 1995, Nordstrom et al. 2009). The establishing of vegetational
stands takes normally 5-10 years (Hewett 1970). In the beginning of the restoration
process, semi permeable fences (see Figure 2.03) can be installed to increase the
sand trapping efforts.

Fenced access to
prevent trampling

Educational displays
encourage public
co-operation

Landward spurs fo increase
accretion rate

v Normal limit of
Sand accreted by wave run up
fence or recycled
from beach

Reqularly spaced
marram transplants

Support posts buried
at least 1m into beach

Fig. 2.03: Scottish method of fencing to stabilise dunes (Scottish Natural Heritage 2000)

Nevertheless future dune management will require creativity and multiple approaches
to deal with the uncertainty of climate change, the human pressure and negative
vegetation development trends. Many countries for example try to eliminate the
widespread Maram grass because it is a introduced plant that creates monocultural
problems. It is replaced by native species that have the same features (Martinez et
al. 2008). Few authors (Martinez et al. 2008, van der Meulen et al. 2008) argue that
the goal of modern dune management should be the natural restoration (less
vegetation) and not stabilisation of sand dunes because stabilisation is extremely
costly and has a lot of negative effects to natural processes (e.g. prevention of
natural sand movement). Clarke & Randell (2010) counter their argument and explain
that most of the todays stabilisation measures are long-term investments with a
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historic seriousness of sand drift problems. From their point of view a shift to a more
dynamic management approach with less vegetation and more naturalness is unwise
and costly. Provoost et al. (2009) agree with them and explain that destabilisation is
not recipe to cope with future challenges.

Coastal dune restoration is only effective if the following factors are considered in
advance:
1. Semi permeable fences should be installed at the beginning to trap sand.
2. Pre-grown seedlings are more robust and will increase a successful
restoration.
3. To avoid monocultural problems a mix of different plants is favourable
especially native ones.

= Restoration of coastal wetlands

Coastal wetlands protect the populated areas from erosion, storm surges, tidal waves
and floods. The wetland boundaries indicate the extent of normal flooding and
therefore the zone where human development should not be permitted (Ewel et al.
1998). Mangrove forests and salt marshes are typical representatives of coastal
wetlands.
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Fig. 2.04: Salt marsh on the East Friesian Islands, Germany (Niedringhaus 2008)

Salt marshes are situated in temperated climate and occupy the intertidal zones of
moderate to low energy shorelines along estuaries, bays and tidal rivers. They are
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important areas for shoreline protection, seasonal wildlife, fishery nursery, primary
production and nutrient cycle (Broome et al. 1988, King & Lester 1995, Williams &
Faber 2001). The vegetation consists primarily of grasses, sedges and rushes
(Broome et al. 1988). Even if salt marshes are recognised as valuable systems and
therefore protected by various legislations they are under treat from agricultural,
commercial, recreational use or diking (Broome et al. 1988, Teal & Weishar 2005). In
the southern part of the North Sea for example over 90% of the salt marshes are
diked or in anthropogenic use (Reise 2005). But the de-embanking of salt marshes
for restoration purposes is know widely considered (Wolters et al. 2005). Barkowski
et al. (2009) conclude in their study that salt marsh restoration is a long term process.
Even if a few years after de-embankment the zonation of the salt marsh is re-
established, it will take much longer to obtain the species richness and composition
of a natural salt marsh. According to Weinstein et al. (2001) four conditions have to
be met by possible areas for a successful restoration:

1.  ,Appropriate marsh plain elevations, groundwater and tidal relationships*

2. ,the presence of plant propagules (seeds, rhizomes, larvae, etc.) in the

restored marshes or neighbouring marshes*
3. fauna that would populate the marshes from nearby populations*
4. ,sediments of appropriate organic and nutrient content in tidal waters
inundating the sites®.

For a better success of salt marsh restoration Broome et al. (1988) suggest to use
pre-grown plants instead of sprigs or plugs because of the better moisture retention
capacity.
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Fig. 2.05: Mangroves at Baie D’Ambodi-Vahibe, Madagascar (Zumbrunn 2010)

Mangrove forests are situated in tropical climate and occur in about 90 countries
around the world (Field 1998). Mangroves cover around 180,000 km2 of tropical
coastal areas (Grommbridge & Jenkins 2002). They provide different goods and
services to the people and the nature like protection against flood, trapping of
sediments and hence protection against erosion, act as an animal habitat or deliver
plant products (Ewel et al. 1998). Data from India suggest also that man-made
structures are less destructed by tsunamis if they are directly located behind
extensive mangroves (Alongi 2008). An experiment by Harada et al (2002) showed
for example that a mangrove forest has the same effectivity as a concrete seawall to
protect houses against tsunamis. Even if the importance of mangroves for the vitality
of coastal areas is widely accepted they are under threat (e.g. clearance of space for
shrimp or fish farming). The average annually deforestation rate lies at 1-2% (Alongi
2008). The degenerated land is mostly not suitable for the proposed land use. This
has started a world wide movement to restore mangrove forests. A study by Field
(1998) has shown that only 20 of the 90 countries that contain mangroves have
started to replant mangrove scrubs and trees. From the 20 countries only nine have
planted more than 10 km2 since 1970. But in this countries it is evident that the
restoration of mangroves has high success to protect and stabilise the coastal zone
again.
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Restoration of coastal wetlands is only effective if the following factors are
considered in advance:
1. The selected area must meet certain conditions (for salt marshes see
Weinstein et al. 2001).
2. Pre-grown seedlings are more robust and will increase a successful
restoration.

2.2. Spatial planning & Policy making
»,How we use land is a powerful determinant of our vulnerability® to hazards. Building
near bush, on floodplains or on foreshores creates vulnerability.” (Keys 2010).

,Land use plans enable local governments to gather and analyze information about
the suitability of land development, so that the limitations of hazard-prone areas are
understood by policymakers, potential investors, and community residents.“ (Burby
1998)

Spatial planning can effectively reduce flood risks and losses from floods by the
regulation of land use (Burby et al 1999, Pilon 2002, Béhm et al. 2004). Zoning and
building codes are two main measures that are available in spatial planning to
regulate the land use and the mitigate the impacts of floods (Ericksen 2004, Greiving
et al. 2006). Significant damage can be eliminated by moving urban development into
hazard free areas. If the avoidance of hazard prone areas is not possible, then
modification of buildings and / or location design is able to reduce damage (Burby et
al 1999). Planners can use two approaches to cope with natural hazards in planning:

1.  stand alone hazard mitigation plans or

2. hazard mitigation as one component of a broader comprehensive plan.

Both approaches have advantages and disadvantages (Burby et al 1999, Godschalk
et al. 2003). If hazard mitigation is undertaken in a stand alone plan, then the
advantage is that the plan has greater technical details but this can lead to an
increased development in hazard exposed areas because it makes this areas safer.
On the other hand if hazard mitigation is part of a broader comprehensive plan then
the plan has not too many technical details but the advantage is that more topics are
united to shape a broader array of goals that can incorporate together. A second
advantage is that public participation on broader plans is in general greater (Burby et
al. 1999).

8 Definition: , ... the lack of resistance to damaging / destructive forces* (Kron 2002)
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A general problem for planners is to generate high levels of public participation for
hazard mitigation planning. But public participation is very important because
otherwise citizen will not understand why hazard mitigation is important and the plan
will fail. A study by Godschalk et al. (2003) compared the involvement and
participation of the public into natural hazard mitigation policy making in Washington
and Florida. The central question was why it is particularly difficult to generate high
levels of public participation in making plans to reduce the dangers of natural
hazards. The study showed that the right planning approach is essential for the
participation of citizen. The top-down approach in Florida for example restricts the
involvement much more then the bottom-up approach in Washington. They conclude
that the interest of the public can be raised by hazard education programs,
connecting hazard planning with other comprehensive plans, connecting hazard
policies with quality of life concerns and preparing small area plans.

= Zoning / Development restrictions

The human occupation of hazard-prone areas has resulted in skyrocketing disaster
costs in the last decade (Kunreuther 2006). This is a reason why zoning and
development restrictions for flood-prone areas are effective measures prevent
housing or minimise the density of development in this hazardous areas (Burby et al.
2001, Becker & Saunders 2007).

Areas that are exposed to flooding could be suitable for agriculture (Pilon 2002) or
parklands for recreation instead of dens housing (Ericksen 2004). B6hm et al. (2004)
suggest a similar two-zone concept:
1. priority zones, that are designated as flood plains, new housing or
industrial development must be not allowed
2. reserve zones in that housing and industrial development could be allowed
with certain restrictions or constructions requirements.

In the USA for example, flood zone categories are based on risk and inundation
(Faisal et al. 1999). But zoning has also one essential side-effect. If zoning is applied
to restrict development in hazardous areas, it is very likely that development and
population density in non-hazardous areas will increase and therefore the
vulnerability there (Burby et al. 2001).

Bin and Polasky (2004) compared different studies about house prising in flood-
prone areas. They found out that if a property is located in a flood-prone area then its
value is in average 4 to 12 % lower then in non flood-prone areas. Another study by
Bin and Kruse (2006) could only verify this results for buildings on riverine floodplains
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and not for coastal floodplains. It seems that the hazard risk to buildings in coastal
areas is not reflected by the real estate market because coastal amenity values
overwhelm them.

Zoning / development restrictions are only effective if the following factors are
considered in advance:
1. It must be clear what the main activity in the selected zone will be without
any exceptions otherwise the zoning concept will be watered down.
2. If development is allowed, does a building has to meet certain standards
like some kind of flood proofing? If yes this requirements should be added
as an obligation to the building permit.

= Development setback

Coastal setbacks are designated to prevent further housing and development (Alhorn
2009). They act as a buffer to protect the shoreline against development (Sano et al.
2010) and to protect property against erosion and flooding (Environment Waikato
2002). In front of setback lines no important investments in infrastructure or buildings

should be allowed (van de Graaff et al. 1991). Existing buildings can be relocated
landwards to minimise the risks or can be bought by the government to abandon
them.

old position new position

Fig. 2.06: Property setback for flood protection, altered (Environment Agency 2007)

Stutts et al. (1983) explain that the minimum setback is measured landwards from
the seaward line of the stable dune vegetation and that the safety of a building
increases if it is located further landwards. Setback distances must be based on the
understanding of the local coastal processes to generate the minimum distance
(Komar et al. 1999). Today coastal setbacks are used in many countries around the
wide, e.g. Australia, France, The Netherlands, New Zealand, Spain or the USA (Sano
et al. 2010).
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Development setbacks are only effective if the following factors are considered in
advance:

1. It must be clear on what kind of event (e.g. a 100 years flood or a 500
years flood) the setback is based. This will determine the minimum
setback distance.

2. The setback distances must be added to the building permits for new
buildings.

= Flood proofing of houses

Gersonius et al. (2008) states that ,private precautionary measures have a significant
potential to safeguard buildings and contents from flooding“ even if ,data on the costs
and effects of such measures are rare, and consequently, the economic efficiency of
different technologies is unclear.“. Flood proofing of houses can be done in four
different ways: elevating of houses, dry proofing of houses, wet proofing of houses
and floating houses (Gersonius et al. 2008, Hayes 2004, Nehlsen et al. 2007).
Mostly, flood proofing is done as a retrofitting measure for existing houses. A study
from the USA by Work et al. (1999) showed that flood proofed and / or supra-
elevated houses are able to get a flood insurance discount but the real estate market
did not show any clear signs to value the protection measures yet.

Dry proofing:
Dry proofing prevents water from entering the house.
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Fig. 2.07: Dry proofing of buildings, example of the wall and door (FEMA 2009)
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This can be done by sealing of walls, enclosure of openings that are below the flood
line or building small levees or flood walls around the house (Hayes 2004, FEMA
2009). A general problem of flood proofing is that buildings are exposed to
hydrostatic pressure that will even increase the damage if the construction indulges
(FEMA 2009).

Wet proofing:

Wet proofing allows water to enter the house. Two types of wet proofing can be done,
the lowest floor of house is elevated above the flood line and the water only enters
the enclosure of the building or the water can enter to the whole building (FEMA
2009). Then all important installations (like fuses, power outlets or the heating
system) are elevated to higher grounds or enclosed by flood walls to protect them
from water that may enter the house. Normally the 100 year flood® elevation is used
as a indictor for the design of this measures (Hayes 2004). Special floor covering or
wall material can be used to minimise the impacts of water.

Wall of
Elevated Home

m | Flood Level

Opening for
Floodwaters

2.08: Wet proofing of buildings (FEMA 2009)

Work et al. (1999) note explicitly that wet proofing is not suitable for coastal floods
because of the potential of high loads to the structure and the saline water that

9 Definition: ,, A so-called 100-year flood does not mean that there is exactly one flood of this size every 100 years. It means that
there is a 1 in 100 chance in any given year that a flood of this size or bigger will happen® (McKerchar & Smart 2007). This

means for a 100 year period that there is a chance of 63.6 % of occurring (Bell 2010, personal comment).
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increases the cleanup costs and the potential for corrosion. It is only suitable for fresh
water floods like rivers and lakes.

Supra-elevating of buildings & residential areas:

Normally the 100 year flood elevation is used as a indictor for the design of elevating
measures (Hayes 2004). In The Netherlands the use of artificial hills for buildings or
complete residential areas is a common measure (Neuvel & van den Brink 2009).
The elevation of buildings on stilts is a common measures in the USA. If a new house
is build in a mapped floodplain, the Federal Insurance Administration requires that it
is elevated above the 100 year flood (Holway & Burby 1993).

Supra-elevating of buildings can be done in two ways:
1. new buildings can be constructed on stilts or artificial hills or
2.  existing buildings can be elevated to stilts.

B
I

|

Fig. 2.09 : Supra elevated house in Mississippi, USA (Harris 2007)

Floating homes / Amphibious homes:

Floating or amphibious houses are lightweight constructed houses. They are in
general based on a hollow concrete or polystyrene concrete foundation to provide
enough buoyancy (de Graaf 2009). Vertical piles, horizontal guide posts or ropes can
be used to anchor them to land and hold the position. This types of homes could be a
good solution, especially for densely populated countries like The Netherlands, to
cope with flooding problems, urban expansion and sea level rise (ClimateWire 2009).
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Fig. 2.10: Amphibious homes in Maasbommel, The Netherlands (Ecoboot 2007)

In his PhD thesis de Graaf (2009) reports also from floating infrastructure like roads

and small scale floating gardens that were developed in The Netherlands.

Flood proofing measures are only effective if the following factors are considered in

advance:
1.

For new developments the measures must mentioned in the building
permit as a requirement.

For existing buildings governmental incentives or insurance discounts after
a successful retrofitting would help to minimise risks.

Especially for floating homes / amphibious homes the following circumstances must

be considered:

1.

appropriate building material and appropriate anchoring methods to
prevent moving.

