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FOREWORD

This Working Paper is one of a set of three containing papers
presented at a Seminar-Workshop entitled ANUFLOOD An Integrated Computer

Package for Flood-loss Adjustment and Abatement held at the University of
Waikato, Hamilton, New Zealand from December 11-13, 1985. The meeting was

sponsored jointly by the Geography Department of the University of
Waikato, the Water and Soil Directorate of the Ministry of Works and
Development and CRES. ANUFLOOD 1s an -interactive computer package
developed in CRES and commercially available from ANUTECH at the
Australian National University. It is designed to assess tangible urban
damage and to evaluate the likely effects of a wide range of mitigation

options.

The aim of the Workshop was to discuss the various forms of
urban flood damage, possible mitigation strategies and the applicability
of ANUFLOOD to flood problems in New Zealand. Some 25 participants drawn
mainly from New Zealand Catchment Boards and .the Ministry of Works and
Development attended the Workshop. To provide data for a practical
demonstration of ANUFLOOD the flood-prone parts of Paerca, a town near
Hamilton, were mapped. In addition to the demonstration five papers were
presented at the meeting. Four of these were contributed by CRES staff
and the fifth by the MWorkshop organiser, Dr Neil Ericksen of the
University of Waikato.

The five papers, plus a summary of the Workshop conclusions,
will be published in New Zealand by the University of Waikato in
collaboration with the Ministry of Works and Development. Publication as
CRES Working Papers will enable rapid initial circulation to interested

workers in the field.

The papers are published as three linked CRES Working Papers
under the general title of ANUFLOOD in New Zealand.

Part I (CRES Working Paper 1986/2) contains the paper by

Neil Ericksen entitled Approaches to Urban Flood-loss Reduction in New

Zealand.
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Part II (CRES Working Paper 1986/3) Background to Flood Loss

Measurement comprises two papers by John Handmer.

Part III (CRES Working Paper 1986/4) ANUFLOQD Development and

Application consists of two papers by David Ingle Smith. These provide a
background to the use of ANUFLOOD as presented in the programmer's guide

and user's manual.

Enquiries concerning the availability of the Seminar-Workshop

Proceedings should be sent to:

Dr Neil Ericksen
Department of Geography
The University of Waikato
Hamilton, New Zealand

Details regarding the availability of ANUFLOOD should be
directed to David Ingle Smith at CRES or to:

ANUTECH Pty Ltd
GPJ Box 4
Canberra City, 2601

The authors would 1ike to acknowledge the value of the
discussions at the Workshop with representatives of the Water and Soil
Directorate of the Ministry of Works and Development and staff from a
number of New Zealand Catchment Boards.




ABSTRACT

Flooding is a serious problem in New Zealand with annual average
losses exceeding NZ$100 million (1984 NZ dollars) and increasing. The
past approach to flood hazard management focussed on engineered
structures, reinforced by post-disaster relief that reinstated people and
property in flood prone locations, steadily increasing the people and
property at risk. Thus, while the frequency of smaller floods has been
reduced the potential for major disasters has escalated. To reverse this
trend the paper argues that flooding must be seen as a social rather than
an engineering problem, Such a perspective requires a comprehensive
approach to flood hazard management, new means for evaluating flood
hazards and mitigation strategies, and the development of an integrated or

‘unified flood loss reduction policy.
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APPROACHES TO URBAN FLOOD LOSS REDUCTION IN NEW ZEALAND

INTRODUCTION

Recent estimates indicate that the annual cost of flooding in
New Zealand over the Tlast 15 years exceeds $100 million* and that the
flood-loss trend s fincreasing. Nearly 100 urban places are affected.
Analyses of specific places show that most of the losses from flooding and
many of the popular means for reducing losses are eventually paid for by
people beyond the affected area.

Past approaches to the flood problem in New Zealand, as in other
countries, have tended to focus on the flood event. The most well
developed action taken to reduce the flood problem has emphasised the need
for scientific understanding of the physical processes that lead to
flooding and on physical engineering structures for averting flood
losses. It is reinforced by post-disaster relief and rehabilitation
efforts that reinstate people and property in flood-prone locations behind
renovated engineering structures.

