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A HURRICANE HITS HAWAIL
A TALE OF VULNERABILITY
TO NATURAL DISASTERS

MAKENA COFFMAN AND
ILAN NoOY*

Introduction

Hurricane Iniki, which hit the island of Kauai on
11 September 1992, was the strongest hurricane that
hit the Hawaiian Islands in recorded history, and the
one that wrought the most damage, estimated at
USD 7.4 billion (in 2008 USD) though fortunately
mortality was low. Today, with the evident warming
of the planet and the changes in the patterns of cli-
matic events that are predicted to accompany such
warming, the importance of understanding the long-
term economic impact of natural disasters cannot be
overstated.

Research in both the social and natural sciences has
been devoted to increasing our ability to predict dis-
asters and prepare for them; but curiously, there are
few analyses of their ex-post economic impact. We
were surprised to realize at the onset of this project,
for example, that no comprehensive or even cursory
attempt has been made to account for the long-term
impact of hurricane Iniki on the economy of the
island of Kauai; nor, as far as we know for any other
natural disaster that has previously impacted the
Hawaiian islands.

Here, we would like to focus on Iniki’s impact on the
economy of Kauai. Observing Iniki’s impact is easier
both because of the availability of ex post, long-term
data and because of the existence of an obvious con-
trol group (the island of Maui). Because Hawaii’s
experience with disasters is not in any way unique,
we first describe the current state of the literature
that examines the economics of disasters in small
island (mostly nation-) states, and discuss a recent
attempt by the United Nations to assess vulnerabili-
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ties to these disasters. We then assess the impact of
Iniki on the island of Kauai, and finish by describing
the current state of knowledge on the connection
between climate change and storms.

The economics of natural disasters

The economy of the State of Hawaii, with its unique
set of vulnerabilities, will most likely be impacted
differently by large disaster events than significantly
bigger countries. Storms, unlike geo-physical disas-
ters such as earthquakes and volcanic eruptions, are
fairly expected events with some advance warning,
even if their ferocity can be unpredictable. This level
of certainty, together with the resources that can be
mobilized both before and after a storm hits, also dif-
ferentiate Hawaii’s likely experience with that of, for
example, Japan’s experience with the surprise of the
Kobe earthquake or hurricane Nargis’ impact on
Myanmar where little ex ante preparation occurred.
(Several papers identify the importance of institu-
tional characteristics and the type of disaster in
determining the post-disaster outcomes in terms of
mortality, direct damages, and long-term economic
cost — see e.g. Skidmore and Toya 2002; Kahn 2004;
Anbarci et al. 2005; Noy and Nualsri 2007; Noy 2009;
Cavallo, Galiani, Noy and Pantano 2010.)

Two research projects have investigated the impact
of hurricanes on economies in the Caribbean. Given
similarities between island economies, these studies
are likely to provide more insight into the case of
Hawaii. Rasmussen (2004) conducts a tabulation of
the data for the island members of the Eastern
Caribbean Currency Union (ECCU). He finds that:
“among these [...] the median number of affected
persons amounted to 9 percent of the country’s pop-
ulation and the median value of damage was equiva-
lent to 14 percent of the country’s annual GDP”
(Rasmussen 2004, 7).1

1 Though, as Rasmussen (2004) points out, some events can be sig-
nificantly worse. “For example, in 1979 hurricane David hit
Dominica killing 42 people, damaging 95 percent [of GDP] and
completely destroying 12 percent of buildings, damaging or
destroying the entire banana crop and 75 percent of the country’s
forests, rendering virtually the entire population homeless, and
leading to the temporary exodus of about a quarter of the popula-
tion” (Rasmussen 2004, 7).
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Heger et al. (2008) also focus on Caribbean islands
(not limiting themselves to ECCU countries only).
Their results also do not agree with the earlier large-
ly optimistic research which concluded that disasters
are typically followed by a period of higher growth.
They find that as growth collapses, the fiscal and
trade deficits both deteriorate and the island
economies of the region find it difficult to rebound
from the short-run impact of the disaster. They relate
this deepening recession to the reliance of island
economies in the region on very few sectors.

Vulnerabilities to disasters

Regions are vulnerable to disasters for many reasons.
Besides traditionally conceived geographical charac-
teristics such as proximity to coastal areas, volcanoes
or tectonic fault lines, there is a growing understand-
ing of economic conditions that make regions vulner-
able as well. Economic circumstances may lead to
resiliency in the aftermath of a disaster or, alterna-
tively, exacerbate its impacts. Vulnerability has been
defined in many ways. The United Nations
International Strategy for Disaster Reductions
describes it as the conditions determined by physical,
social, economic and environmental factors or
processes, which increase the susceptibility of a com-
munity to the impacts of hazards. Resiliency, the
antonym of vulnerability, is described as the capacity
of a system, community or society potentially
exposed to hazards to adapt by resisting or changing
in order to reach and maintain an acceptable level of
functioning and structure (United Nations 2010).