Special areas should be designated for this homes to prevent them from
negative impacts from navigational channels (e.g. wash or eddy water).
Are they build according to standards for terrestrial houses or according to
standards for vessels? This makes a hugh difference in the technical
requirements.
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= |nsurance cover

The availability of flood insurances on the private insurance market is very limited.
For example home owners insurance in Australia and the Netherlands exclude flood
risks (Browne & Hoyt 2000). In Germany flood risks are partly excluded (e.g. coastal
storm floods and tsunamis) from home owners insurances (LuhrBen 2010, personal
comment). In the USA a nation wide flood insurance cover is available from the
national flood insurance program (NFIP). The actual flood insurance premiums are
based on the real risk level. The risks for a certain area can be found in the flood
insurance rate map (FIRM) (Work et al. 1999). But in general it can be said that if a
special flood insurance cover is available then the insurance companies have the
problem to determine the right insurance premium. Several uncertainties still exist
about the estimation of the chance that a certain disaster occurs in a specific area
(Kunreuther 1996). This means translated to flooding hazards that a determination of
an accurate flooding zone and the flood damage risk is difficult (Faisal et al. 1999).

Insurance cover is a tool that has limited effectiveness to mitigate flood losses.
Several US American studies show that affordable flood insurance does not prevent
the building and living in flood-prone areas, on the contrary it stimulate the building in
flood-prone areas and act as a incentive to do so (Burby et al. 1999, Burby 2001,
Burby 2006). According to Burby (2001) a insurance is only effective tool ,If property
owners are required to purchase flood insurance at actuarial rates that reflect flood
risk and if risk is reduced through regulations that require the elevation of new
construction in floodplains and avoidance of development in floodways, the added
costs of construction in the floodplain should dissuade uneconomic uses from
locating there®.

Flood insurances are only effective if the following factors are considered in advance:
1. The responsibility between the public and the private must be clear.
2. Incertain areas a flood insurance must be a requirement to reduce risks.
3. Flood insurance must cover the real costs to prevent building in highly
hazardous areas.
4. An insurance discount could be given if a home owner applies flood
proofing measures. This would work as an incentive.

2.3. Risk communication

Ericksen (2005b) points out that a liberal democracy needs a comprehensive
information and education programme, if it should deal effectively with flood
problems. So risk communication can be used as an education tool to strengthen
people‘s risk awareness because only hazards and risks that are known can be
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mitigated (Greiving et al. 2006). In the first step the public should be educated, but in
the second step this education should be used to build a flood resilient community
(Dufty 2008). This is the reason why one very important goal of risk communication
and education is to bring the people to the point that they start to think themselves
about personal safety measures and actions that can be done to protect their
property and family. Risk communication informs about flood risks, flood protection
and personal safety measures (Hagemeier-Klose & Wagner 2009).

Fig. 2.11: Risk communication (State Emergency Service 2007)

As illustrated in Figure 2.11 personal safety measures include emergency household
plans (e.g. where are the valves for water and fuel or what interior should be
relocated to higher grounds), emergency survival kits (e.g. enough food to survive
several days without contact to the outside) and getaway kits (e.g. know what kind of
official documents are very important and where they are). Several countries and / or
federal states or regions within a country published printed and online available
booklets with informations about personal safety measures. A few examples of this
booklets are:

Country / Region Title

Australia / New South Wales Home Emergency Kit

New Zealand Get ready get through

New Zealand / Wellington Region IT's EAsY Get prepared for an
emergency

Page | 27



Mitigation of coastal flooding | Chapter 2

Country / Region Title
United Kingdom Preparing for emergencies
Germany / Schleswig-Holstein Sturmflut — wat geiht mi dat an?

Tab. 2.01: Examples of personal safety measure booklets

In Appendix A.4. the complete ,,Get ready get through® booklet is available. It contains
not only floods but also storms, earthquakes, etc...

= Emergency management

Emergency management is designed to protect life, reduce the damage to property,
the environment and decrease the loss of valuables. According to Rodrigues et al.
(2002) emergency management or risk management is based on three cyclic
phases: (1) Risk mitigation (green), (2) Response (red) and (3) Recovery (blue).

/ H g . \‘\
I\(1) Risk mltlgatlon)

{\/\(3) Recovery})d <(2) Response)

Fig. 2.12: Three cyclic emergency management circle

Step 1, risk mitigation, is the precautionary measure that is described in this chapter.
Step 2, response, in the case of coastal flooding includes, the disseminate of warning
messages, flood fighting and evacuation. Step 3, recovery, as name indicates
includes the general clean up, the rebuilding of houses and infrastructure and the
evaluation of the used measures to learn for the future.

28 | Page



Chapter 2 | Mitigation of coastal flooding

/ . g . \'\
[ \(1) Risk mitigation )

-~ -

() Recovery\/l ((2) Preparedness )

.\]

p
l\(3) Response Y

Fig. 2.13: Four cyclic emergency management circle

Rodrigues et al. (2002) mention also that some authors use a four cyclic emergency
management circle. In this case number two the response is divided into
preparedness and response.

Emergency management is only effective if the following factor is considered in
advance:
1.  Every step should be well designed with clear responsibilities.

= Mapping

Flood maps'® are used to identify flood-prone areas (Pilon 2002). They contain
informations about flood parameters like the probability, the magnitude, extend or
depth (de Moel et al. 2009). Flood maps have a great value as a educational and
communicational tool (Pilon 2002) and can be used to determine evacuation routes.
They should be well designed and associative to create awareness and improve the
knowledge level. If so, they can encourage people seek for further informations
(Hagemeier-Klose & Wagner 2009).

Risk maps contain additional informations compared to hazard or flood maps. They
are designed to show potential adverse consequences like the affected people or the
economic damage (Hagemeier-Klose & Wagner 2009, de Moel et al. 2009). They can
serve as a basis for spatial planning, emergency planning, hazard assessment and
planning of protection measures (Eximap 2007).

10 also called Hazard Maps
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Mapping is only effective if the following factors are considered in advance:
1. Accurate scientific data about hazards must be available.
2. Maps should be well designed with associative colours that the public is
able to understand them very easily.

= \Warning systems

Warning systems are complex systems and do not consist in a single set of action.
They are rather a process or holistic system that start with the identification of a flood
and end with an effective response. All groups and organisations that are involved,
like collection of water related data, meteorological forecast, dissemination of
informations and providing help, form together the warning system (Handmer 1988,
Penning-Rowsell et al. 2000).

The prediction, detection and forecasting of floods has, thanks to modern near
realtime weather- and tide-monitoring instruments, improved in the last 20 years
(Sorensen 2000, Sene 2008). But it is still necessary to give more attention to the
design of flood warning, forecasting and response systems, all matched to the needs
of the public and the professionals (Penning-Rowsell et al. 2000). Warning messages
that are spread over radio, television, newspapers or internet should be well
designed and comprehensive to meet the needs of the public. Handmer (1988)
explains that ,People must be able to relate the warning to their situation“ he found
out that 80% of its the surveyed flooded residents preferred the most detailed
message instead of the vague one that was used.

To improve the technical natural-hazard warning system Leonard et al. (2005)
suggest that ,staff response and thus training must be designed within the wider
context of effective warning systems: early warning and notification, response
planning, discussion and communication, education, training and signs, simulation
exercises, underpinned by hazard research and effectiveness evaluation®. This is
why Keys (2008) suggest a total flood warning system that combines the following
measures to enhance the quality and make it more comprehensive.
1.  Prediction
Prediction is a very theoretical aspect. It contains the flood forecasting as
technical component. It is based on data-collections and modelling to
predict the different (e.g. flood peak) stages.
2. Interpretation
Interpretation contains the flood prediction and determines what area can
be inundated in a horizontal and vertical dimension. This dimension of a
flood warning system can be understood by the community. It also
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contains the local flood information records from past floods that can give
an overview of what can happen.

Message construction

This is a very important aspect because often messages are jargonistic
and bureaucratic and fail to transport the essential message. The used
language should be simple but evocative. The message should describe
the possible flood, what kind of effects could this mean and what kind of
precautionary measures should be done.

Communication

For common and lesser flood events a broad warning over radio or
television as an information might be enough but for server floods with
bigger impacts may require specifically target warning messages. This can
be distributed via a range of channels like printed and electronic media or
personal delivery. The appropriate channel is based on the time frame that
is available. If a evacuation is necessary, door knocking should be
considered to personalise the message and get the feedback if the
message was proper understood.

Review

Flood warning systems are an ongoing process with intensive and less
intensive activities. All phases must to be reviewed to find weaknesses
and deficits. Only then the phases and process can be improved.

Warning systems are only effective if the following factors are considered in advance:

1.
2.

Every step should be well designed with clear responsibilities.

Warning messages for the public must be designed in a way that they are
easy to understand (no technical terms or bureaucratic language).

The messages should be personalised and comprehensive.
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24, Classification framework

From the presented measures in this chapter a classification framework can be
developed. The classification can be divided into three main categories (see Figure
2.14).

Beach nourishment ]

(1) Restoration of nature Restoration of coastal dunes ]

Restoration of coastal wetlands ]

Zoning / Development restrictions ]

Development setback ]

;_._-———[ (2) Spatial planning & Policy making

[ Classification framework Flood proofing of houses ]

Insurance cover

Emergency management ]

Mapping

Warning systems J

(3) Risk communication

Fig. 2.14: Classification framework of non-structural measures to mitigate coastal flooding

The three main categories restoration of nature, spatial planning & policy making and
risk communication were chosen because they all target a different but very
important field.

In the category 2 (spatial planning & policy making) flood maps and risk maps were
merged together. This was done because risk maps are based on flood maps. The
difference is that they contain more detailed data.
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Chapter 3
New Zealand

3. New Zealand

In this chapter a research about New Zealand‘s non-structural measures to mitigate
coastal flooding will be done. The factors that are necessary for a successful
implementation in New Zealand will be identified and presented. The developed
classification framework from the previous chapter will be adapted to make a
comparison with the international prospect easier.

The development pattern of New Zealand on one hand is like the rest of the world,
i.e. most towns and cities are on the coast, usually by a river mouth. This was correct
for Maori as well, they lived along the coast and thus therefore are many
archaeological / culturally important sites at risk of coastal hazards. Rivers are short
and fast so when high rainfall in the catchment causes the river to flood, many towns
are particularly vulnerable at high tide. Cumulative effects make it quite hard to
manage risk (Crawford 2010, personal comment). But on the other hand the country
is also very unique compared to other countries in the world. Personal responsibility
is a high commodity in the society. This is one reason why non-structural mitigation
measures are mostly used in this country. The second reason is that the preservation
of the natural character of the coast is a national priority (DoC 1994) and the concept
of sustainability is the central theme of the Resource Management Act (RMA) that
was introduced in 1991 (Resource Management Act 1991). In the end the developed
classification framework from chapter 2 will be applied to identify any differences
between the international and domestic use of the non-structural measures.

New Zealand has a coastline of 18,000 km that can be classified into nine different
geomorphic sectors with their own dynamics and characteristics (Healy 2010). It
consists of three main islands and about 700 smaller offshore islands.
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Fig. 3.01: New Zealand'’s isolated position (Walrond 2009c)

It stretches 1,500 km across the latitudes 34° to 47° south (Walrond 2009a) and is
surrounded by the south-western pacific ocean and parts of the country are located
in the roaring forties and furious fifties between the latitudes of 40° and 60° south
which are known for strong winds and water currents. The nearest country, Australia,
is 2152 km away (Kerr 2005, Walrond 2009b).

3.1. The planning system of New Zealand

Since 1991 the environmental planning system of New Zealand is based on the
Resource Management Act (RMA). The new law replaced the old Town and Country
Act from 1977. 54 acts and 20 regulations were replaced by one new comprehensive
resource management statute (Gleeson & Grundy 1997). But it caused several
problem in the first decade after establishing the RMA according to Crawford (2010,
personal comment):

+ Regional and local councils received no funding and knowledge from the
national government to prepare plans. This resulted in very poor plans
because the councils did not have the money to employ experienced
planners nor the ’know how’ to prepare plans designed to achieve this
innovative approach. Gleeson & Grundy (1997) reviewed the role of the
national government in RMA procedures and conclude that it is a role
minimal intervention.
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+ Aot of experience from the old system was washed away through the RMA
and the institutional changes that accompanied reform e.g., loss of data
about the natural environment (much of this was held by government
departments and was fragmented during the institutional reforms of the
1980’s).

+ Regional and local councils did not work together during the 1990°s.

+ Regional and local governments were sub-financed and still are.

The RMA was adopted one year before the Environment and Development
Conference'' was held by the United Nations (UN) in Rio de Janeiro. Around this
time, some countries, including New Zealand and the Netherlands, were already
leading with innovative approaches to environmental planning (Ericksen et al. 2004).
The RMA changed the emphasis from ,activities“ to ,effects“’2 based. The RMA is all
about risk assessment in terms of effects. When this emphasis on risk assessment is
linked to the overlapping responsibility of regions and districts with respect to
integrated management of natural hazards, there is a powerful mandate to work
together and to develop suites of methods (Crawford 2010, personal comment). The
previously anthropocentric development-oriented legislation was changed to a more
ecocentric approach (Ballinger et al. 2000). Balancing human needs with the
sustainable management of natural and physical resources (Resource Management
Act 1991). To achieve this individuals or groups are required to internalize (e. i.
absorb) the environmental costs of their use, development and protection of natural
and physical resources (Ericksen et al. 2004). A second purpose of the act is the
development of governance to the lowest level (subsidiarity principle) and to speed
up the decision making process.

Plans that are made under the RMA are based on the rational-adaptive model. In this
approach a iterative relationship consists between research and analysis on the one
hand and public consultation and participation in the other hand (Ericksen et al.
2004).

The RMA imposes a hierarchy (see Figure 3.02) of planning instruments which are
intended to manage the use, development, and protection of natural and physical
resources in a way or at a rate, which enables people and communities to provide for

11 commonly known as the Rio Conference

12 Definition: ,the term effect includes (a) any positive or adverse effect; and (b) any temporary or permanent effect; and (c) any
past, present, or future effect; and (d) any cumulative effect which arises over time or in combination with other effects -
regardless of the scale, intensity, duration, or frequency of the effect, and also includes (e) any potential effect of high
probability; and (f) any potential effect of low probability which has a high potential impact.“ (RMA 1991)
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their social, economic, and cultural well-being. This requires particular attention to
avoiding, remedying, or mitigating the actual or potential adverse environmental
effects of activities (Ministry for the Environment 2008a). The hierarchal planning
structure involves central, regional and local governments in a descending order.
Gleeson & Grundy (1997) explain that ,this hierarchy is based on the assumption that
decisions should be made as close as possible to the appropriate level of community
of interest where the effects and benefits accrue®.

RESOURCE MANAGEMENT
A ACT 1991

National F’chry

5‘
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Fig. 3.02: The hierarchy of the RMA (Ministry for the Environment 2008b)

The central government monitors the RMA, maintains the level of standards, controls
the crown'3 owned resources and is responsible for matters of national importance in
terms of natural resources. With the regional councils it shares the responsibly for
coastal management (Robertson 1993).

13 ,crown” refers to the New Zealand government system that is based on a constitutional monarchy. The head of the state is
the Queen of England and is represented by the Governor-General. For practical reasons, the power of the monarch has largely
been replaced by the Parliament (McDowell & Webb 1998).
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The 12 regional councils and 4 unitary councils are responsible for soil conservation,
water quality, issues associated with the disposal or transportation of hazardous
substances and mitigation of natural hazards. They are required to produce
mandatory regional policy statements (Robertson 1993). They share the
responsibility for coastal management with the central government. Most coastal
planes that are prepared by regional councils deal with the values of the tangata
whenua'# in relation to the natural environment, this is a mandatory obligation under
the RMA (Keum & Crawford 2009).

