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EXECUTIVE SUMMARY
Investment in meteorological services can generate widespread benefits for a community. These may take the
form of small daily improvements in the lives of citizens and businesses (such as improved farming outlooks) as
well as occasional benefits from improved planning for severe events.
Due to the diversity of ways that meteorological services can improve lives, it is not possible to determine with
certainty their benefits. However, illustrations of the magnitude of the types of benefits may be identified.
In the case of the Severe Weather Forecasting and Disaster Risk Reduction Demonstration Project for the
South Pacific region (SWFDDP), improved information can lead to improved warnings to the community and
businesses. The resulting increase in ‘lead time’ can be expected to generate high potential benefits for the
resources invested in this initiative. As an indication:
•

A 1 per cent reduction in damage from improved warnings would generate regional (participating
country) cash savings of USD 3.62 million. Compared to a 10-year investment to sustain the SWFDDP,
this would generate a payoff of USD 6 saved for every USD 1 invested in maintaining the project.

•

A 1 per cent reduction in damage to Fiji commercial cash crops alone would generate an estimated
payoff of USD 2 for every dollar invested.

•

The existence of the SWFDDP at the time of the 2009 Nadi and Ba floods could have saved businesses
and families to the order of FJD  2 – 11.8 million (depending on how well people respond to the improved
forecast) – a nominal payoff of 3 – 20 dollars saved per dollar invested.

In reality, the potential benefits from investment in improved meteorological services will depend on a number
of factors. These include:
•

•

Effective communication of the warnings. This relies on a number of factors including:
-

Effective links between hydrological departments and national meteorological services. There may be
scope to improve these links by, for example; harmonising operating hours between the units where
they differ, improving the warning capacity of hydrology in tandem with the national meteorological
office and harmonising gauges and data collection.

-

Effective packaging of information to aid public consumption of information, including training to key
community and sector groups on how to access and use information.

-

Adequate resourcing of National Meteorological Services (NMSs) and technology (such as rainfall
gauges).

Effective response by communities to the warnings. This will benefit from:
-

Improved monitoring and reporting by NMSs of the accuracy of their forecasts (say, hits and misses)
to convince people to act rather than wait and see.

-

Establishment of disaster protocols in sectors for how to respond in the event of a severe weather
bulletin. For example, staff interviewed in the Solomon Islands Ministry of Health were unaware of any
protocols to follow in the event of an oncoming storm.

Not all of these issues are under the control or financing of the NMSs. However, for those that are, there is
a clear rationale to consider support to these areas to optimise existing technical capacities. At the same
time, considering the high potential payoffs from investment in improved meteorological services, support to
communications and community groups may be useful to investigate.

SPC SOPAC PUBLISHED REPORT (PR185)
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A INTRODUCTION
Weather, climate and extreme weather events have a significant influence on the lives and livelihoods of people
in the region. ‘Conventional’ weather patterns continually influence subsistence and commercial agriculture
and fisheries; maritime and air transport services; and coastal infrastructure and cultural activities. Additionally,
extreme weather events can disrupt these livelihoods and, if significant, result in disasters, impacting security.
Accordingly, the World Bank (2006) estimates that the most common disasters impacting Pacific Island
developing countries are weather-related (principally cyclones, tidal surges and storms), accounting for 76 per
cent of the reported disasters from 1950 – 2004 and 79 per cent of fatalities (not including Papua New Guinea).
The 4th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 2007) concluded that
the climate trend for the Pacific points to more frequent and more intense extreme weather and climate events,
such as tropical cyclones, drought, floods and storm surges. Weather and climate-related disasters might thus
be expected to increase in frequency and/or severity.
Adaptation to weather and climate influences relies on accurate and timely information on the nature and
timing of weather and climate extreme events. For non-extreme events, weather and climate-related information
services are vital to predict and adapt to chronic events, such as drought and/or slow onset climate change.
Likewise, weather and climate-related information services are critical for the establishment of multi-hazard early
warning systems, to prepare communities and nations for weather-related disasters and minimise damage and
loss.

Purpose
The purpose of this document is to consider the economic value of investing in improved weather services in
the Pacific to reduce the negative effects of weather-related events. In practice, improving weather services can
take innumerable forms and have extensive impacts on lives and livelihoods in daily life, as well as via occasional
major events (disasters). To illustrate the potential nature and magnitude of values of investing in improved
meteorological services, consideration will be given to the SWFDDP and its potential benefit in reducing the
cost of disaster events.

Hydrometeorological events and disaster risk in the
Pacific
For the most part, the Pacific Island region is located along or close to the equatorial belt, resulting in tropical
or subtropical environments and their attendant hazards (cyclone, storm etc.). The region is also circumscribed
by a nearly continuous series of oceanic trenches, volcanic arcs and volcanic belts and/or plate movements
(Pacific ‘Ring of Fire’) surrounding the islands, making the area the scene of considerable earthquake and
tsunami activity (Lal et al. 2009).
Data concerning disasters in the Pacific is presently patchy. The most comprehensive database describing
disasters and their impacts is presently the Pacific Damage and Loss Database (PDaLo) using the DesInventar
methodology which comprises synthesised records of around 1200 Pacific events that negatively impacted at
least one Pacific Island community. The PDaLo was initiated in 2012. It is a living database that is supplemented
and evolves on a daily basis. Figures presented in this report therefore reflect the contents of PDaLo at the time
of writing.
Across all PDaLo records, around 1105 natural hazard-related disasters1 have occurred across the Pacific
region. Of these, around 615 occurred in the 30 year period from 1983 to 2012 (Figure 1). These natural hazardrelated events were dominated by hydrometeorological events. Assuming that landslides are predominantly
caused by hydrometeorological events, hydrometeorological disasters accounted for around 75 per cent of all
events reported.2

6

1

Does not include epidemics, technical disasters (such as plane crashes, building fires) and so on.

2

Landslides may be caused by both hydrometeorological and seismic events but their cause is rarely specified in the records. They may thus be
omitted from statistics or attributed for illustrative purposes. If landslides are included in hydrometeorological statistics, hydrometeorological
events account for 75 per cent of all natural hazard disasters in the Pacific for the last 30 years. If landslides are instead attributed to seismic
events, this proportional falls to 69 per cent. Hydrometeorological events remain more frequently reported in the Pacific in both cases.
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Figure 1: Total natural hazard-related disasters in the Pacific 1983-2012 by type.
Source: PDaLo (http://www.desinventar.net).

At a general level, the most hazard prone Pacific Island country was PNG, accounting for 27 per cent of all
disasters recorded from 1983, followed closely by Fiji (Figure 2).
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Figure 2: Total disasters in the Pacific 1983-2012 by country.
Source: PDaLo (http://www.desinventar.net)

Of those disasters that were specifically hydrometeorological in nature (drought, flood, storm surge, tropical
cyclone, etc.), tropical cyclones were the most frequent events from 1983 onwards, followed by floods
(Figure 1). The total reported cost of hydrometeorological disasters reported for the Pacific in the last 30 years
is in the vicinity of USD 3.9 billion (2012 terms – see PDaLo).
Of course, tropical cyclones and other hydrometeorological events have a different relevance for different Pacific
Island countries. For example, while tropical cyclones accounted for 100 per cent of reported disasters in New
Caledonia (Figure 8), they have no relevance at all to date in Nauru, where droughts is the sole (national) natural
disaster event type reported over 1983-2012. Nevertheless, most countries have reported some cyclonerelated disasters in the last 30 years. For the purpose of this assessment, hydrometeorological events reported
over 1983-2012 are considered to comprise:
•

Droughts

•

Floods/flash floods

•

Tropical cyclones

•

Storm surges

SPC SOPAC PUBLISHED REPORT (PR185)
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•

Severe storms

•

Fires/wild fires

•

Landslides

•

Cold waves.

A summary of the types of hydrometeorological disasters affecting Pacific Island territories between 1983 and
2012 are summarised in Figures 3-8. It can be seen that these were dominated by tropical cyclones. Summaries
for Pacific Island countries are provided under the section ‘Climate Change and the Pacific’.

Tropical cyclone
Flood

50%

50%

Figure 3: Reported hydrometeorological disasters by type: American Samoa.
Source: PDaLo (http://www.desinventar.net)

Tropical Cyclone
27%

73%

Figure 4: Reported hydrometeorological disasters by type: French Polynesia.
Source: PDaLo (http://www.desinventar.net)
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Tropical Cyclone

Figure 5: Reported hydrometeorological disasters by type: Wallis and Futuna.
Source: PDaLo (http://www.desinventar.net)

Tropical Cyclone
29%

Cold Wave

71%

Figure 6: Reported hydrometeorological disasters by type: Guam.
Source: PDaLo (http://www.desinventar.net)

Tropical Cyclone
25%

Severe Local Storm
Drought

25%
50%

Figure 7: Reported hydrometeorological disasters by type: Tokelau.
Source: PDaLo (http://www.desinventar.net)
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Tropical Cyclone

Figure 8: Reported hydrometeorological disasters by type: New Caledonia.
Source: PDaLo (http://www.desinventar.net)

B CLIMATE CHANGE AND THE 		
PACIFIC
While hydrometeorological events form a natural hazard, climate change has the potential to alter the nature and
scale of hydrometeorological hazards globally and in the Pacific. According to the Fourth Assessment Report of
the 2007 Intergovernmental Panel on Climate Change (IPCC 2007), a business-as-usual scenario (‘A1FI’) would
see global sea-levels rise by between 0.26 and 0.59 metres by 2100, with an additional 0.1 to 0.2 metres for
ice sheet dynamics on a 1990 baseline (Commonwealth of Australia 2009).
Until recently, the impact of climate change at a sub-regional and even national level for the Pacific was poorly
understood, reflecting, among other things, a limited scientific understanding of the impact of ice sheet dynamics
on the region. In response, the Government of Australia – under its International Climate Change Adaptation
Initiative – conducted the Pacific Adaptation Strategy Assistance Programme (PASAP). Part of this programme
involved extensive modelling of the effect of climate change on the Pacific, using the 40 greenhouse gas and
sulphate aerosol emissions scenarios prepared by the Intergovernmental Panel on Climate Change. Building
on the three most commonly used emissions scenarios (B1 – low, A1B – medium and A2 – high), projected
changes in climate, including rainfall, wind, humidity and solar radiation were subsequently generated for 14
Pacific Island countries3. (For further details, see reports by the Government of Australia from 2011 at: http://
www.pacificclimatechangescience.org/publications/reports/).
The following description of the projected impact of climate change on Pacific Island countries is taken from the
Government of Australia (2011).