This paper will illustrate how this approach has reduced the
number and frequency of floods, but has contributed to the growing flood
hazard potential and thereby actual disasters in urban communities. This
unexpected result is in part due to an approach which focusses on flooding
as a physical event rather than on flood hazard as a social phenomenon.
The flood hazard is a function of the flood event, human use of the flood-
prone area, and measures taken to reduce potential flood Tlosses. This
interactive definition of flood hazard is central to the arguments in this
paper.(1)

To reduce the number and size of disasters and the growing
flood-loss trend in New Zealand, it is argued that it is necessary to
examine much more carefully than hitherto the complex linkages between
human occupance of flood-prone Tand and the consequences that flow from
any measures that are adopted for combatting flood Tosses. This will
require a new perspective on the flood problem whereby it is seen not Just

A e . . S = - -

* all prices are in 1984 New Zealand dollars.
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as a physical event to be controlled through river control works, but as a
hazard that has been largely created by people occupying flood-prone land
and which may be modified through Tand use management. Such a perspective
requires a comprehensive approach to floods and flood hazards, new means
for evaluating flood hazards and adjustments to them, and the development
of an integrated or unified flood-loss reduction policy. The agencies
most affected by these new needs are the 20 regional catchment authorities
and the local territorial authorities, that is, the cities, boroughs, and
counties.

The paper is in four parts. The first outlines the magnitude of
the urban flood problem; the second, the main approaches to flood-~loss
reduction; the third, the consequences of the existing piecemeal approach;
and, finally, the need for a new, integrated approach, including better
methods for assessing flood losses and their abatement.

MAGNITUDE OF THE PROBLEM

Between 1920 and 1953 New Zealand experienced 820 damaging
floods, both large and small (Cowie, 1957 and Ericksen, 197la). In the
next 30 years, 115 large damaging floods occurred, in spite of large-scale
investment in engineering protection works since the 1940's (Figure 1)
(Ericksen, 1985},

Currently, nearly 100 communities are flood-prone. 0f 136
places with more than 1,000 people in 1956, 64 percent (88 places}) had
experienced one or more floods since 1920. From the early 1950's to 1984,
over two thirds of these 88 places were revisited by floods, some several
times, and many in spite of being 'protected' (Figures 2 and 3). To these
communities must be added another eight that had not been flooded prior to
1954 (Figure 4).

Within these flood-prone communities reside over 1.64 million
people or 67 percent of the New Zealand total (1976 census). Over two
“thirds of the settlements have populations of less than 10,000. Nearly 70
percent of New Zealand towns and cities with populations in excess of
20,000 have a riverine flood problem (Table 1). Obviously, only a portion
of the population of any community is at direct risk from flooding, but
many more are indirectly affected by the social disruption of damaging
events,
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1980.)




POPULATED PLACES WITH FLOOD PROBLEMS
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Figure ‘2. Flood places in the North Island, NZ, 1954-1984: a
partial’ survey. Some boroughs in metropolitan areas are not
distinguished on this map. Places with under 1,000 people are
not shown. In the year to March 1984, floods affected several
communities of this sort in the North Island.
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Figure 3.

Flood places in the South Island, NZ, 1954-1984: a

partial survey. Places with under 1,000 people are not shown on

this map.

In the year to March 1984, floods affected many

communities of this sort, especially in the Nelson, Marlborough,
and Southland regions.
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In some communities, 1ike Opotiki, almost all of the built-up
area has been flooded by the largest historical flood (Figure 5b). On the
other hand, in cities like New Plymouth- it is less than 5 percent (Figure
5c). Nevertheless, of 18 communities examined in detail in 1981, the
average built-up area in the historical flood zone was 20 percent.
Significantly, many historical floods {largest recorded flood) are not
really very rare events being in the 20 to 80 year return period range.
This does not augur well for the future, especially since most communities
have flood protection design levels of 1:80 or less.

Flood hazard is dynamic: it changes 1in response both to the
size of the flood event and the nature and scale of development on the
floodplain., !his relationship is illustrated conceptually in Figure 6,

In New [Zealand, attempts to identify the flood hazard, as
opposed to characteristics of the flood event, such as flood depth and
flood spread, are rarely made {Ericksen, in press). Surprisingly-- given
the nearly 100 flood-prone places in New Zealand and the heavy expenditure
~on river control works over many years-- estimates of community flood
losses or potential flood losses are also few and far between. Thus,
nationally, the aggregate of flood losses is poorly documented. Yet,
defining flood losses for past or future floods relative to urban change
is an essential first step for evaluating adjustments to floods.

An attempt was made to aggregate losses for the period 1968 to
1984. Based on case studies, the analysis assumed that insured property
losses accounted for around 25 percent of direct property losses and 12
percent of losses overall. About $1/4 billion (1984 NZ dollars) was paid
out by the insurance industry for 9 major floods, including nearly $50
million from the Disaster Fund of the Earthquake and War Damage
Commission. On this basis, the cost to the nation for direct Tosses may
have been over $1 billion, and perhaps $2 billion overall since indirect
losses from social disruption and Tlost production tend to approximate
direct losses-- an average annual 1loss of around $125 million (1984
dollars)(2). The losses seemed to be increasing throughout the 16 year
period.