The 74 district councils are responsible for local issues like noise control, local land
use and also natural hazards. This issues can only be governed by lower-tier
government bodies (Boyd 2007). They are responsible to create district plans and
rules. The regular policy statement and regular coastal plan direct district councils as
to the policy and methods to be used in their district plans (Crawford 2010, personal
comment). In district plans land use activities are allowed unless otherwise specified
because land is in private ownership. For water, air and coastal resources the
reverse approach applies because the ownership belongs to the crown (Ericksen et
al. 2004).

To reduce hazard risks, planners can use a wide range of regulatory planning tools
that are included in the Resource Management Act 1991, the Local Government Act
2002, the Civil Defence Emergency Management Act 2002 and the Building Act 2004
(Ministry for the Environment 2008a, Glavovic et al. 2010b).

3.2. Coastal management in New Zealand

The RMA established in 1991 a new coastal management system that is based on
the partnership between the Crown and the community through their regional and
local authorities (Ballinger et al. 2000, DoC 2010). The central government monitors
the Act and has a direct management possibility through the Department of
Conservation (Ballinger et al. 2000). The minister of conservation prepares the New
Zealand Coastal Policy Statement (NZCPS) which includes a vision for the national
coastal zone, this document is required at all times to ensure the public interest for
the whole country.

14 The people of the land, the Maori
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Resource Management Act

NZ Coastal Policy Statement National Policy Statements
Minister of Conservation National Environmental Standards

Regional Policy Statement
Reglonal Councll

Regional Coastal (Environment) Plan l District Plan

Reglonal or Unitary Councils District, City or Unitary Councils

Resource consents Resource consents

Fig. 3.03: Planning framework under the RMA for the coastal environment (Ministry for the
Environment 2008a)

Regional councils are required to prepare two statutory documents, regional policy
statements and regional coastal plans (RCP) that are based on the national NZCPS
(Ballinger et al. 2000). The regional coastal plan has the purpose to help the councils
in achieving the sustainable management of their coastal environment. The RCPs
include objectives, policies and rules that regulate what activities the councils can
allow, control or prohibit. These are tools that are used to manage any actual or
potential effects from the use, development or protection of the coastal area (DoC
2010). Potential effects can be for example natural hazards or the development of
property (Ballinger et al. 2000). When preparing plans and policies, the RMA requires
authorities on the same level to consult each other (Ministry for the Environment
2008a).

3.3. Non-structural mitigation measures

In New Zealand a whole range of measures are used to mitigate the risks of coastal
flooding and to adjust the community to coastal hazards before an event happens.
Most of the non-structural measures serve a dual function against coastal erosion
and coastal flooding. Technical engineering measures, like smaller dikes or sea walls
are also applied as protection measures. They are highly controversial discussed
because of the negative impacts to the nature and the ongoing maintenance costs.
Environment Waikato (2002) points out that ,any of these structures affect the
appearance of the beach, affect public safety and restrict public access to and along
the beach®. From this and the sustainable management concept of the RMA it is clear
that most of the used coastal hazard mitigation measures are non-structural nature to
preserve the natural character of the coast.
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Once again it can be said that New Zealand has a big knowledge about coastal
hazards and about methods to mitigate them successfully but there are some
implementation barriers that is why the whole potential of the wide range of
measures is not used yet. These include a lack of money, a lack of commitment, the
weight that is placed on property ownership and not interfering in a person‘s rights to
use their land as they wish without very good reason.

The ,Weather Bomb* from the 21 June 2002 in Northland, Coromandel and Waikato
is a very good example. The ,Weather Bomb*“ was a heavy rain and storm event that
caused a lot of floodings with a high-impact area in Coromandel. A study by the NZ
Institute of Economic Research (NZIER) showed that the overall preparedness for
this event was low. The survey showed that ,only 5 % of the respondents had raised
the floor, 44 % had kept ditches and drains clean, 11 % had protected septic tanks,
and 22 % avoided keeping valuables at ground floor levels®. Further more the survey
showed that ,only some 22 % of respondents had prior experience of floods* and
,some 55 % of respondents cited cost'> as a significant constraint on carrying out
hazard preparation activities“. The respondents were also asked if they would do any
preparedness measures with the background of the ,Weather bomb®. ,Some 20 %
reported taking out insurance, 3 % raising floor levels, 37 % ensuring ditches were
kept clean, 9 % protecting septic tanks, and 27 % avoiding keeping valuables on the
ground floor (NZIER 2004).

3.3.1. Restoration of nature

= Beach nourishment

Some beach nourishment is done in New Zealand, for example Balaena Bay in the
Wellington Harbour (Carter & Mitchell 1985), Mangatawhiri Spit (Bridgewater 1986)
or Omaha Beach (Noble Consultants 2010).

= Dune restoration

Dune restoration programmes are widely done by local community Coast Care
Groups. In this groups, local people work voluntary together with distric councils,
regional councils and the DOC. The planting of native dune plants or the repairing is
done by the people. All the working material is provided by the distric councils,
regional councils and the DOC (Peart 2009). The native Pingao'é, Spinifex'” and

15 for example for raising floor levels
16 lat. Desmoschoenus spiralis

17 lat. Spinifex sericeus

Page | 39



New Zealand | Chapter 3

Sand tussock'® seedlings are raised in nurseries (Bergin & Kimberley 1999). Coast
Care programmes are a hugh success around the country. In the Bay of Plenty
region alone, 25 volunteer community groups are active (Whyte 2003).

Dune restoration in New Zealand is successful because of the following
circumstance:
1. Regional Councils and volunteer groups work hand in hand together.

3.3.2. Spatial planning & Policy making

To manage and reduce coastal hazards risk ,a precautionary approach is adopted
when making land-use planning decisions relating to new, and changes to existing,
development in coastal margins that takes account of the level of risk; and uses
existing scientific knowledge and accounts for scientific uncertainties“ and ,new
development is not exposed to, or does not increase the levels of, coastal hazard
risks over its intended serviceable lifetime. Progressively, the levels of risk to existing
development are reduced over time* (Ministry for the Environment 2008a).

A todays ,compelling challenge in New Zealand is to translate policy and legal
intentions into practical reality through better inter-governmental cooperation
“ (Ericksen et al. 2004). Glavovic et al. (2010b) came to the same result and that
shere is an opportunity to better align policies and laws (including insurance
provisions) to promote more effective and integrated natural hazards planning,
because important measures are spread out across various statutes with inevitable
gaps, overlaps and inconsistencies®.

Due to this difficulties New Zealand lost at least 10 years of plan development under
the new RMA. In 2009 / 2010 New Zealand parts of the responsibilities between the
national and the regional / local government are changed. For example a new
national Environmental Protection Authority will be introduced, it will be liable for
matters of national importance (e.g. wind farms). The hope is that the changes will
strengthen the RMA system (Crawford 2010, personal comment).

A second reason that levelled down the performance of the RMA is that, even if the
main goal is the sustainable management of natural and physical resources, in the
last years the Environment Court watered the RMA down. For example the protection
of individual property with seawalls against coastal erosion had a higher priority
instead of using soft measures. This was the case in the famous Environment Court

18 lat. Austrofestuca littoralis
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decision ,Mason and Keall vs. Western Bay of Plenty District“ (Peart 2010, personal
comment).

= Zoning / Development restrictions

Zoning and development restrictions are done through development setbacks and
the establishing of coastal hazard zones (CHZs) which both can imply certain
building restrictions. Several district plans for example contain rules that specify that
new buildings which are located in coastal hazard zones must be build in a way that
they are easily relocatable (Ministry for the Environment 2008a, Mark-Brown 2010,
personal comment). A study by Montz (1993) about property values in published
hazardous areas in New Zealand showed that the disclosure of hazardous areas has
no effect on property values. Only the building quality and property size have an
impact.

= Development Setback

Setbacks zones act as a natural buffer zone. They are not only designed to protect
development against coastal flooding and coastal erosion but also to preserve the
natural character of the coast'®, public access?° and amenity values. On the eastern
Coromandel Peninsula for example setback lines are used since the early 1980s
(Environment Waikato 2002).
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Fig. 3.04: Development setback recommendations for the Coromandel Peninsula
(Environment Waikato 2010)

The NZCPS notes that local authorities shall generally set back subdivisions and its
development from the coast line amongst others to protect them from coastal
hazards (e.g. flooding). The Ministry for the Environment (2008a) explains that ,the

19 protect the natural character of the coast is one of the main goals of the RMA

20 access to rivers, beaches, lakes, etc... Is a basic public right under RMA
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use of planned or managed retreat will need to become a fundamental and
commonly applied risk-reduction measure within the next few decades.”.

Development setbacks in New Zealand can be successful in the future because of
the following circumstances:
1. The public interest has a higher priority as private interests.
2. Building requirements for new houses are added to the building
regulations and permits (e.g. new houses must be build in a way that it is
relocatable).

= Flood proofing of houses

Many district plans require the floor level of new houses to be set at or above a
specified datum in mapped flood or hazard prone areas e.g. Papakura District
Council (Crawford 2010, personal comment). The Building Regulations that are part
of the Building Code (based on the Building Act 2004) state that ,Surface water,
resulting from an event having a 2% probability of occurring annually, shall not enter
buildings”. Surface water is defined as in the Building Regulations as ,all naturally
occurring water, other than sub-surface water, which results from rainfall on the site
or water flowing onto the site, including that flowing from a drain, stream, river, lake
or sea“.

Flood proofing of houses in New Zealand would be more successful if the following
circumstances were used:
1. Additional to todays required minimum flood level in the building
regulations,
2. regulations about dry proofing methods (methods to prevent the water of
entering the house) should be considered.

= Flood Insurance

Every New Zealander benefits from the EQC (Earthquake Commission) insurance, a
government insurance scheme for natural disasters that is automatically included in
every residential dwellings and content insurance. The EQC insurance includes
protection against damages from earth quakes, natural landslips, volcanic eruptions,
hydrothermal activities and tsunamis or storm, flood and fire that is caused by this
perils. Dwellings are insured up to NZ$ 100,000 and personal effects up to NZ$
20,000 plus taxes. Home owners can top up the insurance cover with private
insurances (Glavovic et al. 2010b).
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Glavovic et al. (2010b) mention that ,insurance is a tool for managing residual risk, its
full potential for risk reduction has yet to be realised. For example, if a house is
affected by a flood and could be elevated to mitigate future flood impacts, the
insurance payout will not cover this improvement. Insurance payouts can only be
used to reinstate the damaged house to the condition that it was in before the event
occurred, and not to make any improvements even if they reduce future risk. This is a
‘lost’ opportunity for risk reduction“. A more general problem with flood insurances is
that some 50% of households are not insured so when there is a flood, these
households turn to the Government and councils, plus their local community for help.
The central government is very sensitive to the politics of this, so usually it sends in
aid. Thus, the uninsured get away with not paying their share and may well get as
much help as those who do pay. A fairer system would require every owner to pay
EQC insurance compulsorily e.g. at the same time as they pay property taxes
(Crawford 2010, personal comment).

Flood insurances in New Zealand would be successful if the following circumstances
were used:
1.  The responsibility between the public and the private must be clear.
2. Flood insurance must cover the real costs to prevent building in highly
hazardous areas.
3. An insurance discount could be given if a home owner applies flood
proofing measures that are beyond the legislative requirement. This would
work as an incentive.

3.3.3. Risk communication

= Education

In 2006 the New Zealand Government set up different campaigns with the goal to
raise the hazard awareness of the public and strengthen the preparedness. The
campaigns target different groups of the population. Businesses can find directly
informations on the website of the Ministry of Civil Defence & Emergency
Management / Te Rakau Whakamarumaru (CDEM) on how to prepare their property
and business against natural and non-natural hazards. This includes a booklet of
how much food, etc... should be stored for the employees.
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GET READY /7 \
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Fig 3.05: Get ready get thru campaign logo (CDEM 2010b)

The ,Get ready, get thru“ campaign target individuals and families to show that
everyone can take simple steps to prepare themselves against natural and non-
natural hazards. The campaign is promoted via radio and television advertisements
and is back-upped with a comprehensive website (-> http://www.getthru.govt.nz) and
printed booklets (see Appendix A.4. for the booklet). The website is published in eight
different languages (english, chinese, hindi, maori, samoan, tongan and arabic) to
reach as many people as possible. One special feature of this campaign is the ,Get
Ready Week" in October. In this week the disaster awareness will be intensified.
Another thing to push the campaign is that the CDEM works together with major
supermarkets or department stores like New World or The Warehouse. Both
companies use special ads and leaflets to inform the people what kind of food or
equipment is necessary to survive a hazard event.

WTSeLANGHAND

Fig 3.06: What's the plan Stan? campaign logo (CDEM 2010c)

A second campaign under the name ,What's the plan Stan?“ was launched to
promote the understanding of hazards and preparedness in primary and secondary
schools. A website (-> http://www.whatstheplanstan.govt.nz) was launched that target
directly students and teachers.

Education in New Zealand is successful because of the following circumstances:

1.  People are aware that New Zealand faces not only one natural hazard but
several different ones.

2. For every target group (businesses, the general public and pupils) a
special education programme was designed.

3. The education programmes use every kind of media to broadcast their
informations and work closely together supermarkets and department
stores.
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4.  As part of the general hazard education the ,Get Ready Week" is repeated
every year in October.

= Mapping
Mapping is used to establish coastal hazard zones and evacuation maps. CHZ's are
used to identify coastal areas that may be effected by coastal hazards like coastal
flooding or erosion (NRC 2008). CHZ are modelled with the help of geographic
information systems (GIS) (Bell 2010, personal comment). Healy (2003) defines the
CHZs as follows ,A hazard zone is a zone in which, on the balance of probabilities
within the next 100 years, there is going to be a hazardous situation."
To define the risk of coastal flooding, Environment Waikato (1999) requires
informations on:

1. the magnitude and frequency of flooding

2 magnitude and frequency of potential tsunami events

3. the potential effects likely to predict global warming and

4. the land and building floor levels in low-lying flood-prone areas.

The tsunami evacuation zone maps for example are based on this data. Figure 3.07
shows a tsunami evacuation zone map of the Wellington including an explanation of
the zones (see Appendix A.3. for a high resolution map).

RED: The red zone is the shore-exclusion
zone. This represents the highest risk zone and
is the first place people should evacuate from
in any sort of tsunami warning (both formal and
informal).

ORANGE: The orange zone is the area

which is likely to be evacuated during official
warnings and evacuations. The official warning
will come from local Civil Defence Emergency
Management agencies such as your local
council.

: The yellow zone identifies areas
that need to evacuate for the largest possible
tsunami. People should evacuate this zone in
natural or informal warnings from local sources
events such as a large local earthquake.

