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Abstract

New Zealand is home to a large number of volcanoes, many of which threaten the North Island,
with damaging ground hugging hazards or disruptive ash deposits. As little as 2mm of ash will put
grazing animals off their feed, completely disrupting the agricultural environment, transport is
affected and equipment is vulnerable. The most likely damaging event from an eruption is ash, the
potentially unknown area of which is determined by wind direction and strength. The 1995/1996
Ruapehu eruption was geologically considered minor with no more than 10mm of ash deposited,
yet the economic consequences and disruption were significant, estimates put the minimum cost of
the eruption at $130million made up almost singularly of tourism revenue losses and damage to the

hydro-electric turbines.

There has been little work completed in assessing economic impact of a natural disaster in an
economy prior to the event. While the expected scale of any disaster is frequently assessed on
historical evidence for planning purposes, social or economic studies tend to consider vulnerable

sectors during evacuation and recovery as opposed to a monetary figure or the economic impact.

The most recognised volcanic event (and standard example) in recent history was the Mt St Helens
eruption in 1980; this eruption killed 57 people and caused damage in excess of US$1billion. Mt
Egmont is the visible headstone of Taranaki’s volcanic history but is only the youngest location in a
series of destructive volcanoes in the area. There have been no known eruptions within the region

since 1755, with eight recorded eruptions in the 300 years prior.

It is generally accepted that any future events from Mt Egmont will follow the same path as historic
eruptions, explosive ash emissions with gentle lava extrusions. Three eruption scenarios, all skewed
towards a more likely smaller eruption, are considered in the overall analysis of the region; future
studies may concentrate on rare catastrophic eruptions or the evacuation of New Plymouth. The
first scenario is limited largely to the national park with ash fall only within the region, the third
scenario pushes ash over much of the North Island and has damaging hazards throughout Taranaki
A final consideration is made to investigate how an economy responds to increased volcanic threat
without an eruption. If precursors to volcanic activity extend for a long period of time the threat of
economic stagnation, reduced investment, emotional stress and permanent relocation from the
region will increase. Early warning systems and increased disaster planning has greatly reduced the
number of deaths caused by volcanic eruptions, in many ways it has also increased economic

vulnerability as danger zones become populated.



Taranaki has a low population density with rich natural resources and an economy largely geared
towards dairy farming and the extraction of oil and gas. The five largest sectors in Taranaki create
$8,910.18million in total output or 57.83% of regional output; these are oil and gas extraction,
dairy manufacturing, dairy farming, meat processing and wholesale trade. Oil and gas exploration

adds an additional $331.72million to economic output.

There is a lot of high level energy infrastructure in Taranaki from gas pipelines connecting fields,
production stations and delivery systems to the multitude of high voltage power lines connecting
two power generation stations with the national grid. All oil and gas production and much of the
gas transmission system is based within Taranaki, this industry alone is estimated to contribute
more than $1billion a year to the national economy. One factor of Taranaki’s gas monopoly is the
significant downstream impact any regional disruption in supply could have on the national
economy and social well being. Oil and gas is vital to many aspects of New Zealand business not
just within Taranaki but day to day business operations, manufacturing processes and power

generation capacity.

Iconic industries are those businesses that may have an impact on the local community above that
of direct economic loss, that are socially as well as economically significant. These firms are
predominantly the largest employers and contributors to the local and national economy, and are
the most likely to consider permanent relocation outside the region in the case of a large ongoing
event. Research was completed on significant industries to gain a more detailed impression of the
largest contributors to the local and national economies and potential disruption. These enterprises
include electricity generators and gas production, Fonterra, Ballance, Yarrows and Westgate Port.
The National Park, tourism and the airline industry were also considered separately due to their

individual importance and likelihood to be affected by an eruption.

The results of the input-output scenario analyses show an immediate value added decline in the
regional economy ranging between $519.09million and $2,505.21million due to volcanic eruption.
Input-output captures the overall regional impact of an eruption, the immediate reduction in output
as a result of evacuation and physical influences. However an eruption of any magnitude will also
have a national impact on the economy which should not be forgotten. Iconic industries were
considered separately to take into account some of the largest regional contributors to the national

economy.

Risk assessment of the iconic industries enabled the assessment of more long term, wide reaching
and national effects of an eruption which are not captured in input-output assessments. The gas
industry will have the most detrimental economic effect, literally closing the entire gas dependent
manufacturing sector throughout the North Island for a number of weeks. Although the Whareroa

dairy factory contributes considerable value to national exports with 100% of production being



exported milk volumes normally processed could, with the exception of approximately two weeks
during the peak season, be absorbed by other factories in the North Island limiting nationa! impact.
It is impossibie to determine the degree of flow on effects from all of the businesses affected; many

interdependencies wouldn't openly be recognised until they accurred.

New Zealand has been lucky in that recent volcanic activity has been minor and sporadic in nature;
consequently the public perception of risk has been skewed fowards events which in geologic
records would not ever register. An eruption would overwhelm local civil defence resources almost
immediately, the surrounding communities would be fiooded with evacuees and the economic
ripples would be widely felt. This is particularly the case with Taranaki and the critical high level
infrastructure. Mitigating economic risk can only be done by locationally spreading risk, with

adequate protection measures (financial or physical) and by increasing public awareness.
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1. Introduction

New Zealand is one of the most volcanically active areas on earth with several active volcanoes
throughout the heavily populated North Island. Eruptions can have enormous impacts on both the
economy and society in terms of physical damage, loss of life and economic disruption. For
planning purposes it is important to gain an understanding of where these physical consequences

will occur and potentially how important these damages will be to the national and local economy.

This thesis is part of a larger project assessing the risk posed by North Island volcanoes, led by
geologist Dr Shane Cronin at Massey University. The volcanic risk project aims to extend and
document knowledge of volcanic hazard processes, volcanic risk, risk management strategies and

community vulnerability for the Ruapehu and Egmont volcanoes.

The area chosen for analysis is Mt Taranaki/Egmont and Taranaki. The mountain is known by two
official names, as the Maori Taranaki or European Egmont. For the purpose of this report Mt
Egmont will be used in reference to the mountain whilst Taranaki will refer to the region as a
whole. With any disaster, the impact on an individual basis is significant for all businesses and
farmers directly affected. What is interesting about Taranaki is that any long term eruption, or even
a short term but significant eruption, will be extremely detrimental to New Zealand as a whole
given that the economic activity in the entire Central North Island will be disrupted. Many industries
originating in Taranaki provide critical facilities well beyond the borders of the region, an
interruption to manufacturing and agricultural sectors or to the gas and power supply will be
influential over a wide area. This will potentially have a huge adverse impact on national GDP and
in particular the trade balance if agricultural exports from Fonterra are damaged. The Fonterra

Whareroa dairy factory alone contributes 5% to New Zealand’s GDP.

Interruption to the gas supply will impact on all facets of business in the North Island if an
alternative immediate gas source can not be found (most likely via import). Interruption will occur
even in the event that an eruption does not take place but if alert levels reach a critical level. Many
different industries throughout the North Island rely on this gas for day to day production; even the
temporary ceasing of gas supply to the Hawkes Bay during the 2004 Manawatu floods had
enormous economic consequences. These widespread detrimental effects that are unique to
resources within Taranaki will not be offset in GDP by the recovery and replacement costs that

traditionally follow a disaster, particularly if the eruption continues for an extended period.
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The main objectives of this research are to:

. Develop an analytical framework to support the estimation of economic impacts
. Determine an overall economic impact from a volcanic eruption from Mt Egmont
. Complete a risk assessment of large industries that will experience the greatest impact both

regionally and at a national level

. Determine the independent impact of behaviour change as a result of volcanic activity.