Estimates of loss disbursements show that over four-fifths of
direct Tosses are borne by agencies beyond the flooded community. About
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Figure 6. The creation of disaster potential. 1In this
schema the potential disaster (hazard) in a community
varies as to the size of flood event and the extent of
urban  development on the. floodplain. It depicts
increasing encroachment onto the floodplain so that for
any flood of given size, future disasters will be larger
than past disasters. This trend may be altered by
adopting measures to curb the growth in flood hazard,
although some popular measures for reducing flood events
worsen it, )
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half of this is for the restoration of infrastructure created by agencies
of central government and for public relief funds (Figure 7). The other
half comes from 'insurance', including the Disaster Fund. At most, only
about 15 percent of direct property losses are borne by territorial local
governments..

Thus, while 1local communities externalise many of their
floodplain development costs, much of the loss within communities is
caused by locational decisions of central government agencies; decisions
which in turn stimulate local flood hazard developments.

APPROACHES TO THE FLOGD PROBLEM

One approach to the flood problem is to make available an array
of options for reducing Tosses and to allow their piecemeal implementation
by flood-prone communities. Another, is to integrate the options into a
unified programme tailored to the needs of particular communities. The
piecemeal approach tends to lead to a bias towards specific options due to
the influence of a range of purposeful and inadvertent incentives and
constraints. The integrated approach requires careful analysis of the
ways in which options mesh and of the systems of incentives and
constraints that might ensure optimal flood-loss reduction programmes get
adopted.

In  New Zealand, it 1is the piecemeal approach that has
prevailed. Recently, however, the National Water and Soil Conservation
Authority (NWASCA) has been developing policies aimed at a more integrated
approach, Its success will, however, require co-operation from a wide
range of people in other institutions, not the least of which are the
local territorial authorities.

Both approaches include within them a range of options or
adjustments for reducing flood losses. A p0pu1ab way to classify these
adjustments is by the threefold typology charted in Figure 8, First are
measures that adjust floods to people by modifying the flood event through
soil conservation and river control works. Second are measures that
adjust people to floods by modifying flood-loss susceptibility (or Tloss
potential) through land use management, flood forecasting and warning, and
community preparedness. Third are measures that modify flood-loss effects
by redistributing the loss through relief and insurance.
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13.

ADJUSTMENTS FOR REDUCING FLOOD LOSSES
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Figure 8. Chart of flood adjustments and the extent adopted
in New Zealand. The many measures for modifying
loss-potentials are weakly adopted relative to those that
modify the flood event and flood losses. (Source: Ericksen,
1971a, 115, Figure 6; 1976a, 16, Figure 4. Updated with
permission.}
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Theoretically, each adjustment has the capaqity to reduce flood
losses {Figure 11) (Johnson, 1978; White, 1964}, Some, T1ike flood-
proofing and elevating buildings and stopbanking {levees or dykes) rivers,
effectively stop losses up to their design levels. Ironically, while they
reduce losses from less than design floods, they enhance flood hazard and
therefore the prospects for future disasters because eventually the
'protection’ will <fail against 1argef than planned for floods, as
schematised in Figure 9. Other adjustments, like emergency actions, have
less capacity than many others for reducing losses and are more reliant
upon appropriate individual and community behaviour during the
emergency. Still others, Tike land use management, are highly etfective
in reducing future flood potentials, but, unlike stopbanking, do not
significantly protect existing flood-prone development (Figure 10).

Each adjustment has its own set of advantages. Taken together
in an integrated or unified programme that is sensitive to the flood
conditions of a given community, they have the capacity to reduce losses

to a far greater extent than any one adjustment taken in jsolation (Figure
11).

Modifying Flood Events

Modifying flood events through river control works is a highly
institutionalised and well funded option for reducing flooding in urban
communities 1in New Zealand. The groundwork was 1laid by the Soil
Conservation and Rivers Control Aet 1941, which set up regional catchment
authorities under a central Soil Conservation and Rivers Control Council
(SCRCC)., In 1967, the functions of the catchment authorities were
extended to include use and control of natural water under the Water and
Soil Comservation Aet. Unlike the 1941 Act, coverage was mandatory for
all areas of New Zealand by 1973 and resulted in the creation of 20
Regional Water Boards.

Catchment authorities derive financial support for their
operations by striking rates in fheir own areas for administration and
other purposes (such as for river control works) and by project grants
(ranging from 40 to 70 percent) from NWASCA.
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LOCAL ASSUMPTION

The flood-loss reducing capacity of adjustments is based on the
$80 million property losses of the June 9, 1972 Rapid City flood.

De dotiing.  In effect, this was the historic path. Since 1930,
the wealth of development on the flood plain increased by about 3.5
percent per year. In 1930, the 1972 flood would have cost around $20
million (1972) (Curve 1).