Fig. 3.07: Tsunami evacuation zone map of Wellington with explanation (GW 2010)
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The Whangarei District Council (2010) uses the same colours for its tsunami
evacuation maps and explains , A red exclusion zone which takes in the foreshore
and is a danger area in all tsunami events no matter what size. The orange zone is
for the tsunamis that has been generated around the Pacific Rim and has some
warning time before they hit our shores. The yellow zone is for any local tsunamis
which is generated very close to shore and for which there is not enough time to
provide an official warning (generally arrival times are less than one hour). These
tsunamis tend to be larger than those generated around the Pacific Rim but impact
only on a small area of the coast. They do not affect the whole of the New Zealand
coastline. These local tsunamis are also much rarer than those generated around the
Pacific Rim.“

Mapping in New Zealand is successful because of the following circumstances:
1. They are based on comprehensive scientific data.
2. The maps are well designed and easy to understand for the public.

= \Warning Systems

The responsibility for the public weather forecast and the release of warning
messages belongs to the MetService in Wellington. The extended weather forecast is
modelled for 4 days in advance and for rainfall for 7 days. Tsunami related
informations are received from the Pacific Tsunami Warning Center (PTWC) in
Hawaii. The wave height is modelled for 2 days in advance by MetService and NIWA.
NIWA publishes so called Red-Alert days for coastal flooding. On Red-Alert days,
tides are higher then the normal average and can expose the coast with the
coincidental occurrence of storm surges to a high flooding risk. Every coastal
manager in New Zealand adds this Red-Alert days to his calendar and has to have a
closer look to the weather forecast (Bell 2010, personal comment). For businesses
and professional users NIWA launched a paid web service called EcoConnect. This
is a realtime environmental forecasting and information service.

Coastal storms can be detected several hours or even several days before a flooding
event happens. Distantly generated tsunamis have a lead time of several hours. Only
for locally generated tsunamis the lead time with 15-30 minutes is very short
(Environment Waikato 1999).
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Fig. 3.08: Tsunami hazard zone warning sign at Castle Point / Wairarapa / New Zealand
(CDEM 2010a)

Tsunami hazard zone warning and evacuation route signs and evacuation maps are
in the implementation phase now, after positive results with local pilot communities in
2008. They were developed by Local District and Local Civil Defence Emergency
Management Groups. The evacuation maps were modelled together with the Institute
of Geological and Nuclear Sciences.

Warning systems in New Zealand are successful because of the following
circumstances:
1. Comprehensive weather forecasting data is available.
2. Coastal managers are aware of Red-Alert days (high tide days) and know
that they have to have a closer look to the weather forecast on these days.
3. Comprehensive and easy to understand tsunami hazard zone warning
signs and evacuation route signs are in the installation phase after a
successful pilot project.

= Emergency Management

Emergency Management in New Zealand is based on the Civil Defence Emergency
Management Act (CDEMA) (2002). One purpose of the act states ,improve and
promote the sustainable management of hazards in a way that contributes to the
social, economic, cultural, and environmental well-being and safety of the public and
also to the protection of property“. Another one states ,encourage and enable
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communities to achieve acceptable levels of risk, including, without
limitation“ (CDEMA 2002). The CDEMA and RMA are closely linked because they
share the same sustainable management objective.

The emergency management cycle of New Zealand is called ,the 4 Rs“. The 4 Rs
are based on the international four cyclic approach only with a variation in the terms
(see Table 3.01). Figure 3.09 shows the 4 Rs cycle with a short explanation for every

step.

International term

New Zealand term

Risk mitigation
Preparedness
Response

Recovery

- Reduction
- Readiness
- Response
- Recovery

Tab. 3.01: International and New Zealand emergency management terms

Fig. 3.09: The 4Rs of the NZ emergency management cycle, altered (CDEM 2006)

Reduction: consists of
identifying and analysing
long-term risks to human life and
property from natural or non-natural

hazards; taking steps to eliminate these
risks if practicable, and, if not, reducing
the magnitude of their impact and the
likelihood of their occurring.

including self help and

response programmes

for the general public, and
specific programmes for
emergency services, lifeline
utilities, and other agencies.

Recovery: consists of the
coordinated efforts and Response:
processes used to bring consists of actions immediately before,
about the immediate, during, or directly after a civil defence
medium-term, and emergency to save lives and property,
long-term holistic and to help communities recover.
regeneration of
a community
following a
civil defence
emergency.
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Emergency management in New Zealand is successful because of the following
circumstances:

1.  The Civil Defence Emergency Management Act and the Resource
Management Act are closely linked with the same sustainable
management objective.

2. Since New Zealand is prone to several different natural hazards the
emergency management faces great challenges and this keeps them up
to date.

3.4. Classification framework
The developed classification framework from chapter 2, is in Figure 3.10 adjusted to
the New Zealand case study.

Beach nourishment

(1) Restoration of nature Restoration of coastal dunes

Restoration of coastal wetlands ]

Zoning / Development restrictions

Development setback ]

(2) Spatial planning & Policy making

[ Classification framework ] Flood proofing of houses ]

Insurance cover

Education

Emergency management

(3) Risk communication

Warning systems

Fig. 3.10: Classification framework of non-structural measures to mitigate coastal flooding in
the New Zealand case

All green (dark) coloured measures are applied in New Zealand. The three yellow
(light) coloured ones, namely restoration of wetlands, development setback and flood
proofing of houses are only partly applied in New Zealand.

First according to the Auckland Regional Council (ARC) (ARC 2009) wetlands will
normally regenerate naturally and to assist this process the normal measures are
fencing of the area to prevent trampling from stock and plant and animal past control.
This are not classical international applied restoration measures for coastal wetlands.
Second there are not so many wetlands left that could be restorated because of
densely development pattern at the coast.
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Development setback is a hot topic at the moment and it is applied in some Regional
Councils but there are still a lot of things unclear like questions about coordination
and the choice of the right methods. So a lot of research has to be done to find right
answers.

The only measure that is applied for flood proofing of houses is a building regulation
requirement of a minimum ground floor level for houses.
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Chapter 4
Conclusion

4. Conclusion

N/

@
,Disaster preparedness is a complicated
business. There’s much more to it than stashing
away a few cans of baked beans.“ (Hon Rick
Barker, Minister of Civil Defence & Emergency

Management of New Zealand)

The objective of this thesis was to compare international used non-structural coastal
flooding mitigation measures with measures that are applied in New Zealand and see
what kind of lessons could be learned from this country. For every measure the
needed circumstances to make the measure successful were listed and at the end a
classification framework was developed to make the comparison easier and clearer.

Non-structural mitigation measures were selected because today coastal areas are
the densely populated areas in the world and in future the population will further
increase. With the uncertainties about the future climate and sea level it is wise to
move from structural protection measures to non-structural mitigation measures.

Some general findings are that in advance applied non-structural measure have a
positive impact on the protection against coastal flooding. This is specially true for the
restoration of nature, spatial planning, applying of building codes and risk education
of the public. Risk education is a very important tool to show the public that
humankind is not able to control the nature and that we have eventually be more
aware of the destructive forces from the nature. It will also show what kind of impacts
the destructive forces have and how we can minimise them.

One negative finding was that the use of insurance cover to mitigate flood losses in
flood-prone areas has failed because the contrary effect, stimulation of building,
occurred. This is a problem of insurances that are bases on shared costs. If the real
risks would be reflected from the insurance cover then it would prevent people to
build in flood-prone areas.
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Especially from the New Zealand case study some lessons can be learned:

1.

Every applied measure in New Zealand has not released its full potential
yet. This is a long term activity that will take several years or decades.

The raising of the peoples awareness about coastal hazards is a long term
time-consuming and costly matter. It is absolutely necessary that
awareness raising campaigns are recurring every year and that they
involve of all types of media.

Open and true communication between the government and the public is
necessary and will help to shape resilient communities.

The foundation of effective mitigation measures are comprehensive
regulations and laws that incorporate the idea of sustainable management.
Communication between the national government and regional
government or provinces is absolutely necessary to avoid any
misunderstandings and to make it clear who is responsible for what.

Table 4.01 shows a comparison of factors that are necessary to make the presented
mitigation measures successful in a general international context and in the specific

New Zealand case.

Measure International factors New Zealand factors

Beach nourishment It can only be done in | non-applicable because

areas where beaches | of a lack of data
occur naturally.

It must be repeated every
5-10 years to avoid
negative impacts to the
coast.

Enough feeding material
should be available,
preferably slightly coarser
sand from near distance
sources.
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Measure

International factors

New Zealand factors

Restoration of coastal

dunes

Semi permeable fences
should be installed at the
beginning to trap sand.

Pre-grown seedlings are
more robust and will
increase a successful
restoration.

To avoid monocultural
problems a mix of
different plants is
favourable especially
native ones.

Regional Councils and
volunteer groups work
hand in hand together.

Restoration of coastal

wetlands

The selected area must
meet certain conditions
(for salt marshes see
Weinstein et al. 2001).

Pre-grown seedlings are
more robust and will
increase a successful
restoration.

non-applicable because
of a lack of remaining
coastal wetlands
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Measure

International factors

New Zealand factors

Zoning / Development
restrictions

It must be clear what the
main activity in the
selected zone will be
without any exceptions
otherwise the zoning
concept will be watered
down.

If development is allowed,
does a building has to
meet certain standards
like some kind of flood
proofing? If yes this
requirements should be
added as an obligation to
the building permit.

-> see Development
setback

Development setback

It must be clear on what
kind of event (e.g. a 100
years flood or a 500 years
flood) the setback is
based. This will determine
the minimum setback
distance.

The setback distances
must be added to the
building permits for new
buildings.

The public interest has a
higher priority as private
interests.

Building requirements for
new houses are added to
the building regulations
and permits (e.g. new
houses must be build in a
way that it is relocatable).
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Measure

International factors

New Zealand factors

Flood proofing of houses

For new developments
the measures must
mentioned in the building
permit as a requirement.

For existing buildings
governmental incentives
or insurance discounts
after a successful
retrofitting would help to
minimise risks.

Especially for floating
homes / amphibious
homes the following
circumstances must be
considered:

appropriate building
material and appropriate
anchoring methods to
prevent moving.

Special areas should be
designated for this homes
to prevent them from
negative impacts from
navigational channels
(e.g. wash or eddy water).

Are they build according
to standards for terrestrial
houses or according to
standards for vessels?
This makes a hugh
difference in the technical
requirements.

Additional to todays
required minimum flood
level in the building
regulations, regulations
about dry proofing
methods (methods to
prevent the water of
entering the house)
should be considered.
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Measure

International factors

New Zealand factors

Insurance cover

The responsibility
between the public and
the private must be clear.

In certain areas a flood
insurance must be a
requirement to reduce
risks.

Flood insurance must
cover the real costs to
prevent building in highly
hazardous areas.

An insurance discount
could be given if a home
owner applies flood
proofing measures. This
would work as an
incentive.

The responsibility
between the public and
the private must be clear.

Flood insurance must
cover the real costs to
prevent building in highly
hazardous areas.

An insurance discount
could be given if a home
owner applies flood
proofing measures that
are beyond the legislative
requirement. This would
work as an incentive.
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Measure

International factors

New Zealand factors

Education

non-applicable because
of a lack of data

People are aware that
New Zealand faces not
only one natural hazard
but several different ones.

For every target group
(businesses, the general
public and pupils) a
special education
programme was
designed.

The education
programmes use every
kind of media to
broadcast their
informations and work
closely together
supermarkets and
department stores.

As part of the general
hazard education the ,,Get
Ready Week" is repeated
every year in October.
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Measure

International factors

New Zealand factors

Emergency management

Every step should be well
designed with clear
responsibilities.

The Civil
Emergency Management

Defence

Act and the Resource
Management Act are
closely linked with the
same sustainable
management objective.

Since New Zealand is
prone to several different
hazards the
emergency management

natural

faces great challenges
and this keeps them up to
date.

Mapping

Accurate scientific data
about hazards must be
available.

Maps should be well
designed with associative
colours that the public is
able to understand them
very easily.

They are based on
comprehensive scientific
data.

The maps are well
designed and easy to
understand for the public.
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Measure

International factors

New Zealand factors

Warning systems

Every step should be well
designed with clear
responsibilities.

Warning messages for the
public must be designed
in a way that they are
easy to understand (no
technical terms or
bureaucratic language).

The messages should be
personalised and
comprehensive.

Comprehensive weather
forecasting data is
available.

Coastal managers are
aware of Red-Alert days
(high tide days) and know
that they have to have a
closer look to the weather
forecast on these days.

Comprehensive and easy
to understand tsunami
hazard zone warning
signs and evacuation
route signs are in the
installation phase after a

successful pilot project.

Tab. 4.01: Factors that make non-structural mitigation measures successful

This thesis has shown that future research should target the following aspects of

mitigation measures:

+ It is hardly impossible to find any evaluations of public educational and
awareness raising campaigns or a comparison of campaigns from different

countries and

+ the performance of development setbacks is not clear yet, this applies
especially for Europe and Australasia. The research should also cover the

behavior of the real estate market and its pricing.

