CHAPTER 3:
Hazard Identification

3.0 Introduction to Hazards in Kaua‘i County

To identify hazards and associated risks that affect Kaua‘i County, and to understand the impact
of the hazards, it is essential to consider the assets and features of Kaua'i County that
encourage its citizens to protect and preserve their island. A review of the geography and
topography of the island, as illustrated in Chapter 3 appendix showing Countywide and local
hazard maps, provide a better understanding of where hazards overlay with people, places and
assets, and what types of risk and problems may result.

Kaua‘i County determined the following hazards to be included in this 2015 Plan Update:
e Hurricanes and Strong Winds

e Floods
e Drought
e Wildfire

e Coastal Erosion

e Climate Variability and Change

e Earthquake

e Tsunami

e Llandslide

e Dam Failure

e Hazardous Materials

e Homeland Security and Terrorism
e Health-related Hazards

In the approved 2010 plan, Kaua‘i County added climate change and dam failure hazards, as
well as the hazardous materials, homeland security and terrorism and health-related hazards to
maintain consistency with the State of Hawai‘i Multi-Hazard Mitigation Plan. Inclusion of the
new hazards, especially climate change and dam failure, coincided with disaster events and
concern by State organizations that required participation in assessments, research, and
mitigation actions, and the Governors, Adjutant General of Civil Defense, and Mayor’s Office
participated in specific committees to deal with these hazards. Furthermore, the County
included volcanic and airborne hazards to remain consistent with the State of Hawai‘i Multi-
Hazard Mitigation Plan, but since the County does not have an active lava flow and has airborne
impacts from Hawaii Island when winds shift, but not enough documented evidence to
demonstrate that the impacts are significant enough to be considered a hazard in Kauai, and
the mitigation actions involve warning the public who may be affected by “vog” and respiratory
iliness, it has not been included in the 2015 Plan Update, but this change is documented in case
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it becomes of greater concern as more data is gathered and evidence to support the
significance to Kaua‘i becomes available in the future.

3.0.1 Hazards Impacting Kaua‘i, 2009-2015

The National Weather Service Pacific Regional Headquarters lists some weather-related hazard
events that have occurred since 2003 (http://www.prh.noaa.gov/hnl/pages/events.php ;
http://www.ncdc.noaa.gov/stormevents/ and
http://www.ncdc.noaa.gov/stormevents/choosedates.jsp?statefips=15%2CHAWAI'I) which
have impacted Kaua‘i, however the data is not comprehensive. Upon a review of these
resources, multiple Kaua‘i County Annual reports, and KCDA disaster and emergency response
audits, such events impacting Kaua'i since the last plan update are summarized in the following
sections. All updated Hazard Maps for this Plan Update are located in the Chapter 3 Appendix.

March 2012 Flood Disaster Declaration.

Hawai’i — Severe Storms, Flooding, and Landslides: FEMA-4062-DR

Declared April 18, 2012

Per the FEMA-4062-DR report: “on April 4, 2012, Governor Neil Abercrombie requested a major
disaster declaration due to severe storms, flooding, and landslides during the period of March
3-11, 2012. The Governor requested a declaration for Public Assistance for Kaua'i County and
Hazard Mitigation statewide. During the period of March 27-30, 2012, joint federal, state, and
local government Preliminary Damage Assessments (PDAs) were conducted in the requested
county and are summarized below. PDAs estimate damages immediately after an event and are
considered, along with several other factors, in determining whether a disaster is of such
severity and magnitude that effective response is beyond the capabilities of the state and the
affected local governments, and that Federal assistance is necessary.

On April 18, 2012, President Obama declared that a major disaster exists in the State of Hawai'i.
This declaration made Public Assistance requested by the Governor available to state and
eligible local governments and certain private nonprofit organizations on a cost-sharing basis
for emergency work and the repair or replacement of facilities damaged by the severe storms,
flooding, and landslides in Kaua'i County. This declaration also made Hazard Mitigation Grant
Program assistance requested by the Governor available for hazard mitigation measures
statewide” (http://www.fema.gov/media-library-data/20130726-1840-25045-

3459/dhs ocfo pda report fema 4062 dr hi.pdf).

The following is a summary of the types of Public Assistance that arose due to this flood
event:
e Primary Impact: Damage to roads and bridges

e Total Public Assistance cost estimate: $2,235,053
e Statewide per capita impact: $71.64
e Statewide per capita impact indicator: $81.35
e Countywide per capita impact: Kaua'i County ($31.15)
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e Countywide per capita impact indicator: $93.39

The Public assistance Disaster Grants that arose from this disaster included the following:
PDE002 NO. 05-0 Police Cruiser FEMA-

PWCO003 NO. 043-0 Replace Road FEMA-

PWCO006 NO. 17-0 Restore Embankment FEMA
PWCO007 NO. 049-0 Repair Road FEMA--

PWC012 NO. 48-0 FEMA Disaster

PWEO017 NO. 003-0 Roof Civic Center FEMA-
PWEO019 NO. 039-0 Photovoltaic FEMA-

Parks and Recreation 03/2012 FEMA

STORM#1 Eligible Projects/Expenses FEMA-
STORM#1 Administrative Fees FEMA-

PW Debris Removal/Protective Measure FEMA
PWC008 NO. 024-0 Resotre Road FEMA-4062-DR-HI

Hurricane Iselle, August 2014.

Kaua'i County escaped damages from three hurricanes: Iselle (August 2014), Ana and Julio (October
2014), however Hawai'i County endured significant damage in many communities from Hurricane Iselle,
resulting in a disaster declaration for the State, and in particular Hawai'i County.

3.0.2 Additional Hazards

Even though many of the hazard events described in the following sections, including three
tsunami events in 2010, 2011 and 2012, never resulted in disaster declarations, these events
caused damages, and there were costs associated with tasking additional personnel to monitor
these events and issue warnings. There were also costs to residents, government agencies and
departments, and business owners that had assets which received minor to major damages,
and associated recovery time from days to months. These reported events are all climate
anomalies, which may become more frequent with climate change.

Technological and human-induced hazards were not the original focus of this mitigation plan;
however, they are included because such hazards are relevant and important to consider in
mitigation planning, and they can occur simultaneously with any natural hazard, with
exacerbated impacts. As such, the assets (Chapter 4) and the mitigation (Chapters 6 & 7)
chapters review agencies and organizations in place to deal with hazardous materials. Some
information on Homeland Security has also been included since any terrorist threat combined
with a natural hazard would be more devastating. Planning for any hazard cannot occur in
isolation. Detailed plans for all the human-induced hazards have been prepared by agencies
with specific oversight. Because of the sensitive nature of this data, specific details have not
been made public, but are available to those with direct responsibility for managing these types
of hazards.
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The hazards discussed in this section are those that come from Kaua'i’s involvement with the
Hawai'i State Hazard Mitigation Forum. These were identified as being the most critical for the
state, and some have lesser degrees of severity on some islands. Kaua'i County is not as
affected by earthquakes; however, these hazards are included because there may be some
impact on potential tsunami as a result of tsunami or volcanic activity down the island chain.

3.1 Hurricanes and Strong Winds
Hurricanes, tropical storms, and typhoons are collectively known as tropical cyclones in the
Pacific. They are among the most devastating, naturally occurring hazards in the United States
and its territories. Tropical cyclones are classified as follows:

Hurricane - An intense tropical weather system with a well-defined circulation and maximum

sustained winds of 74 mph (64 knots) or higher. In the western Pacific, hurricanes are called
"typhoons." Similar storms in the Indian Ocean are called "cyclones."

Tropical Storm - An organized system of strong thunderstorms with a defined circulation and
maximum sustained winds of 39 to 73 mph (34-63 knots).

Tropical Depression - An organized system of clouds and thunderstorms with defined circulation and
maximum sustained winds of 38 mph (33 knots) or less.

Table 3-1. Saffir-Simpson Hurricane Scale.

CATEGORY SUSTAINED WINDS (mph) DAMAGE DEGREE
1 74-95 Minimal
2 96-110 Moderate
3 111-130 Extensive
4 131-155 Extreme
5 >155 Catastrophic

3.1.1 Hurricane-related Damage

Storm surge, rain, and wind cause most of the damage associated with hurricanes. - Storm
surge floods and erodes coastal areas, salinizes land and groundwater, contaminates the water
supply, causes agricultural losses, results in loss of life, and damages structures and
infrastructure. Rain damages structures, infrastructure, and agriculture and results in loss of
life. Hawai'i's topography focuses the rains on mountain slopes, causing flash flood and
landslides. Strong winds can result in loss of life, create tremendous amounts of debris (which
impact utilities and transportation), cause agricultural losses, and destroy lightly constructed
buildings (e.g., tofu-block houses).

3.1.2 History of Strong Winds in Kaua'i

Kaua'i has experienced exceptionally strong trade wind events, winter Kona storms, and passing
tropical storms and hurricanes (see Table 3-4). Occasionally, trade winds strengthen to between
25-40 mph for several days. Strong winds associated with winter Kona storms can reach great
velocities. Passing tropical storms and hurricanes and have been reported at over 100 mph.

Often, winds accelerate as they descend from the mountains to the coastal plain. In many
instances, the highest recorded gusts associated with passing storms have occurred on the side

County of Kaua'i Multi-Hazard Mitigation & Resilience Plan, 2015 Update 3-4



of the island opposite the storm's approach as winds burst in downdrafts across ridge crests
from the steep pali (cliffs) to the coast below.

On Kaua'i, numerous high wind events have affected the entire island, and many were
associated with passing storms. Hurricanes Dot (1959), Iwa (1982), and Iniki (1992) were
exceptionally damaging. Hurricane Dot packed sustained winds of 75 mph with gusts of 165
mph as it passed directly over Kaua'i. Winds and flooding led to $5.5-6 million in agricultural
losses and hundreds of houses and trees were damaged.

Hurricanes lwa and Iniki both produced high waves ranging 20-30 feet and winds over 125 mph.
Although Hurricane Iwa passed to the northwest of Kaua'i, the high surf it produced, combined
with a 5-6 foot storm surge, flooded 600 feet inland in areas between Kekaha and Poipu and
caused $312 million in damage. Ironically, despite the massive flooding and wind damage to
the Poipu area, redevelopment following Iwa occurred in precisely the same location, only to
be devastated 10 years later by Hurricane Iniki. Today, these same areas are once again
densely developed, although decisions were made by some developers to put the golf courses
closer to the shoreline and increase the setbacks for building development.

On September 11, 1992, Hurricane Iniki, the strongest and most destructive hurricane to hit the
Hawaiian Islands, made landfall just west of Port Allen on Kaua'i 's south shore. Iniki's winds
were sustained at 130 mph and gusts topped 160 mph. Winds and waves destroyed 1,421
houses and caused minor to heavy damage to some 13,000.

Table 3-2: History of Hurricanes and Strong Winds in Kaua'i

Date | Description
West Kaua’i
1949 Jan15-17 Waimea
1950 Jan 11 High wind
1950 Augl4 Hurricane Hiki, winds of 68mph
1957 Sep1-17 Hurricane Della, winds of 52mph
1957 Nov 30-Dec 1 Hurricane Nina, winds of 92mph
1959 Aug 4-7 Hurricane Dot, 138 mph
1967 Nov 2-11 Strong Winds to 100 mph
1967 Nov 24-27 Gusts to 85 mph
1967 Dec 16-18 Strong, gusty, southerly winds
1968 Nov 28 Gale winds,63 mph
1971 Jan5 High winds
1975 Jan 30-31 Strong winds
1980 Jan 8-11 Storm
1982 Feb 11 Strong wind
1982 Aug 16 Hurricane Kristy
1982 Nov 23 Hurricane Iwa
1982 Dec 18-19 Strong winds
1983 Aug 3 TS Gil, 55mph
1983 Dec 24-26 High winds
1984 Mar 1-2 Strong winds, gusts
1984 Dec 24-25 Kona storm
1986 Feb 21 Strong winds, gusts 30-40 mph
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1987 Dec 11-19