The overall aim of this research is to assess the structural vulnerability of Taranaki, to investigate
the level of risk to Taranaki’s economy of volcanic specific hazards. This is achieved by developing
an analytical framework to estimate economic impacts, the direct damage costs of an eruption
scenario, business disruption and ongoing economic loss. The thesis also considers the impact of a
change in volcanic alert levels which ultimately do not result in an eruption. Economic losses due to
eruptive episodes' can greatly exceed the losses caused by physical damage. This incorporates the
risk assessment of large industries in the region in terms of economic contribution and vulnerability,
determining the direct extent of volcanic hazards and the economic consequence for the
predominantly agricultural communities. While determination of the financial consequence is one
focus of this research also aims to highlight the economic weakness of New Zealand’s economic

base to volcanic hazards.

Although hazard zones are identified and outlined it is important to note that boundaries are not
discrete and specific, volcanic hazards in particular are uncertain and “safe” zones can not be
completely assured. Similarly varying degrees of damage exists in each zone. Hazards decrease by
increment as topography and distance from the mountain alter; all analysis in this report takes the
identified hazard boundaries as absolute and certain. The analysis does not include secondary
disasters that could potentially result from an eruption. This includes events such as secondary
flooding, tsunami or increased fire risk, threat of starvation or disease to animals and humans.
Neither does this analysis assess the potential impact of an event where New Plymouth, the
population and business hub of Taranaki, is deemed to be unsafe and requires evacuation. If water
supplies become contaminated or the town otherwise becomes uninhabitable, mass evacuation will
need to be considered with even greater economic consequences. In addition this analysis only
considers the potential gross economic cost to the region as a result of an eruption, the net effects
once recovery packages and insurance claims have been received may, particularly in small
eruptions, be positive. Gross figures are important as they provide the major impact of damages

that result from an eruption (or any event)

The thesis initially discusses the current nature of the Taranaki economy, followed by a contextual

overview of the volcanic hazards that will be referred to throughout the analysis and a history of Mt

! An eruptive episode refers to all volcanic activity which results in changes to behaviour, whether
that is physical eruption or just indicators of activity.

13




Egmont. A brief literature review is included regarding projects of a similar nature and the civil
defence framework that is integral for recovery of the region and consequently the economy. The
expected hazards from Mt Egmont and eruption scenarios are discussed as the basis for all analysis.
The importance, vulnerability and influence of certain industries in the region are discussed on an
individual basis to establish specific impacts on the drivers of the economy, this risk assessment will
be representative of the wider, broader and long lasting effects of an eruption which are not
incorporated within the input-output analysis. Small and medium enterprises are discussed with
regard to volcanic hazards they will face and the potential flow-on effects. Input-output modelling
allows the modelling of the entire economy capturing the immediate reductions in output that result

from an eruption.

New Zealand is fortunate that modern volcanic eruptions have been relatively minor in geological
terms. An eruption of any magnitude has the potential to stall the entire economy to a degree that
is immeasurable; all of the flow on effects simply can not be considered. Identifying an economy’s

economic exposure is critical in protecting against and preparing for disaster recovery.
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2. Socio-Economic Profile of Taranaki

Taranaki has a land area of 723,610 hectares located on the west coast of New Zealand and is a
region rich in natural resources with a prominent mountain and an extensive 300km coastline. The
Mt Egmont and Kaitake Ranges National Park is a large recreational resource. The volcanic plains
support highly productive farmland and inland the hill country provides additional natural and
farming resources which include large areas of natural bush and the Whanganui National Park
(Venture Taranaki, 2005).

Three districts make up the Taranaki Regional Council - New Plymouth, Stratford and South
Taranaki. The area is not hugely populated with just two main settlements in New Plymouth and
Hawera; provincial centres that support the rural community are located in Stratford, Opunake,
Waitara and Inglewood. The smaller rural towns have a moving population towards New Plymouth
further diminishing population density in rural areas. In the 2001 Census Taranaki's resident
population was 102,858 people in 38,505 households, accounting for only 2.8% of total New
Zealand population (Taranaki Regional Council, 2004c; Statistics New Zealand, 2005) and unevenly
split between the three districts of New Plymouth (66,603), Stratford (8,883) and South Taranaki
(27,537). The median income of residents in the region is slightly below the national average at
$17,300 (Statistics NZ, 2005).

Taranaki has a higher rate of dependency (defined as those who are under 15 or over 65) than
New Zealand as a whole, 37.9% and 34.8% respectively. Nationally 22.7% of the population was
under 15 in 2001, compared to 23.7% in Taranaki; the population over 65 represents 14.2%
compared to the national rate of 12.1% (Statistics New Zealand, 2005).

The region’s social and economic wellbeing depends heavily on the natural and physical resources
and land based business continues to be highly important to the region. The natural gas sector is
the only commercial field in New Zealand and a large employer, there are 2,100 dairy farms in the
region supplying more than 14% of national milk solids, in addition to sheep and beef farming and
forestry (Taranaki Regional Council, 2004). The agricultural sector, in particular dairy farming, is
critical to the regional economy with on-farm employment and within secondary processing
facilities. Synthetic fuel plants, resin and urea production, power generation, natural gas processing
and redistribution networks have all developed within the region to support the only oil and gas
producing site in New Zealand (Venture Taranaki, 2005). Industrial manufacturing and heavy
engineering industries have also developed a strong base around New Plymouth to support the
petrochemical and mining industries. As at February 2003 there were 7,503 businesses in Taranaki,

predominantly these were property and business services (30.1% of businesses) in main rural areas
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and retail trade which represented 13.4% of businesses (Statistics NZ, 2005d).In terms of full time
employees the largest industry in the region is manufacturing with 8,040 employees (22.6%)
followed by retail trade with 13.7% of employees. Manufacturing is more specifically food and
beverage manufacturing (just 39 companies employing 3,960 employees) and then metal

manufacturing.

In 1934 the Moturoa Oil Company began production from the Moturoa field in Taranaki that would
continue until 1972, New Zealand’s first viable natural gas and oil field. However it was not until
Kapuni was discovered in 1959 and consequently began production in 1969 that gas became a
force in the New Zealand energy market, delivering gas to users throughout the lower North Island.
The success of Kapuni spurred further exploration that resulted in the discovery of Maui in 1969
(production began in 1979). These discoveries have driven the energy infrastructure, gas support
services, heavy industrial and engineering sectors that are symbolic of Taranaki industry (Shell
Todd, 2005). The discovery of Maui spurred a large level of investment which included the
development of the $2billion Motonui synthetic fuel plant and the $500million methanol plant at
Waitara (Davidson, 2004), although each of these plants is currently closed pending decisions about
future gas supply and prices. These plants are extremely important to Taranaki’s economy, the two
methanol plants of Methanex were assessed by Venture Taranaki to contribute a total economic
impact of $1billion, including $375million in valued added and 650 full time equivalent employees to
the region (Davidson, 2004).

Although gas production from Maui is in steady decline a recent surge in exploration and production
activity means that as of early 2006 a number of fields are beginning to come on line to meet the
needs of New Zealand. These fields include Pohokura, Kupe, Tui, Maari and Maui A (Port Taranaki,
2005). The Pohokura development alone is expected to cost close to a billion dollars before

production even begins.