Page | 59






Appendix

Appendix

A. Appendix

A.1. References
Adriaanse L.A., & Coosen J. (1991) Beach and dune nourishment and environmental
aspects, Coastal Engineering, Vol. 16, pp. 129-146

Alhorn, F. (2009) Long-term perspective in coastal zone development, Springer
Verlag, Heidelberg

Alongi, D.M. (2008) Mangrove forests: Resilience, protection from tsunamis, and
responses to global climate change, Estuarine, Coastal and Shelf Science, Vol. 76,
pp. 1-13

Andjelkovic, I. (Ed.) (2001) Guidelines on non-structural measures in urban flood
management, International Hydrology Programme, Technical Documents in
Hydrology No. 50, UNESCO

ARC (2009) Coastal Planting Guide 5 - Coastal Wetlands, Salt marshes & Estuaries,
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and
%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt
%20marshes%20&%20Estuaries.pdf, Auckland Regional Council, Accessed 05
August 2010

Associated Programme on Flood Management (2008) Urban flood risk management:
a tool for integrated flood management, APFM Technical Document No. 11, Flood
Management Tools Series

Ballinger, R.C., Potts, J.S., Bradley, N.J. & Pettit, S.J. (2000) A comparison between
coastal hazard planning in New Zealand and the evolving approach in England and
Wales, Ocean & Coastal Management, Vol. 43, pp. 905-925

Barkowski, J.W., Kolditz, K., Brumsack, H. & Freund, H. (2009) The impact of tidal
inundation on salt marsh vegetation after de-embankment on Langeoog Island,
Germany - six years time series of permanent plots, Journal of Coastal Conservation,
Vol. 13, pp. 185-206

Page | 61


http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf
http://www.arc.govt.nz/albany/fms/main/Documents/Environment/Plants%20and%20animals/Coastal%20Planting%205%20-%20Coastal%20Wetlands%20Salt%20marshes%20&%20Estuaries.pdf

Appendix

Becker, J. & Saunders, W. (2007) Enhancing sustainability trough pre-event recovery
planning, Planning Quarterly, March 2007, pp. 14-18

Bell, R.G. (2010a) Tidal exceedances, storm tides and the effect of seal-level rise,
Contribution to the 17th Congress of the Asia and Pacific Division of the IAHR, 21-24
February 2010, Auckland

Bell, R.G. (2010b) New Zealand gauges: Chile tsunami, NIWA, Hamilton

Bell, R.G., Goring, D.G. & de Lange, W.P. (2000) Sea-level change and storm surges
in the context of climate change, IPENZ Transactions, Vol. 27(1), pp. 1-10

Bell, R.G. & Gorman, R.W. (2003) Coastal Hazards, Tephra, Vol. 20, pp. 21-26

Bell, R.G. & Gorman, R.W. (2007) Coastal hazards - rising problems, Water &
Atmosphere, Vol. 15(3), pp. 16-17

Bergin, D.O. & Kimberley, M.O. (1999) Rehabilitation of coastal foredunes in New
Zealand using indigenous sand-binding species, Science of Conservation Series
122, Department of Conservation, Wellington

Berryman, K. (Ed.) (2005) Review of tsunami hazard and risk in New Zealand,
Institute of Geological & Nuclear Sciences client report 2005/104, Institute of
Geological & Nuclear Sciences, Lower Hutt

Bin, O. & Kruse, J.B. (2006) Real estate market response to coastal flooding
hazards, Natural Hazards Review, Vol. 7(4), pp. 137-144

Bin, O. & Polasky, S. (2004) Effects of flood hazards on property values: evidence
before and after hurricane Floyd, Land Economics, Vol. 80(4), pp. 490-500

Blackett, P., Hume, T. & Dahm, J. (2010) Exploring the social context of coastal
erosion management in New Zealand: What factors drive particular environmental
outcomes?, The Australasian Journal of Disaster and Trauma Studies, Vol. 2010-1

Béhm, H.R., Haupter, B., Heiland, P. & Dapp, K. (2004) Implementation of flood risk
management into spatial plans and policies, River Research and Applications, Vol.
20, pp. 255-267

62 | Page



Appendix

Boyd, J. (2007) The Whangamata marina decision and ministerial decision-making
under the RMA, New Zealand Journal of Environmental Law, Vol. 11, pp. 297-320

Bridgewater, G.D. (1986) Littoral sediment transport at Mangatawhiri Spit, New
Zealand, New Zealand Journal of Marine and Freshwater Research, Vol. 20(1), pp.
147-151

Broome, S.W., Seneca. E.D. & Woodhouse, W.W. (1988) Tidal salt marsh
restoration, Aquatic Botany, Vol. 32, pp. 1-22

Browne, M.J. & Hoyt, R.E. (2000) The demand for flood insurance: empirical
evidence, Journal of Risk and Uncertainty, Vol. 20(3), pp. 291-306

Building.co.uk (2008) Flood defence cartoon, http://www.building.co.uk/Pictures/web/
p/s/a/flood_defence_cartoon.jpg, Accessed 25 March 2010

Burby, R.J. (1998) Natural hazards and land use: an introduction, In Burby, R.J. (Ed.)
Cooperating with Nature, Confronting natural hazards with land-use planning for
sustainable communities, Joseph Henry Press, Washington D.C.

Burby, R.J. (2001) Flood insurance and floodplain management: the US experience,
Environmental Hazards, Vol. 3, pp. 111-122

Burby, R.J. (2006) Hurricane Katrina and the paradoxes of government disaster
policy: bringing about wise governmental decisions for hazardous areas, The
ANNALS of the American Academy of Political and Social Science, Vol. 604, pp.
171-191

Burby, R.J., Beatley, T., Berke, P.R., Deyle, R.E., French, S.P., Godschalk, D.R.,
Kaiser, E.J., Kartez, J.D., May, P.J., Olshansky, R., Paterson, R.G. & Platt, R.H.
(1999) Unleashing the power of planning to create disaster-resistant communities,
Journal of the American Planning Association, Vol. 65(3), pp. 247-258

Burby, R.J., Nelson, A.C., Parker, D. & Handmer, J. (2001) Urban containment policy
and exposure to natural hazards: is there a connection?, Journal of Environmental
Planning and Management, Vol. 44(4), pp. 475-490

Page | 63


http://livepage.apple.com/
http://livepage.apple.com/
http://livepage.apple.com/
http://livepage.apple.com/

Appendix

Carter, L & Mitchell, J.S. (1985) Stability of an artificially nourished beach, Balaena
Bay, Wellington Harbour, New Zealand, New Zealand Journal of Marine and
Freshwater Research, Vol. 19(4), pp. 535-552

CDEM (2006) National Civil Defence Emergency Management Planning Poster,
Ministry of Civil Defence & Emergency Management, Wellington

CDEM (2010a) Beachfront tsunami warning signage, http://www.civildefence.govt.nz/
memwebsite07.nsf/Files/Photo_library_tsunami/$file/beach%20warning%20sign.jpg,
Accessed 07 July 2010

CDEM (2010b) Get ready get thru campaign logo, http://www.civildefence.govt.nz/
memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?
opendocument, Accessed 07 July 2010

CDEM (2010c) Whats the plan Stan campaign logo, http://www.civildefence.govt.nz/
memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?
opendocument, Accessed 07 July 2010

Church, J.A., Gregory, J.M., Huybrechts, P., Kuhn, M., Lambeck, K., Nhuan, M.T.,
Qin, D. & Woodworth, P.L. (2001) Changes in sea level, In: Houghton, J.T., Ding, Y.,
Griggs, D.J., Noguer, M., van der Linden, P.J. & Xiaosu, D. (Eds.), Climate Change
2001, The Scientific Basis, Cambridge University Press, Cambridge, pp. 639-693

Clarke, M.L. & Randell, H.M. (2010) Atlantic storminess and historical sand drift in
Western Europe: implications for future management of coastal dunes, Journal of
Coastal Conservation, Online First (15 April 2010)

ClimateWire (2009) Netherlands: Sinking country looks to float itself out of harm's
way, http://www.eenews.net/public/climatewire/2009/12/22/1, Accessed 08 June 2010

Davison, A.T., Nicholls, R.J. & Leatherman, L.P. (1992) Beach nourishment as a
coastal management tool: An annotated bibliography on developments associated

with the artificial nourishment of beaches, Journal of Coastal Research, Vol. 8(4), pp.
984-1022

de Graaf, R.E. (2009) Innovations in urban water management to reduce the
vulnerability of cities, PhD Thesis, Delft University of Technology, Delft

64 | Page


http://www.civildefence.govt.nz/memwebsite07.nsf/Files/Photo_library_tsunami/$file/beach%2520warning%2520sign.jpg
http://www.civildefence.govt.nz/memwebsite07.nsf/Files/Photo_library_tsunami/$file/beach%2520warning%2520sign.jpg
http://www.civildefence.govt.nz/memwebsite07.nsf/Files/Photo_library_tsunami/$file/beach%2520warning%2520sign.jpg
http://www.civildefence.govt.nz/memwebsite07.nsf/Files/Photo_library_tsunami/$file/beach%2520warning%2520sign.jpg
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-website-logos?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.civildefence.govt.nz/memwebsite.nsf/wpg_url/for-the-cdem-sector-public-education-whats-the-plan-stan?opendocument
http://www.eenews.net/public/climatewire/2009/12/22/1
http://www.eenews.net/public/climatewire/2009/12/22/1

Appendix

de Lillis, M., Costanzo, L., Bianco, P.M. & Tinelli, A. (2004) Sustainability of sand
dune restoration along the coast of the Tyrrhenian sea, Journal of Coastal

Conservation, Vol. 10, pp. 93-100

de Moel, H., van Alphen, J. & Aerts, J.C.J.H (2009) Flood maps in Europe — methods,
availability and use, Natural Hazards and Earth System Sciences, Vol. 9, pp. 289-301

DoC (1994) New Zealand coastal policy statement, Department of Conservation,
Wellington

DoC (2008) Workshop presentation: restoring natural dune resilience to mitigate
projected sea level rise, http://www.mfe.govt.nz/issues/climate/resources/workshops/
preparing-climate-change/restoring-natural-dune-resilience.html, Accessed 06 May
2010

DoC (2010) Coastal Management, http://www.doc.govt.nz/conservation/marine-and-
coastal/coastal-management/, Accessed 06 May 2010

Dufty, N. (2008) A new approach to community flood education, The Australian
Journal of Emergency Management, Vol. 23(2), pp. 4-8

Ecoboot (2007) Amphibious homes in Maasbommel, http://www.ecoboot.nl/
ecoboot_new/?p=237 ,Accessed 08 June 2010

Environment Agency (2007) What is Managed Realignment?, http://
www.intertidalmanagement.co.uk/contents/home/
what_is_managed_realignment.htm, Accessed 09 July 2010

Environment Waikato (1998) West Coast hazard project, Environment Waikato
Technical Report 2008/14, Environment Waikato Regional Council, Hamilton

Environment Waikato (1999) Coastal flooding risk mitigation strategy, Environment
Waikato Policy Series 1999/06, Environment Waikato Regional Council, Hamilton

Environment Waikato (2002) Coastal Hazards & Development Setback
Recommendations Summary Report May 2002, Environment Waikato Regional
Council, Hamilton

Page | 65


http://www.mfe.govt.nz/issues/climate/resources/workshops/preparing-climate-change/restoring-natural-dune-resilience.html
http://www.mfe.govt.nz/issues/climate/resources/workshops/preparing-climate-change/restoring-natural-dune-resilience.html
http://www.mfe.govt.nz/issues/climate/resources/workshops/preparing-climate-change/restoring-natural-dune-resilience.html
http://www.mfe.govt.nz/issues/climate/resources/workshops/preparing-climate-change/restoring-natural-dune-resilience.html
http://www.doc.govt.nz/conservation/marine-and-coastal/coastal-management/
http://www.doc.govt.nz/conservation/marine-and-coastal/coastal-management/
http://www.doc.govt.nz/conservation/marine-and-coastal/coastal-management/
http://www.doc.govt.nz/conservation/marine-and-coastal/coastal-management/
http://www.ecoboot.nl/ecoboot_new/?p=237
http://www.ecoboot.nl/ecoboot_new/?p=237
http://www.ecoboot.nl/ecoboot_new/?p=237
http://www.ecoboot.nl/ecoboot_new/?p=237
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm
http://www.intertidalmanagement.co.uk/contents/home/what_is_managed_realignment.htm

Appendix

Environment Waikato (2006) Managed retreat from coastal hazards: options for
implementation, Environment Waikato Technical Report 2006/48, Environment

Waikato Regional Council, Hamilton

Environment Waikato (2007) Coromandel Peninsula blueprint: natural hazards,
Environment Waikato Profile Statement, Environment Waikato Regional Council,
Hamilton

Environment Waikato (2010) Development setback recommendations: Coromandel
beaches, http://www.ew.govt.nz/environmental-information/Regional-hazards-and-
emergency-management/Coastal-hazards/Development-setback-recommendations-
Coromandel-beaches/, Accessed 20 May 2010

Ericksen, N.J. (2004) ‘Natural’ hazards & disasters: basic concepts, The International
Global Change Institute, The University of Waikato, Hamilton

Ericksen, N.J. (2005a) The hang-up in flood hazard planning (Part 1), Planning
Quarterly, Vol. 158, pp. 24-28

Ericksen, N.J. (2005b) The hang-up in flood hazard planning (Part Il), Planning
Quarterly, Vol. 159, pp. 28-32

Ericksen, N.J., Berke, P.R., Crawford, J.L. & Dixon, J.E. (2004) Plan-making for
sustainability: New Zealand under the RMA, Published by the International Global
Change Institute, The University of Waikato, Hamilton

Esler, A. E. (1970) Manawatu sand dune vegetation, Proceedings of the New
Zealand Ecological Society, Vol. 17, pp. 42-46

European Commission (2004a) Living with coastal erosion in Europe: sediment and
space for sustainability, Service contract B4-3301/2001/329175/ MAR/B3

European Commission (2004b) Living with coastal erosion in Europe: shoreline
management guide, Service contract B4-3301/2001/329175/ MAR/B3, Brussels

European Commission (2007) Maritime policy green paper, http://europa.eu/
legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/

166029 _en.htm, Accessed 05 May 2010

66 | Page


http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://www.ew.govt.nz/environmental-information/Regional-hazards-and-emergency-management/Coastal-hazards/Development-setback-recommendations-Coromandel-beaches/
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm
http://europa.eu/legislation_summaries/maritime_affairs_and_fisheries/maritime_affairs/l66029_en.htm

Appendix
Ewel, K.C., Twilley, R.R. & Ong, J.E. (1998) Different kinds of mangrove forests
provide different goods and services, Global Ecology and Biogeography Letters, Vol.
7, pp. 83-94

Eximap (2007) Handbook on good practices for flood mapping in Europe, http://
ec.europa.eu/environment/water/flood_risk/flood_atlas/index.htm, Accessed 21 May
2010

Faisal, I.M., Kabir, M.R. & Nishat, A. (1999) Non-structural food mitigation measures
for Dhaka City, Urban Water, Vol. 1, pp. 145-153

FEMA (2009) Homeowner’s guide to retrofitting, FEMA Publication P-312,
Washington DC

Field, C.D. (1998) Rehabilitation of mangrove ecosystems: an overview, Marine
Pollution Bulletin, Vol. 37(8-12), pp. 383-392

Gersonius, B., Zevenbergen, C., Puyan, N. & Billah, M.M.M. (2008) Efficiency of
private flood proofing of new buildings - adapted redevelopment of a floodplain in the
Netherlands, In: Proverbs, D., Brebbia, C.A. & Penning-Rowsell, E. (Eds.) Flood
recovery, innovation and response, WIT Press, Southampton

Glavovic, B.C., Becker, J.S. & Saunders, W.S.A. (2010a) Realising the potential of
land-use planning to reduce hazard risks in New Zealand, The Australasian Journal
of Disaster and Trauma Studies, Vol. 2010-1

Glavovic, B.C., Saunders, W.S.A. & Becker, J.S. (2010b) Land-use planning for
natural hazards in New Zealand: the setting, barriers, ‘burning issues’ and priority
actions, Natural Hazards, Online First (5 February 2010)

Gleeson, B.J. & Grundy, K.J. (1997) New Zealand’s planning revolution five years on:
a preliminary assessment, Journal of Environmental Planning and Management, Vol.
40(3), pp. 293-313

Godschalk, D.R., Brody, S. & Burby, R. (2003) Public participation in natural hazard
mitigation policy formation: challenges for comprehensive planning, Journal of

Environmental Planning and Management, Vol. 46(5), pp. 733-754

Google (2010) Location of New Zealand in Google Earth, Accessed 15 April 2010

Page | 67


http://ec.europa.eu/environment/water/flood_risk/flood_atlas/index.htm
http://ec.europa.eu/environment/water/flood_risk/flood_atlas/index.htm
http://ec.europa.eu/environment/water/flood_risk/flood_atlas/index.htm
http://ec.europa.eu/environment/water/flood_risk/flood_atlas/index.htm

Appendix

Green, R.J. (2010) Coastal towns in transition: local perceptions of landscape
change, Springer Netherlands, Dordrecht

Greiving, S., Fleischhauer, M. & Wanczura, S. (2006) Management of natural
hazards in Europe: the role of spatial planning in selected EU member states,
Journal of Environmental Planning and Management, Vol. 49 (5), pp. 739-757