Kona storm

1989 Mar 1-4 Storm

1991 Jan 21 Storm

1992 Sept 11 Hurricane Iniki, winds, gusts to160mph
1993 Mar 14 Strong, gusty winds 50-70 mph

1993 Dec 4-6 Strong trade winds 60-80mph

1997 Jan 27-28

Strong gusty winds 60mph

Southwest Shore

- Waterspouts, funnel clouds frequent

1914 Aug 26 High SW wind

1956 Jan 11-12 High SW wind at Kekaha

1969 Jan 5 Wind storm, gusts to 92mph at Barking Sands

1980 Jan 8-10 Storm, gust to 57mph

1982 Nov 23 Hurricane Iwa, winds 53 mph, gusts to 93 mph at Barking

Sands

1992 Sept 11

Hurricane Iniki, winds 69 mph, gust to 100 mph at Barking
Sands

1997 Jan 28

Thunderstorm, gust to 75 mph

2008 Dec 13

Tornado, water spout

South Shore - Waterspouts common

1967 Nov 2-11

Strong winds, 100 mph

1967 Dec 17 Windstorm/ tornado

1971 Dec 18 Waterspout/ tornado

1980 Dec 8-10 Storm, 62mph at Lihue airport

1982  Nov 23 Hurricane Iwa, winds 63mph, gusts to 85mph at Lihue airport

1992  Sep 11 Hurricane Iniki, winds 81mph, gusts to 143 mph at
Makahuena Point

1997 Jan 28 Thunderstorm, gusts to 53mph

East Shore - Waterspouts and funnel clouds frequent

1945 Apr 9 Tornado

1978 Feb 3 High SW winds

1980 Jan 8-10 Storm

1982 Nov 23 Hurricane Iwa, winds 65mph, gusts to85mph

1983 Aug 3 TS Gill, winds 97mph, gust to 129mph at Lihue airport

1986 Dec 5 Gusts up to 50mph

1992 Sep 11 Hurricane Iniki, winds 97mph, gusts to 129 mph at Lihue
airport

1997 Jan 2-3 Southwest, 60 mph

1997 Jan 27 Strong gusty winds 60mph

2005 Jan 8-9 Severe Storms; Strong wind gusts

North Shore

1980 Jan 8-10

Storm

1982 Nov 23

Hurricane Iwa, sustained winds 70-80mph at Princeville

1984 Jan 17

Strong winds

1996 Dec 26-27

Strong winds, gusts to 75mph

Island-wide

2007 Dec. 7

High Winds and Flooding Rains December 4-11, 2007. Flash flooding
island-wide, although winds were generally strong across the state,
downslope zones of northeast Kaua'i experienced the highest gusts

in the 60-70 mph range.
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2008 Dec. 10-14 | High Winds and Flooding Rains

Source: National Weather Service 2009; Fletcher Ill, Charles H., E. Grossman, B. Richmond, A.E. Gibbs. 2002. Atlas
of Natural Hazards in the Hawaiian Coastal Zone. US Department of the Interior US Geological Survey.
CD-ROM. http://geopubs.wr.usgs.gov/I-map/i2761/; And NOAA
http://www.prh.noaa.gov/hnl/pages/events.php)

Figure 3-1. Damage States Mapped by Individual Parcel.
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Source: Chock, Gary of Martin & Chock. Air Survey Hawai'i post-hurricane photography was acquired, scanned, and
georeferenced in GIS Damage and Occupancy categorized geocoded parcels were overlaid with the aerial photography for
additional verification of damage.
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Figure 3-2. Slide Showing Construction Materials Comparison for Hurricane Damage.
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Source: Chock, Gary of Martin & Chock. Modeling of Topographic Effects on Hurricane Wind Speeds and Hurricane Damage to
Building Construction Types in Hawai'i.

3.2 Flood Hazards

Floods hazards can be short or long-term events and are defined as an inundation of land from
excess rainfall, storm surges, high tide wave action, unmanaged drainage systems, or sea level
rise. Flood problems exist where development has encroached into floodplains, including
wetlands, marshes and beach tidal zones. The distinction between a flood and "flash-flood" is
usually determined by the amount of warning (less than six hours for a flash-flood) that
affected areas might receive prior to the flood conditions.

Flash floods may trigger hazardous events such as landslides, structural bridge failures, and other
threatening conditions. Rainfall intensity and duration are the primary source of flash floods. Intensity is
the rate of rainfall, and duration is how long the rain lasts. Other factors include topography, soil
conditions, and ground cover.

Dam Failure due to human-caused and natural events is another potential cause of flash flood that is
especially dangerous due to the sudden release of the impounded water.

Floods Hurricanes and earthquakes can cause flood conditions such as "storm surge" or tsunami.
There are also floods that have characteristics associated with the geographic areas they are in,
such as river, coastal and urban flooding.

River Floods in Kaua'i are usually triggered by hurricane or tropical storm rains.

Coastal Floods are caused by winds generated from tropical storms and hurricanes or intense
offshore low-pressure systems that can drive ocean water inland and cause significant flooding.

Urban Floods are triggered when storm and sewage drainage systems are malfunctioning or lack
the capacity to effectively drain large, sudden amounts of water.
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3.2.1 Flood Advisories
The National Weather Service uses specific words when they issue alerts to the public about
dangerous flood-related conditions.

® Flash flood watch: A flash flood is possible in the area. Stay alert.
® Flash flood warning: A flash flood is imminent or occurring; take immediate action.

® Urban and small stream advisory: Flooding of small streams, streets, urban storm drains, and
low-lying areas.
3.2.2 Flood Risk in Kaua'i
Stream flooding on Kaua'i is characterized by numerous flash floods as well as prolonged
flooding associated with slowly passing rainstorms that saturate the soils. Kaua'i, famous as one
of the wettest places on Earth, receives between 20 and 80 inches of annual rainfall along the
coast and more than 400 inches at the higher elevations of Mt. Wai'ale'ale.

Flash floods resulting from a storm on December 14, 1991 that dropped over 20 inches of rain
in 12 hours over Anahola, caused five deaths, intense flooding, bank failures, erosion, and
slides, totaling more than $5 million in property damages. During recent recorded history, such
events are not uncommon. On January 24-25 1956, 42 inches of rain fell in 30 hours on the
northeast side of Kaua'i leading to 10 feet of floodwaters in the streams between Kilauea and
Anahola. The Hanalei River, which most directly drains the wettest region of Mt. Wai'ale'ale,
overflows its banks at the coast nearly every year.

Dam failures can occur anywhere there is a dam. The threat from dam failures increases as
existing dams get older and more are being built for retention basins and amenity ponds in new
developments. Many are on smaller streams that are not mapped as floodplains or subject to
floodplain regulations. Even when the stream is mapped, the floodplain is usually not based on
a dam breach inundation map, leaving downstream residents unaware of the potential dangers.

Some events are considerably more damaging than others, for example, November 1955,
January 1956, April 1994, and September 1996. In September of 1996 for instance, 9 inches of
rain were recorded in 12 hours along the coast, and an uncertain amount fell in the uplands.
This event led to flooding of Hanalei town and temporary closure of the Hanalei Bridge, the
residents' sole access to the rest of the island. In the western portion of Kaua'i, the flooding
hazard is primarily due to overland flows, especially after storms. Waimea River, for example,
has a long record of flooding dating back to 1916 and includes numerous occasions where its
channels overflowed after storm-fed precipitation in Waimea Canyon above.

There have been several flooding events in recent years. Heavy rainfall in October 31 to
November 2, 2006 across much of Hawai‘i during the period was the result of two systems. The
first being left over moisture from an old front that pooled along the windward sides of the
islands. The light easterly wind flow helped push the moisture over windward sections of the
islands, resulting in some showers on October 30. By October 31, the destabilized further as an
upper level trough of low pressure moved toward Hawai'i. The more unstable conditions
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resulted in locally heavy rainfall that persisted into the afternoon hours of November 1. Rainfall
amounts during the period were quite large, especially along windward sections of Kaua‘i and
O‘ahu, with some locations receiving well over 15 inches of rainfall. Some locations received
over 3 inches in just a matter of 1 or 2 hours. The excessive rains produced flooding over
portions of windward Kaua‘i. Earlier in the year, during the unprecedented extended wet
period across Hawai‘i (Feb 19 to April 2), several location in Kaua‘i experienced flashflood and
overflow of streams. The challenge to mitigating the hazard due to stream flooding is in large
part one of obtaining adequate warning in the case of flash floods and in improving plans for
development in areas of known historical flooding.

3.2.3 Flood Loss in Kaua'i

According to the Department of Land and Natural Resources, floods from tsunamis, hurricanes,
and rainstorms caused more than 350 deaths, and over $82 million in property damage, from
about 1860 until 1962. Damage from floods from 1963 through 1982 total about $395 million.
From January 1983 to 2015, nineteen deaths have been attributed to flooding. The 1987 New
Year’s Flood caused an estimated $35 million in damage. Floods in March 1991 resulted in
damage estimated at $10-$15 million. In December 1991, floods damaged an estimated $7
million in property. The spate of flooding from 2006-2009 listed in the introduction section
demonstrates significant property loss can costs to homeowners. The most severe, however,
occurred in 2006 with a dam breach where seven lives were lost in the Kilauea community. The
flood events of March 2012 were responsible for $2,235,053 in Public Assistance costs resulting
from damaged roads and bridges (FEMA-4062-DR).

Table 3-3. Kaua‘i Stream Flooding

Island wide stream flood because of heavy rains

Date(s) of Event Hazard Type & Impacts
1963 Apr 15
1968 Nov 28 24" in 24 hours
1972 Apr 15
1974 Apr 19 10” rain
1975 Jan 30-31
1978 Oct 30-31 8.5” in 4 hours
1980 June 16
1981 Aug 3-4 5-10” rain
1981 Dec 25-26 Up to 12” in 24 hours
1982 Feb 11
1982 Oct 26-30 15-20” in 5 days
1982 Dec 23-25 3-5” rain
1986 Nov 10-11 Flash flooding
1987 Oct 15 Flash flooding
1987 Nov 4 Flash flooding
1988 Jan 28-29 10” rain
1988 Aug 2-11
1989 Jan 10-12 Flash flooding
1989 Apr 24
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1990 Nov 20

1992 Feb 13-14

1993 July 21-23

Flooding Hurricane Dora

2003 Nov 29 - Dec 8

Up to 27.10” rain

2004 Aug 3-4

Up to 8.02” rain due to remnants of Darby

2005 Jan 8-9

Island-wide flood

2006 Feb 19 - April 2

Up to 138.79” rain

2006 Oct 31- Nov 2

Up to 10.9” rain

2008 Dec 31 Flooding

Western Watershed

Flooding primarily due to overland flow

1963 April 15 2-3 feet

1969 Jan 5

1975 Dec 1 Kekaha
Wainiha/Lumahai

Since 1956 6 damaging floods of 2-3 feet

1956 Feb 40,00cfs, 20’ in 24 hours
1968 Nov/Dec 15” in 24 hours

1971 April 6-7

1974 April 19 10” rain at Wainiha
1975 Jan 30-31 Wainiha

1978 Jun 7 16.2” in 2 days at Hanakapai Stream

1981 Oct 27-28

Wainiha River

1986 Nov 10-11

Lumahai River

1989 Jul 22-23

Wainiha

Hanalei/Waioli, Waipa Streams

1868, 1877, 1885, 1905, 1921, 1948, 1952, 1963

serious floods

1893 Feb 14

Flash flood, Kilauea Stream

1946-1963

5 damaging floods

1955 Nov 11-12

26.1” rain, 8 ft. flooding

1956 Jan 24-25

7 ft 44,900 cfs

1967 Dec9

Hanalei River

1971 Apr 6-7

5ft at Hanalei River

1975 Jan 30-31

Hanalei

1981 Oct 27-28

Hanalei River

1982 Dec 6-7

1986 Aug 11

Hanalei River

1988 Aug 4-11

1989 Jul22-23

1990 Nov16-17

1994 Apr 12-13

10” Flash flood, mudslide

1996 Sep 7 9”in 12 hrs, Hanalei bridge closed
2005 Sept 14 Flash flood

2005 Oct 01 Hanalei

2007 Nov 28 Flooding, Hanalei

2007 Dec 05 Flash flood, Princeville

2008 Feb 03-04 Princeville

2008 Dec 31 Princeville

2009 Mar 09 Princeville

2012 March 3 days Flooding, landslides, Hanalei, Waipa, Waioli, Ha'ena
Kahiliwai/ Anahola

1914 Sept 2 ft at Anahola Stream
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1932 Feb

Anahola Stream

1948 Apr 1 Anahola Stream

1956 Jan 24-25 42”in 30 hrs, 10 flooding at Kalihiwai, Aiani, Kilauea
1964 Dec Anahola Stream

1965 May Anahola Stream, 6ft overland flows
1968 Nov 28 24” in 24 hours at Anahola Stream
1990 Nov 16-17 15” rain

1991 Dec 14 20” in 12hrs at Anahola Stream

1992 Feb 13-14 Anahola Stream

1993 Oct 2 3-6” rain flash flood

1994 Apr 13 Heavy rain, flash flood

2012 March 3 days Flooding, landslides, Kalihiwae
Kapa‘a Stream, Wailua River

1916 Jan 7 Flash flood

1920 Jan Wailua River

1940 May 13-14

Wailua River

1955 Nov 11-12

Kapa’a Stream, Wailua River 85,000cfs

1956 Jan 24-25

Kapa’a Stream, Wailua River

1963 Apr 15 Wailua River
1965 Apr Kapa’a Stream
1967 May Kapa’a Stream, 5ft

1967 Nov 24-27

Wailua River

1968 Dec 29-31

Kapa’a Stream, 12,800 cfs, 7ft, 15-20” in 24 hours

1975 Jan 30-31

Wailua River

1981 Oct 27-28 Wailua River

1991 Dec 14 Kapa'a, flash flood

2006 Mar Wailua

2006 Mar 10 Lihue

2008 Oct 28 Kapa’a, Wailua Homesteads

2012 March 3 days Flooding, landslides, Kapa'a

Hanamaulu, Nawiliwili, Huleia Streams
Flooding is primarily due to runoff/overland flows