The dairy industry has always played an important role in Taranaki's economy. The first co-
operative dairy factories opened in Inglewood and Opunake in 1885 and in 1896 the first shipment
of butter and cheese left Port Taranaki ultimately destined for London (Davidson, 2004). In 1956
milk tankers began to pick up milk, spurring a dramatic change in the dairy industry throughout the
region, 115 small dairy factories slowly amalgamated to form just one — the Kiwi Co-operative Dairy
in Whareroa which has since become Fonterra’s leading processing facility. The dairy processing
industry contributes just under $2.5billion to the regional economy annually (W Hughes, Personal

Communication, 2006).
The development of efficient transport systems has spurred significant economic activity although

not all effects were positive. The many small towns and rural centres that were supported by

freezing works and small dairy factories floundered as these primary sources of employment and
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income closed down, beginning the trend that continues today of populations in rural centres

shifting towards the larger urban areas and employment opportunities.

Freezing works also offered considerable employment opportunities throughout the development of
the region, the Borthwicks Waitara freezing works opened in 1502 operating for more than 100
years and employing over 1,000 workers (Davidson, 2004). Borthwicks represented a large part of
Waitara’s socio-economic development. The closure of this plant in 1995 shortly after Affco took
ownership had huge adverse consequences for the town and the predominantly Maori employees.
Similar closures in Patea and throughout the region created huge unemployment and stagnation in
the regional economy. In 2003 Maori unemployment was still as high as 19.2% (Davidson, 2004).
Regional unemployment in 2001 was 7.8%, above the national rate of 7.5% (Statistics New
Zealand, 2005).

More recently the region, through development agency Venture Taranaki, has begun to push
growth in the tourism industry and to enhance the public image of Taranaki largely through
festivals and events that draw visitors to the area. The TSB Bowl and Yarrow Stadium are attracting
many big budget concerts, sporting and other events that attract visitors to the region from all
around the North Island. The Rhododendron Festival, WOMAD and the Festival of Lights have now
been operating for a number of years with growing success. International tourism to the region is
also beginning to grow as tourists seek out environmental, natural and adventure destinations
distinctly different from their own. The Surf Highway 45, marine park, two national parks with
mountaineering and tramping and cultural activities offer attractions to a wide variety of groups.
Significant effort has been made by Venture Taranaki and other organisations to market Taranaki
as a destination for visitors and economic activities, including film production (Venture Taranaki,
2005b).

Land use as determined from the Land Cover Database 2 (LCDB2) has been obtained for Taranaki
Regional Council. This data is best used on much larger scales however this allows a visual
representation of land use and the importance of intensive farming such as dairy farms in the
region. Purple represents high producing pasture and green indigenous forest. The area has a large
ecological value given that Egmont National Park was New Zealand’s second national park, large
areas of bush reserve as well as the presence of the Whanganui National Park on the eastern
boundary of the region. Sheep and beef farming are largely restricted to the inland hill country

while dairy dominates the volcanic plains.
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Figure 1: Taranaki Land Use as Determined by Land Cover Database

Source: Land Cover Database Two, Terralink International (2005).

Much of Taranaki's production is export oriented with dairy, specialty bakery products, meat,
timber, chemicals and metal based products all created specifically for export (Venture Taranaki,
2005). The input-output model for the region provides the most accurate breakdown of sectors by
economic contribution as opposed to employment. The five largest industries in Taranaki are thus
identified as oil and gas extraction ($3,370.85million in output), dairy manufacturing
($2,471.75million), dairy farming ($1,808.51million), meat processing ($788.68million) and
wholesale trade ($470.39million) (Hughes, 2006). In addition the oil and gas exploration activity

contributes $331.72million to economic output.

The following figures (produced by National Bank of New Zealand) give an indication of the
economy in Taranaki in relation to other regions in New Zealand. Presently Taranaki’s year on year
growth is second only to the Manawatu- Wanganui region, on par with Gisborne. The economy is in
a state of recovery. The region’s growth rate has been consistently above the national average
since 2001 with the one exception at the end of 2003/2004; this is likely to be a period of ‘catch-up’

with the national economy. Between 1998 and 1999 the region was experiencing negative year on
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year growth — a flow on effect from the more than 2% decline in the 1998 June quarter. During
this time the region was still recovering from the period of restructuring and freezing works closures
which contributed to extremely high unemployment rates. Prior to 2001 growth was in line with,
but well below national growth. The percentage growth rates in the region are very cyclical but

show an increasing trend to the future.

Figure 2: Comparative Annual Growth between Regions

REGIONAL ECONOMIC ACTIVITY
Year-on-Year Growth, December 2005

Manawatu-Wanganui

Taranaki

Canterbury

Hawke's Bay

Southland

Northland

Auckland

00 10 20 3.0 40 5.0

Source: National Bank of New Zealand, 2006

Figure 3: Annual and Quarterly Growth for Taranaki in Comparison to National Growth
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3. Volcanic Hazards

There are ten volcanic centres within New Zealand that have the potential to erupt and cause
considerable damage to the surrounding population. However little information is known concerning
the possible scenarios, rehabilitation and available assistance if such an event occurred. The
1995/1996 Ruapehu eruption was considered minor with no more than 10 mm of ash deposited,
yet the disruption and economic consequences was significant (Johnston et al, 2000). The Ruapehu
eruptions highlighted a lack of information on volcanic risks and potential impact on businesses,
farmers and agriculture. New Zealand also lacks the formal institutional guidelines, responsibility
channels and contingency plans should a major volcanic event take place. A Ministry of Agriculture
and Forestry (MAF) commissioned report (1998) sought to rectify some of these shortfalls and
provide a template for future planning. From a management perspective the low frequency of
events, uncertain nature of eruptions and widespread impact means that the responses required
from individual organisations are poorly defined and lacks the communication channels that would

be required between normally unconnected groups (MAF, 1998).

Figure 4: Volcanic Hazard Sites of the North Island
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New Zealand contains a wide range of volcanoes including volcanic fields, composite cones and
calderas. Irrespective of variety, hazards that result from an eruption can be categorised into near
vent destructive hazards (ground hugging hazards) and distal damaging or disruptive hazards (ash
deposits). The near vent hazards are typically a lot more damaging but can be restricted to a
relatively small area while distal events are less damaging but more widespread and disruptive.
Egmont is an andesitic cone volcano, meaning eruptions can be moderate or explosive emitting
both lava and ash deposits (Ansell & Taber, 1996).

Ground hugging hazards include lava flows and domes, pyroclastic flows and lateral blasts,
landslides, lahars and floods. These hazards have the potential to cause total damage,
predominantly destroying anything in their path. Direct damages occur in relatively close proximity
to the summit and can be predicted to a degree based on land formation, historic evidence and

characteristics of the hazard.

Air borne threats present a completely different hazard. While damage is rarely total, its effects can
be considerable even in small quantities. It is the secondary effects of ash, the unpredictable
component of its distribution and the chemical breakdown that creates such an unknown threat.
Ash can be widespread, unpredictable and affects all aspects of modern life without necessarily
causing direct damage. The accumulation of ash (particularly when wet) and its chemical / abrasive
properties cause the most damage. To humans, ash generally presents only nuisance irritations
such as respiratory problems and eye and skin irritation. In rare cases of considerable exposure to
ash or the chemical nature of specific ash falls further complications can develop (Munro & Parkin,
1999).

There are many ways in which a volcano can erupt but the degree of damage generated depends
on five main aspects, the distance materials travel and area covered, velocity of material,
temperature and duration, length and nature of warning period and the frequency of occurrence
(Patterson, 1987, p19).