Levees, These accelerate natural development from 3.5 to 5 per-
cent per year. Levees adopted in 1947 against a 50-year flood could
completely fail in 1972 flood. Damages would exceed the actual amount
by $50 million {Curves 1 and 2). Combined with levees, channel works
could prevent some of these damages. Even so, a generous reduction
potential of 25 percent would still cause losses in excess of the
actual $80 million due to levee-induced development (Curves 1 and 3).

Land Use Regulations. These reduce losses by preventing new
non-flood-proofed development and by razing and relocating existing
buildings. The building decay rate in American cities is near 0.5
percent per year. Planned redevelopment would accelerate this to
near 1.0 percent. Regulations adopted in 1954 would reduce losses
by more than half by 1972 (Curve 4). Associated with levees and
channels, damages reduce a further $8 million to almost $30 million
(Curve 5).

Warnings and Emergency Preparedness. These reduce losses by
up to 10 percent. Along with regulations and levees they reduce
loss potentials to near $26 million {Curve 6).

Integrated Flood Plain Management. While these main adjustments
form a system, they do so in a simple additive way. Truly integrated
adjustments would be synergistic: the benefits of each would be in-
creased by systemic interactions with all others, and the whole flood-
Toss reducing effect would be greater than the sum of the component
parts.

?

Figure 11. Rapid City: Potential flood-loss reduction curves
for alternative adjustments, 1930 to 1980. (Source: Ericksen,
1975b, 313. Adapted with permission.)
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In 20 years to 1973, the SCRCC had financed, through Tocal
catchment authorities, around 85 major schemes (rural and urban)
including: 8,800 kms of channel improvements, 480 kms of diversion cuts,
300 kms of river mouth openings, 30,400 kms of channel maintenance, 5,600
kms of bank protection, 3,040 kms of stopbanks, 43 detention dams, 1,500
fiood gates, and 139 pumping stations (Ericksen 1976a). Economic and
poIicy'reasons caused the rate of works to decline in recent years.

By 1984, over $1 billion {1984 dollars) had been spent by NWASCA
on subéidising local catchment treatment and river control works (Figure
12)., To this is added the local share of the costs averaging perhaps 25
percent of the total. (In total, about $1.33 billion 1984 dollars or $38
million per year). Ihe overall benefits from these adjustments remain
unknown, although since 1971 individual projects costing over $500,000
require benefit-cost analyses to indicate a 10 percent internal rate of
return.

Urban protection typically shelters under wider catchment
control schemes so that its share of costs and benefits is not really
known. As Targe catchment-wide projects are being completed, the scope
for sheltering has reduced. This together with a growing urban flood
problem will require better techniques for evaluating the urban flood
hazard and adjustments to it than hitherto. Recent policy initiatives of
NWASCA are moving in this direction, and a few small urban schemes have
recently been subject to more careful evaluation. Nevertheless, methods
for project evaluations involving comparisons across several types of
adjustments and several criteria, including economic measures, have yet to
be developed.

Modifying Flood-Loss Susceptibility

Modifying the flood-loss susceptibility of flood-prone
communities 1is achieved through Tland use planning and management
{including district scheme plans, subdivision and building, permit
controls, land and building elevation, urban renewal, and acquisition and
relocation of property) and emergency actions {including flood forecasting

and warning, evacuating people and property, and flood-proofing
buildings). (Figures 8 and 10).
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Land Use Plarming Land use planning and management has had
legal support since passage of the Toum Planning Act 1926 and it was a
requirement of territorial Tlocal authorities in the Town and Country
Planning Aet 1953. By 1970, however, few communities had seriously
considered land use planning and management, particularly as an option for
reducing flood-Toss susceptibility. Consequently, Tlegislation was
strengthened in amendments to the Local Govermment Act 1974 and the new
Town and Country Planning Aet 1877.

- The latter requires regional plans to identify areas to be
excluded from development because of natural hazards, such as flooding.
Regional schemes must include maps and other information considered by a
united or regional council as necessary for proper explanation of a
scheme, For local territorial authorities, district schemes must identify
areas at flood risk and adopt policies to avoid damage or danger by
preventing flood areas being zoned for residential, industrial, or
commercial use or by ensuring any development is based on sound technical
advice, Every district scheme must include a code of ordinance and maps
iTlustrating proposals for development of an area. Section 4(3) 1links the
purposes and objectives of the Act to principles of the Soil Conservation
and Rivers Control Act 1941.

A 1978 amendment to the IZoeal Govermment Aet 1974 required
territorial local authorities to refuse approval for any scheme plan where
it was satisfied that the land was not suitable for subdivision due to
flooding, or where it would aggravate flooding, unless in the view of
council adequate protection was or would be provided. Section 274 also
Tinked the Act to the Towm and Country Plaﬁning Aet 1977 with respect to
subdivision development, district scheme plans, and avoidance planning in
floodable areas.