1965 Aug 2

4.5” in 1 hour at Hanamaulu Stream

1968 Dec 5

10ft at Hanamaulu, Nawiliwili, Huleia Streams

1975 Jan 30-31

Nawiliwili Stream

1978 Oct 30-31

8.5” in 24 hours at Nawiliwili Stream

Koloa/ Poipu
Flooding is due to overland flow

1954, 1955, 1957, 1963, thrice 1965, 1968

Major floods

1965 Aug 13 Poipu

1972 Apr 15 Poipu

1989 Aug 20-21 Flash flood, Poipu
2006 Feb 21 Koloa

Hanapepe River, Waihiawa Stream, Kalaheo Gulch

1879 Jan Hanapepe

1924-1959 11 damaging floods at Hanapepe River
1949 Dec 17 Flash flood, 4-5 ft at Hanapepe
1963 Apr 15 5-6 ft at Hanapepe River

1967 Nov 24-27

Hanapepe River

1968 Dec 29-31

3-4 ft at Hanapepe

1975 Jan 30-31

2006 Mar 26

Hanapepe FEMA Flood Insurance Rate Map Definitions
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2008 Dec 13

Ele'ele

Makaweli, Waimea
Flooding is due to overland flows after storms

1916, 1921, 1927, 1942

Major floods

1949 Feb 7 3-8 ft, 48,000cf at Waimea River
1973 Dec 1
1993 Oct 2 3-6 in, flash flood

Source: Updated with information from NOAA National Weather Service, http://www.prh.noaa.gov/hnl/pages/events.php
Fletcher IIl, Charles H., E. Grossman, B. Richmond, A.E. Gibbs. 2002. Atlas of Natural Hazards in the Hawaiian Coastal Zone.
US Department of the Interior US Geological Survey. CD-ROM. http://pubs.usgs.gov/imap/i2761/.

The National Flood Insurance
Program has paid a total of $51.7
million in claims since 1974 to
Hawai‘i’s policyholders, $35.6
million of which were related to
Hurricane Iniki. Though small
compared to the $1.6 billion in
insurance claims paid by the private
industry following Iniki, the number
and total value of flood insurance
policies has more than doubled
since 1994. There are homeowners
who have not previously purchased
flood insurance who would be
required to do so if they receive
federal funding for their mortgage.
Following the flooding events of
March 2012, the costs for Public
Assistance resulting from damaged
roads and bridges totaled
$2,235,053 (FEMA-4062-DR).

FEMA’s Map Modernization
program approved updated Flood
Insurance Rate Maps on November
26, 2010. This data has been
included in the State’s Flood Hazard
Assessment Tool to enable
homeowners to identify their risk.

The National Flood Insurance
Program (NFIP) provides federally-

Flood Hazard Zones

VE Zones

Zone VE is the flood insurance rate zone that corresponds to the 100-year
coastal floodplains that have additional hazards associated with storm
waves. Whole-foot base flood elevations derived from the detailed
hydraulic analyses are shown at selected intervals within this zone.

Zone A

Zone A is the flood insurance rate zone that corresponds to the 100-year
floodplains that are determined in the FIS by approximate methods. Because
detailed hydraulic analyses are not performed for such areas, no base flood
elevations or depths are shown within this zone.

Zone AE

Zone AE is the flood insurance rate zone that corresponds to the 100-year
floodplains that are determined in the FIS by detailed methods. In most
instances, whole foot base flood elevations derived from the detailed
hydraulic analyses are shown at selected intervals within this zone.

Zone AH

Zone AH is the flood insurance rate zone that corresponds to the areas of
100-year shallow flooding (usually areas of ponding) where average depths
are between 1 and 3 feet. Whole-foot base flood elevations derived from
the detailed hydraulic analyses are shown at selected intervals within this
zone.

Zone AO

Zone AO is the flood insurance rate zone that corresponds to the areas of
100-year shallow flooding (usually sheet flow on sloping terrain) where
average depths are between 1 and 3 feet. Average whole-depths derived
from the detailed hydraulic analyses are shown within this zone

500-Year Flood Zone (or Zone X)

Zone X is the flood insurance rate zone that corresponds to areas outside the
500-year floodplain, areas within the 500-year floodplain, and to areas of
100-year flooding where average depths are less than 1 foot, areas of
flooding where the contributing drainage area is less than 1 square mile, and
areas protected from the 100-year flood by levees. No base flood elevations
or depths are shown within this zone.

backed flood insurance to property owners in communities that regulate development in
floodplains. The United States’ Congress established NFIP to "reduce the loss of life and
County of Kaua'i Multi-Hazard Mitigation & Resilience Plan, 2015 Update 3-13




property and rising cost of disaster due to flooding." The National Flood Insurance Program is a
voluntary program based on agreements between federal and local governments. In order to
participate, a community must adopt and enforce certain minimum building land use standards
designed to reduce property damage from flooding. These regulations, among other things,
require new or substantially remodeled structures within special flood hazard areas to be
engineered and/or elevated in order to withstand anticipated flood conditions. They also
require communities to prohibit development in floodways—areas that allow floodwaters to
discharge from special flood hazard areas. NFIP also shifts the cost of flood damage from
taxpayers, who ultimately pay for disaster relief, to property owners through flood insurance
premiums.

The risk of flood damage to the structure’s lowest floor from a “100 year flood” provides the
basis for National Flood Insurance Program premiums. Flood Insurance Rate Maps FIRM) — also
based on the "100-year" flood line—delineate special hazard areas and applicable risk premium
zones. These Federal Emergency Management Agency generated maps serve as primary
reference documents for the National Flood Insurance Program and other flood-related policies
and programs at all levels of government. These FIRMs need to be updated for Kaua'i, but they
still provide the best source for documenting flood hazards. The GIS hazard maps used in the
risk and vulnerability assessment for Kaua'i rely on digitized FIRMs for analysis of potential
flood hazards.

The Community Development and Regulatory Improvement Act was signed into law in 1994.
This Act amended the enabling National Flood Insurance Program (NFIP) legislation in order to
reduce federal spending on flood losses and to improve the financial status of NFIP. To this
end, it directs federal loan agencies and federally regulated or insured lending institutions to
"require flood insurance when making, increasing, extending, or renewing loans and to
maintain the coverage for the life of the loan" for all homes in special flood hazard areas. The
Act also authorizes: (1) mitigation assistance grants for states and communities to protect
homes and businesses; and (2) mitigation insurance for rebuilding to meet improved design and
construction standards.

In 1994, the National Flood Insurance Program (NFIP) regulations were promulgated to require
all property owners (including those in high-rise condominiums) in "special flood hazard areas"
— as determined by the community’s Flood Insurance Rate Map—to insure their properties
against flood damage equal to 80% of replacement value. Changes in NFIP regulations since
1994 have required additional homeowners in Hawai'i to buy flood insurance. As a result, the
number of Hawai'i’s NFIP policies more than doubled over an eighteen-month period. In
December 1994, there were 22,140 flood insurance policies statewide. By July 1996, the
number of policies had increased to 47,801 (Table 3-8), giving Hawai'i the largest per capita
participation in the NFIP in the United States, and third highest number of policies overall. Over
the same period, the value of NFIP policies in Hawai'i increased from over $2.5 billion to over
$5.7 billion.

Although the number of policies increased dramatically, the face value of the average National
Flood Insurance Program policy remained about the same and the average premium has
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declined. The mean value of flood policies in Hawai'i increased from $120,897 in December
1994 to $121,332 in July 1996. Over the same period, the average cost of premiums decreased
from $443 in 1994, 5272 in 1995, and to $264 in 1996. The reductions in the average premiums
probably reflect the large number of people outside the special flood hazard area who have
purchased policies, as well as the increase in the number of condominium policies.

The Map Modernization project has created digital Flood Insurance Rate Maps were reviewed

in 2009, and approved in 2010. The concern was that flood insurance rates could be raised to
“$6,000 from $1,300 annually” (Kubota, 2009 StarBulletin). With the updated certification,
more property owners are now required to buy flood insurance. The average condominium
policy may be less expensive than a flood insurance policy for a single-family dwelling.
However, the requirement that the value of "commercial" policies for condos in the special

flood hazard area be equivalent to 80% of the replacement value has caused huge increases in

costs for condominium associations, which was passed directly on to individual homeowners
through their maintenance fees.

Table 3-4. Summary of Flood Insurance Policies in Force (Pre-FIRM)*

Flood Policies | City & County of | Hawai'i County Kaua'i County Maui County Statewide
Honolulu
A1-A30 & AE 5,328 772 760 3,453 10,313
A 1,869 74 88 182 2,213
AO 2,801 4 6 288 3,099
AH 372 6 83 200 661
V1-V30 & VE 994 690 374 1,419 3,477
\% 0 0 0 0 0
D 341 2 0 0 343
B,C, & X 17,107 1,345 1,003 3,949 23,404
Standard 16,063 1,165 894 3,800 21,922
Preferred 1,044 180 109 149 1,482
Total
Policies 28,812 2,893 2,314 9,491 43,510
Table 3-5. Summary of Flood Insurance Policies in Force (Post-FIRM)*
Flood Policies | City & County of | Hawai'i County Kaua'i County Maui County Statewide
Honolulu
A1-A30 & AE 500 197 723 734 2,154
A 1,765 37 10 16 1,828
AO 1,131 12 10 346 1,499
AH 87 14 101 247 449
V1-V30 & VE 227 32 185 42 486
\Y 0 0 0 0 0
D 256 12 0 0 268
B,C, & X 2,615 812 1,423 1,180 6,030
Standard 2,193 477 1,230 897 4,797
Preferred 422 335 193 283 1,233
Total
Policies 6,581 1,116 2,452 2,565 12,714
County of Kaua'i Multi-Hazard Mitigation & Resilience Plan, 2015 Update 3-



* Best available data as of 4/2015. CIS Data as of 6/30/2007. Source: State of Hawai'i FY 2008 Map Modernization

Management Support Business Plan Update. 2008.

The digital FIRM maps (dFIRMs) for Kaua'i County are included here. The scale is difficult for
analysis. The counties have the detailed parcel maps and FIRM Maps that can be used in more
in-depth planning. Kaua‘i County has the following web portal for building and permitting that
enables access to all of the counties dFIRMS: http://www.Kaua'i.gov/portals/0/pw eng/design-

permitting/flood zone maps/IndexPanel.pdf. A person can click on a section of the following

map and get detailed access.

Figure 3-3. Digital Flood Insurance Rate Map - Kaua'i
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Source: Flood Insurance Rate Map. Map Number 150002indOa. Effective Date September 16, 2005 Federal

Emergency Management Agency (no update as of April 2015)

http://www.Kaua'i.gov/linkclick.aspx?fileticket=dD%2BNQzRF7RE%3D&tabid=363
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Figure 3-4. FIRM Map for Kauai, updated for Kauai November 26, 2010.
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Source: Kaua'i County FIRM Map developed 2010 (best available data for 2015).
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3.3 Drought

A drought is a period of abnormally dry weather. Drought diminishes natural stream flow and
depletes soil moisture, which can cause social, environmental and economic impacts. In
general, the term "drought" should be reserved for periods of moisture deficiency that are
relatively extensive in both space and time.

Drought is caused by a deficiency of rainfall and can be increased by other factors such as high
temperatures, high winds, and low relative humidity. Drought can also result from human
activities that increase demand for water. Expanding populations, irrigation, and environmental
awareness all put pressure on water supplies. The severity of the drought depends not only on
the duration, intensity, and geographic range, but also on the regional water supply demands
made by human activities and vegetation.

Drought can be characterized from the perspectives of meteorology, agriculture, hydrology,
and socio-economic impacts. For example, the meteorological perspective would describe
drought as a rainfall deficit compared with some normal or expected rainfall amount. The
agricultural perspective could describe drought by its impacts on the agricultural industry due
to reduced rainfall and water supply (e.g., crop loss, herd culling, etc.). Hydrological
descriptions of drought may compare stream flows, ground water, and reservoir levels to
normal conditions. Drought can also be described from the socio-economic perspective by the
direct and indirect impacts droughts have on society and the economy (e.g., increased
unemployment due to failure of an industry because of drought).