A brief description of volcanic hazards that could be expected from Mt Egmont is given below:

Lava Flows and Lava Domes:

Lava flows are hot molten rock that flow from a volcano. The distance and speed of the flow is
determined by the viscosity (stickiness), volume of material, slope and surrounding geography.
Lava forms most of the upper cone of Mt Egmont, The Beehives, Skinner Hill and The Dome (all
lava domes). By volume lava would only be a small part of any eruption from Egmont, if present at
all (Neall & Alloway, 1993).
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Lava poses little threat to people, animals or transportable capital as it rarely travels more than
5km an hour; traditionally it has been restricted to within 7km of the Egmont summit (within the
national park boundary). Nothing can be done to halt the lava’s flow towards, or destruction of,

immovable property.

Pyroclastic Flows and Lateral Blasts:

Pyroclastic flows refer to all forms of hot, rapidly expanding gas and particle emissions resulting
from a volcanic eruption. These flows are dry mobile fluids that can reach extremely high
temperatures and speeds (up to 1000° C and 200 km/hr). Egmont pyroclastic flows have previously

travelled to the northwest, northeast and east up to 15km from source.

Lateral blasts are pyroclastic flows that are ejected sideways, potentially reaching speeds of
300km/hour. These horizontal trajectories have not been recorded at Egmont before, however they
are extremely unpredictable and can not be ignored (Neall & Alloway, 1993). It was a lateral blast

which caused the catastrophic damage to the northwest of Mt St Helens in the 1980 eruption.

The biggest threat from this type of hazard is the extreme heat and momentum of the blasts which
will destroy everything in their path, the only protection being prior evacuation. Of significance is
the high temperatures that can melt ice and snow present during winter, causing lahars or floods

that can extend considerably further than the immediate hazard.

Landslides, Lahars & Floods:

Landslides (volcanic debris avalanches) are a displacement of earth and are a significant threat on
Egmont, with three landslides exceeding 3.5sq/km known to have occurred from the current cone.
The landslides have extended to the northeast, southeast and west for as many as 40km. This
phenomenon destroys everything with characteristics similar to, but more expansive and

destructive than Lahars.

Lahars are fluid mixtures of rock, water and mud originating from the volcano, resembling wet
concrete. These erosive surges can travel at high speeds and for long distances, particularly from
steep slopes such as Egmont. Further from source, these flows tend to follow existing river and
valley channels. Lahars can form even in the absence of eruptive activity when heavy rain
consolidates loose debris or after an eruption consolidating unstable ash deposits. The turbidity of
lahars and their potential speed is highly erosive to river banks and can destroy vehicles, bridges
and other structures within its path, they occur with little warning and travel large distances (Neall
& Alloway, 1993).
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Flooding due to ice melt or as the end result of a lahar (far from source) is also a common side
effect of eruptions. This poses the highest risk at Egmont during winter as there is little snow cover

during the summer months.

Gases:

Gases are emitted during an eruption; principally these include carbon and sulphur dioxide, as well
as hydrochloric acid, hydrofluoric acid and ammonia. Emissions tend to be localised around the
summit so effects can be easily minimised and confined by closure of the National Park, this is

unlikely to present any hazard to people (Neall & Alloway, 1993).

Volcanic gas can produce three potential hazards, particularly to agriculture and in a smaller
eruption may present one of the greatest threats.

Direct exposure: contact with gas clouds produced in an eruption and can result in
respiratory and eye irritation or in extreme cases poisoning and suffocation.

Volcanic fog (vog) and acid rain: result from interactions between the surrounding
environment and volcanic gases. The corrosive, acidic nature can result in considerable damage to
crops, plantations and machinery, potentially affecting a large downwind area from the mountain.

Volcanic degassing: water soluble chemicals which are emitted and absorbed by ash and
water particles. This chemical laden material falls on pasture and forestry, is absorbed into soils and
ingested by grazing animals. Pastures with only small amounts of ash deposit, can conseqguently
prove fatal to grazing animals, in particular poisoning sheep and deer (MAF, 1998). This was
particularly apparent during the 1995/1996 Ruapehu eruptions which killed more than 2,000 sheep

and lambs, as well as numerous wild deer from fluorine poisoning (Johnston et al, 2000).

Degassing and volcanic fog can both be very corrosive to metallic equipment and cosmetic

surfaces.

Tephra:

The single term defines all aerially projected particles from a volcanic eruption. This can be broken
down further to ash (<2mm diameter), lapilli (2-64mm diameter) and blocks (>64mm diameter).
The distribution of tephra, unlike ground hazards, can be widespread and in any direction. Once
projected into the air distribution is determined by tephra size, wind direction and velocity,
remaining problematic far from source. Hazards posed by ash are twofold, the physical presence or
nuisance value and the previously mentioned chemical presence (Neall & Alloway, 1993). Ash
distribution and effect is difficult to predetermine, even a single ash plume can display wide
variation in grain size, distribution, depth, density and chemical composition over both the width
and length of the plume (Nairn, 2002).
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The most likely disruptive event from an eruption in New Zealand is ash, the potentially affected
area of is determined by wind direction and wind strength. At high altitudes the wind is consistently
westerly, at lower altitudes winds can swing from any direction but remains predominantly
westerly/south westerly. The following diagram is a representation of wind direction at varying

heights from Auckland Airport (1966-1979) which can be used to predict wind direction around Mt

Egmont.

Figure 5: Frequency of Wind Direction above Auckland Airport 1966 - 1979

Source: MAF, 1998, p9

Building collapse is the most significant, immediate threat from ash fall, usually occurring in cases
where there is in excess of 100-300mm; this limits the area likely to be affected to within close
proximity (MAF, 1998). Asphyxiation is possible in significant falls however the main problem is the
physical and nuisance presence which influences air and land transport, water supplies, agriculture,

electricity supply and generation and communication devices. Far from source, fine ash can cause
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havoc with electrical equipment, machinery and day to day operations due to its highly abrasive
nature (Neall & Alloway, 1993).

Ash fall on farm land and within water catchments can be problematic for some period after an
eruption. Layers of ash can reduce absorption of rainfall and produce higher surface runoff causing
higher fiood peaks, exaggerated stream discharge and simultaneously drought characteristics for
the soil (MAF, 1998). While ash is uniikely to kill animals directly it creates uninhabitable pastures
{lack of feed) and if chemically faden ash is ingested it can be fatal. Reports from recent small
eruptions state that ash in excess of 2-5mm will put grazing animals off their feed. Aquatic life,

birds and insects are all adversely affected by ash even in very small quantities (MAF, 1998).

25



4. History of Taranaki Volcanic Hazards

The productive capability of natural resources within Taranaki can be traced to the volcanic
episodes that have shaped the peninsula for more than two million years, the modern face of which
is Mt Egmont. A shallow sea that existed prior to volcanic activity has formed the oil and gas
reserves so critical to New Zealand and Taranaki, whilst the fertile farmland of the ring plain exists

as a result of many past cone collapses, debris avalanches and lahars.

Egmont is the visible headstone of the regions volcanic history but is only the youngest in a series
of Taranaki volcanoes. Volcanic activity has moved across the region in a NNW to SSE path along a
fracture in the earth’s crust called the Taranaki volcanic succession (Neall, 2003). North to south (in
descending age and degree of erosion) these volcanoes are the Paritutu, Kaitake and Pouakai
volcanoes and the youngest, most visible Egmont Volcano, the only one that remains active

(presently dormant).