3

10

Plus Timor Leste
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Cook Islands
Presently, there is little (northern islands) to no (southern islands) variation in temperature experienced across
the Cook Islands over the course of the year. The wet season occurs between and around November and April,
being slightly longer in the southern islands. Rainfall in the past has varied, with El Niño years bringing drier
weather than La Niña years.
Hydrometeorological disasters reported for the Cook Islands since 1983 predominantly reflect tropical cyclones
(Figure 9). Based on historical records, the average number of tropical cyclones experienced per annum is 11,
most taking place in the wet season (Government of Australia 2011). Not all cyclonic events lead to disaster
situations, although, with 29 reported cyclonic disasters since 1983 (PDaLo ), this is an average of one tropical
cyclone-related disaster per year. Reported costs of hydrometeorological disasters in the Cook Islands over
1983-2012 are in the region of USD 194 million (2012 values).

3%

3%
Wild Fires
Tropical Cyclone
Flood

94%

Figure 9: Reported hydrometeorological disasters by type: Cook Islands.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
PASAP observed that climate change is already taking effect in the Cook Islands, with average sea-levels
rising at a rate of 4 mm per year since 1993 (Government of Australia 2011) and an increase in average air
temperature over all seasons being observed in Rarotonga between 1950-2009.
For the future, PASAP predicts with high confidence that over the twenty first century:
•

Surface-air temperature and sea-surface temperature will continue to rise.

•

The frequency and number of days with extreme heat will increase.

•

The frequency and number of days with extreme rainfall will increase.

•

The intensity of tropical cyclones (rainfall and wind speed) can be expected to increase, although the
frequency can be expected to fall.

•

The frequency of droughts can be expected to decrease (as the average annual and seasonal rainfall is
generally projected to increase).

•

Ocean acidification and mean sea level will continue to rise.

In light of these issues, it is possible that storm surges and/or flooding might increase in the Cook Islands in the
next century (intensity of tropical cyclones, increased average rainfall and increased sea level).

4

PDaLo (http://www.desinventar.net)
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FSM
FSM has a tropical climate with little seasonal variation in temperature. The country has a distinct dry and wet
season with the wet season extending from May to October. Due to its tropical location, the impact of the
Intertropical Convergence Zone and the large temperature differences between the land and ocean has resulted
in the country being subjected to a wide variety of hydrometeorological hazards. These include droughts,
cyclones, storm surges and landslides (Figure 10). Additionally, El Niño events have been associated with drier
conditions and occasional droughts (Government of Australia 2011). Around 20 hydrometeorological events
have been officially reported for FSM since 1983, with a reported cost of around USD 221 million (2012 terms).

13%
5%

Tropical Cyclone
4%

Storm Surge
Landslide
Drought

78%

Figure 10: Reported hydrometeorological disasters by type: FSM.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
Temperature rise has been recorded as increasing generally for FSM in recent years while a clear decreasing
trend in annual and wet season rainfall has been observed (Government of Australia 2011).
For the future, the Government of Australia (2011) predicts that:

12

•

Air temperature and sea-surface temperature will increase.

•

The number of hot days and warm nights will increase.

•

There will be an increase in average annual and seasonal rainfall.

•

Droughts will become less frequent.

•

Extreme rainfall days are likely to occur more often.

SPC SOPAC PUBLISHED REPORT (PR185)
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Fiji
Fiji experiences a tropical climate with relatively little variation in air temperature through the year. Nevertheless, it
has a wetter, hotter season between November and April during which the majority of its tropical cyclones occur.
The number of cyclones that hit the country varies from year to year, although it receives at least one on average,
having seen the centre of 70 tropical cyclones hit within 400 km of its capital in the 40 years between 1969
and 2010 (Government of Australia 2011). Due to its steep slopes, high annual rainfall and tropical weather, Fiji
experiences a number of hazards, including tropical cyclones, floods and severe storms (Figure 11). Droughts
do occur but are occasional (Figure 11).
To date, average annual and seasonal air temperatures have risen between 1950 and 2009. This is especially
apparent during the wetter season (Government of Australia 2011).
Around 106 events have been officially reported for Fiji over the 1983 to 2012 period, with a reported cost of
around USD 1.2 billion (2012 terms).

3%

36%

Tropical Cyclone
Severe Local Storm
Landslide
Flood
Drought

46%

5%
10%

Figure 11: Reported hydrometeorological disasters by type: Fiji.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
To date, average sea-level rise in Fiji has been measured at 6 mm per annum since 1993 (Government of
Australia 2011). Additionally, the Government of Australia (2011) predicts that over the twenty first century:
•

Surface-air temperature will increase.

•

The frequency and intensity of extreme days of heat will increase.

•

Wet season rainfall will increase.

•

The frequency and intensity of days of extreme rainfall will increase.

•

Rainfall in the dry season will decrease.

•

The frequency of tropical cyclones is expected to decrease.

Sea level rise and ocean acidification are projected to continue but it may be that the number of tropical
cyclones declines.
In light of the information provided, the risk exists under climate change that flooding, during the wet season,
may increase, particularly considering predicted increases in rainfall and increased intensity of rainfall.
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Kiribati
The climate in Kiribati is generally humid, hot and tropical. The country experiences high variation in rainfall over
each year, although, there is evidence that average air temperatures are increasing using data from Tarawa
between 1950 and 2009 (Government of Australia 2011).
As can be seen in Figure 12, storm surges and droughts have been reported as disasters for Kiribati since
1983, however, costs associated with the disaster have only been provided for storm surges. Of the five events
reported over 1983 – 2012, only one (a storm surge) was assessed for costs. Reported costs since 1983 are in
the vicinity of USD 64 000 (2012 terms)
As with other countries, sea-level rise in Kiribati has been ongoing for some time, with average sea-level rise
estimated at between 1 – 4 mm per annum since 1993 (Government of Australia 2011).

40%

Storm Surge
Drought

60%

Figure 12: Reported hydrometeorological disasters by type: Kiribati.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
Over the twenty first century, the Government of Australia predicts:
•

Surface-air temperature will increase.

•

Annual and seasonal rainfall will increase.

•

The frequency and intensity of extreme heat days will increase, but there will be a reduced risk of drought
due to the expected increase in rainfall.

•

The frequency and intensity of days of extreme rainfall will increase.

•

Sea-surface temperature and level will increase.

This may imply an increase in the number of storm surges in the future.

14
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RMI
The Marshall Islands faces a warm, tropical climate with little temperature variation across the year. The country
has two distinct seasons: a wet season from May to November and a dry season from December to April. The
sea-level rise since 1993 has been measured at around 7 mm per year (Government of Australia 2011).
As evident from Figure 13, tropical cyclones represent the majority of extreme events that impact the Marshall
Islands. The Government of Australia suggests that tropical cyclones (usually occurring between September
and November) are often weak when they pass through the Marshall Islands region. Around 13 disaster events
have been officially reported for RMI since 1983, with a reported cost of around USD125 million (2012 terms).

13%
5%

Tropical Cyclone
4%

Storm Surge
Landslide
Drought

78%

Figure 13: Reported hydrometeorological disasters by type: RMI.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
On the basis of the models considered, the Government of Australia (2011) predicts with high to very high
confidence that:
•

Surface-air temperature and sea-surface temperature will continue to increase.

•

Wet season (May–October), dry season (November–April) and annual average rainfall will increase.

•

The intensity and frequency of days of extreme heat will increase.

•

The intensity and frequency of days of extreme rainfall will increase.

The implications for the occurrence of hydrometeorological disaster events in this case are therefore, unclear.
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Nauru
Nauru is an atoll island country located close to the equator. Because of its proximity to the equator, as well as
the ocean, the country is typified by a hot and year-round very humid climate. Also because of its location near
the equator, Nauru does not suffer from tropical cyclones (Government of Australia 2011). Records indicate only
one natural hazard-related disaster event to have occurred in Nauru since 1983 – a drought (Figure 14). The
cost of this event was not reported.
Water temperatures around Nauru have risen gradually since the 1950s with the Government of Australia (2011),
reporting that the rate of warming has been approximately 0.12°C per decade since the 1970s. Sea-level rise
recorded since 1993 is about 5 mm per year, slightly higher than the global average of 3.2 ± 0.4 mm per year
(Government of Australia 2011).

Drought

Figure 14: Reported hydrometeorological disasters by type: Nauru.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The Government of Australia (2011) predicts with high to very high confidence that:
•

Surface-air temperature and sea-surface temperature will continue to increase.

•

Wet season (November-April), dry season (May-October) and annual average rainfall will increase.

•

The intensity and frequency of days of extreme heat will increase.

•

The intensity and frequency of days of extreme rainfall will increase.

The Government of Australia (2011) also suggests with moderate confidence that the incidence of drought will
decrease over the course of the 21st century, due in part to the expected increase in average rainfall.
Ocean acidification and sea levels are also expected to continue to increase.
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Niue
Niue is a raised atoll country with a tropical maritime climate. The country has little temperature variation across
the year, with a drop of only around 4ºC from the hottest to the coldest months (Government of Australia). Data
collected from Hanan Airport between 1950 and 2009 indicates a warming in annual and seasonal temperatures
(Government of Australia 2011).
Niue has a distinct wet and dry season, with the wet season usually running between November and April during
which the majority of tropical cyclones hit. Tropical cyclones constitute the majority of its reported disasters
since 1983 (Figure 15). The reported cost of disasters over 1983 – 2012 is around USD 25 million (2012 terms),
although several of the events were not costed.
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Figure 15: Reported hydrometeorological disasters by type: Niue.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The Government of Australia (2011) predicts with high to very high certainty that, over the twenty first century:
•

Surface-air temperature and sea-surface temperature will increase.

•

The intensity and frequency of days of extreme heat will increase.

•

The intensity and frequency of days of extreme rainfall will increase.

•

Ocean acidification will continue.

•

Mean sea-level rise will continue.

With lower confidence, they have predicted that:
•

The frequency of tropical cyclones will decrease.

•

Wet season and annual mean rainfall will increase.