Lack of rainfall is not the only factor contributing to the impacts of drought. Natural events and
human activities, such as expanding populations, irrigation, and environmental needs put
pressure on water supplies. Lack of rainfall combined with the demands society place on water
systems and supplies contribute to drought impacts. During the past 15 years, the most severe
droughts impacting the Hawaiian Islands have been associated with the El Nino Phenomenon
and persistent zones of high-pressure systems throughout the islands.

Droughts increase the potential for wildland fires. Farmers, cattle ranchers, and people using
water catchment systems are the most severely affected by drought. Drought exacerbates the
problem of ensuring a sustainable yield of potable water. Since Hawai'i is an island state, this is
particularly critical. Failure to take appropriate action could result in Hawai'i not having

sufficient quantity and quality of water resources to sustain future population and industry
(Drought and Wildland Fire Mitigation Plan. Dec 1998. Department of Defense, Civil Defense Division,
http://dInr.Hawai'i.gov/cwrm/).

The drought classification scheme used for Kauai County is consistent with the classification
used by the Hawaii Drought Monitor and the US Drought Monitor to classify levels of severity of
the drought. These are shown in the following table:
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Table 3-6.

Drought Severity Classification

Ranges
Category i Description Possible Impacts Palmer CPC Soil USGS Weekly Standardized ; Objective Short
Drought Moisture Streamflow Precipitation | and Long-term
Index Model (Percentiles) Index (SPI) Drought
(Percentiles) Indicator Blends
(Percentiles)
Going into drought: short-
term dryness slowing
planting, growth of crops or
DO Ab”grrma”y pastures. Coming out of 1.0to-19 21-30 21-30 0.5t0-07 21-30
v drought: some lingering
water deficits; pastures or
crops not fully recovered
Some damage to crops,
pastures; streams, reservoirs,
D1 Moderate — jor wells low, some water &, 5, 5 g 11-20 1120 -0.8t0-12 1120
Drought shortages developing or
imminent; voluntary water-
use restrictions requested
Crop or pasture losses
D2 Severe - likely; water shortages 3.0t0-3.9 6-10 6-10 13t0-15 6-10
Drought  icommon; water restrictions

Extreme
Drought

Exceptional
Drought

imposed

I Major crop/pasture

losses; widespread water
shortages or restrictions

Exceptional and widespread

crop/pasture losses;
shortages of water in

reservoirs, streams, and wells

creating water emergencies

-4.0to-4.9

-5.0 or less

-1.6to-1.9

-2.0 or less

Short-term drought indicator blends focus on 1-3 month precipitation. Long-term blends focus on 6-60 months. Additional indices
used, mainly during the growing season, include the USDA/NASS Topsoil Moisture, Keetch-Byram Drought Index (KBDI), and
NOAA/NESDIS satellite Vegetation Health Indices. Indices used primarily during the snow season and in the West include snow
water content, river basin precipitation, and the Surface Water Supply Index (SWSI). Other indicators include groundwater levels,
reservoir storage, and pasture/range conditions (http://www.droughtmonitor.unl.edu/AboutUs/ClassificationScheme.aspx).

3.3.1 Kaua'i County’s Most Severe Droughts
Droughts have impacted almost every island in Hawai'i with the most severe ones in the past

15 years associated with the El Nifio phenomenon

(http://state.hi.us/dInr/drought/background.htm) Hawai'i Drought Monitor, Commission on

Water Resource Management, 2015 & http://Hawai’i.droughtreporter.unl.edu/ drought
reporter Hawai'i for data below). During the El Nifio years, droughts have occurred during the
winter-spring period.
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Table 3-7. Drought History in Kaua'i.

YEAR REMARKS
1952 Long, severe dry spell
1953 Rainfall 40% less than normal.
1975 Worst drought for sugar plantations in 15 years.

Counties declare drought emergencies; Governor proclaims statewide
2000 - 2002 | drought emergency; Secretary of Interior designates all Counties as
primary disaster areas due to drought.

All counties declare drought emergencies; Governor proclaims statewide

2007-2008
drought emergency.
Extreme Drought begins January 2010; July 28 2010 drought emergency

2010-2011 declared; USDA Farm Service Agency provides assistance. Areas of
notable drought include the windward side from February to December
2010, and November 2011.

2012-2013 Drought for both windward and leeward sides, from August to December
2012, and January 2013.

2015 As of April 2015, the County of Kaua'i was listed from Abnormally Dry

(DO) to experiencing Moderate Drought (D1).

Source: State Department of Land and Natural Resources, National Weather Service, State Civil Defense Division;
Hawai'i Drought Monitor, Commission on Water Resource Management) (UNL NDMC, 2015); Kaua'i Storm Data,
National Weather Service (NWS, 2015), http://w2.weather.gov/climate/.

The Hawai'i Drought Plan identifies areas of Kaua‘i that have increased risk. The historical
probability of the drought has shown to be 12% annual occurrence; however, studies show that
there is a strong relationship to El Nifio Southern Oscillation warm events and drought
throughout the state of Hawai‘i, and the probability is likely to increase with the effects of
climate change.

The State Koke‘e Water System has experienced decreased shallow well capacity due to
reduced recharge of perched ground water and increased system water demand due to
increased development and population. The system has been exposed to increased risk from
wildfires. The Waimea Water System well has shown increased salinity due to heavier pumping
and decreased groundwater recharge. The County Department of Water and several private
water systems have recorded declining capacity of water sources due to decreased
groundwater recharge and increased pumping to meet a higher water demand.

The losses experienced in the past from drought have mainly affected the plantations. With
some of these are no longer in operation, actual losses may be lower now. The new diversified
agriculture, especially coffee, could be affected; although, these crops have less water demand
than sugar for growth. The drought from 2000 to 2002 cost an estimated $9 million to the
State of Hawai'i. Even if the actual losses to Kaua'i were not this great, the opportunity costs
from drought relief assistance to cattle ranchers and farmers does cost Kaua‘i County several
million dollars of potential funding for other activities. During droughts, Kaua‘i’s risk for
wildland fires increases as evidenced in the Annual KFD reports referenced, where they account
for wildland fires due to cause (including drought).

County of Kaua'i Multi-Hazard Mitigation & Resilience Plan, 2015 Update 3-20



In 2004, Kaua‘i prepared a drought mitigation plan for the county; the mitigation plan has not
been updated, but in 2014 the State Drought Coordinator convened the local mitigation

committee to review projects. Kaua‘i County generally has more rainfall than other islands;

however, severe droughts have resulted in dry conditions and contribute to forest fires. The
Rainfall Atlas for Hawai'i has discovered that “the rainfall record and other evidence point to a
downward trend in mean rainfall that may persist at least through the end of this century. One
possible explanation for the decline has to do with the weather disturbances that regularly
disrupt the trade wind inversion and produce widespread rainfall over the islands. These
disturbances, often associated with incursions of mid-latitude weather systems into the Hawai‘i

region during winter, have declined in frequency, as storm tracks have apparently migrated

northward. This shift in storm tracks is thought to be a result of global warming and is predicted
to continue. If these predictions are borne out, we will continue to see ups and downs in rainfall
in the future related to ENSO and PDO, but mean rainfall will decline, and drought will become

more frequent” (Giambelluca et. al. 2013).

3.3.2 Historical Drought Events

Table 3-8. Drought Events and Impacts, 1901-2009.

Year Area Remarks
1901 North Hawai‘i Severe drought, destructive forest fires.
1905 Kona, Hawai‘i Serious drought and forest fires.
1908 Hawai‘i and Maui Serious drought.
1912 Kohala, Hawai‘i Serious drought and severe sugarcane crop damage for two years.
1952 Kaua‘i Long, severe dry spell.
1953 Hawai‘i, Kaua‘i, Maui Water rationing on Maui; Water tanks in Kona almost empty; 867 head
and O‘ahu of cattle died; Pineapple production on Molokai reduced by 30 percent;
Rainfall in the islands had been 40 percent less than normal.
1962 Hawai‘i and Maui State declared disaster for these islands; Crop damage, cattle deaths,
and sever fire hazards; Losses totaled $200,000.
1965 Hawai‘i State water emergency declared; Losses totaled $400,000.
1971 Hawai‘i and Maui Irrigation and domestic water users sharply curtailed.
1975 Kaua‘i and O’ahu Worst drought for sugar plantations in 15 years.
1977 — | Hawai‘i and Maui Declared State disaster for these islands.
1978
1980- Hawai‘i and Maui State declared disaster; Heavy agricultural and cattle losses; Damages
81 totaling at least $1.4 million.
1983 — | Hawai‘i El Nifio effect; State declared disaster; Crop production reduced by 80
1985 percent in Waimea and Kamuela areas; $96,000 spent for drought relief
projects.
1996 Hawai‘i, Maui, and Declared drought emergency; heavy damages to agriculture and cattle
Moloka‘i industries; Losses totaling at least $9.4 million.
1998 — | Hawai‘i and Maui State declared drought emergency for Maui; County declared
1999 emergency for Hawai'i due to water shortages; heavy damages to

agriculture and cattle industries; Statewide cattle losses alone
estimated at $6.5 million.
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2000 - | Hawai‘i, Maui, Counties declare drought emergencies; Governor proclaims statewide
2002 Moloka‘i, O‘ahu, Kaua‘i | drought emergency (2000); Secretary of the US Department of Interior
designates all Counties as primary disaster areas due to drought (2001);
East Maui streams at record low levels; Statewide cattle losses alone

projected at $9 million.

2003- Hawai‘i, Maui, Governor proclaims statewide drought emergency (2003); County of
2004 Moloka‘i, O‘ahu, Kaua‘i | Hawai'i Mayor issues drought emergency proclamation (2003);
Secretary of the U.S. Department of the Interior designates all counties
as a primary disaster area due to drought (2004).

2007 Hawai‘i, Maui, Counties experience drought emergencies and wildfires associated with
Moloka‘i, O‘ahu, Kaua‘i | drought. County of Hawai‘i Mayor issues drought emergency
proclamation (2007); County of Maui Department of Water Supply
places 10% mandatory water conservation on Upcountry customers.

2008 Hawai‘i, Maui, Drought continued until early 2009, where several severe floods
Moloka‘i, O‘ahu, Kaua‘i | impacted the islands and resulted in several severe wildfires.

2010 Hawai‘i, Maui, Drought begins in January 2010, with impacts in all counties.
Moloka‘i, O‘ahu, Kaua‘i

2009- Hawai‘i, Maui, Per reports generated through the NDMC Drought Impact Reporter for

2015 Moloka‘i, O‘ahu, Kaua‘i | the State of Hawai'i and Kaua'i County, showing 26 reported drought
events and impacts between 2009-2015, impacts from drought include
coping of farmers by selling livestock, raised prices of livestock, lower
livestock production, drying out pastures, wildfires and die-off of trees.

As of April 2015, the County of Kaua'i was listed as Abnormally Dry (DO)
to experiencing Moderate Drought (D1).

Kaua‘i

Source: Hawai'i Drought Monitor, Commission on Water Resource Management) (UNL NDMC, 2015); Kaua'i Storm
Data, National Weather Service (NWS, 2015), http://w2.weather.gov/climate/.

As illustrated in the table, droughts have been and will continue to be a significant concern in
the State of Hawai‘i. Planning for and coping with recurring, if unpredictable, drought events
is complicated by the inherent water resource limitations of our islands and the uneven range
of drought related concerns and relevant priorities across counties. The statewide variability
in resources, vulnerability, and risk necessitates a sectoral approach to drought mitigation.
Statewide, three sectors were identified as being vulnerable to drought as well as having the
potential to be ameliorated through mitigation measures: public water supply; agriculture and
commerce; and environment, public health and safety. The Hawai‘i Drought Plan and the
County of Kaua'i Drought Mitigation Strategies document (Kaua'i Drought Committee, 2004)
further assert that these three drought impact sectors are critical to the health and welfare of
Hawai'i’s people in terms of the social, economic and environmental arenas.