An amendment to Section 641 of the Local Govermment det 1in
1979 required councils to refuse building permits in areas of natural
hazards, such as flooding, or where building would aggravate flooding.
The amendment was opposed by many councils and interest groups and led to
change in 1981. Section 641(2) removed the requirement not to issue
permits 1in areas prone to riverine flooding for all buildings except
residential onee. Under the new Section 641A, however, councils could not
issue any building permits in areas where inundation was associated with
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erosion, subsidence, or slippage (i.e., non-riverine flooding) unless
adequate provisions were made to prevent flood damage or the building was
relocatable or the permit was for the alteration, addition, restoration,
or resiting of an existing building. In the latter two instances, the
council 1is protected from civil l1iability for future damage only if the
permit has been registered against the certificate of titie. The 1881
amendments did not, however, alter Section 274 giving power to councils to
refuse subdivision scheme plans in flood-prone areas. Currently, there is
pressure from many councils to reduce the restrictions on residential
permits in Section 641(2).

Although there are many legal provisions for the acquisition and
relocation of flood-prone property there are few examples of its formal
application in New Zealand. The same applies to wurban renewal
programmes. Land and building elevation 1is, however, becoming
increasingly evident and is often given as a policy option in district
scheme plans.

In spite of the wide range of options available for reducing
flood-1oss susceptibility through Tand use planning and management,
territorial Tlocal authorities have been slow to adopt them for many
reasons. Basic is the belief that it would 1imit growth, land values, and
rateable income. For some, it is due to ignorance of flood risk and
measures for reducing it and of their role in creating flood hazard. For
others, it is because land use planning and management Tack the financial
incentives provided for flood control works. Increasingly, however, the
role of NWASCA is extending to provide territorial authorities with advice
and technical services for land use planning and management.

Emergency Preparedness Pre-event emergency actions have evolved
in New Zealand for reducing flood-toss susceptibility. Although somewhat
variable in quality historically and geographically, flood-forecasting and
warning for wurban communities now operates within a well-defined
institutional framework involving the New Zealand Meteorological Service,
catchment authorities, civil defence organisations of territorial
authorities, the Police Department, and the Ministry of Works and
Development. Mutual agreements between these agencies should reduce some
of the confusion over issuing flood warnings and declarations of civil
defence emergencies that has sometimes occurred in the past.
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Accurate flood forecasts give Tonger warning-times and improved
capacity for action to protect people and propérty through emergency
actions. NWASCA provides grants to catchment authorities to establish
flood-forecasting systems. Territorial authorities are empowered by
Section 32(2) of the new (Civil Defence det 1983 to provide and operate
warning systems for their c¢ivil defence organisations. Alerts and
warnings of flood-producing rains are provided to catchment authorities by
the New Zealand Meteorological Office. Catchment authorities are
designated the competent authority for issuing flood warnings to other
organisations and the public, and they maintain close 1liaison with
organisations invoived in a flood emergency. Once a c¢ivil defence
emergency is declared by the Controller of Civil Defence, all warnings are
co-ordinated through that agent. '

The focus of flood-forecasting and warning in urban areas has
been on civil evacuation with no formal regard for implementation of
warning-contingent flood-proofing of buildings and movable property. 4d
hoe individual actions are, however, prevalent in communities experiencing
frequent flooding. Emergency sand-bagging of riverbanks and streets is
also common. Between 1968 ad 1984 some 36 flood evacuations under c¢ivil
defence declarations moved about 16,000 people with only five deaths.

The benefits and costs of measures for reducing flood-loss
susceptibility are unknown because, unlike river control works, formal
analyses are not required for their adoption. Such analyses can and
should be done.

Modifying Flood-Loss Distribution

Modifying the flood-loss burden includes redistribution through
post-disaster relief and rehabilitation, and insurance.

Relief and Rehabilitation The ¢Civil Defence 4ot of 1962
required territorial Tocal authorities to develop Civil Defence plans
against flood and other hazards., In return, they were given wide ranging
arbitrary powers to act in an emergency. By 1967, 90 percent of
territorial Tocal authorities had plans approved, but nearly all were

generalised, Tacking specificity on pertinent 7local hazaﬁds, such as
flood. Inability of the system to handle large-scale regional events led



K-119 23.

to the 1inclusion of a regional structure in 1979 based on Regional
Authorities and United Councils., Nevertheless, in 1981 the Ministry of
Civil Defence reported to Parliament that Civil Defence needed
strengthening in almost every respect because regional and local civil
defence planning and preparations were for the most part rudimentary.
Consequently, efforts to publicly promote civil defence have accelerated
and the original Act and its amendments have been consolidated into the
Civil Defence Adet 1983. In addition to making better provision for the
performance of territorial regional and local governments in carrying out
their functions in a civil defence emergency, the new Act emphasises
recovery management by government departments following a serious c¢ivil
defence emergency. Thus, the Act requires government departments,
organisations, 1local authorities (including catchment authorities) and
territorial authorities to: prepare plans to continue functioning during
and after a civil defence emergency; undertake civil defence functions and
responsibilities; and provide for rescue and relief in their premises.
The Act integrates Civil Defence more tightly into the warning system
making its operations more anticipatory than before.