•

The incidence of drought will decrease.
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PNG
Papua New Guinea is by far the largest of the Pacific Island countries. The country has a wet and a dry season,
with about three quarters of the yearly average rainfall falling in the wet season (Government of Australia 2011).
Due to its extensive geographical coverage (from close to the equator, extending south west), rainfall varies
across the country, with rainfall in the north (near the equator) being more consistent year-round than that in the
south. The climate varies considerably from year to year due to the El Niño-Southern Oscillation.
In part, related to its intense wet season, the hydrometeorological disaster most commonly reported in PNG
since 1983 has been flooding, accounting for over half of reported disaster events (Figure 16). Additionally,
landslides commonly affect southern Papua New Guinea. The reported cost of natural disaster events affecting
PNG over 1983 – 2012 is around USD 543 million (2012 terms).
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Figure 16: Reported hydrometeorological disasters by type: PNG.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The Government of Australia (2011) observed that annual maximum and minimum temperatures have increased
in PNG since the 1950s, accompanied by rises in sea level (larger than the global average at around 2.8-3.6 mm
per year) and increasing acidification of the oceans.
For the future, the Government of Australia predicts that:
•

Temperatures will continue to increase.

•

The number of hot days and warm nights will increase.

•

Average annual and seasonal rainfall will increase.

•

Extreme rainfall days are likely to occur more often.

•

The number of tropical cyclones will decrease by the end of the 21st century but there is also likely to
be an increase in the average maximum wind speed of cyclones and an increase in their rainfall intensity
(that is, intense storms will become proportionately more important).

Sea-level rise and ocean acidification are expected to persist.
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Palau
Palau is a country spread over 250 islands just north of the equator. The climate in Palau is tropical with very
little variation (around a 1ºC variation) in air temperature across the year (Government of Australia 2011). Annual
rainfall is heavy. The climate varies considerably from year to year due to the El Niño Southern Oscillation.
According to records, hydrometeorological disasters affecting Palau have been dominated by cyclones
(typhoons) that pass between Guam and FSM, typically generating heavy swells in Palau. Additionally, the
country experiences heavy rains and strong winds from tropical storms (Government of Australia 2011). Drought
is less common but can be severe (Figure 17). The reported cost of disaster events over 1983 – 2012 is around
USD 10 million (2012 terms).
Between 1950 and 2009, an upward trend in air temperature (averaging 9 mm per annum since 1993) has been
observed in Koror, accompanied by rising sea levels and ocean acidification.
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Figure 17: Reported hydrometeorological disasters by type: Palau.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The Government of Australia (2011) predicts that:
•

Annual average air temperature and sea-surface temperature will increase.

•

The number of hot days and warm nights will increase.

•

Rainfall during the wet season will increase.

•

Dry season rainfall will also generally increase.

•

Droughts will become less frequent.

•

Rainfall days are likely to occur more often.

•

There will likely be a decrease in the number of cyclones but the average maximum wind speed of
cyclones will nevertheless increase; and their rainfall intensity will also increase (in other words, more
intense storms can be expected).

Sea-level rise and ocean acidification are expected to persist (Government of Australia 2011).
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Samoa
The climate of Samoa is equatorial/ monsoonal, with only slight temperature differences across the year. The
islands face an annual rainy season from November to April.
Samoa, like Fiji, experiences a wet season between November and April. For data between 1950 and 2009, an
upward trend in the average annual and seasonal air temperature can be observed.
The hydrometeorological disaster event most commonly affecting Samoa over 1983 – 2012 is tropical
cyclones. The reported cost of hydrometeorological disaster events over 1983 – 2012 is around USD 724
million (2012 terms).
Across years, there is high variation in rainfall, yet no significant trend can be found over time.
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Figure 18: Reported hydrometeorological disasters by type: Samoa.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The average sea-level rise per year is 4 mm. The average number of tropical cyclones per decade is 10, and
they occur mostly within the wet season, but are expected to decrease over the twenty first century.
Over the twenty first century, the surface and sea-air temperatures are projected to continue rising, as are the
frequency and intensity of days of extreme heat.
Droughts and flooding have had significant socio-economic impacts on the population. Over this century, the
frequency and intensity of days with extreme rainfall are projected to increase along with both annual and wet
season rainfall.
The ocean acidification and the mean sea-level rise are projected to continue (Government of Australia 2011).
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Solomon Islands
Air and sea-surface temperatures vary little over the year. Data from Honiara, taken between 1950 and 2009,
shows an upward trend in air temperature which is projected to continue over this century. The sea-surface
temperature and the frequency and intensity of days of extreme heat are projected to increase also.
Hydrometeorological events affecting the Solomon Islands are highly diverse. The event type most commonly
reported over the last 30 years is tropical cyclone, although storms and floods are also common. The reported
cost of hydrometeorological disasters over 1983 – 2012 is around USD 50 million (2012 terms).
Unlike the east which has similar rainfall throughout the year, the west has defined seasons with the wet season
from November to April. Rainfall across the years is also quite changeable. Annual average rainfall is projected
to increase over the twenty first century as is the frequency and intensity of days of extreme rainfall.
Tropical cyclones hit Honiara at a frequency of about 13 per decade. This is projected to decrease over this
century, as is the frequency of droughts (Government of Australia 2011).
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Figure 19: Reported hydrometeorological disasters by type: Solomon Islands.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The Solomon Islands have a high rate of sea-level rise; 8 mm per annum average since 1993. Sea-level rise
is projected to continue over the twenty first century, as is ocean acidification (Government of Australia 2011).
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Tonga
Tonga’s position near to the sub-tropics means that it has seasonal changes in air and sea-surface temperature.
The wet season, between November and April, sees almost two thirds of annual rainfall whilst the rest fall in
the dry season. Across the years, there has been a fairly high variation in recorded rainfall. Seventeen tropical
storms occur on average per decade (Government of Australia 2011).
The most frequently reported hydrometeorological disaster affecting Tonga between 1983 and 2012 is tropical
cyclones. The reported cost of all hydrometeorological disaster events over the period is around USD 103
million (2012 terms).
For the years 1950 to 2009, there has been an increasing trend for air temperature at Nuku’alofa; this has
been especially strong in the wet seasons. Sea-level rise since 1993 has been recorded at 6 mm per annum
(Government of Australia 2011).
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Figure 20: Reported hydrometeorological disasters by type: Tonga.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
For the future, PASAP predicts that, over the twenty first century:
•

Surface-air temperature and sea-surface temperature will rise.

•

The frequency and intensity of days with extreme heat will rise.

•

The frequency and intensity of days of extreme rainfall will increase.

•

Rainfall in the wet season is expected to increase while dry season rainfall is projected to decrease.
Overall, the annual rainfall is not expected to see much change.

•

Tropical cyclone frequency is expected to decrease while ocean acidification and mean sea-level rise is
expected to continue.

In terms of hydrometeorological events, this data would suggest the potential for few but more intense flood
events during the rainy season.
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Tuvalu
Air and sea-surface temperatures are closely related and are quite invariable throughout the year. The wet
season is between November and April.
Data over 1983 to 2012 suggests that the most commonly reported hydrometeorological disaster is the tropical
cyclone, although, droughts can also be harsh and persistent. Reported costs of hydrometeorological disaster
events for Tuvalu are in the region of USD 204 million (2012 terms).
Data taken from Funafuti between 1950 and 2009 show an upward trend in air temperature. This is projected
to continue over the next century along with sea-surface temperature and the frequency and intensity of days
of extreme heat.
No trend in the rainfall between years can be found using data taken between 1950 to 2009 in Funafuti and
Nanumea, always varying across years. Annual and seasonal rainfall over the twenty first century is projected to
increase along with the frequency and intensity of days of extreme rainfall.
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Figure 21: Reported hydrometeorological disasters by type: Tuvalu.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
The number of tropical cyclones experienced per annum is expected to decrease over this century.
Sea-level rise has been around 5 mm per annum since 1993, and is projected to continue over the century, as
is ocean acidification.
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Vanuatu
Like Niue, the average temperature change between the hottest and coldest months is about 4ºC. Vanuatu has
faced a wide range of hydrometeorological disaster events over the 1983 to 2012 period, but these have been
dominated by tropical cyclones. The reported costs of all hydrometeorological disaster events since 2012 are
around USD 146 million (2012 terms).
The data for air temperature taken from Bauerfield Airport (Port Vila) between 1950 and 2009 shows an upward
trend. This, along with the sea-surface temperature is projected to continue rising over the twenty first century.
The frequency and intensity of extreme days is projected to increase over this century.
The wet summer season runs between November and April, but across the years, there is considerable variation
in rainfall per annum. The average rainfall and the rainfall experienced during the wet season are projected to
increase over this century, along with the frequency and intensity of extreme rainfall days. The dry season is
projected to see less rainfall.
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Figure 22: Reported hydrometeorological disasters by type: Vanuatu.
Source: PDaLo (http://www.desinventar.net)

Climate change impacts
There is, on average, 23 tropical cyclones per decade that take place in Port Vila, most falling between January
and February. Over this century, the frequency is projected to decline.
The sea level has been rising at a rate of around 6 mm per annum since 1993. This is expected to continue over
this century, as is ocean acidification.
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C METEOROLOGICAL SERVICES
	AND THE PACIFIC
Meteorological services can be used to reduce the impacts of hydrometeorological hazards by enabling improved
planning for regular events, such as seasonal planning for agriculture, as well as for irregular events such as large
scale events that lead to disasters. The services can inform warning systems to increase lead times for events,
reducing damage, as well as protecting lives. As a result, benefits from the use of meteorological services can
be manifested in a variety of social sectors, including potentially health, education and community well-being.
Critically, the value of improved meteorological services in these sectors relies on the ability and willingness of
people and sectors to access and interpret the information, and then act upon it.
To date, Chapman et al. (2010) observed that virtually every nation in the world has a national meteorological
service, noting that the functions of the service typically include:
•

Taking weather observations.

•

Providing and communicating weather forecasts and warnings.

•

Supplying meteorological information.

•

Publishing meteorological reports and data bulletins.

•

Promoting the use of meteorological information.

•

Research in the scientific field of meteorology.

•

Furnishing advice of meteorological matters.

The uses of meteorological services are diverse and impact widely across economies and public well-being.
They include but are not limited to:
•

The protection of health and security:
-

Protection of life (disaster risk management).