The Water Supply Sector encompasses public/private urban and rural drinking water systems,
agriculture water systems, and other water networks. Due to the fact that fresh water is crucial
to human survival in a variety of direct and indirect ways, one of the most important indirect
aspects being maintaining a viable agriculture and commerce sector, minimizing the impact of
drought to Hawai'i’s drinking water supply and other fresh water supplies is very important.
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During drought periods, the agriculture and commerce sector is severely negatively impacted
due to strain born of dependence on both surface water and rainfall. Rainfall shortage induced
impacts are often exacerbated by the limits placed on groundwater pumping during drought
periods. A persistent rainfall shortage and resultant lack of soil moisture can result in reduced
ground cover and agricultural crop yields. Reduced ground cover places stresses and strains on
livestock herd sizes, and is also associated with increased incidence of erosion. Environment,
Public Health, and Safety for this project focuses solely on wildfire occurrence. Drought
conditions heighten the potential incidence, extent and rapidity of the spread of wildfire.
Wildland fires not only endanger human lives at the urban/wildland interfaces, but also
endanger species of flora and fauna, which already may be especially susceptible due to
drought conditions

A risk assessment of these sectors should inform clear and concise mitigation measures to be
undertaken during drought and non-drought periods. Pursuant to this goal a drought frequency
analysis based on the Standardized Precipitation Index method was performed for all four
counties in the State of Hawai‘i, which graphically represents the spatial distribution of drought
occurrences. Statewide drought frequency and sector based Geographic Information System
(GIS) mapping were then integrated to identify risk areas for each county. For this analysis
drought risk is considered a product of drought frequency and location specific vulnerability.

The drought frequency analysis was conducted for three drought stages (moderate, severe, and
extreme) and for different drought durations (e.g., 3-month, 12-month). Throughout the
various permutations of county, severity, and duration several patterns emerged. For example,
a common risk area across all three sectors and three drought stages in the County of Hawai‘i is
found on the western side of the island near Kona. For Maui County, the common risk area to
the water supply and environmental sectors is within the Kula region. For the City and County
of Honolulu, central O‘ahu appears to be the common risk area across all the sectors for two
drought stages. For Kaua‘i County, a small belt in the southeastern corner appears to be more
vulnerable to some sectors and drought levels. An in-depth discussion of the findings can be
found in the Drought Risk and Vulnerability Assessment and GIS Mapping Project. However, a
brief discussion of sector specific trends for Kaua‘i County follows.

3.3.3 Water Supply Sector

As for Kaua‘i County, all the heavily populated areas fall within the approximately 75% of the
island in the lowest rainfall tercile. These areas are all serviced by the public water supply
system, and thus it can be inferred that these populations are not as susceptible to
meteorological drought, but are susceptible to hydrological drought that depletes groundwater.

3.3.4 Agriculture and Commerce Sector

Kaua‘i County is mostly affected by meteorological drought in the agriculture lands along the
southern and northwestern parts of the island. The majority of the agriculture services are in
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the intensive category located along the coastal areas in the south from Lawa‘i to Mana. All of
these lands are in the lowest rainfall tercile.

3.3.5 Key Elements in Drought Planning for Hawai‘i

The goal of the Hawai‘i Drought Plan was to develop coordinated emergency response
mechanisms, while at the same time outlining steps towards mitigating the effects of future
drought occurrences. The key elements were outlined as follows:

e A comprehensive rainfall pattern and climate monitoring system to provide early
warning of emerging droughts to decision makers, stakeholders, and the general public.

e A network of people and/or organizations who can effectively assess evolving impacts of
water shortages on agriculture, recreation, hydropower, municipal and domestic water
supplies, wildlife, and other areas that are sensitive to reduced rainfall and fluctuations
in water supply.

e C(lear policies and establishment of response entities to implement immediate and
short-term response measures to reduce drought impacts and longer-term mitigation
measures to reduce the future impacts of drought.

In addition, the drought plan makes several recommendations regarding performance of risk
management assessments pertaining to potential drought impacts.

3.4 Wildfires

A wildfire also known as a wildland fire, forest fire, vegetation fire, grass fire, peat fire, bushfire,
or hill fire is an uncontrolled fire often occurring in wildland areas, but which can also consume
houses or agricultural resources. Wildfires often begin unnoticed, but spread quickly igniting
brush, trees and homes. Common causes of wildfires include lightning, human carelessness,
arson, volcano eruption, and pyroclastic cloud from active volcano. Heat waves, droughts, and
cyclical climate changes such as El Nifio can also have a dramatic effect on the risk of wildfires.
More than four out of every five wildfires are caused by people. Wildfires occur globally in
climates that are sufficiently moist to allow the growth of trees to provide increased vegetation
and fuel-load, but feature extended dry, hot periods. Fires are particularly prevalent in the
summer and autumn, and during droughts when fallen branches, leaves, and other material can
dry out and become highly flammable. Wildfires are also common in grasslands and scrublands.

Every year, DOFAW and KFD work to protect 3,660,000 acres in the County of Kaua'i. Table 3-9
offers a review of wildfire events from 1997 — 2012 using best available data from DOFAW. In
2009, there were 7 wildfires, in 2010, 5 wildfires, in 2011 3 wildfires occurred, and in 2012
there were 17 wildfires, many attributed to drought.
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Table 3-9. Yearly wildfire suppression activities by DOFAW

Year # Fire events Total Area
Burnt (acres)
1997 0 260
1998 7 15772
1999 19 21948
2000 13 22526
2001 2288
2002 3 288
0.7
2003 6 4002
9 N/A
2004 3 N/A
6 1886
2005 4 N/A
40.2 41.2
2006 1 N/A
135 19515
2007 2 N/A
292 23525
2008 N/A N/A
2009 8074
2010 9529
2011 3 1566
2012 17 5837

Source: DOFAW Annual Reports 1997-2012 http://dInr.Hawai'i.gov/forestry/fire/ (Best available data as of
4/2015, recording only until 2012).

Although there was no FEMA declared fire, there were number of incidents where the county
agencies and DOFAW were involved for wildfire suppression. Kaua‘i County Fire Department
suggests ways to reduce your risk from brush fires during the drought season. Owners of large,
vacant lots should cut down high grass, and maintain road access to their lots and within the

lots where

Every year,

fires may erupt. Landowners need to be on top of the management of these lands.

as documented in DOFAW Annual Reports, DOFAW and the Kaua‘i Fire Department

engage in community awareness and fire reduction activities, including the following:
e 2007-2008:

o

Maintained 29 acres of fire break in the Puu Ka Pele FR, 13 acres in the Na Pall Kona
FR, and 100 acres in the Kekaha Game Management Area, island of Kaua‘i. Twelve
acres of safety zones were also maintained, including 5 acres of helispots in Kaua‘i's
wilderness areas.
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o

Maintained 12 acres of safety zones and 5 acres of helicopter land zones in remote
areas on the island of Kaua‘i.

e 2009-2010:

o

o

Participated in the Kekaha Elementary School (island of Kaua‘i) Career Day.
Approximately 75 students participated in the event; Smokey visited all 9
elementary schools (3,600 students) on Kaua‘i, along with Sparky from the Kaua‘i
Fire Dept. during Fire Prevention Week.

Participated in the Kaua‘i County Fair with a fire prevention display. Estimated
attendance: 40,000-50,000 people.

The Firewise Coordinator worked with the Kaua‘i Fire Dept. in developing a
Community Wildfire Protection Plan for the County of Kaua'i and provided outreach
assistance to rural communities on Kaua‘i (Kapa’a & Kokee), Maui (Kihei, Kahikinui,
& Waihee) and Hawai‘i (Kohala Ranch & Ocean View Estates).

Developed a fire prevention message and ad in the "This Week in ... " tourist
brochures reaching visitors on the islands of Kaua‘i, Maui, and Hawai‘i. This brochure
is available at all airports and hotels and reach well over a million visitors.

DOFAW staff planned the California/Nevada/Hawai‘i Forest Fire Conference held on
Kaua‘i on April 14-16, 2010. Over 110 participants attended the conference.

The DOFAW Fire Cadre conducted the 130/190 training on Kaua‘i (Aug. 3-7, 2009)
for the Kaua‘i Fire Dept. recruit class as well as for the Pacific Missile Range Facility
firefighters. Seven students participated in the training.

The S-200 and S-230 courses were conducted by the DOFAW Fire Cadre for O"ahu
DOFAW (Aug. 18-19 & Aug. 25-27, respectively) and Kaua'i DOFAW personnel (Nov.
30- Dec. 4, 2009). Twenty (20) DOFAW personnel were involved in the training
sessions.

Completed 29 acres of road and fuel break maintenance in the Puu Ka Pele Forest
Reserve and 13 acres of fire break in the Na Pali Kona Forest Reserve (Kaua'i).
Completed 80 acres of fuel break maintenance in the Kekaha GMA. Completed 12
acres of safety zone maintenance to keep vegetation levels low in case of fire
emergencies. Five (S) helicopter landing zones were also maintained.

The DOFAW Fire Cadre conducted the 130/190 training on Kaua‘i (Aug. 19-22, 2010)
for 21 personnel from Kaua‘i DOFAW, the Kaua‘i Fire Dept. recruit class and the
Pacific Missile Range Facility fire department.

The DOFAW Fire Instructor cadre attended the Hawai‘i Fire Chiefs Association
annual conference (Nov. 18-21, 2010) in Poipu, Kaua‘i.

e 2011-2012:

0]

Fire prevention activities—Smokey Bear visited all elementary schools (approx. 2500
children) on the island of Kaua'i during Fire Prevention Week (Oct. 3-7, 2011);
Handed out Smokey Bear material during Fire Prevention Week (Oct. 3-7, 2011) in
cooperation with the various county fire departments statewide.

Presuppression activities—1) The DOFAW Fire Cadre conducted the 130/190 training
on Kaua'i (Sept. 12-16, 2011) for 15 Kaua‘i DOFAW and Kaua‘i Fire Dept. recruit
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class. A training session was also conducted on Hawai'i for 25 DOFAW and NPS
personnel (Aug. 29- Sept. 2, 2011); 2) Continue to improve and maintain the Remote
Automatic Weather Stations on Kaua‘i, O‘ahu, Maui, and Hawai‘i; 3) Maintained 19
RAWS statewide on Kaua‘i, O‘ahu, Maui, Molokai, Lanai, and Hawai‘i island.
Incorporate the Geographical Information System concept including the
development and maintenance of fire maps, fire weather data, and other fire-
related matters: the Division GIS Specialist updated the Fire Response Maps for
Kaua‘i, O‘ahu, and Maui Branches. These updates were due to changes in land

Constructed and maintained existing firebreak roads, trails by maintaining 133 acres
of fire break in the Puu Ka Pele Forest Reserve, 65 acres of fire break in the Na Pall
Kona Forest Reserve, 1600 acres of fire break in the Kekaha Game Management

Established two new safety zones (3.5 acres) on Kauhao Ridge Road, 14 acres of
safety zones in various Forest Reserves, 3 new safety zones (3.5 acres) in the Puu Ka
Pele Forest Reserve, island of Kaua’i

o]
ownership.
o]
Area
o]
o]

Ten (10) acres of established helicopter landing zones in remote areas were
maintained for fire emergencies, island of Kaua'i.

3.4.1 Wildfire Risk Assessment

The Kaua‘i Wildfire Prevention Analysis and Plan was conducted to assess wildfire risk for Kaua‘i
in 1994 and 1995. The process assumptions involved evaluating the potential for wildfire
ignition. The maps were updated in 2008, and the most recent analysis conducted in 2015
provides added risk information, although there has not been substantial development in the
urban/wildland interface.

The risk equates to activity or use, where concentrations of activities, use, and development
were identified. The following risks were identified for Kaua‘i County:

Table 3-10. Kaua‘i Wildland Fire Risk.

Urban Development

Commercial Development Other

Wildland Urban Interface
Wildland Urban Intermix

Industrial Operations
Service Contracts
Maintenance Projects
Construction Projects
Powerlines
Agriculture/Ranch
Agriculture Burning

Resorts

Transportation Corridors

Businesses Fireworks

Schools Shooting Areas
Children with Matches

Recreation Incendiary

Campgrounds Slash Burning

Dispersed Recreation
Water-based Recreation
OHV/Motorized
OHV/Non-motorized
Hunters

Picnic Areas/Day Use

Trail/Hikers
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Debris Burning

Dumps
Woodcutting/Fuel
Communication Sites
Cultural Activities
Seismic Exploration
Contraband Cultivation
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Hang Gliding/Ultra Light

Military Training/Air
Military Training/Ground

The highest risk areas included travel corridors, developed areas, and recreational use areas.

Hazard criteria were developed to define hazard ratings as follows:

HIGH:

MODERATE:

LOW: The highest elevations on the island where rainfall and moisture create a rainforest and
mountain environment. Very low rates of spread are experienced when an ignition does occur.

Wetter highlands and windward side of the island. Although not fire proof, under normal
conditions is quite moist and retains enough dampness to be considered fire resistant.

Dry lowlands and/or leeward side of the island. Areas consisting of dry flashy fuels that have
replaced the native/non-native vegetation.

Value of the activities occurring in the geographic areas were considered, with a consideration

of the following broad areas of value: timber, forage/grazing, water sources, scenic byways,

visual resources, threatened and endangered species, wildlife habitat, cultural resources, soils,
riparian areas, recreation (dispersed), recreation (developed), wilderness, and improvements
(residential and commercial).