Grommbridge, B. & Jenkins, M.D. (2002) World atlas of biodiversity, Prepared by the
UNEP world conservation monitoring centre, University of California Press, Berkeley

GW (2010) Tsunami evacuation zone maps, http://www.gw.govt.nz/tsunami-
evacuation-zone-maps/, Accessed 07 July 2010

Hagemeier-Klose, M. & Wagner, K. (2009) Evaluation of flood hazard maps in print
and web mapping services as information tools in flood risk communication, Natural
Hazards and Earth System Sciences, Vol. 9, pp. 563-574

Handmer, J. (1988) The Performance of the Sydney Flood Warning System, August
1986, Disasters, Vol. 12(1), pp. 37-49

Hanson, H., Brampton, A., Capobianco, M., Dette, H.H., Hamm, L., Laustrup, C.,
Lechuga, A. & Spanhoff, R. (2002) Beach nourishment projects, practices, and
objectives - a european overview, Coastal Engineering, Vol. 47, pp. 81-111

Harada, K., Fumihiko, I. & Hiraishi, T. (2002) Experimental study on the effect in
reducing tsunami by the coastal permeable structures, Proceedings of the twelfth
(May 26-31, 2002) International Offshore and Polar Engineering Conference,
Kitakyushu

Harris, R. (2007) Elevated house in Mississippi, http://www.photolibrary.fema.gov/
photolibrary/photo_details.do?id=27769, Accessed 20 May 2010

Hayes, B.D. (2004) Interdisciplinary planning of nonstructural flood hazard mitigation,
Journal of Water Resources Planning and Management, Vol. 130(1), pp.15-25

Healy, T (2003) Our eroding nation: Battle for the dunes, http://www.nzherald.co.nz/
nz/news/article.cfm?c_id=1&objectid=3049392, Accessed 04 July 2010

68 | Page


http://www.gw.govt.nz/tsunami-evacuation-zone-maps/
http://www.gw.govt.nz/tsunami-evacuation-zone-maps/
http://www.gw.govt.nz/tsunami-evacuation-zone-maps/
http://www.gw.govt.nz/tsunami-evacuation-zone-maps/
http://www.photolibrary.fema.gov/photolibrary/photo_details.do?id=27769
http://www.photolibrary.fema.gov/photolibrary/photo_details.do?id=27769
http://www.photolibrary.fema.gov/photolibrary/photo_details.do?id=27769
http://www.photolibrary.fema.gov/photolibrary/photo_details.do?id=27769
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=3049392
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=3049392
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=3049392
http://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=3049392

Appendix

Healy, T. (2010) New Zealand, In: Bird, E.C.F (Ed.) Encyclopedia of the world's
coastal landforms, Springer Netherlands, Dordrecht

Heidari, A. (2009) Structural master plan of flood mitigation measures, Natural
Hazards and Earth System Sciences, Vol. 9, pp. 61-75

Heslenfeld, P., Jungerius, P.D. & Kilijn, J.A. (2008) European coastal dunes:
ecological values, threats, opportunities and policy development, In: Martinez, M.L. &
Psuty, N.P. (Eds), Coastal dunes: ecology and conservation, Ecological Studies Vol.
171, Springer Verlag, Heidelberg

Hewett, D.G. (1970) The colonization of sand dunes after stabilization with Marram
Grass (Ammophila Arenaria), Journal of Ecology, Vol. 58(3), pp. 653-668

Hinrichsen, D. (1999) The coastal population explosion, coastal trends workshop,
The next 25 years: Global issues, NOAA, Silver Spring

Holway, J.M. & Burby, R.J. (1993) Reducing flood losses: local planning and land use
controls, Journal of the American Planning Association, Vol. 59(2), pp. 205-216

Howe, K.R. (2009a) Ideas of Maori origins - 1840s—early 20th century: Maori tradition
and the Great Fleet, Te Ara - the encyclopedia of New Zealand, http:/
www.TeAra.govt.nz/en/ideas-of-maori-origins/3, Accessed 16 May 2010

Howe, K.R. (2009b) Ideas of Maori origins - 1920s—2000: new understanding, Te Ara
- the encyclopedia of New Zealand, http://www.TeAra.govt.nz/en/ideas-of-maori-
origins/5, Accessed 16 May 2010

IPCC (2007) Climate change 2007 - synthesis report, fourth assessment report of the
Intergovernmental Panel on Climate Change, Intergovernmental Panel on Climate

Change, Geneva

Kay, R. & Alder, J. (1999) Coastal planning and management, E & FN Spon
Publishing, London

Kelletat, D. (1992) Coastal erosion and protection measures at the german North
Sea coast, Journal of Coastal Research, Vol. 8(3), pp. 699-711

Kerr, J. (2005) Civil defence and planning, Planning Quarterly, Vol. 148, pp. 10-12

Page | 69


http://www.TeAra.govt.nz/en/ideas-of-maori-origins/3
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/3
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/3
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/3
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/5
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/5
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/5
http://www.TeAra.govt.nz/en/ideas-of-maori-origins/5

Appendix

Keum, H. & Crawford, J. (2009) Literature review on coastal values: socio-economic
evidence and research, International Global Change Centre, The University of
Waikato, Hamilton

Keys, C. (2008) The total flood warning system: concept and practice, The Australian
Journal of Emergency Management, Vol. 23(3), pp. 21-27

Keys, C. (2010) Four challenges for emergency management in Australia, National
Emergency Response, Vol. Autumn 2010, pp. 4-8

King, S.E. & Lester, J.N. (1995) The value of salt marsh as a sea defence, Marine
Pollution Bulletin, Vol. 30(3), pp. 180-189

Komar, P.D, McDougal, W.G., Marra, J.J. & Rugiero, P. (1999) The rational analysis
of setback distances: applications to the Oregon Coast, Shore & Beach, Vol. 67(1),
pp. 41-49

Kreibich, H., Thieken, A.H., Petrow, T., Muller, M. & Merz, B. (2005) Flood loss
reduction of private households due to building precautionary measures — lessons
learned from the Elbe flood in August 2002, Natural Hazards and Earth System
Sciences, Vol. 5, pp. 117-126

Kron, W. (2002) Keynote lecture: Flood risk = hazard x exposure x vulnerability, In:
Wu, B., Wang, Z-Y., Wang, G., Huang, G.G.H., Fang, H. & Huang, J. (Eds.) Flood
defence 2002, Science Press, New York

Kunreuther, H. (1996) Mitigating disaster losses through insurance, Journal of Risk
and Uncertainty, Vol. 12, pp. 171-187

Kunreuther, H. (2006) Disaster mitigation and insurance: learning from Katrina, The
ANNALS of the American Academy of Political and Social Science, Vol. 604(1), pp.
208-227

Leonard, G., Johnston, D. & Paton, D. (2005) Developing effective lahar warning
systems for Ruapehu, Planning Quarterly, Vol. 158, pp. 6-9

Marfai, M.A & King, L. (2008) Coastal flood management in Semarang, Indonesia,
Environmental Geology, Vol. 55, pp. 1507-1518

70 | Page



Appendix

Martinez, M.L., Maun, M.A. & Psuty, N.P. (2008) The fragility and conservation of the
world’s coastal dunes: geomorphological, ecological, and socioeconomic
perspectives, In: Martinez, M.L. & Psuty, N.P. (Eds), Coastal dunes: ecology and
conservation, Ecological Studies Vol. 171, Springer Verlag, Heidelberg

McDowell, M. & Webb, D. (1998) The New Zealand legal system: structures,
processes and legal theory, Butterworths Publishing, London

McKerchar, A. & Smart, G. (2007) Planning to avoid flood damage, Water &
Atmosphere, Vol. 15(3), pp. 12-13

McSaveney, E. (2009) Floods - New Zealand’s number one hazard, Te Ara - the
encyclopedia of New Zealand, http://www.TeAra.govt.nz/en/floods/1, Accessed 09
May 2010

Merz, B., Hall, J., Disse, M. & Schumann, A. (2010) Fluvial flood risk management in
a changing world, Natural Hazards and Earth System Sciences, Vol. 10, pp. 509-527

Ministry for the Environment (2008a) Coastal hazards and climate change: a
guidance manual for local government in New Zealand, Publication number: ME
number: 892, Wellington

Ministry for the Environment (2008b) Hierarchy of Resource Management Act 1991,
http://www.mfe.govt.nz/publications/climate/coastal-hazards-may04/html/
figurea1-1.html, Accessed 06 May 2010

Ministry for the Environment (2009) Preparing for coastal change, A guide for local
government in New Zealand, Publication number: ME 907, Wellington

Montz, B.E. (1993) Hazard area disclosure in New Zealand: the impacts on
residential property values in two communities, Applied Geography, Vol. 13, pp.
225-242

Nehlsen, E., Wilke, M., Goltermann, D. & Pasche, E. (2007) Flood mitigation using
cascading dike system, Proceedings of the 8. Forum DKKV/CEDIM: Disaster
reduction in climate change 15.-16.10.2007, Karlsruhe University, Karlsruhe

Page | 71


http://www.TeAra.govt.nz/en/floods/1
http://www.TeAra.govt.nz/en/floods/1
http://www.mfe.govt.nz/publications/climate/coastal-hazards-may04/html/figurea1-1.html
http://www.mfe.govt.nz/publications/climate/coastal-hazards-may04/html/figurea1-1.html
http://www.mfe.govt.nz/publications/climate/coastal-hazards-may04/html/figurea1-1.html
http://www.mfe.govt.nz/publications/climate/coastal-hazards-may04/html/figurea1-1.html

Appendix

Neuvel, J.M.M. & van den Brink, A. (2009) Flood risk management in Dutch local
spatial planning practices, Journal of Environmental Planning and Management, Vol.
52 (7), pp. 865-880

Nicholls, R.J. (2004) Coastal flooding and wetland loss in the 21st century: changes
under the SRES climate and socio-economic scenarios, Global Environmental
Change, Vol. 14, pp. 69-86

Nicholls, R.J. & Lowe, J.A. (2004) Benefits of mitigation of climate change for coastal
areas, Global Environmental Change, Vol. 14, pp. 229-244

Nicholls, R.J, Wong, P.P., Burkett, V.R., Codignotto, J.O., Hay, J.E., McLean, R.F,,
Ragoonaden, S. & Woodroffe, C.D. (2007) Coastal systems and low-lying areas.
Climate change 2007: Impacts, adaptation and vulnerability, in: Parry, M.L., Canziani,
O.F., Palutikof, J.P, van der Linden, PJ. & Hanson, C.E (Eds.) Contribution of
Working Group Il to the fourth assessment report of the Intergovernmental Panel on
Climate Change, Cambridge University Press, Cambridge, pp. 315-256

Niedowski, N.L. (Ed.) (2000) New York State salt marsh restoration and monitoring
guidelines, prepared by NOAA for the New York State Department of State and the
New York State Department of Environmental Conservation, NOAA, Silver Spring

Niedringhaus, R. (2008) Ostfriesische Inseln als ,hot spot“ der Biodiversitat in
Deutschland, http://www.presse.uni-oldenburg.de/mit/2008/278.html, Universitat
Oldenburg, Oldenburg, Accessed 02 June 2010

Noble Consultants (2010) Beach & Restoration & Nourishment, http://
www.nobleconsultants.com/civil/beach.html, Accessed 05 August 2010

Nordstrom, K.F., Gamper, U., Fontolan, G., Bezzi, A. & Jackson, N.L. (2009)
Characteristics of coastal dune topography and vegetation in environments recently
modified using beach fill and vegetation plantings, Veneto, Italy, Environmental
Management, Vol. 44, pp. 1121-1135

NRC (2008) What is the state of coastal hazards?, http://www.nrc.govt.nz/Resource-
Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-
Coastal-hazards/73-What-is-the-state-of-coastal-hazards/#A1, Accessed 07 July
2010

72 | Page


http://www.presse.uni-oldenburg.de/mit/2008/278.html
http://www.presse.uni-oldenburg.de/mit/2008/278.html
http://www.nobleconsultants.com/civil/beach.html
http://www.nobleconsultants.com/civil/beach.html
http://www.nobleconsultants.com/civil/beach.html
http://www.nobleconsultants.com/civil/beach.html
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1
http://www.nrc.govt.nz/Resource-Library-Summary/Environmental-Monitoring/State-of-the-Environment-Monitoring/7-Coastal-hazards/73-What-is-the-state-of-coastal-hazards/%23A1

Appendix

NZIER (2004) The Waikato Weather Bomb, NZ Institute of Economic Research,
Wellington

Peart, R. (2009) Castles in the Sand - What's happening to the New Zealand Coast?,
Craig Potton Publishing in association with the Environmental Defence Society,
Nelson

Penning-Rowsell, E.C., Tunstall, S.M., Tapsell, S.M. & Parker, D.J. (2000) The
benefits of flood warnings: real but elusive, and politically significant, Water and
Environment Journal, Vol. 14, pp. 7-14

Peterson, C.H. & Bishop, M.J. (2005) Assessing the environmental impacts of beach
nourishment, BioScience, Vol. 55(10), pp. 887-896

Pethick, J. (2001) Coastal management and sea-level rise, Catena, Vol. 42, pp.
307-322

Petry, B. (2002) Keynote lecture: Coping with floods: complementarity of structural
and non-structural measures, In: Wu, B., Wang, Z-Y., Wang, G., Huang, G.G.H.,
Fang, H. & Huang, J. (Eds.) Flood defence 2002, Science Press, New York

Pilon, P.J. (2002) Guidelines for reducing flood losses, Reference code: DRR7639,
United Nations Inter-Agency Secretariat of the International Strategy for Disaster
Reduction, Geneva

Power, W., Downes, G., & Stirling, M. (2007) Estimation of tsunami hazard in New
Zealand due to South American earthquakes, Pure and Applied Geophysics, Vol.
164, pp. 547-564

Provoost, S., Jones, M.L.M. & Edmondson, S.E. (2009) Changes in landscape and
vegetation of coastal dunes in northwest Europe: a review, Journal of Coastal
Conservation, Online First (24 September 2009)

Psuty, N.P. & Silveira, T.M. (2009) Global climate change: an opportunity for coastal
dunes??, Journal of Coastal Conservation, Vol. 14, pp. 153-160

Rasid, H. & Paul, B.K. (1987) Flood Problems in Bangladesh: is there an indigenous
solution?, Environmental Management, Vol. 11(2), pp. 155-173

Page | 73



Appendix

Reise, K. (2005) Coast of change: habitat loss and transformations in the Wadden
Sea, Helgoland Marine Research, Vol. 59, pp. 9-21

Rijkswaterstaat (2010) Safecoast project, http://www.safecoast.org, Accessed 21
May 2010

Robertson, W.A. (1993) New Zealand's new legislation for sustainable resource
management, Land Use Policy, Vol. 10(4), pp. 303-311

Rodrigues, A.S., Santos, M.A., Santos, A.D. & Rocha, F. (2002) Dam-break flood
emergency management system, Water Resources Management, Vol. 16, pp.
489-503

Rutgers University (2010) Beach nourishment in Ocean City, http://
marine.rutgers.edu/geomorph/oceancityfill.jpg, The State University of New Jersey,
Accessed 25 May 2010