To March 1984, there had been 54 flood emergency declarations
affecting 75 territorial local authorities-- nearly one third of the New
Zealand total of 235. Over half the 75 territorial local authorities were
urban (Figure 13). A survey in 1978 revealed that 13 authorities saw no
threat from natural hazards. Of 33 authorities that did not respond, nine
were flood-prone and a further five were later flooded. In 1984, 13 out
of 119 Tocal c¢ivil defence organisations had no civil defence plans; 47
organisations employed no civil defence staff; and only 15 employed full-
time staff. For regional and united councils, the planning and employment
situation was much worse.

The cost of the Civil Defence organisation in New Zealand is
thought to have averaged in the vicinity of $500,000 (1984 dollars) per
year for administration, salaries, training exercises and promotion.
However, the overall social costs and benefits of this method of reducing
flood Tosses is unknown because analyses have never been done. Methods of
evaluation need to be developed.

When Tosses have been sustained by individuals, the most common
methods for sharing the burden is through relief funds and various forms
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of insurance. Since 1978, the Government has provided a grant relevant to
most civil defence disasters, and has called for public dornations to match
it. The policy is unevenly applied and small communities have failed to
receive aid in this form. By 1984 the combined value for floods was over
$9 million 1984 constant dollars.

Insurance Residential flood losses can be relieved through a
comprehensive policy of the insurance industry and, until 31 July 1985 the
Storm and Flood Disaster Fund of the Earthquake and War Damage Commission-
- a statutory agency. Access to the latter was through a compulsory levey
of 5 cents per $100 of property insured against fire-- an amount unaltered
since the scheme's inception in the 1940's, Householders had, however, to
exhaust their insurance policy before turning to the Commission for
help. In either case (Commission or insurance industry), direct estimates
of risk per property are not made.

Because owners of commercial property abused the Disaster Fund
(it being cheaper to use their fire policy and the Commission than to take
out spectal cover for floods through the insurance 1industry),
recommendations were made by the Commission to discontinue it., This was
adopted in August 1985 and storm and flood cover is now only available
through the private insurance industry. In the Tong-run this is likely to
increase the cost of this form of relief to floodplain occupants and make
floodable 1locations with high Tloss potential less attractive. While
ideally this policy change should reduce flood-loss susceptibility, past
experience suggests it is likely that other forms of relief and public
subsidisation will expand and this will in turn maintain or increase the
flood hazard.

CONSEQUENCE OF EXISTING APPROACH

The chart of adjustments in Figure 8 indicates the extent to
which each type of adjustment is adopted in New Zealand. It is clear that
modifying flood-loss potential is a much less favoured option than either
modifying the flood cause and effects and/or modifying the burden of loss.
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Incentives and Constraints

A partial explanation for this pattern of adjustments fis
indicated in Table 2. There, adjustments are reclassified into structural
and non-structural options and are related to their mode of implementation
and their effect on losses. Structural measures, that is river control
works that modify the flood event, are typically supported by central
government funds and a strong institutional structure, the regional
catchment boards. They are aimed at preventing losses, People see things
being done and feel protected by such structures. They are seen as
enhancing development, land values, and rateable income. Relative to
other measures they are a popular option. On the other hand, non-
structural measures that could be adopted by individuals to modify flood-
loss potential, 1ike flood-proofing, are rarely adopted because they are
not institutionally supported, there is little information about them, and
no financial incentives to make them attractive to people. The Tlatter
also applies to a range of non-structural options that are supported by
local government institutions, such as land use regulations, education,
and relocation. (A more detailed pattern of incentives and constraints
1nf1ﬁencing the pattern of adoption of adjustments in Figure 8 and Table 2
appears in Table 3.)

A Paradox

The consequences of this process of adopting adjustments are
considerable. Disaster potential 1is enhanced by the two types of
adjustment most commonly used to ameliorate the flood problem: river
control works and post-disaster relief. While it is true that river
control works reduce the number and frequency of floods, they do at the
same time stimulate development within ‘'protected' areas. These areas
remain at risk from larger than designed for floods. Thus, while net
benefits may accrue to the nation as a whole from development in flood-
protected areas, it must be recognised that sooner or later these same
communities will be flooded again. This is followed by relief and
rehabilitation and further river control works. In this way, stopbanking
is self-perpetuating as higher 1levels of ‘'protection' are sought and
floodplain occupance intensifies (Figure 9). There is of course an upper
limit to this process due to physical and economic constraints.
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This process has Tled to a paradox whereby flood losses have
continued to increase in spite of increasing public expenditure on river
control and soil conservation schemes (Figure 12). This situation has
been aggravated by the fact that almost all relieved losses are re-
invested in the same floodable locations.