The following table shows the rating by geographic area:

Table 3-11. Wildfire Prevention Risk and Vulnerability Assessment*

Area Name Risk Hazard Value
Hanalei/Mauka Moderate | Moderate Moderate
Hanalei/Makai Moderate | Moderate Moderate
Kawaihau/Mauka | Moderate | Moderate Moderate
Kawaihau/Makai High High High
Lihue/Mauka Moderate | Moderate Moderate
Lihue/Makai High High High
Koloa/Mauka Moderate | Moderate High
Koloa/Makai High High High
Hanapepe/Mauka | Low Moderate Moderate
Hanapepe/Makai | High High High
Alakai Low Low High
Waimea Canyon High High High
Puukapele High High High
Waimea/Makai High High High

Source: State of Hawai‘i Department of Land and Natural Resources Division of Forestry and Wildlife, Kaua‘i

Branch. 2015.
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Figure 3-5. Communities at Risk from Wildfire.
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Source: Wildfire hazard data collected, compiled, and mapped by Hawaii Wildfire Management Organization, a
501(c)(3) nonprofit (hawaiiwildfire.org) with assistance and information from Kaua‘i Fire Department And Hawaii
DLNR Division Of Forestry And Wildlife And funded by USFS Cooperative Forestry Assistance---Competitive
Wildland/Urban Interface Grant Program.

In March 2015, Community Fire Protection Planning meetings were held for Kaua‘i
communities, in order to gain input on the Community Wildfire Protection Plans (CWPPs). The
CWPPs are being developed by the Hawai‘i Wildfire Management Organization, a 501(c)(3)
nonprofit dedicated to protecting communities and natural resources from wildfire, in
coordination with DLNR Division of Forestry and Wildlife and Kaua‘i Fire Department. The data
layers have been incorporated into the County GIS system. The assessment is appended to
Chapter 5.

Hurricane Iniki devastated Kaua‘i’s wildland areas. Windblown debris increased fuel loading
and fire potential. The loss of vegetation further increased risks of flooding in some areas. A
fuel hazard assessment was conducted after the storm. Because of their stocking levels, forest
plantations had tremendous amounts of windblown, snapped tops and wind-stripped branches.
Loss was similar to native forests. The hurricane caused incalculable loss of native vegetation
and the potential for increased hazards. The areas at greatest risk for loss from fires are the
areas in the wildland urban interface. Although these boundaries have shifted somewhat over
the last decade, the areas on the fringe are more likely to be impacted from uncontrolled
wildland fires.
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The State Drought Council has developed a comprehensive wildfire hazard analysis and
vulnerability assessment for the State and Counties. The project maps areas of risk severity for
wildland using historical fire occurrence and climatology for the islands. The results show
areas that may be more vulnerable from wildfires and where precautions may be taken in
future development plans. Given the experience of Hawai‘i Island with Hurricane Iselle, Kaua‘i
is assessing the non-native species, especially albizia trees that caused the most damage.

3.4.2 Fires Related to Environment, Public Health, and Safety

Kaua‘i County has had the smallest wildfire incidence despite intermittent drought conditions.
Although Kaua‘i is known for its relatively wet weather most of the “high rainfall” locations are
situated high in the central mountains on conservation land. Much of the “medium rainfall”
zones are likewise located in the central area of the island, in remote mountainous areas. As
such, a greater portion of the island falls within the “low rainfall” category. The wildfires that
have been mapped have actually occurred in conservation or agriculture land, with the
distances to “community at risk” ranging from 1.3 miles away to distances of 16.2 miles away.
Hence, from this analysis, wildland fires may not appear to be much of a problem on Kaua‘i, but
as stated previously, wildland fire vulnerability is not predictive of wildfire occurrence. The
following table summarizes all wildfire events statewide and the spatial relationship between
wildfire events and relevant CDPs.

3.5 Coastal Erosion

Beach erosion and coastal erosion are not the same, but they are related. Beach erosion is a
reduction in the amount of sand a particular beach has. On a global level, sea level rise causes
beach erosion. But beaches also erode (and expand) on a seasonal basis.

Beaches get sand from both the ocean and the land. Larger waves move sand from the coastal
sand dunes off into the ocean. This raises the seafloor, flattens the overall profile of the beach,
and, therefore, causes waves to break further offshore. This, in turn, minimizes the waves'
impact on coastal lands. Beaches recover from these seasonal shifts when the waves move the
sand back onto the beach and the winds blow the deposited sand into dunes. These dunes will
store the land-based sand until the next large wave event.

Coastal erosion occurs when the beach migrates toward the land in order to compensate for
beach erosion as it tries to maintain a constant supply of sand (see the right side of the photo).
If sand is not available to a beach, such as when a wall is built to protect the land, the land is
stabilized, however beach erosion will occur (see left side of photo).

Installing a seawall or revetment (i.e., hardening a shoreline) interferes with the natural cycle of
beach erosion. Rather than pulling sand from a landward supply in order to promote waves
breaking further off-shore during the seasonal high wave period, the seawall or revetment
prevents this natural phenomenon from occurring. Thus, the land itself begins to erode.
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Erosion is caused by:
1. Human impacts to sand availability

2. Waves and currents moving sand

3. Sea-level rise forcing shoreline retreat
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Figure 3-6. Kaua'i shoreline erosion map source (SOEST)

Therefore, it is tragically ironic seawalls or revetments have been installed to prevent coastal
erosion, but their very presence exacerbates the very problem they were supposed to resolve.

The studies conducted by the University of Hawaii Coastal Geology Group produces historic
maps of the rates of change for all shorelines in Hawai‘i. The rates of change are variable
depending on coastal shoreline features. Natural variation is expected to continue. Scientists at
the University of Hawaii’s School of Ocean and Earth Sciences and Technology (SOEST) studied
data from 10 retreating beaches on Oahu, Maui and Kauai islands and found that beaches will
erode as much as 20 feet by 2050 and 40 feet by 2100. “The average amount of shoreline
recession roughly doubles by 2050 with increased sea level rise, compared to historical
extrapolation alone,” lead researcher Tiffany Anderson said in a statement. “Further, our
results indicate that approximately 92 and 96 percent of the shorelines will be retreating by
2050 and 2100, respectively.”
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3.5.1 Erosion Risks for Kaua'i

The risk for erosion appears on the coastal hazard maps, attached in Chapter 3 Appendix E.
These maps show general coastal hazard risks for segments of the coastline every five to seven
miles. On Kaua‘i, short sections of populated coast have undergone extensive hardening and
chronic erosion. As much as one to two miles of beach degradation has occurred there.
Intensive studies have not been conducted in Kaua‘i to record shoreline erosion, as have
occurred for O‘ahu and Maui. However, a few incidents of erosion and seawall conflict have
occurred about building seawalls for protection even though recent studies have shown that
hardening results in increased problems along the shoreline. One example is the Waialua Golf
Course, a PGA rated course where one hole of the course is eroding.

An erosion study was completed in 2009 for the County of Kaua‘i (see Chapter 3 Appendix E).
The study shows the risks for each shoreline segment using aerial imagery. The results of the
study inform coastal management decisions. It will be useful in assessing and monitoring sea
level changes, as well.

Beach loss affects Hawai‘i residents by seriously impacting the visitor economy. In 1997,
tourism accounted for 171,900 jobs in the state, $13 billion in tourism expenditures and
supported a payroll of $3.5 billion. Beach loss and shoreline hardening restricts public access to
ocean recreation areas and natural resources. It causes environmental and ecological damage
to natural resources and habitats. Coastal hardening can also produce coastal water quality
problems through increased turbulence and turbidity (DLNR, 1998).

The USGS report, “National Assessment of Shoreline Change: Historical Shoreline Change in the
Hawaiian Islands,” reports that 71% of beaches on Kaua‘i are eroding with nearly 4 miles of
beach completely lost to erosion over the past century (Fletcher et al, 2012). On average,
shorelines on Kaua‘i retreated over 36 feet over the past century (-0.36 ft./yr x 100 yr) (ibid).
Beaches on the north and east coasts of Kaua‘i are undergoing the most erosion (76% and 78%
of beaches, respectively). The majority of beaches are also eroding on the south and west
coasts (63% and 64% of beaches, respectively). In addition to long-term or chronic erosion,
Hawai‘i beaches are also highly prone to erosion on shorter time scales from seasonal high
waves and storms. In the case of episodic or seasonal erosion, a beach tends to recover to near
its pre-storm condition, unless there is an additional underlying trend of chronic sand loss from
the beach system. Temporary and chronic erosion exposes homes, property, and infrastructure
to increased flooding and land loss during high wave events.

The observed shoreline erosion trends can generally be explained by a combination of causes,
including: 1) human impacts to sand supply, 2) seasonal and storm waves and wave-driven
currents that move sand, and 3) sea-level rise forcing shoreline retreat. Such trends will be
exacerbated by sea level rise, high wave events, coastal and inland flooding, hurricane and
tsunami events (UH SG, 2014), and thus all interrelated coastal hazards must be considered
with multi-hazard mitigation planning.
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3.5.2 Sea Level Change

Hawai‘i has a system of tide gauges, maintained and operated by the federal National Ocean
Service, located on the islands of Kaua‘i, O‘ahu, Maui, and Hawai‘i that record fluctuations in
sea-level. Analysis of these records provides scientists with rates of long-term sea-level rise
around the state. A fascinating outcome of this has been the realization that each island has its
own rate of rising sea level. This is not because of ocean behavior, it is due to island behavior.
The Island of Hawai‘i, because of the heavy load of geologically young volcanic rocks, is flexing
the underlying lithosphere causing the island to subside. This creates a relatively rapid rate of
sea-level rise, on the order of 1.5 in/decade. Because it lies near the Island of Hawai‘i and is
also geologically youthful, Maui is affected by the flexure process and is experiencing rapid sea-
level rise, nearly 1 in/decade. O‘ahu and Kaua'‘i lie outside the area of subsidence and have
lesser rates of rise, approximately 0.6 in/decade.

Recent satellite measurements indicate global mean sea level rise is 3.0 mm/yr., which is
almost 2 times the rate of the last century. (See http://sealevel.colorado.edu/, Steve Nerems
site at Boulder.) Since August 1992, the satellite altimeters have been measuring sea level on a
global basis with unprecedented accuracy. The TOPEX/POSEIDON (T/P) satellite mission
provided observations of sea level change from 1992 until 2005. Jason-1, launched in late 2001
as the successor to T/P, continues this record by providing an estimate of global mean sea level
every 10 days with an uncertainty of 3-4 mm. The latest mean sea level time series and maps
of regional sea level change can be found on this site. Concurrent tide gauge calibrations are
used to estimate altimeter drift. Sea level measurements for specific locations can be obtained
from our Interactive Wizard. Details on how these results are computed can be found in
attached documentation and the bibliography.
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Figure 3-7. Sea Level Rise
Church, J. A. and N. J. White., 2006: A 20th century acceleration in global sea-level rise,
Geophys. Res. Lett., 33(1), L01602. 2015 Release 1 (2015-02-24):
e Added Jason-2/0OSTM GDR cycles 227-237.

e Applied revised dynamic atmosphere correction (DAC) per AVISO's fix of minor local
bug on DAC correction from 2011-08-24 to 2012-07-25 (example from AVISO)

Sea-level rise is not presently a cause for immediate alarm, although it presents a serious
hazard in the future. At present, sea level is projected to rise within a range of 1-5 meters over
the 21stcentury. The lowest amount of change is more than twice the rate of rise of the 1900’s.
In Kaua‘i, sea level rise is projected at 1-2mm/yr on average (Romine, Fletcher, Barbee,
Anderson, and L. Neil Frazer 2013).

The Intergovernmental Panel on Climate Change (IPCC) report in 2007 began to take melting
glaciers into account in predicting sea level rise, where previously projects were based on
thermal expansion of the ocean from warming temperatures. Additional inputs include the
rapid melting of Greenland and Antarctica. The wide range of prediction accounts for the high
degree of uncertainty and the fact that all of the current observations exceed the highest
predicted levels for carbon in the atmosphere and rate of warming. The impact of rising sea
level in the Hawaiian Islands will be severe unless planners and resource managers incorporate
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sea level rise scenarios into their coastal management efforts. As sea-level rise accelerates in
the future, low-lying, low relief, readily erodible, and low slope coasts will be the most
vulnerable to sea level hazards.

Present rates of sea level rise play a role in coastal retreat. The engineers’ “Bruun Rule” relating
sea-level rise to beach retreat (Bruun 1962) predicts retreat, and is supported by aerial
photographic measurements of beach retreat that suggests that presently narrow beaches
fronting seawalls on these islands are likely to be lost over the next quarter century. Hwang
(2005) has recommended an Erosion Zone Formula that consists of three major factors: the
trend risk, the storm erosion event, and a design safety buffer.