-

Protection of health (response to weather/climatic conditions, disaster management).

-

Protection of property (disaster risk management and infrastructure planning).

-

Transportation (such as aviation safety).

•

Protection of commerce (including disasters).

•

Water management and hydropower.

Meteorological services in the Pacific are delivered by national meteorological services (NMSs) operating in all
countries, and supported, to varying degrees, by regional and international institutions. National meteorological
services are categorised as falling into five general types:
•

NMSs that receive full funding from external sources and are relatively well equipped – American Samoa,
Federated States of Micronesia, Commonwealth of the Northern Mariana, French Polynesia, Guam,
New Caledonia, Republic of the Marshall Islands, Republic of Palau and Wallis and Futuna.

•

NMSs that are highly developed and also designated as a Regional Specialised Meteorological Centre
(RSMC). The only NMS in this category is the Fiji Meteorological Service in Nadi (Fiji).

•

NMSs that are nationally funded and have some forecasting capability but poor infrastructure – Solomon
Islands; and, to a lesser extent (due to recent increases in capacity), Papua New Guinea, Vanuatu, and
Samoa.

•

NMSs that are partly funded nationally and partly funded by external sources. These NMSs have
minimum forecasting capability and rely fully on Fiji and New Zealand for the provision of weather and
climate services – Cook Islands, Tuvalu, Kiribati, and Tonga.

•

NMSs that are partly funded nationally with external financial support, limited resources, and minimal
operations− Nauru, Niue, and Tokelau (Chapman et al. 2010).

NMSs are also variously supported by Regional Specialised Meteorological Service offices (particularly
Wellington and Darwin, as well as the meteorological office in Nadi, Fiji which provides regional support in terms
of tropical cyclone warnings), as well as the World Meteorological Organisation (WMO), regional agencies and
development partners (donors).
SPC SOPAC PUBLISHED REPORT (PR185)
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A recent review of the meteorological services considered for the region observed a number of challenges
including:
•

Poor telecommunications infrastructure in some countries delaying data transfer to the WMO Global
Telecommunications System and other international networks, restricting the effectiveness of Global
Telecommunications System implementation and creating uncertainty about delivery and receipt of
telecommunications.

•

Insufficient funds in some countries to pay for reliable internet connection to provide information (including
warnings) to end-users.

•

Lack of NMS priority access in some countries to reliable internet connection to provide information
(including warnings) to end-users.

•

Inadequate access by some NMSs to resources for equipment, infrastructure, maintenance, skilled staff
and training.

•

Inadequate or poorly articulated statutory authority for NMS role and functions.

•

Insufficient and/or inadequate meteorological observation networks (Chapman et al. 2010, pp. 16-17).

Addressing some of these challenges (particularly access to resources and training) – and meeting the needs of
the region to prepare for severe weather events – the Severe Weather Forecasting and Disaster Risk Reduction
Demonstration Project for the South Pacific region (SWFDDP) has now been established.

The SWFDDP
WMO (2010) observes that ‘numerical weather prediction’ (NWP) systems have become increasingly relevant
for severe weather forecasting in recent years. There has been a growing number and variety of sophisticated
outputs which could be beneficial to severe weather forecasting for many National Meteorological and
Hydrological Services (NMHSs).
In light of this, the SWFDDP has been established as a series of regional sub-projects to test the usefulness
of NWP products produced by global and regional meteorological centres to improve regional severe weather
forecasting services in countries where sophisticated model outputs are currently not used. The work includes
training national meteorological officers in the use and interpretation of NWP products and is intended to inform
severe weather forecasting and potentially lead to improved lead time for severe weather alerts and warnings.

Goals of the project
According to the recommendations of the Commission for Basic Systems-XIII (2005 – cited in WMO 2008), the
goals of the SWFDDP are to:
•

Improve the ability of NMCs to forecast severe weather events.

•

Improve the lead time of alerting these events.

•

Improve interaction of NMCs with Disaster Management and Civil Protection Authorities (NDCPAs)
before and during events.

•

Identify gaps and areas for improvements.

•

Improve the skill of products from Global Data-Processing and Forecasting System (GDPFS) Centres
through feedback from NMCs.

Cascading system
The SWFDDP is structured about the implementation of a ‘cascading forecasting process’ in which selected
meteorological centres within a geographical area and affected by an agreed type of severe weather event share
and pass on information to inform severe weather events and related disaster risk management. The cascading
system involves three key sets of agents:
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•

Global centres that generate a range of NWP products, including probability forecasts.

•

Regional centres that interpret information received from Global NWP centres, run limited area models
to refine products and liaise with the participating NMHSs.

•

NMHSs that issue alerts, advisories and severe weather warnings, that liaise with Disaster Management
and Civil Protection Authorities (DMCPAs) and the media, and that contribute to the evaluation of the
project (Figure 23).
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Figure 23: Broad schematic of the SWFDDP.

The cascading process is aimed to ensure the real-time distribution of the relevant available information produced
by (originated at) both global centre(s) and a regional centre(s) to selected NMHSs. Moreover, it is necessary to
continue the cascade by making the final authoritative products of hazardous conditions (advisories or warnings)
produced by the NMHSs available to the final users such as media and local services in charge of hydrology
and/or DMCPAs (WMO 2010, p. 2).
The cascading process concerns both short-range (up to 2 days) and medium-range (3 – 5 days) products.

Focus of the Pacific project
Via this cascading process, the project is focused on improved forecasting of the severe weather associated
with:
•

tropical cyclones;

•

strong winds and heavy rain not associated with tropical cyclones; and

•

significant marine effects, such as long period waves and storm surges (WMO 2010).

A pilot phase including 4 countries was completed in October 2010 (Fiji, Samoa, Solomon Islands and Vanuatu).
A full demonstration project involving these and five additional countries (Cook Islands, Niue, Kiribati, Tonga and
Tuvalu) was conducted from 2010 with a view to ending in October 2012 (MetConnect Pacific 2011).
Consultations with NMSs in both Solomon Islands and Fiji indicate that the services of the SWFDDP are highly
valued. Both agencies stated that products were used daily and were standard practice in the development
of weather bulletins. The products have increased the confidence of meteorological officers to issue bulletins.
As observed by the Solomon Islands NMS, access to the products has enabled the service to move from now
casting to forecasting.

Maintaining the SWFDDP
The SWFDDP was scheduled to end in 2012. It is presently delivered through the New Zealand Meteorological
Service in Wellington. The New Zealand Meteorological Service provides a platform for the SWFDDP products,
including a website for helpful background material and links to global centres, other RSMCs and the NMHSs.
Twice daily, the RSMC staff produces the RSMC Daily Severe Weather Forecasting Guidance Products, referred
to as the “South Pacific Guidance (SPG)” charts (see MetConnect Pacific 2011 for more details).
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The costs of delivering improved meteorological services to the Pacific through the SWFDDP have, to date,
involved:
•

Establishment of the website to share meteorological information with participating Pacific NMSs.

•

Training for in-country staff to access, interpret and use the information.

Maintenance of the project services would incur continued investment in ongoing activities. Ongoing activities
would comprise:
•

maintenance of the website;

•

meetings to ensure that Meteorological Service officers can share lessons and expertise; and

•

ongoing training for national officers to replace trained staff who move to other employment.

According to the Meteorological Service of New Zealand Limited (James Lunny, International Affairs Analyst,
personal communication, 31 May 2011), AusAID contributed in 2010 around NZD 30,000 for further website
development and assistance to host a meeting. If the services delivered by the SWFDDP were to be maintained
for the next ten years, maintenance of the website might continue to be managed internally through existing NZ
Met service staff, incurring an in-kind (staff time) contribution. Meteorological Service of New Zealand Limited
(James Lunny (International Affairs Analyst, personal communication, 31 May 2011), indicates that in-kind staff
contributions to the project (web maintenance, as well as training) constitutes around ongoing 4 months of
work by one person per year of New Zealand’s Meteorological Service forecaster time (around NZD 30,000/
year). It would however, be ideal and welcome to provide staffing support for the project. This would also enable
progression of products and possible expansion.
Meetings for national meteorological staff to share experiences and expertise could theoretically be held on the
back of other meetings (such as the annual Regional Meteorological Services Directors meeting) but additional
resources would be needed to support daily subsistence allowances. Most importantly, resources would be
needed to enable regular updates of training from the project.
In the interest of illustrating the possible values of maintaining the project, an assumed value of USD 30,000 per
year is assigned to maintain staffing and USD 30,000 per year for annual meetings/ ongoing training.
Table 1: Nominal ongoing costs for maintenance of SWFDDP services.
Activity
Training
Maintenance of the website
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Financial cost per year (USD)
30,000
[in kind]

Meetings

30,000

TOTAL

60,000
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D	ASSESSING THE VALUE OF 		
IMPROVED METEOROLOGICAL
SERVICES
The value of warning systems
The benefits of improved meteorological and climate services, such as those provided through the SWFDDP
are manifested in a number of ways. Improved lead time for severe weather events enables warnings to be
issued earlier so that communities may be better prepared for events and can, hopefully, mitigate damage and
losses (for example, by moving assets out of a flood path, rescheduling activities, etc.). Alternatively, where
specific meteorological services are not provided, some groups within the community (for example, farmers or
those in the aviation industry) may seek to fill information gaps by purchasing private meteorological and climate
services. The provision of these services by a national meteorological service would save industry resources
which could instead be invested in the growth of that sector, generating revenue and, theoretically, generate
taxes to be reinvested back into national services.
The realisation of these benefits relies on the ability of a community to convert the improved information to
action through mitigating behaviour. In practice, debate exists about the extent to which warning systems for
hydrometeorological events can effectively reduce costs. Referring to flood events, Priest et al. (2011) observed
that human behaviour is complex and predicting whether or not a community will respond to a warning is
difficult as so many other factors may change this. The result is a wide variation in estimated potential benefits
from flood warnings that rely on meteorological services (Table 2).
Table 2: Potential estimated benefits from improved flood warnings.
Source

Site

Parker et a. (2007)

5

Tunstall et al (2005)
Wind et al. (1999)
Smith (1981)
Day (1970)

Potential damage reduction %

6*-21
Netherlands

35

Australia

48

US

0-48

* Minimum increased lead time of 8 hours.
Source: Adapted from Priest et al. (2011).