Paritutu — Approximately 1.75 million years old (Sugarloaf Rocks)
Kaitake — Approximately 0.5 million years old (Kaitake Ranges)
Pouakai — Approximately 270,000 — 670,000 years old (Pouakai Ranges)
Egmont — 130,000 years old (Mt Egmont)

All four volcanoes show evidence of huge cone collapses and debris avalanches which remains a
real threat from Mt Egmont during an eruption. Ancestral cones from the site of Mt Egmont were
destroyed by enormous collapses, the evidence of which extends as far as the coast line. These
collapses formed the distinctive ground formations on the ring plain while successive lahars have

also shaped land development.

Due to previous cone collapses the current Egmont Cone (Neo-Egmont) is the fourth known cone
formation at this location and is only around 20,000 years old. Other distinctive features of the cone
— The Beehives, The Dome and Skinner Hill (all lava domes) were formed around 3,300 years ago
during a particularly active period from Fanthams Peak, a parasitic cone on the top of Egmont
(Neall, 2003).

Even within the last 500 years Egmont has been relatively active. Hot gas clouds (pyroclastic flows)
are known to have decimated forests in the Stony River catchment causing widespread fires.
Multiple ash eruptions have occurred, with eight recorded eruptions in the 300 years prior to the
last eruptive event in 1755AD (Neall, 2003). The instability of the steep Cone means eleven debris

flows have occurred in the past 400 years and lahars occur frequently after heavy rain and snow
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melt, the most recent in 1998. Geological records indicate that on average, Mt Egmont erupts on a
moderate to large scale every 300 years, with many smaller eruptions in between (Neall & Alloway,

1996). This is a greater than 0.3% chance of eruption in any one year.

New research completed in 2005 has revealed that Egmont has erupted more frequently than ever
realised. Over the previous 9,000 years the volcano has erupted on average every 90 years on a
similar scale to the 1995-1996 Ruapehu eruptions. Every 500 years the volcano has erupted on a
scale similar to the 1886 Tarawera eruptions (Massey University, 2005). The volcano may pose a

more immediate threat to local communities than previously realised.

The central dome of Mt Egmont faces northwest so any initial eruptions are likely to be directed this
way. The bulk of Pouakai and the Kaitake Ranges are expected to shelter the north from ground
hugging hazards, largely protecting New Plymouth. The hazard map shown in chapter seven
creates the foundation of all analysis used in this project. The map was created by Neall and
Alloway (1993) based on historic eruption evidence and is used in conjunction with the Hazards of
Egmont Volcano publication (Neall & Alloway, 1993). This map details the expected frequency and
possible coverage of all ground hugging hazards. It is expected that the mountain will erupt again,
there is no evidence that Egmont has ceased its violent eruptive past, it is merely resting. It may

not even have rested its southeast progression.
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5. Literature Review

In reviewing literature of the economic impact of natural disasters it has become apparent that
theoretical techniques concerning economic assessment are varied and rarely practised. This review
focuses on previously completed socio-economic impacts and literature dealing with natural
disasters. A discussion of civil defence procedures has been included as planning processes are
critical in determining how an area will react, the area affected and how recovery is undertaken and
prioritised. Advanced prior planning can be extremely beneficial in accelerating the recovery of an

economy.

Risk assessment refers to analysis of consequences and vulnerability to natural disasters, whether
economic, social or environmental in nature and using prior hazard assessments. Alternatively
economic assessment implies the calculation of business disruption and costs incurred in returning
an economy to its original state after a natural disaster. The objective of an economic assessment
is to compare the community or area of interest both with and without the event, an economic
assessment is also broader in that it incorporates flow-on effects to other sectors of the economy in
addition to direct costs (Walton, 2004).

There has been little work completed to assess economic impacts of a potential natural disaster in
an economy. Economic assessments typically take place after an event has occurred and the extent
of effects is known, if completed at all. While the expected scale and frequency of any disaster is
often looked at in hazard assessments for emergency planning purposes (based on historical
evidence), social or economic studies prior to an event tend to consider sectors which will be
vulnerable during evacuation and recovery and who may require additional help. A monetary figure

or economic impact of the event is very rare.

The measurement of impact is based on the concepts of hazard, risk and vulnerability. The basic
stages of risk analysis are presented in the table below. As a process, risk assessment typically
encompasses a number of activities that include identifying the threat, determining the vulnerability
and available resources and an acceptable level of risk. Risk assessment is more expansive than

hazard assessment as it includes hazard analysis as a basis for further research.
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Figure 6: Stages of Risk Assessment

Identification of Risk Factors

tﬁ Hazard Vulnerability / Capacities

§ Determined geographical location, Determines susceptibilities and
% intensity and probability capacities

[

Estimates Level of Risk

Evaluates Risk

Sacio-economic cost / benefit analysis

Risk Assessment

Establishment of priorities
Establishment of acceptable levels of risk

Elaboration of scenarios and measures

Source: ISDR, 2002

Hazards are events with a given probability of occurrence within a certain time period, they usually
refer to a specific calculated danger. A hazard is an event or process that is potentially destructive.
Vulnerability is a person or region’s susceptibility to any disaster based on social factors, it refers
not just to physical effects but the way it affects people. This changes depending on proximity to
the mountain, population density, public awareness (and knowledge), emergency infrastructure and
warning systems in place for any disaster. Vulnerability to volcanic hazards is described as the
expression of effects on people, buildings, infrastructure and economic activity. Risk is then defined
as hazard x value x vulnerability, this implies that risk is only present when something of human
value is at stake. Risk is an objective measurement or subjective determination of the likelihood of
adverse outcomes from certain events, representing the magnitude of a potential loss of life,
property or productive capacity within the area subject to hazards. Risk assessment requires the
identification, description, estimation and evaluation of all risks (Huff, 2001; Kloman, 2005; Martin,
1999; Nelson, 2004). Green and Rose (2005) take one step further and determine value as
standard of living x (population density + infrastructure + landuse($/ha)). Often the terms risk

analysis and vulnerability analysis are used interchangeably.

Vulnerability and risk assessments complement hazard analyses and although considerable work
has been completed in recent years the assessment of social, economic and environmental
vulnerability is not well developed when compared with hazard mapping (ISDR, 2002, p69; van der
Veen, 2004). Much of the existing work is flawed, incomplete or concentrates only on small scale
effects. Development of a single assessment framework has been hampered by the varied range of
techniques, definitions and scope of economic projects between organisations. Even within similar
hazard groups there are large inconsistencies in methodology, each reflecting the underlying theory
adopted in the research, be that welfare economics, macro economics or an accounting framework
(van der Veen, 2004). The physical aspect of vulnerability has advanced rapidly using spatial

mapping techniques such as GIS to overlay hazard zones with infrastructure networks and locations
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to reveal potential weakness. Methodological challenges still need to be overcome to allow the
incorporation of subjective economic and social variables, each with their own dimensions, into the
objective hazard maps (ISDR, 2002). Improvements in technology and the ability to predict events
ultimately aim to reduce vulnerability. In reality increasing public confidence in warning systems
and disaster preparedness is having the opposite effect as people are willing to move further into
high risk areas (Blaikie et al, 1994).

In 1986 a study of New Zealand's flood risk stated that estimates of flood losses were rare, few and
poorly documented. Since then techniques for assessing loss have improved dramatically however
New Zealand examples are still rare, instead as a country we focus on the physical impacts
(Walton, 2004) of hazard assessment. Economic assessment of natural hazards prior to an event is
limited within New Zealand, even post event economic impact assessments for natural disasters has
only recently become a recognised output. Events such as the Ruapehu eruptions as recent as 1995
do not have economic effects documented and poor underlying data and inconsistent methods
undermine the findings of any reports completed (NZIER, 2004). Even official economic accounts of
the February 2004 floods are flawed with large gaps in the data and a high degree of under
accounting, standardised techniques are unknown which contributes to inconsistent estimates (P.