Erosion Zone = Trend Risk + Storm Erosion Event + Design Safety Buffer

The Trend Risk is determined by multiplying the planning lifetime of buildings times the erosion
rate. The erosion rate is adjusted for errors (FEMA CCM, 2000) and sea level rise.

Trend Risk = (Life Expectancy of Structures) x (Erosion Rate x Adjustment for
Errors x Adjustment for Accelerated Sea Level Rise)

Thus, the parameters needed to determine the erosion zone are:
ePlanning Period — Determined by Life Expectancy of Structures
eAverage Annual Erosion Rate
eAdjustment of Erosion Rate for Errors
eAdjustment of Erosion Rate for Accelerated Sea Level Rise
eStorm Erosion Event
eDesign Safety Buffer

Table 3-12. Extent of Erosion Zone Given Erosion Rate and Life Expectancy.

sdiusted Adjusted Rate Erosi Erosion
Erosion Rjose for Errors and . Safety / 'romon Zone
Rate ; Storm i Zone x
Rate g Accelerated 3 Design g Sthyr.
7 for Errors ; S Event o 70-yr. Life 4,
ftiyr. 206 Sea Level Rise Buffer by gal Life of
f%a) (209) x (10%) P “ | Structure
0 0.12 013 20 20) 49 35
B 0.12 013 20 20 19 35
2 .24 (.26 20 2() 58 41
3 (.36 .39 20 20 67 48
4 (.48 0.52 20 20 76 54
) 0.60 0.66 20 20 36 61
1.0 1.20 1.32 20 20 132 04
1.5 1.80 1.98 20 20 179 128

Source: Hwang, Dennis. 2005. Hawai'i Coastal Hazard Mitigation Guidebook. Honolulu: UH Sea Grant (best
available data as of 3/2015).

County of Kaua'i Multi-Hazard Mitigation & Resilience Plan, 2015 Update 3-35



For areas that are accreting, the erosion rate should be treated as zero, since HRS Section 183-
45 prohibits building structures on accreted land. For areas with an erosion rate of 0, the
setback is based on an erosion rate of 0.1 ft./yr. Factors related to the accelerated sea level rise
adjustment or the storm event of 20 feet may be analyzed by a consultant to determine if a
different number is warranted for a specific site. This analysis assumes no adjustments for
erosion rate variability.

3.6 Climate Variability and Change

This section on climate variability and change has been incorporated as a separate section of
the plan, beginning with the 2007 Hawai‘i State Multi-Hazard Mitigation Plan Update, and
Kaua‘i County Multi-Hazard Mitigation Plan 2010 Update in order to align hazards with the
State plan and maintain consistency. Climate Variability and Climate Change causes extreme
events (tropical storms, floods, drought), higher temperatures (heat waves), impacts on the
environment and ecosystem services, and sea level rise. In addition to the direct threats, these
will have cascading and cumulative impacts that exacerbate impacts of other hazards, as well,
such as increasing fire risk during drought, landslide and dam failure risk during extreme rainfall
events, and loss of protective natural habitat (vegetation for stabilizing forests and stream
banks, coral reefs as protection from wave impacts and coastal inundation during storms, dune
systems, increased salinity in nearshore areas affecting coastal vegetation that buffers wave
impacts). Furthermore, the impacts on ecosystems and changes in temperatures may heighten
risk for health-related impacts from vector-borne and pandemic diseases.

The release of the Intergovernmental Panel on Climate Change (IPCC) scientific assessment
reports in early 2007 and updates since then (2013, 2014), recognize the growing public
awareness on the issue of climate change, because dramatic reports of melting icecaps and
glaciers have drawn international public attention to issues that can cause significant changes in
climate that precipitate disaster, and due to a growing awareness of the changing frequency,
intensity and seasonality of severe weather and storms, warming sea temperatures among
other impacts around the world (IPCC, 2013).

Climate risks in the near- and long-term will have significant impacts on the Hawaiian Islands, in
terms of changes to ecosystems, geography, infrastructure and social well-being. Development
choices in combination with these changes will have significant consequences with the impacts
of hazard events. The four previously discussed disasters were climate-related disasters and
there are correlations with these events and climate variability. One reason that this section is
separated is to avoid confusion in causality, as the hazards have occurred independently of
correlation with periods of climate variability. Coastal shorelines and ecosystems are at risk
from climate change, which may have significant impacts in the impacts of geological hazards
such as erosion, landslides, and sea level rise.
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In order to address a range climate risks for Hawai‘i in this mitigation plan, the DMC and plan
developers decided to incorporate the discussion of climate variability and change into a
separate section. For this chapter, the inclusion of this section enables the County to think
about the characteristics and science of the climate system, and to think about the full range of
impacts. Additional advances in science as seen in reports by the IPCC (2014), the USGS (2012),
the US Climate Research Program Pacific Islands Regional Climate Assessment (2013), and the
UH Sea Grant (2014) and therefore, there should be a basic understanding of the characteristics
of climate variability and change to better inform risk management decisions discussed in later
chapters.

3.6.1 Climate Variability: El Nifio-Southern Oscillation and La Nifa

Climate variability refers to relatively short-term variations in the natural climate system. The
climate variations often show in seasonal and inter-annual climate in periods that deviate
significantly from the “normal” climate, such as the patterns associated with the El Nifio-
Southern Oscillation (ENSO) cycle (both El Nifio and La Nifia) or the Pacific Decadal Oscillation
(PDO). Numerous resources are available in explaining the phenomena of El Nifio-Southern
Oscillation, which has significant impacts for island climatology.

There is a wealth of material created to provide a concise understanding of climate variability.
the explanations have been copied directly following from the NOAA Pacific Marine
Environmental Lab website: http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html. (NOAA,
2015)

3.6.1.1 Understanding El Nino

El Nifio is an oscillation of the ocean-atmosphere system in the tropical Pacific having important
consequences for weather around the globe. Among these consequences is increased rainfall
across the southern tier of the US and in Peru, which has caused destructive flooding, and
drought in the West Pacific, sometimes associated with devastating brush fires in Australia.
Observations of conditions in the tropical Pacific are considered essential for the prediction of
short term (a few months to 1 year) climate variations. To provide necessary data, NOAA
operates a network of buoys, which measure temperature, currents and winds in the equatorial
band. These buoys daily transmit data, which are available to researchers and forecasters
around the world in real time. In normal, non-El Nifio conditions (top panel of schematic
diagram), the trade winds blow towards the west across the tropical Pacific. These winds pile
up warm surface water in the west Pacific, so that the sea surface is about 1/2 meter higher at
Indonesia than at Ecuador.
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Figure 3-8. ENSO Cycle.
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Source: National Oceanic and Atmospheric Administration, Pacific Marine Environmental Lab, TAO Array, accessed
June 4, 2015, http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html.

The sea surface temperature is about 8 degrees Celsius higher in the west, with cool
temperatures off South America, due to an upwelling of cold water from deeper levels. This
cold water is nutrient-rich, supporting high levels of primary productivity, diverse marine
ecosystems, and major fisheries. Rainfall is found in rising air over the warmest water, and the
east Pacific is relatively dry. The observations at 110 W (left diagram of 110 W conditions) show
that the cool water (below about 17 degrees C, the black band in these plots) is within 50m of
the surface.

During El Nifio (bottom panel of the schematic diagram), the trade winds relax in the central
and western Pacific leading to a depression of the thermocline in the eastern Pacific, and an
elevation of the thermocline in the west. The observations at 110W show, for example, that
during 1982-1983, the 17-degree isotherm dropped to about 150m in depth. This reduced the
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efficiency of upwelling to cool the surface and cut off the supply of nutrient rich thermocline
water to the euphotic zone. The result was a rise in sea surface temperature and a drastic
decline in primary productivity, the latter of which adversely affected higher trophic levels of
the food chain, including commercial fisheries in this region. The weakening of easterly
tradewinds during El Nifio is evident in this figure as well. Rainfall follows the warm water
eastward, with associated flooding in Peru and drought in Indonesia and Australia. The
eastward displacement of the atmospheric heat source overlaying the warmest water results in
large changes in the global atmospheric circulation, which in turn force changes in weather in
regions far removed from the tropical Pacific.

3.6.1.2 Pacific Effects of El Nifio

ENSO events vary during each event and are categorized as “strong, moderate, or weak”
events. This variation in the strength of the ENSO event means that the impacts that are
experienced on land will also vary. Pacific Islands, which sit amidst the earth’s climate system,
feel the impacts directly as the ocean water around the islands warms and the rainfall patterns
change significantly, depending on the geographical position of the island related to the “warm
pool.” Some islands experience wetter than normal conditions in weak events, but many of the
islands become drier than normal. Rainfall decreases can be significant as to precipitate
drought, especially in areas that rely on rainfall surface water catchments for the primary water
supply. When the cycle moves into La Nifia phase, where the water begins to cool, some of the
islands experience heavy rainfall and flooding.

Many of the effects may also be termed “extreme climate events” that include the hazards
mentioned in this chapter. This refers primarily to extremes in water availability---flooding or
drought, tropical storms, and extremes in temperature---freezing or heat.

Other significant impacts in the Pacific have been noted as well, including: tropical cyclones
generating further east because of the warm waters; sea level variation as thermal expansion
from warm water raises sea level and alternatively decreases sea level significantly as the water
cools; increased risk of wildfires associated with drought; coastal erosion with changes in sea
level and storm impacts; coral reef bleaching (and coral reefs protect islands from waves and
storm impacts); loss of plants, agriculture, and degradation of habitat; and, landslides
associated with heavy rainfall.

The figures on the next few pages show the variation in rainfall based on the January, February,
and March average rainfall. The years are listed from lowest to highest rainfall, with similar
ENSO events depicted in red. This graphic demonstrates that ENSO events do not behave the
same in Hawai'i. ENSO years may be wetter than normal or drier than normal depending on
the strength of the event. With different events, Hawai‘i can potentially experience severe
droughts with associated wildfires or severe flooding.
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Figure 3-9. Rainfall for Lihu‘e, 2014-2015. Source: NOAA National Weather Service and the Pacific ENSO

Applications Center, http://www.prh.noaa.gov/hnl/pages/cli_graphs.php?station=phli&mo= & Rainfall Atlas of

Hawa'i, 2011, http://rainfall.geography.hawaii.edu/assets/files/PDF/RF%20Atlas%20Final%20Report.pdf .

By trying to understand the patterns in climate variability, each location may be able to develop
better information to reduce risks from hazards associated with different types of ENSO events.
The same patterns can be tracked for La Nifia. These can be tracked at each rain gauge location
and trends can be analyzed over time.

Figure 3-10. Mean Annual Rainfall for the State of Hawai’i.
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3.6.2 Climate Change
Hawai‘i experiences a range of impacts to the environment, ecosystems, and ultimately the

economy as a result of climate variation. The initial assessment of impacts occurred as part of a

national assessment by the US Global Change Research Program, and identified risks to island
communities - “Pacific Regional Assessment on the Consequences of Climate Variability and
Change” (Shea et. al. 2001). In 2012, the U.S. Climate Assessment updated the regional
assessments and produced the Pacific Islands Regional Climate Assessment (PIRCA).

Figure 3.11.

REGIONAL CUMATE PROGMNOSES: (1) WESTERN NORTH PACIFIC (2) CENTRAL NORTH PACIFIC (3) CENTRAL SOUTH PACHIC

ADAPTATION CAPATITY

OPPORTUMITIES 8 CONSTRAINTS
POUCY & GOVEANANCE

INSTITUTIONS
COMMUNITIES

[

PACIFIC ISLANDS SUB-REGIONAL CLIMATE IMPACTS FORA
(LATE 2012 AND EARLY 2013)

Source: PIRCA,2012, http://www.pacificrisa.org/projects/pirca/.

Table 3-13. Impacts due to altered frequencies and intensities of extreme weather, climate, and sea level events

are very likely to change.