Sano, M., Marchand, M. & Medina, R. (2010) Coastal setbacks for the
Mediterranean: a challenge for ICZM, Journal of Coastal Conservation, Vol. 14(1),
pp. 33-39

Scottish Natural Heritage (2000) Dune fencing, http://www.snh.org.uk/publications/
on-line/heritagemanagement/erosion/appendix_1.4.shtml, Accessed 16 July 2010

Sene, K. (2008) Flood warning, forecasting and emergency response, Springer
Netherlands, Dordrecht

Sivakumar, M.V.K. (2005) Impacts of natural disasters in agriculture, rangeland and
forestry: an overview. In: Sivakumar, M.V.K., Motha, R.P., Das, H.P. (Eds.) Natural
disasters and extreme events in agriculture, impacts and mitigation, Springer Verlag,
Heidelberg

Sorensen, J.H. (2000) Hazard systems: review of 20 years of progress, Natural
Hazards Review, Vol. 1(2), pp. 119-125

Speybroeck, J., Bonte, D., Courtens, W., Gheskiere, T., Grootaert, P., Maelfait, J.-P.,
Mathys, M., Provoost, S., Sabbe, K., Stienen, E.W.M., van Lancker, V., Vincx, M. &
Degraer, S. (2006) Beach nourishment: an ecologically sound coastal defence

74 | Page


http://www.safecoast.org
http://www.safecoast.org
http://marine.rutgers.edu/geomorph/oceancityfill.jpg
http://marine.rutgers.edu/geomorph/oceancityfill.jpg
http://marine.rutgers.edu/geomorph/oceancityfill.jpg
http://marine.rutgers.edu/geomorph/oceancityfill.jpg
http://www.snh.org.uk/publications/on-line/heritagemanagement/erosion/appendix_1.4.shtml
http://www.snh.org.uk/publications/on-line/heritagemanagement/erosion/appendix_1.4.shtml
http://www.snh.org.uk/publications/on-line/heritagemanagement/erosion/appendix_1.4.shtml
http://www.snh.org.uk/publications/on-line/heritagemanagement/erosion/appendix_1.4.shtml

Appendix

alternative? A review, Aquatic Conservation: Marine and Freshwater Ecosystems,
Vol. 16, pp. 419—-435

State Emergency Service (2007) Home Emergency Kit Brochure, State Emergency
Service New South Wales, Wollongong

Stutts, A.T., Siderelis, C.D. & Rogers, S. (1983) Effect of ocean setback standards on
the location of permanent structures in coastal North Carolina, UNC Sea Grant
College Publication, No. UNC-SG-WP-83-5, Raleigh

Teal, .M. & Weishar, L. (2005) Ecological engineering, adaptive management, and
restoration management in Delaware Bay salt marsh restoration, Ecological
Engineering, Vol. 25, pp. 304-314

The Southland Times (2009) All flights cancelled, http://www.stuff.co.nz/southland-
times/news/1984-floods/808677/All-flights-cancelled, Accessed 08 July 2010

UNEP (2008) Coastal populations and shoreline degradation, Vital eater graphics,
http://www.unep.org/dewal/vitalwater/article180.html, Accessed 06 May 2010

UNEP/GRID-Arendal (2009) Coastal population and shoreline degradation, UNEP/
GRID-Arendal maps and graphics library, http://maps.grida.no/go/graphic/coastal-
population-and-shoreline-degradation, Accessed 06 May 2010

USACE (2008) Coastal engineering manual, United States Army Corps of Engineers,
Washington D.C.

United States Census Bureau (2009) Rise of the world population between
1950-2050, http://www.census.gov/ipc/www/idb/worldpop.php, Accessed 14. April
2010

Valverde, H.R., Trembanis, A.C. & Pilkey, O.H. (1999) Summary of beach
nourishment episodes on the U.S. East Coast barrier islands, Journal of Coastal
Research, Vol. 15(4), pp. 1100-1118

van de Graaff, J., Niemeyer, H.D. & van Overeem, J. (1991) Beach nourishment:
philosophy and coastal protection policy, Coastal Engineering, Vol. 16, pp. 3-22

Page | 75


http://www.stuff.co.nz/southland-times/news/1984-floods/808677/All-flights-cancelled
http://www.stuff.co.nz/southland-times/news/1984-floods/808677/All-flights-cancelled
http://www.stuff.co.nz/southland-times/news/1984-floods/808677/All-flights-cancelled
http://www.stuff.co.nz/southland-times/news/1984-floods/808677/All-flights-cancelled
http://www.unep.org/dewa/vitalwater/article180.html
http://www.unep.org/dewa/vitalwater/article180.html
http://maps.grida.no/go/graphic/coastal-population-and-shoreline-degradation
http://maps.grida.no/go/graphic/coastal-population-and-shoreline-degradation
http://maps.grida.no/go/graphic/coastal-population-and-shoreline-degradation
http://maps.grida.no/go/graphic/coastal-population-and-shoreline-degradation
http://www.census.gov/ipc/www/idb/worldpop.php
http://www.census.gov/ipc/www/idb/worldpop.php

Appendix

van der Meulen, F., Bakker, TW.M. & Houston, J.A. (2008) The costs of our coasts:
examples of dynamic dune management from Western Europe, In: Martinez, M.L. &

Psuty, N.P. (Eds), Coastal dunes: ecology and conservation, Ecological Studies Vol.
171, Springer Verlag, Heidelberg

van der Putten, W.H. & Peters, B.A.M. (1995) Possibilities for management of coastal
foredunes with deteriorated stands of Ammophila arenaria (marram grass), Journal of
Coastal Conservation, Vol. 1(1), pp. 29-39

Verhagen, H.J. (1992) Method for artificial beach nourishment, Paper presented at
the International Conference on Coastal Engineering, Venice

Walrond, C. (2009a) Natural environment - geography and geology, Te Ara - the
encyclopedia of New Zealand, http://www.TeAra.govt.nz/en/natural-environment/1,
Accessed 09 May 2009

Walrond, C. (2009b) Natural environment, Te Ara - the encyclopedia of New Zealand,
http://www.TeAra.govt.nz/en/natural-environment/1/2, Accessed 09 May 2010

Walrond, C. (2009c) Natural environment, Te Ara - the encyclopedia of New Zealand,
http://www.TeAra.govt.nz/en/natural-environment/1/1, Accessed 09 May 2010

Weinstein, M.P., Teal, J.M., Balletto, J.H. & Strait, K.A. (2001) Restoration principles
emerging from one of the world’s largest tidal marsh restoration projects, Wetlands
Ecology and Management, Vol. 9, pp. 387-407

Weisse, R. & von Storch, H. (2010) Marine climate and climate Change, Springer-
praxis books in environmental science series, Springer Verlag, Heidelberg

Whangarai District Council (2010) National Tsunami Evacuation Standards, http://
www.wdc.govt.nz/xml/ps.aspx?fn=/resources/12013/june-2008.html, Accessed 12
July 2010

Williams, P. & Faber, P. (2001) Salt marsh restoration experience in San Francisco
Bay, Journal of Coastal Research, Vol. SI(27), pp. 203-211

Wolters, M., Garbutt, A. & Bakker, J.P. (2005) Salt-marsh restoration: evaluating the

success of de-embankments in north-west Europe, Biological Conservation, Vol. 123,
pp. 249-268

76 | Page


http://www.TeAra.govt.nz/en/natural-environment/1
http://www.TeAra.govt.nz/en/natural-environment/1
http://www.TeAra.govt.nz/en/natural-environment/1/2
http://www.TeAra.govt.nz/en/natural-environment/1/2
http://www.TeAra.govt.nz/en/natural-environment/1/1
http://www.TeAra.govt.nz/en/natural-environment/1/1
http://www.wdc.govt.nz/xml/ps.aspx?fn=/resources/12013/june-2008.html
http://www.wdc.govt.nz/xml/ps.aspx?fn=/resources/12013/june-2008.html
http://www.wdc.govt.nz/xml/ps.aspx?fn=/resources/12013/june-2008.html
http://www.wdc.govt.nz/xml/ps.aspx?fn=/resources/12013/june-2008.html

Appendix

Work, P.A., Rogers Jr., S.M. & Osborne, R. (1999) Flood retrofit of coastal residential
structures: Outer Banks, North Carolina, Journal of Water Resources Planning and
Management, Vol. 125(2), pp. 88-93

Whyte, A. (2003) Coast Care BOP is a community partnership programme, http://
www.ohopebeach.info/conservation-coastcare.htm, Accessed 12 July 2010

Zumbrunn, S. (2010) Mangroves at Baie D'Ambodi-Vahibe, Madagascar, http://bit.ly/
c1obw9, Conservation International, Arlington

A.2. Personal comments
Bell, R. (2010) National Institute of Water Atmosphere, Hamilton

Crawford, J. (2010) Planning Consultants Ltd., Auckland
Mark-Brown, N. (2010) Environmental Context Ltd., Auckland
LihrBen, G. (2010) Basler Versicherungen, Bremerhaven

Peart, R. (2010) Environmental Defence Society, Auckland

Page | 77


http://www.ohopebeach.info/conservation-coastcare.htm
http://www.ohopebeach.info/conservation-coastcare.htm
http://www.ohopebeach.info/conservation-coastcare.htm
http://www.ohopebeach.info/conservation-coastcare.htm
http://bit.ly/c1obw9
http://bit.ly/c1obw9
http://bit.ly/c1obw9
http://bit.ly/c1obw9

Appendix

A.3. Wellington tsunami evacuation map
Map Copyright by Greater Wellington Regional Council 2010. The arrows for city
centre and airport are added by the author for a better overview.
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A.4. Get ready get through booklet
This booklet is published by the Ministry of Civil Defence & Emergency
Management / Te Radkau Whakamarumaru of New Zealand.

IOl LLL

GET READY g7\

HOUSEHOLD
EMERGENCY PLAN

Many disasters will affect essential services and possibly disrupt your
ability to travel or communicate with each other.

GET THRU

Due to its location and environment, New Zealand faces many
potential disasters. In some cases, such as a weather related or
volcanic disaster, there may be time for a warning.

Get your family or household together and agree on a plan.

You should work out:

Where to shelter in an earthquake, flood or storm

How and where you will meet up during and after a disaster

The best place to store Emergency Survival items and know
But an earthquake or a tsunami close to land could strike without who is responsible for checking essential items
warning. All disasters have the potential to cause disruption, What you will need to have in your Getaway Kit and where
damage property and take lives. So it's vital that you prepare now. you will keep it

How to turn off the water, gas and electricity in your home or

business
BE PREPnRED To GOPE ON How to contact your local civil defence organisation for
YOUROWNFORUPTO 3 nnvs_ assistance during an emergency

un MORE_ You can find a copy of the emergency plan at the back of this
brochure or download it from the website getthru.govt.nz

This is when you will be most vulnerable.

Know what your local Civil Defence warning system is and find out

the location of your local Civil Defence or Community Emergency

Centre. It is also useful to learn First Aid, how to deal with small

fires and how to evacuate your house in the event of a fire.

The information in this brochure will show you how to look after
yourself, your family, home, business and community. It will help
you get ready, so you'll get through.

Plan to recover after a disaster
Make sure your insurance cover is adequate and up to date and that
important documents can easily be gathered if you have to evacuate.

YOUR GETAWAY KIT

In some emergencies, such as a flood or volcanic eruption, you will
need to evacuate and take your Getaway Kit with you. Everyone in the
house should have a Getaway Kit. This kit should include:

Family documents

e Birth and marriage certificates

e Driver's licences and passports

¢ Financial information (insurance policies, mortgage information, etc)
e Family photos

YOU SHOULD HAUE:

e A Household Emergency Plan

e An Emergency Survival Kit

¢ A Getaway Kit if you need to be evacuated.

Personal items

¢ Towels, soap, toothbrush, toothpaste, toilet paper and sanitary items

* Hearing aids, glasses, mobility aids for elderly or vulnerable
members of your household
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YOUR EMERGENCY KIT

In most emergencies you should be able to stay at home or at
your workplace. In this situation, you may have to rely on your
Emergency Survival Kit. This kit should include:

Emergency items
Torch with spare batteries
Radio with spare batteries (check all batteries every 3 months)
A change of clothes for all family members (wind and waterproof
clothing, sun hats, and strong outdoor shoes)
First aid kit and essential medicines
Blankets or sleeping bags
Pet supplies
Toilet paper and large rubbish bags for your emergency toilet
Face and dust masks

Food and water for at least three days
Non-perishable food (canned or dried food)
Bottled water (at least 3 litres per person, per day for drinking)
Plan how to get water for washing and cooking
A primus or gas barbeque to cook on
A can opener
Check and replace food and water every twelve months

Supplies for babies and small children
* Food, formula and drink

e Change of clothing and nappies

* Toys or favourite activity

Place your Emergency Kit somewhere that is easy to get to in an
emergency and make sure everyone in your house knows where it
is kept. If you keep some of your Emergency Kit items in the house
for everyday use, make sure you know where to find them quickly
when an emergency occurs.

FIRST AID KIT

If someone you care for is injured in a disaster, your knowledge of First
Aid may be the difference between life and death. Many organisations
provide First Aid training courses. It is recommended that you take a
First Aid course, followed by regular refresher sessions.

You can buy First Aid Kits ready made. If you are making your
own, you can download a list of the minimum recommended items
required from the website: getthru.govt.nz

v O OL L

CARING FOR SICK OR
UULNERABLE PEOPLE

If you, or a member of your household or community has a disability,
make arrangements now with a family member, friend or neighbour
to help in an emergency.

Hearing impairment

People with hearing impairment may not hear warning systems or
radio broadcasts. Make arrangements to be sure that someone will
notify a hearing impaired person in the event of an emergency.

Sight impairment

People with sight impairment could experience difficulties if they
have to evacuate or go to an unfamiliar Civil Defence Centre. Arrange
a ‘buddy system’ so they will have someone to help them cope.

Asthma and respiratory problems

An asthma sufferer or someone with a respiratory disorder may
be affected by volcanic ash, dust or the stress of an emergency.
Make sure you have plenty of medicines and dust masks in your
Emergency Survival and Getaway Kits.

Special food needs
If you are caring for someone with special food needs, make sure
you include food for them in your Emergency Survival Kit.

Mobility impairment

You will need to include mobility aids in your Emergency Survival Kit
if you or someone you are caring for has difficulty with mobility. This
will help the person cope if they have to evacuate to a different area.

CARING FOR PETS
AND LIVESTOCK

Remember, your pets will be affected by a disaster, too. Follow
these steps to make sure they get through as well.

e Include your pets in your disaster planning

e Attach a permanent disc to your pet’s collar that clearly states
your phone number, name and address, if there is room

o |If possible, take your pet's vaccination records with you if you have
to evacuate. This will help your pet be rehoused if necessary

e Include a carry box, towel or blanket in your Emergency Survival
Kit. Put your name and phone number on the box

e Keep an emergency supply of pet food

e Check with your local council about their arrangements for
assisting with domestic animal issues

e [f you are unable to take your animals with you,
you should release penned animals, if possible
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STORING WATER

Household water supplies, including drinking water, could be
affected. Having a supply of water is absolutely essential and you
need to store water for an emergency.