Assessing the value of investment in meteorological services is a challenge. It relies on access to data that
describes the levels of production, human well-being and/or disaster events that would have occurred without
the investment in order to measure the change in levels that would occur if the investment proceeded (‘with and
without analysis’). Previous efforts to assess the value of meteorological investment have commonly remarked
on the absence of data and the difficulty in proving values (see for example, Tammelin 2010; Tsirkunov et al.
2007).
In principle, economic valuation of investment in meteorological services can be approached in one of two ways:
•

Expressed preference valuation.

•

Benchmarking.

Expressed preference valuation
Expressed preference refers to a set of econometric or statistical methods to assess the value that people
ascribe to a service or good. Expressed preference techniques include contingent valuation (CV) (see Tietenberg
2000) and choice modelling (see Morrison et al. (2004) and Bennett et al. (2004) as examples). The methods
effectively rely on a survey of users of a good or service (in this case, meteorological services) and involve asking
them to rate (rank or identify payments levels) for different service levels. This approach has been applied by the
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World Bank in 2010 to consider the benefits to households of improved meteorological services (Anon 2010). In
this case, a contingent valuation (hypothetical market) was used to consider what value households attributed
to improved services. Likewise, choice modelling has been used to estimate the value of time associated with
travel (as impacted by severe weather) (see Nokkala et al. 2012).
Expressed preference valuations have been applied in the Pacific to measure the value of different types of
resource use/impact (see Lal and Fakau 2006 as an example). Resource constrains prevent the use of CV to
assess the value of improved meteorological services in this instance. In any case, methodological constraints
(see Tietenberg 2000), including challenges with understanding of the original and meaning of the values
generated mean that expressed preference techniques are unlikely to be practical for consideration of Pacific
meteorological services.

Benchmarking
Benchmarking effectively refers to identifying the damage and loss of earlier events and estimating the value
of change that could be achieved with improved services, on the basis of expert opinion. This approach has
been used at the World Bank (Tsirkunov et al. 2007) where surveys of experts were used to estimate ‘possible
variations in the share of preventable losses and costs of protective measures due to more accurate and timely
hydrometeorological information and forecasts as a result of modernisation programmes’. A similar approach
has been applied in the Pacific in estimating the economic payoff of improved prediction services (see for
example Woodruff 2008) or improved disaster mitigation services (see for example Holland 2008).
Actual application of benchmarking as an approach is not straightforward, with the World Bank acknowledging
deficiencies in the use of benchmarking for detailed assessment (Tsirkunov et al. 2007). Nevertheless, World
Bank acknowledges that the method can be useful to describe preliminary findings for hydrometeorological
services to position themselves as an important public sector, as well as for the national fiscal/economic
authorities to see rational justification for better targeting scarce resources (Tsirkunov et al. 2007).
To conduct benchmarking, there is a need to be able to estimate the proportional change in values arising
over time from improved meteorological services. Working on the principle that improved meteorological
services would enable earlier warnings of severe weather events and related disasters – and thereby allow
people to better prepare for events (for example, lift possessions to higher ground, move livestock or personally
relocate in preparation for a flood), Day (1970) and Chatterton and Farrell (1977) estimated the likely impact on
personal effects that different warning times could support. These ‘Lead times’ can be used to estimate the
potential benefits of improved services. The Centre for Ecology and Hydrology (2010) thus applies lead times to
predict the value of improved flood prediction in the UK while Scawthorn et al. (2006) applied it to create flood
assessment tools.
Day (1970, Figure 24) in his predictions assumed a 100 per cent public response rate if the potential benefits
were to be secured. This may not always be possible in the Pacific region due to the remoteness of some
locations and/or limited connectivity with phones. As a result, this formula can be used to estimate potential
savings from improved meteorological services, although the values would need to be conservatively applied.
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Figure 24: Lead time damages prevented curve.
Source: Day (1970).
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Data on costs
Data on disaster costs for this report are principally taken from PDaLo. Unfortunately, despite the comprehensive
nature of this database, data on disaster costs remains patchy in the region. This is because, generally speaking:
•

Governments rarely have computerised databases to record disaster events (although the development
of PDaLo is moving some way to address this gap).

•

International records of disasters such as EM-DAT only record values for events of 10 fatalities or more
while many disasters in Fiji have fewer fatalities than that.

•

Records of disaster events contained in the international database GLIDE do not include values of
impacts.

As a result, cost data for this report is supplemented by data from the Pacific Catastrophe Risk Assessment and
Financing Initiative (PCRAFI) database (Box 1). The PCRAFI database contains information on the economic cost
(principally damage) of selected disasters, including tropical cyclones, indexed to 2009 values. Nevertheless, it
does not contain information for other hydrometeorological disasters.

The Pacific Catastrophe Risk Assessment and Financing Initiative (PCRAFI) database is an extensive study that has
been conducted to analyse the risk from tropical cyclones, earthquakes, and tsunamis in the Pacific. The project is
operated out of SPC (SOPAC Division) with the assistance of the World Bank, and the Asian Development Bank, with
financial support from the Government of Japan and the Global Facility for Disaster Reduction and Recovery. It has
three critical components:
•

Generation of a database to describe the replacement value of infrastructure assets (residential, commercial,
public, and industrial buildings) and major agricultural cash crops across the countries that could be damaged
by tropical cyclones and earth quakes (‘exposure database’) (Table 4);

•

Development of hazard models based on previous events. This involves mapping the occurrence of past
earthquake and tropical cyclone events by location, date and severity over time to simulate 10 000 potential
future events and consider their impacts (‘hazard assessment’);

•

Prediction of likely damage from cyclones and earthquakes – this activity has not yet been completed but, when
done, will include the application of damage functions to infrastructure and agricultural assets to predict the
future infrastructure costs of cyclones and earthquakes.

The information derived from this study is to be used to improve the resilience of these 15 PICs to natural hazards
(World Bank 2011).

Box 1: Pacific Catastrophe Risk Assessment and Financing Initiative.
Source: http://pcrafi.sopac.org; World Bank 2011.
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E ILLUSTRATIVE BENEFITS TO
THE AGRICULTURAL SECTOR
Primary production in Pacific Island countries is fundamental to the wellbeing and livelihoods of their people.
Primary production is also subject to the whims of weather and optimisation of production relies upon, among
other things, the ability and willingness of the community to make use of meteorological services.
Data on agricultural production in Pacific Island countries varies in availability and nature. Due to the developing
nature of most Pacific Island countries, some publicly available statistics on agricultural production describe only
the volume of activity (such as number of farms) while others describe that production in principally subsistence (as
in FSM). In other cases, agricultural production is reported yearly as part of GDP. This is the case, for example, in
Samoa, Fiji and the Solomon Islands. Nevertheless, data collection and publication varies from country to country
(Table 3).
Table 3: Share of directly weather dependent sectors in economies, % GDP.

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

Tuvalu

18%

18%

17%

17%

19%

20%

22%

22%

20%

22%

22%

23%

Tonga

20%

18%

18%

19%

20%

18%

16%

17%

15%

15%

16%

17%

12%

12%

12%

10%

10%

14%

14%

12%

12%

11%

10%

10%

15%

16%

Samoa
Fiji
Niue

17%

16%

16%

17%

17%

Solomon Islands
Cook Islands

11%

8%

8%

9%

17%

19%

20%

19%

18%

35%

35%

26%

27%

28%

7%

6%

6%

5%

5%

7%

5%

Source: PRISM (SPC) data (http://www.spc.int/prism/data/economic)

The share of directly weather dependent sectors (agriculture, hunting, fishing and forestry) in GDP is highest in
Tuvalu for 2011. Tuvalu is also the only country here which is experiencing a long-term substantial increase in
this share over time. Nevertheless, looking at the data available in 2009 it would seem likely that the Solomon
Islands has the largest share of directly weather dependent sectors in its economy. No data for Vanuatu is
available from this source.
To determine a consistent value of agricultural assets in Pacific Island countries, data was extracted from the
PCRAFI database (Box 1). Agricultural asset data in this database reflects the value of major cash crops across
the Pacific region but not minor cash crops. As a result, the values reflect an underestimate of production values
(and like all government figures do not include values for subsistence production which maybe substantial).
Nevertheless, the values are internally consistent and have been generated from the same dataset. From this
database, SPC estimates that the combined replacement value of agricultural and infrastructure assets at risk
from tropical cyclones and earthquakes across the region are in the order of USD 112 billion of which around 3
per cent constitute cash crops (Table 4).
Table 4: Replacement costs by country.

Country

Total Replacement Cost (million USD)
Buildings

32

Infrastructure

Major cash Crops

Total

CK

$1,296.8

$117.6

$7.8

$1,422.2

FJ

$18,865.2

$3,093.9

$216.1

$22,175.3

FM

$1,729.0

$312.8

$5.8

$2,047.6

KI

$1,006.1

$164.2

$11.3

$1,181.5

MH

$1,404.1

$285.9

$5.7

$1,695.7

NU

$173.8

$74.0

$1.2

$248.9

NR

$410.6

$42.0

$0.1

$452.7
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Country

Total Replacement Cost (million USD)
Buildings

Infrastructure

Major cash Crops

Total

PG

$39,509.0

$6,639.1

$3,060.7

$49,208.8

PW

$1,338.5

$159.9

$2.5

$1,500.8

SB

$3,058.7

$420.3

$11.7

$3,490.7

TL

$17,881.3

$2,160.6

$102.9

$20,144.8

TO

$2,525.2

$259.4

$31.9

$2,816.5

TV

$229.3

$39.7

$1.2

$270.2

VU

$2,858.4

$420.0

$56.0

$3,334.4

WS

$2,147.9

$467.4

$24.7

$2,639.9

$94,434.0

$14,656.6

$3,539.5

$112,630.1

Total
Source: SPC data.

Of those 9 countries presently participating in the SWFDDP, commercial cash crop assets are estimated in
PCRAFI to have a replacement cost of USD 362 million (Table 5).
Table 5: Replacement costs by SWFDDP country.