Vulnerability (or conversely resiliency) to hazards
can be categorized both ex-ante and ex-post. Ex-ante
vulnerability is described by indicators such as fre-
quency and magnitude of disaster events, susceptibil-
ity of the economy to be impacted by external
shocks, and existence of disaster management plans
such as adequate shelters. Ex-post vulnerability is
characterized by the ability to recover from the
aftermath of a disaster. Relevant factors include suc-
cess in the deployment of disaster management
plans, access to inflows of outside aid, and the ability
of different economic sectors to rebound. For the
purposes of this note, and as a useful example, we
briefly discuss the economic characteristics of vul-
nerability in Hawaii.

Baritto (2008) assesses which factors can make an
economy sensitive to the impact of external shocks.

Because Hawaii is a State and not a country,
Baritto’s set of indicators do not necessarily trans-
late to the case of Hawaii. Nonetheless, the general
themes of his vulnerability assessment remain:
(1) diversification of export products and destina-
tions, (2) levels of wealth, (3) net food import ratio,
(4) manufacturing and services value-added propor-
tion, and (5) characteristics of imports. We briefly
discuss each in turn.

Regions with a large export sector will generally be
less vulnerable to disasters because the demand mar-
kets for products will presumably be unaffected. At
the same time, an economy with a less diversified set
of export products is generally more vulnerable to
external shocks. Hawaii has a very small manufac-
turing export base, with 2.4 percent of the value of
Hawaii’s USD 90.2 billion economy, roughly 2.2 bil-
lion US dollars. By far the largest export sector in the
state is tourism. Although tourism activities take
place within the State, goods and services are
‘exported’ to out-of-State consumers. Tourism, with
its heavy reliance on domestic infrastructure and
public perceptions, is different than other export sec-
tors in terms of its vulnerability to disasters. Tourism
activity typically decreases significantly following
disasters, as was the case after hurricane Iniki (see
next section). Hawaii’s tourism sector accounts for
22 percent of Hawaii’s state gross product or seven
times the value of all other exported goods. As is
often the case, this sector is not even diversified in
terms of destinations. Nearly 70 percent of visitor
expenditures are from the continental United States.
Japanese visitors comprise 15.5 percent of spending
and Canadian visitors only 5 percent.

Per capita income in Hawaii in 2007 was 39,239 US
dollars, which is relatively high for an island econo-
my. High income better enables reconstruction activ-
ity. Nonetheless, in terms of distribution, nearly
11 percent of the population is considered to be liv-
ing under the poverty line. The poor are generally
much more vulnerable during disasters, as the events
following hurricane Katrina amply and painfully
demonstrate.

Baritto (2008) also suggests that regions with high
levels of food imports are more vulnerable to disas-
ters, particularly depending on the infrastructure
required to bring in food. Over 85 percent of the
food consumed in Hawaii is imported through one
primary port (Leung and Loke 2008). This suggests




that Hawaii’s food ‘infrastruc-  Figure 1
ture’ may be quite vulnerable in
the case of disaster.
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man and Noy (2009). CRED- 0 D
EMDAT, the most comprehen- 1990 1992
sive and readily available inter-
national data source on natural
disasters, estimates that 4 people were killed, 25,000
were affected, and there was USD 7.4 billion (2008
USD) destruction of infrastructure and property.
According to the National Oceanic and Atmos-
pheric Administration (NOAA), 14,350 homes
were damaged or destroyed on Kauai, and electric
power and telephone service were lost throughout
the island and only 20 percent of the power had
been restored four weeks later. Crop damage was
likewise extensive.

Iniki was not the only hurricane to hit Kauai in the
past 50 years but the direct destruction that Iniki
wrought was unprecedented. These direct impacts,
however, do not necessarily represent the longer-run
indirect economic effects of the hurricane.
Distinguishing these long-term economic effects is,
however, not easy since Kauai, like the other
Hawaiian Islands, was hit at about the same time by
a prolonged and painful reces-

sion in Japan. The similarities

Figure 2
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(another Hawaiian island that

was not hit by the hurricane), Maui County
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Source: University of Hawaii Economic Research Organization (UHERO) database.

Japanese economy was suffering from the aftermath
of its real estate and stock market bubbles. However,
immediately after the hurricane, unemployment on
Kauai shot up to 17 percent. Maui, our control
group, also experiences a rise in unemployment as a
result of the Japanese financial crisis, but on Maui
unemployment peaked at only 9 percent. Clearly, the
drastic rise in unemployment was primarily due to
Iniki.