Moore, Personal Communication, 2006).

More and more emphasis in New Zealand is being placed on assessment of risk, contingency
planning and risk reduction by businesses, not just lifeline and network operators. The recently
passed Civil Defence and Emergency Management Bill (2002) places more emphasis on lifeline
utility providers to prove they can ensure continued service throughout an emergency event
(Transfund, 2002). The longer this planning environment continues, the easier it will be to predict
damage and impact in an economic sense as data is more freely available. Testing is currently
underway at the University of Canterbury to run quantitative assessments of modern infrastructure
when faced with varying ash scenarios, specifically the research is looking at the aviation,
telecommunications industries, waste water and water supply systems (Barnard, 2005). This kind of
information will be vital in future economic assessments, allowing completion with much more
detail.

Hazard assessment as an applied field is more developed than risk assessment and usually uses a
greater level of technology to monitor natural processes and store data. Vulnerability and risk
assessment alternatively uses more conventional methodologies which are less developed in
practice (ISDR, 2002). Hazard assessment requires identification of occurrence probabilities within a
given time frame, likely intensity of such events and the projected area of impact. This is then used
for planning purposes, in development of zoning laws and for identification of risk towards
communities (ISDR, 2002; Walton, 2004; Nelson, 2004). Many natural events, such as volcanic

eruptions, now have well established techniques and resources to aid assessment (ISDR, 2002).
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The development of user friendly interfaces such as GIS has allowed this information to be available

to a much wider group of people for increasingly varied requirements and use.

Gross domestic product (GDP) is the common measure used to assess impact of a disaster however
on its own this may not give the full picture of damages incurred. As an accounting measure, GDP
measures flow values as opposed to stock variables®. A natural disaster has the greatest impact on
stocks but damage to assets is not registered in GDP only the expenditure required to fix these
assets (a positive impact) is. Similarly aid payments and insurance claims are not included in GDP
calculations distorting the overall effect (Walton, 2004). Disasters predominantly redistribute
incomes so it is not surprising that many smaller events are deemed to be GDP enhancing
(Handmer & Hillman, 2004).

Welfare economics centres on the value of consumer surplus, the value is estimated using either
flow or stock values which, ultimately, should be the same. Using stock values, direct costs are
determined as the value of lost land, capital and machinery. Primary indirect costs relate to
business interruption, calculated using flow values. Finally, secondary indirect costs are imputed by
multipliers. Welfare economics tends to include non-monetary impacts such as stress and health

damage (van der Veen, 2004).

Accounting cost approaches imply that capital and machinery stocks create a businesses flow of
income, any business interruption (a direct cost) can be calculated as capital stock damaged. Using
this definition, theorists promote flow over stock analysis to be a better proxy of lost value as it is
more compatible with macro parameters, gives more consistent distinction between direct and
indirect damage and is able to incorporate a time dimension. Accounting definitions imply that stock
flows do not reflect the true cost to society (van der Veen, 2004). Indirect costs are thus defined as
the impact of inter-relationships between businesses, influenced by factors such as the availability
of alternatives and the duration of disruption. Accounting theory has the benefit of being

compatible with the system of national accounts and as such has a wider array of data sources.

Macro economic definitions take a different approach in the process of recovery, based on the
perspective of the economy as a whole. The effect of diverting money from planned spending to
recovery investment and expenditure is considered and included as a secondary effect. Direct costs
relate to physical damage, like the welfare definition this is roughly equated with stock loss, indirect
costs are interruptions to the flow of goods and services (van der Veen, 2004). These definitions

preclude the creation of a ‘total damage’ figure as summing will incur double counting.

? Stock variables refer to physical assets, inventories, land, buildings and tangible products which
produce or are used to produce income..
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Natural events are largely redistributive, they spur increased spending and expenses and
replacement of potentially outdated equipment to the extent that the overall outcome can be
positive, particularly if high insurance payouts, government funding or welfare packages are
received. This was the case in the Waikato ‘weather bomb’ in June 2002. The overall effect was
determined to be negligible; business direct effects were determined to be a gain of $60,000 due to
increased expenditure associated with the events cleanup and uninsured losses were estimated at
only $50,000. Due to the short duration of the event, interdependence with surrounding districts
and ultimately a small proportion of infrastructure that was actually damaged, the flow on effects

were deemed to be negligible in comparison to the economic base (NZIER, 2004).

If a region has proportionately high imports the ongoing shocks of a disaster will be reduced
compared to a region with production skewed towards export and local consumption of resources.
When economic conditions (demand) are unfavourable imports can easily be decreased until
demand dictates recovery, but if export stock is damaged the flow on effects and shocks within the
local economy can be multiplied (NZIER, 2004). In many smaller natural disasters the direct
impacts affect very few aspects of the economy with limited physical damage, yet these sectors,
particularly lifeline utilities, can cause indirect effects which extend over an entire economy (Cole,
2004).

The Manual of Socio-Economic Effects of Natural Disasters, written by the Economic Commission for
Latin America and the Caribbean (ECLAC), is a comprehensive working paper for economic analysis
in the face of natural disasters, specifically in poor or developing countries. As with most of the
literature the analysis considers an economic environment after the event has taken place when
parameters and damage are known as opposed to as a planning tool. This limits comparability with
this present study but still acts as a guide to current techniques. A natural disaster can be very
selective in the locations and industries affected, making prior damage estimation difficult, an
evaluation post event clearly defines the scope of the phenomena. The immediate and future
availability of food supplies should be evaluated as a result of damages, although supply will be
required for evacuees and residents in ‘safe zones’, future shortages may be expected as a result of
lost production and pasture damage (ECLAC, 1991). Food supply is particularly important in long
term events such as droughts or in poorer developing countries and areas of subsistence farming
where trade links or alternatives supply sources will be less developed (ISDR, 2002). Effort should
be made to identify the entire range of effects on natural resources, physical infrastructure and

working capital to provide the total impact and aid recovery direction.

After an event there are several techniques that can be employed to determine direct damages,
either by survey, modelling or insurance data. For best results these methods should be used in
conjunction with each other to account for the flaws and benefits of each method. Indirect effects

can be calculated by either input-output modelling or computable general equilibrium models, the
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latter providing a more flexible and realistic analysis (Walton, 2004). Intangible assets are by
definition difficult to assign a value, how can memories and human life be measured in dollars? For
this reason many economic assessments exclude these variables from the final calculation as
exclusion allows comparison of different events between countries and assessors without distortion

by a subjective measure (Walton, 2004).

A barrier to accurate economic assessment prior to an event is the highly variable impact
depending on the season that the phenomenon occurs; this is particularly relevant for volcanic
eruptions which are not determined by weather conditions. The economic impact in agriculture is
highly dependent on the season, type and growth stage of plants. In describing the damage
incurred, analysis should indicate the type of land-use, agriculture and crops involved and the
extent of damage in each zone. This information will then be incorporated into the analysis, the
degree of damage to permanent crops and an inferred recovery time should be noted (ECLAC,
1991). Permanent crops typically suffer economically greater damage as their recovery time is
substantially slower. When describing such damage the responsible phenomena should be noted as
this will affect recovery times and potential ongoing effects (ECLAC, 1991). Damaged land should
be identified in any reports as land that can be recovered and reverted to original or land that will

never be recovered to its original state.