Country

Total Replacement Cost (million USD)
Buildings

Infrastructure

Cash Crops

Total

CK

$1,296.8

$117.6

$7.8

$1,422.2

FJ

$18,865.2

$3,093.9

$216.1

$22,175.3

KI

$1,006.1

$164.2

$11.3

$1,181.5

NU

$173.8

$74.0

$1.2

$248.9

SB

$3,058.7

$420.3

$11.7

$3,490.7

TO

$2,525.2

$259.4

$31.9

$2,816.5

TV

$229.3

$39.7

$1.2

$270.2

VU

$2,858.4

$420.0

$56.0

$3,334.4

WS
Total

$2,147.9

$467.4

$24.7

$2,639.9

$32,161.40

$5,056.50

$361.90

$37,579.60

Source: SPC data.

Potential cost savings
While cash crops represent only a tiny fraction of national assets compiled under the PCRAFI, they can be
critical to island economies with agricultural and forestry production. In Fiji, agricultural cash crops presently
account for almost 9 per cent of GDP in 2010 and account for over a quarter of GDP in the Solomon Islands in
the same year (http://www.spc.int/prism/).
As a result, severe weather events in the region can present problems, causing:
•

Major damage through direct damage to crops, buildings and equipment.

•

Consequent losses in future production due to lost ability to harvest fully.

•

Reductions in earnings arising from the need to quickly uproot crops that can be salvaged resulting in
temporary gluts and price falls at the local market.

By comparison, improved meteorological services can assist the agricultural sector to better prepare for severe
weather events by, for example:
•

Enabling farmers to harvest ahead of time to prevent damage to crops.

•

Protect, relocate and/or store livestock and equipment.

•

Reschedule activities such as dry rice harvests before storms arrive, rather than losing harvests to them.
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With the value of major cash crop for the 9 countries participating in the SWFDDP project being around USD
362 million (Table 5):
•

A 1 per cent reduction in damage from improved warnings would generate regional (participating
country) cash savings of USD 3.62 million. Compared to a 10-year investment to sustain the SWFDDP,
this would generate a payoff of USD 6 saved for every USD 1 invested in maintaining the project.

•

A 1 per cent reduction in damage to Fiji commercial cash crops alone, the project would still payoff an
estimated USD 2 for every dollar invested.5

Future areas of benefit for agriculture
In the short-term, there are potential benefits gained by considering means to repackage meteorological service
data to maximise understanding by the farming community, specifically. As an example, a message describing
the volume of rainfall over a period might beneficially be accompanied by statements using local terms, such as
whether this rainfall might ‘wash out’ farming areas.
In the long-term:
•

Access to long-term time series data on areas previously prone to flooding might enable the agricultural
sector to better advise farmers where to plant which kinds of agriculture that would be least-at-risk/
costly to lose in hazard prone areas.

•

Extended use of rainfall monitoring in the Solomon Islands to underpin agricultural production and
planning through them. In the case of both Fiji and the Solomon Islands, such work might also promote
increased partnership with the hydrology section, given that the agencies do not presently work closely.
For example, in the Solomon Islands, both the meteorological office and the hydrology section presently
operate their own rainfall gauges but the data appears to be analysed separately and to different ends.6

Other issues for the agricultural sector
In the Solomon Islands, the Ministry of Agriculture expressed the need to work closer with both the meteorological
office and the National Disaster Management Office (NDMO) in order to become more disaster risk orientated,
particularly in the face of climate change and the additional threats that this may bring. The Ministry of Agriculture
does not presently have a formal partnership with the meteorological office but is keen to work with it in the
future. Suggested activities include:

34

•

Pre-wet season surveys by agricultural extension officers to identify potential local food sources for postdisaster food relief (to increase food security, reduce reliance on rice and potentially increase community
resilience through the knowledge that food relief is sourced from neighbouring communities).

•

Strategic awareness campaigns to prepare primary producers for severe events. This might include,
for example, working with the meteorological service to conduct pre-wet season awareness raising on
imminent hazards such as floods, landslides and preparedness (what bulletins mean, what to do and
when and so on);

•

Increased promotion of sustainable practices to reduce the vulnerability of farming communities to
weather-related disasters and thereby reducing risks.

5

Assumptions of the benefits to different sectors from meteorological services are often made on assumptions due to lack of data. As an
example, Nokkala et al. 2012 (in relation to travel time saved for freight).

6

Specific projects are now underway in some Pacific Island countries (such as Samoa and the Solomon Islands) to support agricultural
communities adapt to climate change through support to the NMS. The work includes strengthening the capacity of NMS to produce
enhanced weather and climate information services tailored to the agriculture sector. Some of this work does also include the establishment
of equipment to generate reliable agro-meteorological information. See, for example, UNDP (2008).
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F ILLUSTRATIVE BENEFITS TO
	FAMILIES AND BUSINESSES
One of the most visible benefits of investments in meteorological services is the reduction in injury and losses
to the community arising from hydrometeorological disasters. In terms of disaster risk management, the value
of improved services lies in the ability of governments to forewarn communities and for those communities to
relocate themselves or their assets to mitigate costs.
According to official records (PDaLo), over 2400 lives were officially reported lost due to hydrometeorological
events between 1983 and 2012, with almost 1 million people affected (Table 6).
Table 6: Human impacts attributed to hydrometeorological disasters 1983 and 2012.

Country
American Samoa
Cook islands
Fiji
FSM

Lives lost
6

Population affected
3

33

19,969

438

2,697,038

75

54,800

Guam

6

28,108

Kiribati

1

84,085

Marshall Islands

1

20,900

New Caledonia

5

1628

Niue

1

1700

Nauru

0

0

Palau
PNG

0

28,000

1516

5,065,498

French Polynesia

56

11,161

Solomon Islands

140

498,027

0

3358

Tonga

4

187,774

Tuvalu

18

21,952

107

666,453

1

10,500

Tokelau

Vanuatu
Wallis and Futuna
Samoa

30

324,167

TOTAL

2438

9,725,121

Source: PDaLo

These are minimum estimates, using only those disasters reported. Lives lost do not count missing persons,
and population affected are only those directly affected (that is, evacuated, suffering injury or illness etc.).
Consequently, these estimates will be underestimations of the true effects of hydrometeorological disasters
since 1983 in these countries.
Hydrometeorological disasters in the Pacific are common. In the case of Fiji, SOPAC (2006) observed that Fiji
had suffered an average of 10 fatalities, and around FJD 20 million worth in damage per year to infrastructure,
agriculture and homes over the previous three decades.
The worst flood on record to have hit Fiji occurred in 1931, a result of a hurricane and flood (Yeo and Blong
2010). The flood height for the 1931 event is marked by an obelisk established sometime afterwards at the Ba
mill at the time of preparing this document.7 The second worst on record occurred in January 2009 when heavy
rain resulting from a tropical depression caused severe flooding in the North, Central and Western Divisions. A
30-day state of natural disaster was declared on 11 January. Areas devastated by the flood included the towns
of Nadi, Ba, and Labasa.
7

This has since been supplanted by flood events in 2012.
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The cost of the 2009 event was estimated by the Government of Fiji to be in the order of FJD 113 million
and covered damage and losses sustained by government and the primary industry sectors (Government
of Fiji 2009). Additionally, SOPAC (Ambroz 2009; Holland 2009) conducted estimates of the private damage
and loss sustained by families and businesses not included in the government damage assessments. These
assessments were only conducted for two towns – Nadi and Ba. Estimated private damage and loss in Nadi
and Ba were FJD 330 million (Table 7).
Table 7: Total costs extrapolated to Nadi and Ba survey areas.

Total losses
Household

Total (FJD )
45,061

%
14

Business

285,323

86

Total

330,384

100

Source: Ambroz (2009); Holland (2009).

Private costs sustained by families and businesses in the worst hit areas of Nadi and Ba might have been
reduced had Fiji been operating the SWFDDP at the time. On the basis of discussions held, the SWFDDP would
have enabled them to provide more accurate and timely warnings and assisted in generating more rapid flood
alerts and warnings by reducing the ‘hesitancy factor’ that meteorologists face when deciding whether or not to
issue a severe weather alert (Alipate Waqaicelua, Director, Fiji Meteorological Service, personal communication,
28 September 2011). Fiji Meteorological Service (FMS) consider that the probabilistic nature of the SWFDDP
products means that forecasters now have greater confidence in predictions and have less need to hold off
issuing warnings until later.
On average, FMS considers that access to the SWFDDP products enables it to commence sharing messages
about potential severe weather threats up to three days earlier and, where the threat continues, to issue a formal
severe weather warning 24 hours earlier (Alipate Waqaicelua, Director, Fiji Meteorological Service, personal
communication, 28 September 2011). In the case of the Nadi 2009 floods, FMS considers that the products
would have enabled an increased warning time of at least 24 hours.

Potential cost savings
Using the Day Lead Time Damage Prevention Function (Day 1970) as a ‘best case’ estimate of possible savings
from improved warnings, a 24-hour increase in warning time for Nadi might be expected to generate savings
in the loss of personal assets up to 30 per cent. This value presumes that 100 per cent of people in the flood
zone area receive the warning on time and then act accordingly. This may not be the case in practice. Where
floods occur at night, warnings are more difficult to pass on (people asleep, televisions and radios switched
off, etc.) and, in any event, not all members of the public act when a flood occurs. As an example, a survey of
the Nadi community flooded in 2009 indicated that 82 per cent of community members interviewed claimed to
have taken action to minimise flood damage once they became aware of the oncoming flood (lifting personal
belongings or items to higher ground, etc.) but that 19 per cent of families did not (Holland 2009).
Family costs from the flood in 2009 that might be mitigated with better warnings related to possessions and
injuries/health problems arising from the floods. In 2009, the total value of these costs were estimated to have
been in the order of FJD 6.4 million (Table 8). Assuming that 80 per cent of the community receive and again
respond to an improved warning time offered through the improved meteorological services, potential benefits
to families of improved meteorological services might be achievable in the order of around FJD 1.5 million (if the
2009 flood event repeated) (Table 8).
In the case of businesses harmed in 2009, the response rate of business owners to flooding was low, with a
survey of the Nadi small-to-medium size business community flooded in 2009 indicated that only 42 per cent of
small-to-medium size businesses flooded took any action to minimise flood damage once they became aware
of the problem (Holland 2009). This may be because business operators were unable to reach their premises
while protecting their families or homes (but is otherwise unclear why).
Business costs that might be mitigated with improved warning reflect assets that could be moved. In 2009,
the total value of business assets damaged by the flood was estimated to have been in the region of FJD
85.6 million (Table 8). Using Day (1970) to provide an upper bound estimate that warning time would reduce
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damage by 30 per cent, and assuming that 40 per cent of the business community receive and respond
to an improved warning time offered through the improved meteorological services, potential benefits to the
business community of improved meteorological services might be in the order of around FJD 10 million (Table
8). This value is important because it provided a base from which taxes might be drawn in the future. The more
businesses can be equipped to prepare and mitigate for disasters on the advice of informed NMSs, the greater
the scope for governments to maintain earnings for future investment.
In light of the estimates provided, total potential private savings from improved lead times could theoretically
have been in the order of FJD 11.8 million (or around USD 22.7 million) – a nominal payoff of over USD 20 saved
per dollar invested.
These values provide an upper bound to the potential benefits from improved meteorological services. By
comparison, Parker et al. (2007) can provide an indicative ‘worst case’ estimate for the possible savings from
improved warnings, proposing a reduction in damage to personal possessions or assets in the order of 5 per
cent (Table 2). In this case, assuming 80 per cent of families acted on the warning, personal potential savings to
the community could be around FJD 0.3 million.
Table 8: Private savings from improved lead times.