Maybe more striking is that it took Kauai seven
years for its labor market to recover to its previous
pre-Iniki unemployment rate of 7 percent (by that
time, Maui’s unemployment was less than 5 percent).
This pattern of a recovery that takes seven to eight
years, while evident in several other statistics, is also
misleading because there was a striking influx of res-
ident out-migration. Figure 2 presents population
figures for Kauai and Maui.

RESIDENT POPULATION OF KAUAI AND MAUI 1970 TO 2008

in thousands
Kauai County
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Source: University of Hawaii Economic Research Organization (UHERO) database.
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Figure 3
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Source: University of Hawaii Economic Research Organization (UHERO) database.

Both islands seem to follow a similar population tra-
jectory starting in 1970, with both experiencing a
very constant rate of population increase. However,
Kauai’s population trajectory shifts in 1992. For sev-
eral years after that (about seven to eight) the popu-
lation is constant, but the rate of population increase
after that is slower than before. Not only does Kauai
not recover the population it ‘lost’ as a result of the
hurricane, it has yet to return to its previous growth
rate. In that sense, Kauai seems to have permanent-
ly ‘lost” about 10 percent of its population. By com-
paring Kauai and Maui’s population trajectories, it
again becomes apparent that the changes in Kauai
were the result of Iniki since both were exposed to
the same external economic conditions beffeting the
islands during the 1990s.

Figure 3 examines the tourism sector in both islands
by looking at tourist arrival data for the years sur-
rounding the hurricane. The

tourism cycle seems to be highly

Figure 4
correlated between the two
islands, except for the seven to

eight years following Iniki.

enabled a quicker recovery

than otherwise would have

been the case. However, even

with this massive increase in
transfers to the state government (about 450 mil-
lion US dollars), the economy of Kauai only recov-
ered after nearly a decade, and by some measures
it had never recovered.

Climate change and natural disasters

The Intergovernmental Panel on Climate Change
(IPCC 2007) states that: ‘warming of the climate sys-
tem is unequivocal, as is now evident from observa-
tions of increases in global average air and ocean
temperatures, widespread melting of snow and ice
and rising global average sea level’. Average global
surface warming is projected to increase by between
1.8 and 4 degrees Celsius depending on the success
of emissions mitigation strategies by 2100 (IPCC
2007). The 2007 IPCC report predicts sea levels to

TRANSFER PAYMENTS FOR KAUAI AND MAUI 1969 TO 2007

in million US dollars

Maui County Kauai County
Immediately after the hurri- Gl o
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percent, with a temporary spike 600 450
up in tourist arrivals in Maui
when previously booked trips /
were re-directed to Maui facili- o0 500
ties. Kauai’s tourism based /W
economy only recovered almost 200 150
a decade later when tourist
arrivals climbed back up to pre- P e PN
Iniki numbers in 2000. This 1969 1973 1977 1981 1985 1989 1993 1997 2001 2005

number remained fairly cons-
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Source: University of Hawaii Economic Research Organization (UHERO) database.




rise between 0.18 and 0.59 meters by 2100. Current
predictions of global sea level rise are considerably
more drastic, however, as increased information on
glacial melting has become available since 2005. In
addition, the absorption of carbon in the ocean has
lead to increased acidity and has resulted in calcifi-
cation of coral reefs. Coral bleaching leads to
destruction of surrounding ecosystems, both harm-
ing fisheries and deteriorating reef systems that pro-
tect coastal areas from storm surges.

There is limited understanding on how global warm-
ing will affect hurricanes (or cyclones). There are five
necessary conditions for hurricane formation:
(1) ocean water temperature greater than 26 degrees
Celsius (80 degrees Fahrenheit) to a depth of about
fifty meters, (2) an unstable atmosphere (i.e. thun-
derstorm activity), (3) high relative humidity in the
middle troposphere, (4) a pre-existing disturbance
with cyclonic circulation, and (5) little to no change
in the wind speed or direction so that warm air is
concentrated over one area (Businger 2009). Several
studies posit that, as global sea surface temperatures
rise, there will either be more or more intense hurri-
canes (see e.g. Webster et al. 2005).

The science, however, is not entirely conclusive.
IPCC (2007) states that: ‘there is observational evi-
dence of an increase in intense tropical cyclone
activity in the North Atlantic since about 1970, with
limited evidence of increases elsewhere. There is no
clear trend in the annual numbers of tropical
cyclones. It is difficult to ascertain longer-term trends
in cyclone activity, particularly prior to 1970 (IPCC
2007). Elsner et al. (2008) suggested that warming
temperatures allowed for already strong storms to
get even stronger; while there may not necessarily be
an increased occurrence of storms, there will be an
increased occurrence of strong storms. Islands are
extremely vulnerable to the expected (and often
already occurring) effects of climate change. Sea
level rise will exacerbate inundation, storm surge,
erosion and other coastal hazards (IPCC Working
Group II 2007).