Termination of the Disaster Fund will Tikely increase the number
of flood-related policies of the insurance industry. Unless premiums are
tied to flood risk, however, much of the social cost of floodpTain
occupance will continue to be externalised. It is 1ikely, therefore, that
the Disaster Fund will simply be replaced by the already expanding public
flood relief funds and ﬁatching grants of government. This process will
be hastened where {as in the past) the insurance industry is unprepared to
provide cover.

Catastrophe Potential

The degree to which measures that modify the flood event and
flood losses are adopted in New Zealand and their relationship to disaster
(catastrophe) potential appears in Figure 14, It contrasts with the
pattern for measures that modify flood-loss potentials (susceptibility).
It suggests that disaster potential can be reduced in the long-run if
measures that modify flood-loss susceptibility are adopted. That 1s,
through land use planning and management and community preparedness.

From a national point of view, the three main approaches to the
flood problem can be compared schematically on a graph that relates
catastrophe potential with net benefits from occupying floodplains {Figure
15). The comparison suggests that not only do measures which modify
flood-loss susceptibility have the greatest potential for averting
disasters, but they may at the same time confer benefits on the nation at
least as good as for fiood control works, although detailed analyses are
needed to verify this.

WHAT NEEDS TO BE DONE?

To 1improve on the existing situation a number of tasks require
urgent consideration for action. A few of the more important include:
improved information about floods and adjustments to them; standardised
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Potential

Catastrophe
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Figure 14. Schematic relationship of catastrophe
potential to the degree of adoption of adjustments in New

Zealand.
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flood hazard mapping; flood loss assessment; research on the interactions
between adjustments and their effects on flood hazard; creation of a
unified flood-loss reduction programme; and comparing the flood-loss
reduction options.

Flood Information

The chart of adjustments 1im Figure 8 shows that flood
information and education relevant to the range of adjustments available
in New Zealand are weakly developed. While New Zealand has a wide range
of adjustments supported by statute, only soil conservation and rivers
control have well developed research and information programmes, and they
enjoy considerable financial support of government. It seems self evident
that information about flood risk, flood hazard, and ways of coping are
essential first steps in developing comprehensive national and community-
programmes for reducing flood losses. The extent to which this has not
been achieved in New Zealand is one measure of what needs to be done.

Because of the rarity of extreme natural events, it is
unreasonable to expect individuals to have the information necessary for
arriving at 'f100d-wise locational decisions. The planning legislation
recognises this and imposes a statutory duty upon territorial Tocal
authorities to identify natural hazards and to take actions to avoid
dangers and damages from them. Such actions include informing the public
of the risks of locating in flood hazard areas.

Flood Hazard Mapping

Identifying flood hazards is the most fundamental step in any
floodplain management programme, and is essential for educating the public
about the flood risk. The most basic tool for identifying and presenting
the flood hazard to the public is ~a floodplain information map.
Territorial 1local authorities have had a long-standing statutory
obligation to identify flood hazards. In 1982, 103 flood-prone urban
communities were sent a questionnaire about flood hazard identification
and mapping. From 76 replies, only 31 communities acknowledged having
mapped their riverine flood hazard. [he survey revealed that where maps
existed, the public availability of them was very constrained and their

quality generally poor (Copinga, 1982). Reépondents argued against
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mapping flood hazards for one or more of the following reasons: Tlack of
resources; problems in defining the areas at risk, 1including the
methodological means for doing it; balancing community interests against
individual rights to develop, including impacts on property values; and

perceived legal issues.

"In the absence of adequate maps and public information about
flood hazards, averting disasters through land use management is Tikely to
remain a weakly adopted alternative, in spite of the 1egis1ati9e
requirements for territorial local authorities to avoid flood dangers and
damages. It also makes difficult the implementation of emergency actions,
civil defence, and insurance programmes. While it is desirable that flood
information and education programmes be a community responsibility, the
constraints on territorial local authorities are such that it is essential
that a nation-wide programme of flood hazard mapping be undertaken by a
national agency. NWASCA is currently supporting development of a
standardised method for flood hazard mapping.