Potential
benefits
Family possessions
Business benefits
TOTAL

Nominal costs in
2009*

Worst case nominal
Best case nominal
savings if 2009 floods
savings if 2009 floods
repeated (Parker et
repeated (Day 1970)
al. 2007)

6,325,000

1,518,000

253,000

85,684,000

10,282,080

1,713,680

11,800,080

1,966,680

* Holland (2009).

In the case of business benefits, assuming 40 per cent of business acted on the warning, worst case benefits
to the business sector in Nadi from improved meteorological services could potentially be in the order of around
FJD 1.7 million, should the 2009 events recur.
Combined, this would represent a potential ‘worst case’ benefit to the community (private and business) of
around FJD 2 million – or a nominal payoff on investment of FJD 3 saved for every dollar invested. Since
potential benefits would be experienced in all countries participating in the SWFDDP, the total potential benefits
of the investment in improved meteorological services are likely to be high.
Information on the private costs to communities from disaster events in the Pacific is rarely estimated.
Government and NGO assessments of costs usually focus on government or primary production costs or
humanitarian needs. As a result of this, it is not possible to extrapolate potential benefits from this single event to
others around the region. However, the values do demonstrate that, provided adequate warnings reach relevant
communities after enhancing meteorological services, the potential to generate savings is large.
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G ILLUSTRATIVE BENEFITS IN
PASSENGER TIME SAVINGS
Informed meteorological services enable governments and the private sector to make decisions about how and
when to travel. An improved understanding of severe weather events can assist authorities to advise travellers of
areas to avoid and, therefore, re-plan travel, as well as support airports to reschedule flights and avoid stranding
passengers and cargo.
Fiji’s main international airport is located at Nadi. The airport covers the vast majority of international flights
(Nausori Airport near Suva operating a limited number), but the Nadi area is also subject to flooding as a result
of slow-moving depressions and/or cyclones. As a result of these, the Nadi International Airport has been forced
to close flights several times in the last few years.
Based on advice from the Air Terminal Services Fiji Ltd, an estimated 161 flights per week (8372 per year)
flights operate out of Nadi per yea, carrying an estimated 800,000 passengers (Gordon Chalmers, Manager
Passenger Services, Air Terminal Services Nadi, personal communication, 17 July 2012) or an average of 2192
passengers per day.
As a result of floods occurring around Nadi in 2012, the airport was closed for half a day in March while inwardbound flights were suspended for two days (One News 2012). Additionally, a tropical cyclone in February resulted
in a two-day closure (Gordon Chalmers, Manager Passenger Services, Air Terminal Services Nadi, personal
communication, 17 July 2012). This represents a total loss of scheduled flight time of 3.5 days (0.5+0.5+0.5+2).
If the 800,000 passengers per year were evenly spread out across the year, the suspension of flights over this
period would represent a loss of roughly 7671 passenger trips, causing a loss of time to passengers whose
plans are stalled.
In economic terms, these delays represent a loss of well-being or productivity in the community. Passengers
who were travelling for work (consultants or those returning from vacation) are prevented from reaching their
destination to contribute productively to the community. In addition, tourists are prevented from relaxing and,
more importantly, contributing to the economy.
Nokkala et al. (2012) observed that the value of lost time to travellers because of severe weather events can
be high while improved warnings could potentially reduce economic costs by enabling travellers and airlines to
save costs through re-routing or rescheduling trips.
On the basis of the passenger trips lost in 2012, the potential economic cost of delays can be crudely estimated
by considering the value of person time delayed. In practice, the purpose of all travellers on the plane delayed
(work, leisure, etc.) cannot be known. (That is, it cannot be judged whether the travellers were moving for work,
leisure or other purposes.) Additionally, there would likely be a large disparity between the earning capability of
passengers travelling on planes, with the minimum national wage for Fiji in the vicinity of FJD 25 per day, while
private consultants (say, from the World Bank) can command upwards of USD 1000 per day. Finally, some
passengers at airports would be children who do not, in a conventional sense, contribute to the production level
of the economy.
In an attempt to estimate a minimum order of magnitude for the value of lost time due to airport delays so
far in 2012, the minimum wage for Fiji for a single day was applied to delayed passenger trips. In this case, a
crude but conservative value for the time lost by the suspended flights in March 2012 would be in the order of
FJD 200,000 (Table 9). In fact, this value is only indicative of the potential lost time costs since (i) the distribution
of flights across the year varies with the season and (ii) this data on suspensions reflects only two events and
yet there may be many more events that occur throughout a year. As a result, this estimate of time loss to
passengers is likely a significant underestimate. Nevertheless, it does provide an order of magnitude of the
annual costs of passenger time from flight suspensions due to severe weather.
Table 9: Potential time costs of flight delays.
Passenger trips delayed
Economic value of passengers per day
Economic value of time lost per day?
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The impact of the SWFDDP of rescheduled flights is not known at present. For illustrative purposes, a 5 per
cent reduction in flight suspensions (due to improved ability to reschedule) would not be sufficient to justify the
project (Table 10), recouping only around 10 per cent of project costs. Nevertheless, the contribution is still of
public value.
Table 10: Potential benefits of reduced flight suspensions.
Benefits
81634.64696

Costs

NPV

B/C ratio

763061

-681426.35304

0.106983

H REALISATION OF BENEFITS
While the figures presented illustrated the kind of magnitude of benefits that might be generated from improved
meteorological services, the realisation of those benefits hinges upon a number of pre-conditions, some of
which are not certain in the region.

Links between NMSs and National Hydrological
Services
In the case of flood mitigation, the provision and communication of flood alerts and warnings is fundamental.
In many cases in the Pacific, however, NMSs are not mandated (and therefore resourced) to generate flood
warnings. This is commonly the remit of national hydrological departments which may or may not occupy the
same government department as NMSs. As an example, while the Hydrological Department and NMS of Fiji
both operate under the Ministry of Works, Transport and Public Utilities, they nevertheless:
•

Operate out of different towns.

•

Operate during different working hours and working days (NMS operating 24 hours a day and hydrology
operating a standard working week).

As a consequence, the ability of Fiji Hydrology to interpret meteorological data from the NMS and issue timely
warnings over a weekend is highly limited.
In any event, it would not appear that hydrology units in the Pacific commonly generate flood warnings with the
result that the NMS are left filling in the gap with limited resources and expertise to link the meteorological data
with land data. This gap in links has been raised on previous occasions. This has been the subject of negative
attention since floods in 2012 in Fiji (Annex 1).
The gap between NMSs and the hydrology situation is common in the Pacific with few hydrology services
issuing alerts or warnings for floods, despite their remit. While both agencies are required to collaborate, the
degree to which this happens in practice is questionable. Indeed, it is not entirely clear that the meteorological
services wish to be further integrated with hydrological services. Closer collaboration between NMS and
hydrological services has been discussed in the Pacific on a number of occasions, most recently at the 2011
Regional Meteorological Services Directors Meeting (see SPREP 2011) and some reservations were made
at the meeting about closer integration, as well as expansion of the Pacific Meteorology Council strategy to
engage hydrologists in a more formal meeting arena to promote exchange and interaction.
Questions also remain as to how increased collaboration should best be approached. In several cases, both
NMSs and hydrology units operate separate rainfall gauges (as in Fiji and the Solomon Islands). In the case
of the Solomon Islands, the issue is complicated by the absence of a national hydrological service. The result
is that hydrology functions are undertaken by the Hydrology Unit under the Department of Mines and Energy
(SOPAC 2012) for the purpose of hydroelectric energy generation while the NMS (and NDMO) are hosted under
another ministry entirely (Ministry of Environment, Climate Change, Disaster Management and Meteorology). The
result is that, not only are links between the two departments extremely limited, hydrology does not appear to
provide any flood warnings (David Hiriasia, Solomon Islands Meteorological Service, personal communication,
May 2012).
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In recent years, efforts to support linkages between hydrology and NMSs have been made through the
establishment of a data management software system that will accommodate both hydrological and
meteorological data (Peter Sinclair, Water Resources Adviser, SPC, personal communication 2012).
Nevertheless, the fact that advanced and comparatively highly resourced agencies, such as the Australian
Bureau of Meteorology have only officially embedded the hydrology department within them in the last two
years (Peter Sinclair, Regional Meteorological Services Directors Meeting, SPC, personal communication 2012)
raises the question of how long it would take smaller Pacific Island administrations to be convinced to move in
this direction.
Clearly, for up-to-date weather information to be effectively interpreted for flood potential, there is value in
considering how to bring together expertise from both agencies more effectively.

Technical infrastructure
Equipment to assist in accessing data to analyse weather and climate conditions was raised during consultations
as a constraining factor to the work on NMSs. As an example, rainfall monitoring stations around Fiji are frequently
non-operational with Turner (2009) highlighting the issue in 2009 following technical assessments of the 2009
floods that took 11 lives. The data generated from rainfall gauges is critical for making future predictions of this
kind of flooding. However, at the time of the floods, two thirds of the Department of Hydrology’s rainfall gauges
were inoperable. Noting that both the Fiji Department of Hydrology and the NMS operate rainfall observation
stations, there might potentially be scope to support NMS through closer collaboration on rainfall stations,
although the challenge of establishing closer operational links still stand.
Since the time of the 2009 floods, efforts to support water management8 have resulted in improvements in
rainfall stations around Nadi such that all six Nadi rainfall stations were operational at the time of the 2012
floods except for one which came online soon after (Peter Sinclair, Water Resources Adviser, SPC, personal
communication, 27 April 2012). Increased instrumentation generally may support countries to better monitor
and predict events, although, the opportunity to maintain this instrumentation and its analysis will rely on
resources for staff.