Conclusion

Islands are vulnerable to effects of climate change
with very high confidence (IPCC Working Group 11
2007). This assessment is based not, however, only on
the physical implications of climate change on island
ecosystems (proportionately larger coastal areas,
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dependence on ocean ecosystems, and limited fresh
water availability), but also on the economic condi-
tions of islands (tourism dependence, narrow export
markets, large import base and limited agricultural
production). As the case of Iniki shows, high depen-
dence on tourism made Kauai particularly vulnera-
ble in the aftermath of the storm. It was difficult for
Kauai’s economy to rebound quickly as it immedi-
ately lost its primary export and income generator:
visitors. Kauai did not regain its previous levels of
visitor arrivals until 2000, eight years after Iniki hit.
That resulted in out-migration of Kauai residents
from which the island has never fully recovered.

References

Anbarci, N., M. Escaleras and C. A. Register (2005), “Earthquake
Fatalities: The Interaction of Nature and Political Economy”,
Journal of Public Economics 89,1907-1933.

Benson, C. and J. C. Edward (2004), Understanding the Economic
and Financial Impacts of Natural Disasters, World Bank Disaster
Risk Management Series 4.

Businger, S. (2009), Hurricanes in Hawaii, Poster Developed for the
Hurricanes and Extreme Weather Phenomena Symposium,
http://www.soest.hawaii.edu/MET/Faculty/businger/poster/hurricane.

Cavallo, E., S. Galiani, I. Noy and J. Pantano (2009), Disasters and
Institutions, mimeo.

Coffman, M. and I. Noy (2009), Hurricane Iniki: Measuring the
Long-term Economic Impact of a Natural Disaster Using Synthetic
Control, University of Hawaii Economics Working Paper 09-05.

Cuaresma, J. C., J. Hlouskova and M. Obersteiner (2008), “Natural
Disasters as Creative Destruction? Evidence from Developing
Countries”, Economic Inquiry 46,214-226.

Elsner, J.,J. Kossin and T. Jagger (2008), “The Increasing Intensity of
the Strongest Tropical Cyclones”, Nature 455, 92-95.

Heger, M., A. Julca and O. Paddison (2008), Analysing the Impact of
Natural Hazards in Small Economies: The Caribbean Case,
UNU/WIDER Research Paper 2008/25.

Intergovernmental Panel on Climate Change (IPCC,2007), Climate
Change: The Physical Science Basis, Geneva: IPCC.

IPCC Working Group II (2007), “Summary for Policymakers”, in:
Parry, M. L., O.F. Canziani, J. P. Palutikof, P. J. van der Linden and C.
E. Hanson (eds.), Climate Change 2007: Impacts, Adaptation and
Vulnerability”, Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate
Change, Cambridge: Cambridge University Press, 7-22.

Kahn, M. E. (2004), “The Death Toll from Natural Disasters: The
Role of Income, Geography, and Institutions”, Review of Economics
and Statistics 87,271-284.

Landsea, C.W., B. A. Harper, K. Hoarau and J. A. Knaff (2006), “Can
We Detect Trends in Extreme Tropical Cyclones?” Science 313,
452-454.

Leung, P. and M. Loke (2008), Economic Impacts of Increasing
Hawaii’s Food Self-Sufficiency, mimeo.

Noy, I. (2009), “The Macroeconomic Consequences of Disasters”,
Journal of Development Economics 88,221-231.

Noy, I. and A. Nualsri (2007), What Do Exogenous Shocks Tell Us
about Growth Theories?, University of Hawaii Working Paper 07-28.

Perrow, C. (2007), The Next Catastrophe: Reducing Our
Vulnerabilities to Natural, Industrial, and Terrorist Disasters,
Princeton: Princeton University Press.

Raschky, P. A. (2008), “Institutions and the Losses from Natural
Disasters”, Natural Hazards Earth Systems Science 8, 627-634.

CESifo Forum 2/2010




Rasmussen, T. N. (2004), Macroeconomic Implications of Natural
Disasters in the Caribbean, IMF Working Paper WP/04/224.

Skidmore, M. and H. Toya (2002), “Do Natural Disasters Promote
Long-Run Growth?”, Economic Inquiry 40, 664—-687.

United Nations (2010), Terminology of Disaster Risk Reduction,
http://www.unisdr.org/eng/library/lib-terminology-eng %20home.
htm.

Webster, P. I, G. J. Holland, J. A. Curry and H. R. Chang (2005),

“Changes in Tropical Cyclone Number, Duration, and Intensity”,
Science 309, 1844-1846.

CESifo Forum 2/2010 72





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