An Enumclaw-Buckley hazard assessment completed by Tracy Trople (unknown) uses GIS to
analyse risks and hazards associated with Mt Rainier in Washington. This assessment provides a
schematic study of the hazard in comparison to critical facilities, social, economic and
environmental factors. While not directly comparable with the work being undertaken in this thesis
the paper provides a solid outline of modern hazard assessment. The paper is part of a project to
list high risk American volcanoes and plan for future eruptions, much like the current work in New

Zealand.

Existing socio-economic studies focus on who is vulnerable and why, incorporating attributes such
as economic class, ethnicity, gender, age, disabilities and religion using previous events to identify
vulnerability. In rare events such as volcanic eruptions or large earthquakes that have not occurred
in living history this is difficult (ISDR, 2002). It is difficult to draw conclusions regarding the level of
damage that can be expected based on previous accounts, as Blong (1984, p184) points out
‘statements can be found that will support almost any interpretation of the social consequences of
an eruption’. Knowing what and where vulnerabilities or susceptibilities are is the basis of disaster
planning. Vulnerability assessment in the Trople study takes into account examinations of physical,
social, environmental and economic aspects of the surrounding area by following guidelines set out
in the National Oceanic and Atmospheric Administration’s (NOAA) Vulnerability Assessment Tutorial.
The following diagram shows the succession and relationship of activities in a full vulnerability

analysis.
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Figure 7: Flow Chart of Vulnerability Analysis
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Source: Trople, unknown, p3

Trople (unknown) uses a grouped ranking system to identify both the hazardous areas and the
populations and sites that are most vulnerable, this is comparable to the hazard maps prepared by
Neall and Alloway, (1996), referred to later. Vulnerability is defined as the susceptibility of
resources to harmful impacts. Hazard rankings were determined by a relative risk matrix
incorporating weighted factors such as frequency, area of impact and magnitude of damages. A
one mile buffer around each community was created before determining a risk level within this
boundary (Trople, unknown). The analysis focused on locating key facilities and resources (schools,
daycares, hospitals, roads, railways, police, fire etc.) and identifying those were at high risk as
outlined in figure 8. Similarly population analysis determined areas and households most at risk
taking into account income, literacy, dependents, education and presence of a vehicle. Population
analysis is more important for mitigation strategies than vulnerability analysis to determine which

groups may require more help in evacuation and post event recovery.

The economic cost to businesses is often noted in analysis but rarely considered in detail, or
calculated, “The loss of income due to business interruptions and closures after a natural disaster
may be one of the most devastating costs to a community” (Trople, unknown, p11). Firms may
experience direct losses, unbudgeted expenses and additional staff time, however exact costs are
difficult to determine (Johnston et al, 2000b). If a zone produces raw materials or primary inputs
this will create secondary impacts for other industries potentially creating work stoppages, the
resulting flow-on impact on employment and lost incomes should all be considered in analysis
(ECLAC, 1991). To measure vulnerability the Trople economic analysis identifies major economic

sectors and economic centres (largest employers, ports, listed companies) and their relative
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location in each hazard zone. Census data was used to determine where in the study area residents
were locationally employed and which field of work they were employed in to assess the impact of
access issues. The analysis also identified the area of zoned land affected by each hazard zone, for
example land zoned agricultural may be predominantly at moderate risk. The analysis never
allocates a figure to vulnerability instead it provides a level of risk associated with each area and

potential disruption to important commuter routes.

Figure 8: Conditions of Vulnerability
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The final environmental analysis of Trople took into consideration possible secondary pollution from
a volcanic eruption (oil spills, toxic releases etc.) and lost environmental resources such as critical
habitats. While not considered in this research on Taranaki the Trople study also includes mitigation
opportunities, including suggestions for zones that remove high risk areas from future

development.

An infrastructure risk project completed by the Christchurch Engineering group was similar in form
to the Trople study, each network was broken down into components which were assessed for their
vulnerability to hazards and importance in the network. Component vulnerability was determined by
overlaying network components with hazard maps. The consequences of failure or a networks
importance to the area was also assessed to see whether a component could be bypassed or was
critical to continuing function. The final factor considered for each component was impact which
reflected the communities need for reinstatement of networks within certain timeframes. Mitigation
activities were then considered for actions that would reduce either vulnerability, importance or
impact of each component (CAE, 1997).
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Emergency management planning should assess the social, psychological, community and economic
consequences of a disaster based on hazard assessment (Miller, Paton & Johnston, 1999). Unlike
hazards vulnerability changes over time in response to changes in activity. ‘Over the past 50 years
the risk to society from volcanic eruptions has increased sharply due to an increased population,
more developed and diversified economies and a more technologically advanced infrastructure’
(Johnston et al, 2000, p 720). The intensity of farming in the New Zealand rural sector means that
even a minor eruption will have significant impact on all aspects of the farming community. The
encroachment of urban settlements into hazardous areas and escalating capital dependence and
investment, increases vulnerability every year and while the historical frequency of events is
unchanged our exposure has escalated. This was highlighted by the minor eruptions from Ruapehu
in the mid nineties. The 1995 eruption of Mt Ruapehu was similar in physical magnitude to the

1945 eruption yet social and economic costs were vastly greater (Johnston et al, 2000).

A survey distributed to communities around Mt Ruapehu in 1997 attempted to analyse levels of
community stress and self sufficiency associated with the volcanic eruptions. Two surveys were
distributed, one in July following two years of poor ski seasons, volcanic eruptions and continued
threat. The second survey two months later came at the conclusion of a successful winter season,
although the volcanic threat remained high (Miller, Paton & Johnston, 1999). There was a
significant drop in psychological vulnerability between the two periods which can be attributed
almost singularly to an easing of economic hardship. While these conclusions are unsubstantiated it
implies that communities perceive economic and physical threats differently, with economic threat
having the most influence. Risk communication demands that public information first target the
threat that is perceived to be the most prominent. Based on these survey results, mitigation
strategies framed in terms of physical threat would be deemed less effective in risk reduction than
a strategy which incorporates actions to safeguard future economic wellbeing (Miller et al, 1999).
The study group was almost entirely dependent on income derived from Ruapehu, which would
have distorted results, however the fact remains that economic safety is equally important to social

and mental wellbeing as physical protection, if not more so for certain groups of society.

The most recognised volcanic event in recent history was the Mt St Helens eruption in 1980 which
killed 57 people and caused in excess of US$1billion in damage. The nature of the eruption (a huge
earthquake triggered the cone collapse and caused a lateral blast) immediately devastated a
600km2 area of national park and forestry (Johnston, 1997) before distributing ash over more than
three states. This event is the primary source of information regarding impact and effect on

modern, developed economies.

Media plays an important role in shaping perception of an event by a community (Blong, 1984). In

the modern communication system all major trading partners will be following any perceived
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threats to trade and know within minutes of an actual eruptive event. Undue emphasis on possible
adverse effects and unauthorized ‘expert’ statements can be extremely damaging to public
perception, business and community stress (Blong, 1984; Johnston et al, 2004). Positively, the wide
reach and speed of modern communication can be used as an effective tool to educate the public
and publicise mitigation techniques which will aid both evacuation and recovery. Adverse or
beneficial, the influence of the media requires strict control over dispersal and release of
information using a pre-established management plan that meets the needs of both groups (Blong,
1984).

Prior to an eruption seismic indicators and warnings will predict increased activity, a volcanic event
can build up over a period of weeks or even years, but is still unpredictable in it's probable course
and timing (MCDEM, 2002). If precursors to impending volcanic activity extend for a long period of
time, there is an increased threat of economic stagnation, reduced investment, emotional stress
and permanent relocation from the region. In events with a long uncertain lead up there exists a
fine line between ensuring adequate public warning and safety compared to losing the publics

confidence and being seen as crying wolf.