You need about 3 litres of drinking water for each person each day.
You also need about one litre of water for each of the following:

e washing food and cooking for each meal
* washing dishes after a meal
e washing yourself (one litre per day for each person)

Your hot water cylinder and toilet cistern are valuable sources of
water. Check that your hot water cylinder and header tank are well
secured and try to avoid putting chemical cleaners in the cistern.
Also, keep on hand a supply of household bleach for disinfecting.

DRINKING WATER

e To store enough drinking water for three days, prepare six large,
plastic soft drink bottles of water for each person, including
children. Add some extra for pets

e Wash bottles thoroughly in hot water

e Fill each bottle with tap water until it overflows. Add five drops
of household bleach, per litre of water and put in storage.

Do not drink for at least 30 minutes after disinfecting

e |abel each bottle with dates showing when the bottles were
filled and when they need to be refilled

e Check the bottles every 12 months. If the water is not clear,
throw it out and refill clean bottles with clean water and bleach

e Store bottles in two separate places, somewhere dark away
from direct sunlight where there is not likely to be flooding

e Alternatively, fill plastic ice cream containers with water, cover,
label and keep in the freezer. These can help keep food cool if
the power is off and can also be used for drinking

e Keep a supply of ice cubes and fruit juices

HANDY HINTS

Collect rain water but make sure that you disinfect it with
household bleach (1/2 teaspoon to 10 litres). If you're at all
uncertain as to the quality of water, e.g. from a well that has been
flooded, or if it might have been contaminated by smoke or ash
DO NOT drink it.

GET YOUR CAR READY

If you are in your car or driving when a disaster strikes, you will need
to know what to do. Follow these simple steps:

e |f you drive to work, understand that you may be stranded in
your vehicle for some time. A flood, snow storm or major traffic
accident could make it impossible to proceed

e Store a pair of walking shoes, waterproof jacket, essential
medicines, snack food, water and a torch in your car

¢ |nan earthquake, pull over to the side of the road and stop

e Do not drive in floodwaters

® You can get up to date roading information at
www.aaroadwatch.co.nz

GET YOUR BUSINESS READY

You should have a Workplace Emergency Plan.

e Businesses have an OSH and Fire Regulations obligation to be
prepared for an emergency. This will help you identify potential
hazards and plan for your staff during and after an emergency

e Get your staff ready. Ensure every member of staff has these
items: walking shoes, waterproof jacket, torch, snack food
and water by their desks

e Get involved in business continuity and emergency plans at
industry level.

Find out more about Workplace Emergency Planning
at www.getthru.govt.nz
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EARTHQUAKES

There are hundreds of earthquakes in New Zealand
every year, but most of them are not felt because they
are either small or very deep within the earth.

However, a large, damaging earthquake could occur at any time.
The biggest danger you face in an earthquake comes from falling
debris and collapsing structures such as buildings and bridges.

Before an earthquake
Getting ready before an earthquake strikes will help reduce damage
to your home and business and help you survive.

e Develop a Household Emergency Plan and prepare an
Emergency Survival Kit so that you can cope with being on your
own for up to three days or more
Identify safe places within your home, school or workplace. A
safe place is:

— under a strong table; remember to hold onto the legs

— next to an interior wall

— somewhere close to you, no more than a few steps, or two
metres away, to avoid injury from flying debris.

Secure heavy items of furniture to the floor or wall. Visit

www.eq-iq.org.nz/ to find out how to quake-safe your home

Seek qualified advice to make sure your house is secured to its

foundations. Also check that any renovations comply with the

New Zealand Building Code

During an earthquake

e If you are inside a building, move to a safe place

¢ |f you are outside, move no more than a few steps, then drop,
cover and hold

e |f you are driving, pull over and stop

e If you are at the beach or near the coast, drop, cover and hold
then move to higher ground immediately in case a tsunami
follows the quake

After an earthquake
You should expect to feel aftershocks
Help those around you if you can
If you are in a damaged building, try to get outside and find a
safe, open place
If you smell gas, try and turn off the gas main outside the
building if it is safe to do so
If you see sparks, broken wires or evidence of electrical system
damage, turn off the electricity at the main fuse box if it is safe to do so
Listen to the radio for information and advice
If your property is damaged take notes and photographs for
insurance purposes

TTT T >

STORMS

Damaging wind is caused by cyclones, tornados

or areas of very low pressure air called deep

depressions. The MetService issues a strong wind

warning when winds of over 87km/h are expected over land.

Follow these steps to get through the dangers of strong winds:

Before a storm
Getting ready before a cyclone strikes will help reduce damage to
your home and business and help you survive.

e Develop a Household Emergency Plan and prepare an
Emergency Survival Kit so that you can cope on your own for
three days or more

e Check that your roof and guttering is secure every two years

e Keep materials at hand for repairing windows, such as
tarpaulins, boards and duct tape

e |f you are renovating or building, make sure all work complies
with the New Zealand building code which has specific
standards to minimise storm damage

When a warning is issued

* Pick up any debris around your house that could become
airborne

e Bring rubbish bins indoors

* Bring pets inside. Move stock to shelter

e Listen to your local radio station for information

During a storm

e Open a window on the side of the building away from the wind.
This will relieve pressure on the roof and help prevent it lifting

e Close all curtains to slow down flying glass and airborne objects

e Stay away from doors and windows. If the wind becomes
destructive, shelter further inside the house

e Don't walk around outside. Don't drive unless absolutely
necessary

After a storm

e Contact your local council and insurance company if your
house or building has been severely damaged

® Ask your council for advice on how to clean up debris safely
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FLOODS

Floods are a common hazard in New Zealand.
A flood becomes dangerous in the following conditions:

If the water is travelling very fast

If the water is very deep

If the floods have risen very quickly

If the floodwater contains debris, such as trees and sheets of
corrugated iron

Getting ready before a flood strikes will help reduce damage to
your home and business and help you survive.

Before a flood
e Develop a Household Emergency Plan and prepare an
Emergency Survival Kit so that you can cope with being on your
own for three days or more
Find out if your home or business is at risk from flooding. If
there is a risk, your local council can give you information to
help you reduce the effects. This information could cover:
— Evacuation plans
— How to protect items in your home or business by raising
them above floor level
— How you can reduce the risk of future flooding to your home
or business
e Know where the closest high ground is and how to get there
e Keep your insurance up to date

When a flood threatens

e Listen to your local radio station for information and follow
the advice and instructions from Civil Defence Emergency
Management
You will receive a warning from your local council or Civil
Defence Emergency Management Group. Talk to them to find
out how they will warn you

During a flood
Move out of the flooded area or go to the nearest high ground
Lift household items as high above the floor as possible
Do not attempt to drive or walk through floodwaters unless it is
absolutely essential
Stay in a safe place. Do not go sightseeing

After a flood
e |f you have been affected, have your house inspected and the
damage assessed

TTT T >

TSUNAMI

A tsunami is a series of sea waves caused by an
earthquake, landslide or volcanic eruption beneath or
near the ocean.

How much warning will you have?

There are three distinct types of tsunami — distant, regional and local.
In the case of a distant tsunami, we will have more than three hours
warning. A regional tsunami will be between one and three hours
away, while a local tsunami — the most dangerous — may only give us
a few minutes warning.

Tsunami warning
Here are the ways you will know that a tsunami is approaching:

e The Ministry of Civil Defence & Emergency Management will
issue a national warning on the television and radio

* You will receive a warning from your local council or Civil Defence
Emergency Management Group

e |f you are at the coast and you feel a strong earthquake, see the
sea receding (the waterline moving away from the shore), the
sea bubbling or making a roaring sound, move to higher ground
immediately

* Be aware that there may be more than one wave, sometimes
as many as seven, and it may not be safe for up to 24 hours.
The waves that follow the first one may also be bigger

Before a Tsunami

e |[fyou live in a coastal area, check with your council about the level
of risk a tsunami may pose

® Check with your local Civil Defence Emergency Management
Group to find out what warning procedures you should expect

* Develop a Household Emergency Plan and ensure you have a
Getaway Kit ready should you need to leave in a hurry

e Know where the nearest high ground is and how you will reach it.
Higher ground should be at least 35 metres above sea level or at
least 1km inland. Plan your escape route now with your household

e |If you are buying land, investing or building in a coastal area,
talk to your council about the risks of a tsunami, coastal storm
surge and erosion

During a tsunami
¢ |f you haven't done so already, move immediately to the nearest
higher ground

After a tsunami
o Listen to the radio for civil defence advice
¢ Do not go down to the sea until you have been told it is safe to do so
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UOLCANIC ERUPTION

There are seven active volcanic regions in

New Zealand. Those living in these regions are at

risk from volcanic ash, debris, lahars and lava flows.

A major eruption can deposit huge quantities of ash across vast
areas creating serious problems.

Before a volcanic eruption
Find out if you live in a volcanic area and the hazards that
could affect you
If you live in an area that could experience a lahar or lava flow,
make sure you know a quick route to safe ground
Talk to your local Civil Defence Emergency Management Group
about how they will warn you of a volcanic eruption
Develop a Household Emergency Plan and prepare an
Emergency Survival Kit so that you will cope with being o
own for three days or more
You should also plan what you need in your Getaway Kit in case
you need to evacuate

When a volcanic eruption threatens

o |f a life-threatening eruption is likely to occur, a Civil Defence
Emergency will be declared and the danger area will be
evacuated
Listen to your radio for information and follow Civil Defence
Emergency Management advice

During a volcanic eruption
Save water in your bath, basins, containers or cylinders at an
early stage. Your normal water supply may become polluted
Bring your pets indoors and stay indoors as much as possible
If you have to go outside, wear a dust mask and goggles. This
will keep ash out of your eyes and lungs
Keep your gutters and roof clear of ash. Heavy deposits of ash
can collapse your roof
Turn your electricity and gas off at the mains
Do not leave your home unless advised by Civil Defence
Emergency Management officials

After a volcanic eruption

* Do not return to your home until Civil Defence Emergency
Management officials have told you that it is safe to do so

* |f you are affected by the eruption, have your house inspected
and the damage assessed

T >

LANDSLIDE

A landslide is the movement of rock and soil down

a slope. Landslides can range in size from a single

boulder in a rock fall to a very large avalanche of

debris with huge quantities of rock and soil that can be spread
across many kilometres.

Heavy rain, floods or earthquake shaking can cause a landslide.
Human activity, such as removal of trees and vegetation, steep
roadside cuttings or leaking water pipes can also cause landslides.

Before a landslide
Getting ready before a landslide will help reduce damage to your home
and business and help you survive.

e Find out from your council if there have been landslides in your
area before and where they might occur again
e Check for signs that the ground may be moving. These signs
include:
- Sticking doors and window frames
- Gaps where frames are not fitting properly
- Decks and verandahs moving or tilting away from the
rest of the house
- New cracks or bulges on the ground, road or footpath
- Leaning trees, retaining walls or fences
- Water springs, seeps or waterlogged ground in areas that
are not usually wet

If you think a landslide is about to happen
You will need to know how to respond immediately.

e FEvacuate and take your Getaway Kit with you
e Contact your local Civil Defence Emergency Management Office
e Warn neighbours who might be affected

After a landslide

e Do not return to a site that has been affected by a landslide
until it has been properly inspected

* Take photographs and notes for insurance purposes when
it is safe to do so
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RADIO STATIONS

The following radio networks will carry civil defence information
and advice in an emergency:

e National Radio
e Newstalk ZB

e Classic Hits

e More FM

e Radio Live

Know how to tune in to your local radio station and record the
station’s AM/FM frequency in your Emergency Plan.

OTHER EMERGENCIES

What to do in a pandemic
For up to date information, visit www.moh.govt.nz

What to do in a fire
For fire readiness and response, visit www.fire.org.nz

Bomb Threat /Terrorism
For information on criminal acts and terrorism,
visit www.police.govt.nz

MORE INFORMATION

For more information on being prepared, or to link to your nearest
council visit www.getthru.govt.nz

To make sure your home is quake-safe,
visit www.eqc.govt.nz

For weather updates visit www.metservice.co.nz

For updates on earthquake, volcano, landslide and tsunami
hazards visit www.geonet.org.nz

HOUSEHOLD EMERGENCY
PLAN FOR OUR HOME

Work through the checklist with all members of your
household. Keep the plan handy.

NAME:

ADDRESS:

1. putal items, especially blankets and clothing, into leak proof
plastic bags.

2. The person responsible for collecting the children from school
in an emergency is: (name/contact numbers)

Contingency

3 The person responsible for checking the emergency survival
items is:

4. In a civil defence emergency we will remain in our home unless
advised otherwise. We will need to be prepared to look after
ourselves for up to 3 days or more. In an emergency we will:

Stop, think and respond
Get our emergency survival items — torch, radio, batteries, etc.
Listen to the radio for advice and information

5. If we have to evacuate our home in an emergency we will:

Take our Getaway Kit, with the necessary emergency survival items

Turn off our water, electricity and gas (always seek
professional advice before reconnecting the gas supply)

6. IMPORTANT CONTACT NUMBERS

Police, Fire or Ambulance 111

Civil Defence

Others (e.g. family members)
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HOUSEHOLD EMERGENCY
PLAN FOR OUR HOME CONT’D

1. Check your neighbours — they may need your help
Name / Address / Phone

8. The radio station (incl AM/FM frequency) we will tune in to:

9. A plan of our house showing places to shelter e.g. in an
earthquake, exits, assembly areas and where to turn off water,
electricity and gas:

@ Y

\. S

For more information visit
www.getthru.govt.nz

Produced by Ministry of Civil Defence & Emergency Management
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A.5. Get ready get through store information flyer
This Flyer was distributed by the New World management to the stores to inform
them about the Get ready get trough campaign.

ZZINN
Store Informer NEW WORLD

— Civil Defence

GET READY BEFORE A DISASTER HITS. GET YOUR EMERGENCY SURVIVAL ITEMS NOW.

www.getthru.govt.nz (G Tk ©

Dates of promotion: 12 — 18 Oct 2009

Promotion details: to support national Civil Defence Awareness Week to "GET READY
GET THRU" New World is promoting this through our
weekly circular with a double page spread with
relevant products; Civil Defence survival kit

information and branding. Y[]U CUUI_D BE
POS: posters (A0 and A3) will be provided for all

stores (modified for NW from this standard one shown) UUT SHUPPING-
together with advertising in the circular.

In addition your local Civil Defence Emergency YOU COULD BE ANYWHERE.
Management group is likely to contact you to see how

else they can work with you at a local level to promote
this week-long event.

We will also include a link from our website to promote
http://www.getthru.govt.nz/

Get ready before a disaster hits.

Get your Emergency Survival items now.

Promoted Products: The Circular will feature a range
of relevant products such as: bottled water, canned
food, First Aid kits, buckets, storage containers 52L
etc, Latex gloves, Microfibre towels, can opener,
batteries, light bulbs, Torches, Radio.

www.getthru.govt.nz

Any enquiries please contact Roy Scoon (04) 568 0827 or email roy.scoon@foodstuffs-
wgtn.co.nz
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