Dissemination of alerts and warnings
In the view of the Solomon Islands NDMO (Loti Yates, Director, personal communication, May 2012),
optimising benefits from the NMS hinges on how best to communicate alerts to the community. Presently,
the communication of alerts and warnings related to severe weather events, or even daily weather forecasts
for planning and production, is an ongoing challenge for national administrations. In some cases, national
communications are patchy, with remote communities unable to pick-up radio and mobile phone services
and/or national radio services do not operate 24 hours a day (as in the case of the Solomon Islands). Options
to by-pass communications issues include SMS texting which are already sometimes in use in the region.
Nevertheless, these solutions have only limited applicability when:
•

Mobile access is not possible (as in the outer islands).

•

Severe weather events occur at night and families are not using their phones (nor other media). In this
case, the communication of warnings for flash flooding presents particular problems at night. The flash
flood events of 2009 (Solomon Islands) that hit at midnight resulted in 13 fatalities; and 2004 (Fiji) that
came in the early hours of the morning and resulted in 14 fatalities (Fiji National Disaster Management
Office 2003) illustrate the need to ensure that communities are notified.

Communications
The realisation of potential benefits from improved meteorological services relies not only on getting the right
message to users but to ensure that they respond appropriately. Post disaster assessments conducted by
SOPAC in 2009 recognised that some members of the community interviewed following the 2009 floods felt
that they did not fully understand the flood warnings issued to the public (Holland 2009). Some agencies in the
Solomon Islands also recommended attention be paid to communications to ensure optimal response to severe
weather warnings.
8
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As examples of area for consideration, the Solomon Islands Ministry of Agriculture considered that benefits
might be achieved from:
•

Re-packaging weather bulletins such that observations of rainfall might use more local terms and be
accompanied by statement such as whether this rainfall might ‘wash out’ farming areas or whether
families might, in certain geographic locations (as opposed to general ‘low lying land’), need to consider
relocating.

•

Providing training by the Meteorological service on how to understand cropping calendars to inform
production planning (planting, etc.) Although these already exist, the Ministry observed that it does not
understand how best to use these.

•

Providing training to the community and sector groups on how to access and interpret tide maps (and
other hazard maps from agencies such as the NDMO). These items are already publically available but
there may be limited understanding by government officers and the public on how to use them.

Demonstration of benefits
Consultations conducted with NMSs in Fiji and the Solomon Islands reveal that neither of the agencies presently
monitor the accuracy of their forecasts (hits and misses – see Annex 1 as an example). This is likely to be an
impediment to convincing the public and productive sectors to respond to warnings of severe events, especially
where meteorological services have in the past been criticised. Assessment of accuracy of flood warnings per
se is likely to require thought given that NMSs are not actually mandated to provide flood warnings or analyse
ground conditions.
Both the Solomon Islands and Fiji NMS acknowledge the value of monitoring and verifying prediction, alerts and
warnings at some point in the future. The Fiji NMS also expressed interest in increasing their ability to monitor
predicted lightning. In this case, specialised equipment would need to be located in place to record the event.
As things stand, staff time required to monitor and verify the accuracy of weather predictions by NMS is likely to
be a constraining factor. Chapman et al. (2010) also observe in their review of regional meteorological services
that resources are an ongoing challenge for agencies. It is therefore probable that verification of predictions is
unlikely to commence imminently.

Gaps for the NMSs
Consultations with the Solomon Islands and Fiji NMS, as part of this project, reinforced findings by the regional
meteorological service review (Chapman et al. 2010) that staffing is a key constraint to the scope to which NMSs
can continue to absorb and deliver functions. Both agencies are keen to have more trained staff operating (such
as WMO Class 1 forecasters) and there was interest in ongoing training in the use of SWFDDP products to
ensure that new staff remained up-to-date.
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I	BROADER ISSUES
Disaster management protocols within ministries
Not all sectors have disaster risk management protocols for how to respond in the event of a severe weather
bulletin. This is an issue since many government buildings are exposed to storms and cyclones (threats to
roofing and assets) but with little guidance to staff for how to prepare other than their good sense. In the Solomon
Islands, the Ministry of Education is in the process of developing a manual to be printed and trialled to guide
staff in the event of a severe weather warning. However, until this has been trialled and finalised, no procedures
exist for what institutions are meant to do in the face of, for example, an incoming storm. This then remains a
judgement call for teachers who must remain aware of local weather conditions. For other ministries (such as
health), no protocols exist (that staff consulted were aware of). There are likely to be considerable benefits from
NDMOs, NMSs and sector ministries working together to develop and share protocols and support sector drills
in preparation for severe weather events.

Resourcing of NMSs
The challenge of retaining qualified staff at NMSs in the Pacific has been observed and noted in the recent
review of regional meteorological services (Chapman et al. 2010). Opportunities to increase resources might be
found through increased charging of services. Private meteorological services already exist in the Pacific and
charge for specialised weather prediction (such as to inform planting cycles).
Consultations with private weather services in Fiji were conducted as part of this assessment to identify areas
for improvement in meteorological services in the future. The private weather service consulted for this study
was critical of the services provided by FMS on a number of issues although, given their interest in securing a
market niche for this work, this is hardly surprising.
If NMS extend charging systems for services, this activity would need to be considered in light of a recognised
minimum service delivered to the public and adequate resourcing of this while charging and delivering ‘extra’
services in a niche market. Given the need to deliver public services, there would likely remain an ongoing niche
for specialised weather prediction services for commercial operators (such as daily predictions for specific areas
and/or weather predictions to support agricultural planning) outside of the NMS.

Public attitudes
Consultations held with agencies revealed that, while the public are generally responsive to weather bulletins
(especially severe weather ones), there remains a tendency of some groups to simply wait until a flood or storm
actually happens before acting to protect their assets. There may be benefits in increased awareness work with
these communities (such as some farmers) to help them understand the extent of a threat, how it can impact
them and how it could be reduced.

Sector specific issues
The Ministry of Agriculture in the Solomon Islands raised the issue of extending the use of rainfall monitoring
stations further across the country in order to increase information to underpin agricultural production and
planning. Data of interest were not only rainfall but also temperature and humidity to support planting and
harvesting. Potentially, activity in this area could be an avenue for greater collaboration between hydrological
units and NMS.
The ministry also expressed enthusiasm for access to ongoing long time series weather data on areas previously
prone to flooding so that they could advise farmers whether not to plant in those areas or which kinds of
agriculture would be least costly to lose. In this case, there may be benefits in increased investment to enable
NMSs to resource training and awareness of meteorological services that would support this as well as to
operate more formally with the NDMOs to reduce risk to productive sectors in the case of a severe weather
event.
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ANNEX 1 SO WHAT WENT
WRONG?
So many people were caught unprepared one would think we were catapulted into the path of an event many have described
as “the tsunami from the mountains”.
As businesses and property owners return to see what damage the deluge has brought, questions emerge about whether
we are equipped to cope with devastations such as this. Some have gone even further to blame the weatherman, that the
warnings given were inadequate.
So was it really unexpected? And did we really not anticipate it?
The weather office said it had predicted a week of wild weather from as early as Wednesday. It sent out advisories that bad
weather was heading our way and that the situation would not change as another system was expected to affect the group
this Tuesday.
So what went wrong?
Some people, including businessmen said flood warnings were issued for low lying areas only.
They wondered why the “severe flood warning for all major rivers, streams and low lying areas” came out at about 9am Friday
morning, several hours after the sudden rise in floodwaters caused people to flee their homes.
Upon enquiries, a duty forecaster said flood warnings were the responsibility of the Hydrology Department.
When asked whether the advisories could have been strongly worded given that they had rainfall data, he said they needed
clearance from the Hydrology Department (who they claim was consulted on Thursday) to do this.
In reference to a memo that stated Fiji was experiencing a very active monsoonal surge, he agreed that the very large amount
of rain dumped over the past few days could be described as such ù as this event was common to the La Nina period which
was phasing out.
So, would our people have reacted differently had the term monsoon been used? Who knows?
The Water Authority of Fiji in the meantime has conceded that it was an arm of the government machinery, responsible for
issuing flood warnings.
Spokesman Maika Nagalu said flood level was monitored during the day on Thursday “during which time there was no
indication of flooding”.
The level at Nadi River remained at one metre throughout that day.
“Our critical level for the Nadi River is 4.5 metres which was not reached until this morning (Friday) when we sent the message
across,” he said.
“However, in view of the events of this morning (Friday) we will have to review our procedures so that we can issue an earlier
warning when the level reaches 4 metres instead of the 4.5 metres so that it can give more time for the Weather Office and
the NDMO to warn the public.”
So, do our people need more than marker poles in the water to avoid being caught out by swollen rivers?
Government itself, through permanent secretary of Provincial Development Colonel Inia Seruiratu has said government
recognised that this flooding was very different from January or even the flooding in 2009. He said about twice as much water
came in half as much time.
“Friday morning the jump in the river flow from the interior caught many off guard. Between 5am and 6am water flowing from
the interior almost doubled. This made response difficult,” he said.
So, are we well equipped to predict flood levels according to intense rainfall?
Are there enough signals to get people to react more quickly and save lives?
According to Commissioner Western Commander Joeli Cawaki, the answer is a resounding yes!
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He said firstly, people in the Western Division have adequate flood experience. Secondly, nasty weather in the days prior to
the flooding should have compelled people to take precautions.
“Move to higher ground as soon as indications are that flooding will occur. Safety is each individual’s responsibility. Do not wait
for the water to reach such a level that escape is not an option,” he said.
“We have been through a number of floods now and people should be aware of the signs or signals that indicate flooding
can or will occur. What we have seen is that people are so concerned about property that they disregard their safety and the
need to preserve life.
“By continuing to remain in their homes when floods occur, these individuals place the lives of rescuers at great risk when they
ask for evacuation at the eleventh hour.”
You have been warned.
Source: Wise (2012).
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