Estimating Flood Losses

Once the flood hazard is clearly established the way is opened
for assessing flood Tosses. It is essential to have estimates of flood
losses before any comparative evaluation of adjustments can take place.
While this may seem obvious, it has been shown that information on losses
and the means of 1oss assessment is poorly developed in New Zealand. This
shortfall has been recognised recently by NWASCA, and evaluation of the

ANUFLOOD integrated computer package for assessing flood Tlosses is an
outcome,

Comparing Options

There are several criteria for comparing options inc]udihg:
physical, economic, social, finstitutional and environmental standards.
These are not clearly developed in New Zealand. MNor are the social. aims
with respect to reducing flood problems. However, existing legislation
relevant to the range of adjustments discussed above include social aims
like: economic efficiency, social equity, avoidance of social disruption,
human health, regional well-being, and environmental protection and
enhancement. A discussion of these aims and criteria will not be
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attempted here, Suffice it to say that few attempts have been made to
compare options or adjustments for any community in New Zealand. For
example, while benefit-cost ana]y%is 1sS;rgquired for flood protection
works, no such analyses are done on other options. Yet, the method of
benefit-cost analysis was originally developed with the aim of enabling
different projects with similar purposes to be economically compared.

The ANUFLOOD computer model does enable the flood-loss reducing
capacity of different options to be compared. In doing so, it should also
serve a useful educative function: to encourage its users fnto thinking
about the full range of alternative adjustments to floods and their
comparative flood-loss reduction potentials.

Interactions Between Adjustments

The above analysis has shown that the fragmentary approach to
flooding currently in use has exacerbated the flood hazard and with it
flood losses. This is because the adoption of one adjustment may simply
mean that another compatible option is ignored, such as when river control
works take precedence over land use management. In this case, the number
of flood events are reduced, but the flood hazard and losses rise. The
two adjustments are compatible, but convention has lead to the dominance
of one over another, when, to reduce flood hazard, both should be used, or
land use management should dominate.

The piecemeal approach to flood-loss reduction needs to be
replaced with an integrated or unified approach. Creating unified
policies that will avert disasters and reduce flood losses will, however,
require careful consideration of the linkages that exist between the full
range of adjustments to floods and their impacts on the flood hazard. To
date, no consideration seems to have been given to the ways 1in which
constraints and incentives have conspired to lead communities into options
that in the long-run may reduce the number of floods experienced, but not
the flood-loss potential and attendant disasters.

Creating Unified Programmes

A unified flood-loss reduction programme can be created from
existing adjustments by forging appropriate 1links between those
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adjustments that analysis shows will reduce flood hazard and thereby
losses (Ericksen, 1982). This means that policies that will alter the
existing system of incentives and constraints need to be created. For
example: instead of withdrawing its support for flood claims, the
Earthquake and War Damage Commission could have been given the authority
to use its payments as an incentive for communities to édopt sound land
use management plans. That s, unless communities could demonstrate
sensible programmes for managing flood Tlosses, the Commission would not
provide flood cover. This strategy could be supported by another, that
the post-disaster relief fund of government be wmade contingent upon
adequate floodplain management. Some of the funds could, for example, be
tied to detailed flood hazard mapping. Another mechanism could be the
placing of conditions upon a General Authorisation for water rights,
issued by Regional Water Boards to territorial Tocal authorities, for the
provision of catchment drainage plans that take account of future
development of urbanising catchments. In addition, possitive individual
and community actions could be given support by the Housing Corporation
through various lending arrangements, and so on. NWASCA has already taken
a lead in forging links between adjustment types by refusing grants for
the 'protection' of post-1971 urban development that does not demonstrate
flood-sensitive 'planning'.

CONCLUSIONS

Since there are nearly 100 flood-prone communities 1in New
Zealand, a 200 year flood can be expected to occur in one {or more) of
them on average every other year. While these odds may be accpetable for
specific communities, it 1is unlikely that they are acceptable to the
nation as a whole, particularly since most of them do not have more than
80 year flood 'protection' levels. Thus, if New Zealand cdntinues with
the current piece-meal approach to urban flooding, future disasters will
continue to occur-- frequently. A reduction in this expectation seems
achievable, however, through the creation of unified flood-loss reduction
policies that have practical application at the Tlocal Tlevel. These
policies need to include a system of incentives and constraints that would
facilitate a move away from community dependency on relief and
rehabilitation and river control towards more widespread adoption of
measures that reduce flood-loss susceptibility. This will require action
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by government on providing more relevant finformation on floods, flood
hazard, and flood adjustments than hitherto, and on co-ordinating its
agencies in order to facilitate a unified flood-loss reduction
programme, It will alse require development of methods that are
appropriate for evaluating the full range of mitigation options, including
comparisons between various combinations of adjustments.
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NOTE(1l) This paper is based on one presented by the author at the 39th
Annual Catchment Authorities' Association Conference held in Nelson in
April 1985, That paper was in turn drawn from research findings reported
in Creating Flood Disasters (in press).

NOTE(2) Recent research 1in the United Xingdom suggests that as a
proportion of total flood losses, indirect losses are much smaller than
direct losses, See Handmer, Paper A, in ANUFLOOD in New Zealand: Part 2,
in this series.
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