Early warning systems and increased disaster planning has greatly reduced the number of deaths
caused by volcanic eruptions. Between 1900 and 1982 there were 52,250 deaths as a result of
volcanic eruption, 36,787 or 70% of these were from pyroclastic flows or debris avalanches alone
(Blong, 1984, p72). Starvation, which prior to 1900 was the biggest cause of death is now unlikely

in the increasingly global aid environment and ease of distribution.

From November 2004 a single integrated regional civil defence model was introduced for the entire
Taranaki including operations and planning procedures. This allows a co-ordinated and efficient
response to any disaster (CDEM, 2004). The regions volcanic strategy identifies five fundamental
concepts for contingency planning by the regional council including:
1- Adoption of scientific alert levels and implementation of responses directly associated with
these levels.
2- Integration of Neall and Alloway hazard mapping to response planning.
3- 24hr monitoring of volcano by the Institute of Geological and Nuclear Sciences and the
Taranaki Volcanic Seismic Network (TV-SN)
4- Updated risk and impact assessment of the regional infrastructure
5- Pushed public awareness for development of community and contingency planning.

(Taranaki Regional Council, 1998, p1-2)
The Institute of Geological and Nuclear Sciences (IGNS) has prime responsibility to interpret and

assess information gathered about New Zealand volcanoes and if required to alter the scientific

alert levels (MCDEM, 2002). As these alerts largely dictate the level of response by Civil Defence,
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councils, government organisations and some private businesses, changes can be highly political.

IGNS must maintain political neutrality at all times. The system of volcanic warning in New Zealand

(the scientific alert level) is described in the following table; guidelines differ between active and re-

awakening cones in relation to observed phenomena.

Table 1: Scientific Alert Levels for New Zealand

~ Frequently Active Cone Volcanoes
White Island, Tongariro .-'-'lNgauruhoe, Ruapehu

Scientific
Alert

- Reawakening Volcanoes
Kermadecs, Northland, Auckland, Mayor lsland

: ~ Level Rotorua, Okataina, Taupo. Taranaki
Volcano Status Indicative Phenomena Indicative Phenomena Volcano Status
Usual dormant, Typical background surface Typical background surface Usual dormant, or
or quiescent activity, seismicity, 0 activity, seismicity, quiescent state.
state deformation and heal flow at R deformation and heat flow at
low levels. low levels.
Signs of Departure from typical Apparent seismic. geodetic, Initial signs of
volcanic unrest. background surface activity. Ak thermal and other unrest possible volcano
e indicators. unrest. No
eruption threat
Minor eruptive Onset of eruptive activity, Increase in number or Confirmation of
activity accompanied by changes to 2 intensity of unrest indicators volcano unrest
monitored indicators. ; (seismic, deformation, heat Eruption threat.
flow etc.)
Significant local | Increased vigour of ongoing : Minor steam eruptions. High | Minor eruptions
eruphion in activity and monitored 3 increasing trends of unrest commenced.
progress indicators. Significant effects indicators, significant effects | Real possibility of
on volcano, possible effects on volcano. possible beyond. | hazardous
beyond. eruptions
Hazardous local | Significant change to 2 Eruption of new magma. Hazardous local
eruption in ongoing activity and 4 Sustained high levels of eruption in
progress. monitoring indicators = unrest indicators, significant progress. Large
Effects beyond volcano effects beyond volcano. scale eruption
now possible
Large Destruction with major Destruction with major Large hazardous
hazardous damage beyond volcano. 5 damage beyond active volcanic eruption
eruption in Significant risk over wider : volcano. Significant risk over | in progress
progress areas wider areas.

Source: Taranaki Regional Council, 1998

The foundation for regional response is the scientific alert levels in table 1. For each alert level the

principle emergency management activities of council are identified, in addition this acts as a guide

for organizations in developing and implementing their own contingency plans. As part of the

volcanic strategy, lifeline utilities® within the region must formulate and maintain plans which

outline their responsibilities and functions during an eruption and ability to continue service during

an event. Significant to most emergency organizations is the reliance on communication systems

located on the mountain slopes. Emergency organisations using this system include local

authorities, regional council, police, fire, crown health, MAF, PowerCo and Telecom (Taranaki

Regional Council, 2004). Civil Defence, key organisations and the media are all notified immediately

upon any changes in the scientific alert level of a mountain (MAF, 1998).

* Lifeline utilities are defined as elements of the built environment, the critical utility and

transportation systems required for operation of an economy.
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Civil Defence response (table 2) is based around the scientific alert level and is split into two
sections to represent the significance of alert level 2 in planning and emergency response. From a
management perspective a lot must happen in this stage, little planning can be done for the
duration of an eruption (occurring at level 3) until the actual event has begun, when its size, extent
and disruption are determined. This similarly makes all emergency planning and economic impact

assessments highly generalised.

Table 2: Taranaki Regional Council Emergency Management Activities Based on IGNS Scientific
Alert Levels, Including the Extended Steps of Level Two

:i?ﬂﬁgu = 7 Principal Emergéncy Management Activities : 2

Routine monitoring and maintenance. Should typical activity change, the Egmont

0 Volcano Advisory Group meets to consider implications.

Key organisations advised of change in alert level, and the reasons why. Initial public

1 warning issued (emphasising the change), although there is no significant threat of
eruption. Preparation and clarification of plans.

This is the most significant level The possibility of an eruption has been confirmed. the
next level will involve material being ejected from the volcano. A state of local emergency
is declared by the CDEM Group. See Table 3 for a further breakdown of possible
activities within level 2.

Monitor the effects of eruptions Begin post eruption activities Conduct rescue
operations. Withdraw to safe ground.

Continue to monitor the effects of the eruptions and conduct post eruption activities

5 Continue to monitor the effects of the eruptions and conduct post eruption activities.

Level Step Emergency Management Activities

A Define the primary hazard zone, if possible based on indicators such as
deformation, seismicity etc. This area should receive top priority when the
evacuation begins.

Restrict access to the Egmont National Park

Begin the evacuation planning giving priority to the sector considered most at
risk.

Identify and reserve resources that will be required for the evacuation.
Identify and prepare a method of reqgistration for evacuees.

Seek the assistance of the Armed Forces in implementing the evacuation.
Encourage/support self evacuation

Restrict access to the area defined as the primary hazard zone. Promote
further self evacuation.

Commence the evacuation, recognise the area most at risk first, then the
Red and Blue zones.

Deny access to the areas of the evacuation zone that have been successfully
evacuated.

m O O @

Source: Taranaki Regional Council, 1998, p4

As with most natural disasters the emphasis in the Civil Defence plan is for individuals to be
responsible for their own welfare. Public education and guidelines encourage appropriate response
planning and preparedness by individuals and businesses. Public awareness campaigns already
advertise the Civil Defence evacuation zones and push self-reliance before and during an eruption.
The red and blue zones, as shown in figure 9, are likely to experience direct ground hugging

hazards in a significant eruption; the orange zone will potentially become uninhabitable due to
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water contamination and disruption of essential services due to ash. The yellow zone is considered
to be sheltered from most eruptive activity. Populations in each of these zones were determined
from the 2001 census meshblocks, the red zone represents 5,388 people, the blue houses 34,103.
Together these two zones together represent 37.2% of the total regional population. The orange
zone represents a possible 19,911 