Phenomenona Likelihood of Examples of Major Projected Impacts By Sector
and direction of future trends
trend based on
projections for
21st century
using SRES
scenarios
Agriculture, forestry Water Human health Industry,
and ecosystems [4.4, settlement and
5.4] resources [3.4] [8.2] society [7.4]
Over most land Virtually Increased yields in Effects on water | Reduced human | Reduced energy
areas, warmer and | Certainb colder resources mortality from demand for
fewer cold days environments; relying on snow | decreased cold heating; increased
and nights, decreased yields in melt; effects on exposure demand for

warmer and more

warmer

some water
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frequent hot days
and nights

environments;
increased insect
outbreaks

supply

air quality in cities;
reduced disruption
to transport due
to snow, ice;
effects on winter
tourism

Increased water

Increased risk of
heat-related

Reduction in
quality of life for

Warm spells/heat Reduced yields in mortality, people in warm
; demand; water . .
waves. Frequency . warmer regions due . especially for areas without
. Very likely . quality .
increases over to heat stress; wild roblems. e the elderly, appropriate
most land areas fire danger increase gl Al bIoo'm;g‘l chronically sick, | housing; impacts
g very young and on elderly, very
socially-isolated | young and poor.
Disruption of
Adverse effects settlements,
on quality of . commerce,
Heavy Damage to crops; g v Increased risk of
o ) L surface and L transport and
precipitation soil erosion, inability deaths, injuries, L
. . groundwater; . . societies due to
events. Frequency Very likely to cultivate land due . infectious, .
. . contamination . flooding;
increases over to water logging of respiratory and
. of water supply; L pressures on
most areas soils ) skin diseases
water scarcity urban and rural
may be relieved infrastructures;
loss of property
Area affected by Likely Land More Increased risk Water shortages
drought degradation, widespread of food and for settlements,
increases lower yields/crop water stress water shortage; | industry and
damage and failure; increased risk of | societies; reduced
increased livestock malnutrition; hydropower
deaths; increased increased risk of | generation
risk of wildfire water- and potentials;
food-borne potential for
diseases population
migration

aSee Working Group | Fourth Assessment Table 3.8 for further details regarding definitions
b Warming of the most extreme days and nights each year

cExtreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly

values of observed sea level at a station for a given reference period.
dIn all scenarios, the projected global average sea level at 2100 is higher than in the reference period [Working
Group | Fourth Assessment 10.6]. The effect of changes in regional weather systems on sea level extremes has not been

assessed.

*likelihood assessments are provided (virtually certain for 99-100%, very likely for 90-100%, likely for 66-100%, more likely than
not for 50-100%, about as likely as not for 33-66%, unlikely for 0-33%, very unlikely for 0-10%, and exceptionally unlikely for O-
1%) [IPCC 5AR Summary Report for Policy Makers, 2012. (Seneviratne, S.I., N. Nicholls, D. Easterling, C.M. Goodess, S. Kanae, J.
Kossin, Y. Luo, J. Marengo, K. McInnes, M. Rahimi, M. Reichstein, A. Sorteberg, C. Vera, and X. Zhang, 2012: Changes in climate
extremes and their impacts on the natural physical environment. In: Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J.
Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Report of Working Groups | and Il of the
Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press, Cambridge, UK, and New York, NY, USA, pp.
109-230.)

Table SPM-2. Examples of possible impacts of climate change due to changes in extreme weather and climate
events, based on projections to the mid to late 21st century. These do not take into account any changes or
developments in adaptive capacity. Examples of all entries are to be found in chapters in the full Assessment (see
source at top of columns). The first two columns of this table (shaded yellow) are taken directly from the Working
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Group | Fourth Assessment (Table SPM-2). The likelihood estimates in Column 2 relate to the phenomena listed in
Column 1. The direction of trend and likelihood of phenomena are for IPCC SRES projections of climate change.
Source: Table copied in full from: Intergovernmental Panel on Climate Change 2014: Climate Change 2014
Synthesis Report, Working Group Il Contribution to the Intergovernmental Panel on Climate Change Fourth
Assessment Report, 2014, http://www.ipcc.ch/.

As described in the table by the Intergovernmental Panel on Climate Change (world scientists
convened by the World Meteorological Organization and the UN Environment Program), the
probability of impact occurrence from climate change is Virtually Certain, Highly Likely, or
Likely. The regional variations are acknowledged by the US Global Change Program in the
Pacific Islands assessment conducted in 2012 and 2013.

The findings based on numerous models and research, validated by the US Climate Change

Research Program for the Pacific Islands Region, include:
e Sea level is rising. Global mean sea level has been rising at an average rate of approximately 0.13 inches +/-
0.02 inches (3.4 mm +/- 0.4 mm) per year since the early 1990s (Nerem et al., 2010). This rate, based on
satellite altimeter measurements, is twice the estimated rate for the 20th century based on tidegauge
measurements (Church & White, 2006; Bindoff et al., 2007). Rates of sealevel rise in the region during the
altimetry period exceed the global rate, with the highest increases occurring in the WNP (Cazenave & Llovel,
2010; Nerem et al., 2010; Timmermann et al., 2010). Regional changes exceeding the global average are
attributed to changes in wind, as well as natural climate variability (Di Lorenzo et al., 2010; Bromirski et al.,
2011; Merrifield, 2011). Globally, much of the SLR to date is a result of thermal expansion associated with
ocean warming. The global rate is expected to increase as melting land ice (e.g., from Greenland and mountain
glaciers) adds water to the ocean.
e Sea-surface temperature is rising. Since the 1970s, sea-surface temperature (SST) has increased at a rate of
0.13° to 0.41°F (0.07° to 0.23°C) per decade, depending on the location. Projected increases in SST for the
Pacific Islands region range from 1.1° to 1.3°F by 2030, 1.6° to 2.5°F by 2055, and 2.3° to 4.9°F by 2090 under
B1 and A2 emission scenarios (Australian Bureau of Meteorology & CSIRO, 2011).
e Upper-ocean heat content is rising (stratification is changing). While ocean heat content varies significantly
across time and place due to changing ocean currents and natural variability, there has been a strong warming
trend in recent decades (NOAA NCDC, 2011). Model projections show a 30% expansion of subtropical areas by
2100, whereas temperate and equatorial areas decrease by 34% and 28%, respectively (Polovina et al., 2011).
This is due primarily to enhanced stratification and a northward shift in the prevailing mid-latitude winds
blowing from the west.
e Ocean chemistry is changing. When human-induced carbon dioxide is absorbed by seawater, chemical
reactions occur that reduce saturation states of the minerals calcite and aragonite (a process referred to as
ocean acidification). Surface pH has dropped by 0.1 pH units and is projected to decline an additional 0.2 to
0.3 pH units by 2011 (Doney et al., 2012; Feely et al., 2009). Aragonite is critical to reef-building coral, and
annual maximum saturation state is projected to drop below 3.5 by 2035 to 2060 around the Pacific with
continuing decline thereafter (Australian Bureau of Meteorology & CSIRO, 2011).
e Rainfall amount and distribution are changing. Over the past century, rainfall has decreased throughout
Hawai‘i (Oki, 2004; Chu & Chen, 2005; Diaz et al. 2005, 2011; Giambelluca et al., 2011; Elison Timm et al.,
2011). From 1954 to 2011, rainfall also decreased in eastern Micronesian islands such as Majuro and
Kwajalein. In contrast, rainfall has increased slightly in western Micronesian islands (Bailey & Jenson, 2011;
Jacklick et al., 2011). In the CSP, long-term precipitation records show no visible or significant trend (Young,
2007). Statistical downscaling by Elison Timm and Diaz (2009) projected the most likely precipitation scenario
for Hawai‘i for the 21st century to be a 5% to 10% reduction for the wet season and a 5% increase in the dry
season.
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e Stream base flow is decreasing. Eight of the nine long-term stream gauges in Hawai‘i show statistically
significant decreases in base flow, the groundwater component of streamflow, from 1913 to 2008 (Oki, 2004;
Bassiouni & Oki, 2012).

e Winds and waves are changing. In the WNP, the strength of the trade winds has increased since the early
1990s; correspondingly, sea level has risen (Merrifield, 2011; Merrifield & Maltrud, 2011). Observations from
wave buoys suggest that wave heights have increased in the North Pacific over the past century (Ruggiero et
al., 2010; Seneviratne et al., 2012).

e Extremes are changing (e.g., drought, rainfall, coastal inundation). Throughout Hawai‘i, there is a trend
toward fewer extreme rainfall events (exceeding 10 inches in 24 hours) and a propensity toward longer dry
periods (Chu et al., 2010). The annual number of maximum consecutive dry days occurring during the 1980—
2011 time period increased compared to years 1950-1970 (Chu et al., 2010)...tide-gauge observations...the
Hawaiian archipelago, suggest that the number of storm wave events originating from outside the tropics has
increased significantly over the past 50 years (Aucan et al., 2012).

e Habitats (and species distributions) are changing. Significant, widespread ecosystem changes have occurred
in the Pacific Islands region, and continued change is highly likely. Many coral reefs are endangered and
perhaps dying due to the cumulative effects of fishing practices, land-based sources of pollution,
sedimentation, physical damage from anchors and vessels, coastal development, invasive species, and
changes in ocean temperature and chemistry. Changes in distribution of open-ocean fish species are
associated with changes in ocean temperatures (Polovina et al., 2011). Coastal wetlands and mangrove areas
are becoming more saline over time, with increased inundation from high waves, and Pacific Island mangroves
may be substantially reduced by 2100 (Gilman et al., 2008). Projections of temperature and rainfall suggest
that by 2100, climate change will have created new, coastal low-elevation growth conditions in areas that are
already dominated by invasive species. At higher elevations, some wet native ecosystems will no longer exist
by 2100.

3.6.3 Sea Level Rise

Global and local sea level change is of profound interest to researchers and planners due to
enormous potential impact on human populations living in coastal regions. Over the period
1901-2010, global mean sea level (GMSL) rose by 0.19 (0.17 to 0.21) m. It is very likely that the
mean rate of global averaged SLR was 1.7 (1.5 to 1.9) mm yr—1 between 1901 and 2010, 2.0
(1.7 to 2.3) mm yr between 1971 and 2010, and 3.2 (2.8 to 3.6) mm yr—1 between 1993 and
2010 (Hoening et al. IPCC 2014). These observations are consistent with thermal expansion of
the Ocean due to warming plus the addition of water from loss of mass by melting glaciers and
ice sheets. Current rates of SLR vary geographically, and can be higher or lower than the GMSL
for several decades at time due to fluctuations in natural variability and ocean circulation
(Hoening et al. 2014, 1669). University of Hawai‘i studies on Kaua‘i shorelines is consistent with
these patterns of SLR and expect continued rates of change and SLR to continue. In Kaua‘i, sea
level rise is projected at 1-2mm/yr on average (Romine, Fletcher, Barbee, Anderson, and L. Neil
Frazer 2013).

3.6.4 Ocean Acidification

A significant change that has been observed recently is the acidity of nearshore coastal waters.
The previous knowledge considered that the ocean was able to handle great levels of carbon
dioxide and work as a “sink” similar to the rainforests, to maintain a proper balance of carbon
in the atmosphere. In recent years, monitoring programs of acidity (pH) levels have
documented increases in nearshore coastal environments.
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Research on the impacts of the acidity has been undertaken, but it may be years before
accurate, downscaled results are available for Kaua'i. Preliminary studies look at the biological
impacts on coral reefs and marine habitat. In addition, it seems that the acidity may contribute
to erosion and damage to coastal infrastructure, such as ports and roadways. The change in
ocean chemistry described above will result in less development of coral reef systems, which
protect islands from wave action and storm threats.

3.7 Earthquakes

Earthquake is a term used to describe both sudden slip on a fault, and the resulting ground
shaking and radiated seismic energy caused by the slip, or by volcanic or magmatic activity, or
other sudden stress changes in the earth. Earthquake hazard is anything associated with an
earthquake that may affect the normal activities of people. This includes surface faulting,
ground shaking, landslide, liquefaction, tectonic deformation, tsunamis, and seiches.
Earthquake risk is the probable building damage, and number of people that are expected to be
hurt or killed if a likely earthquake on a particular fault occurs. (See USGS,
http://earthquake.usgs.gov/learn/glossary/?alpha=E).

The history of earthquakes in Kaua'i has been low according to historical records. Even though
it does not occur frequently, the proximity to highly seismic areas mean that there is risk from
earthquakes. In addition, an earthquake that results in disaster on the islands will have severe
impacts on Kaua'i’s economy.

3.7.1 Seismic Hazard Zones in Kaua'i County

According to the U.S. Geological Survey, one problem in assigning seismic hazard zones to the
island is that the ground shaking during a strong earthquake may vary within a small area. This
variation is due to the nature of the underlying ground; for example, whether it is mainly lava
bedrock or soil. Two homes in the same neighborhood may suffer different degrees of damage
depending on the properties of the ground upon which they are built. In addition, local
topography strongly affects earthquake hazards. Steep slopes composed of loose material may
produce large landslides during an earthquake.

The risk from living in a seismically active area, unlike that of living in an area prone to being
covered by lava, also depends to a large degree on the type of construction used in a given
home. Earthquake shaking may damage certain types of houses, while leaving other types of
construction unscathed. For all of these reasons, earthquake hazards are highly localized, and it
is difficult to define broad zones with the same relative degree of hazard.

3.7.2 History of Earthquakes in Kaua'i County

Each year thousands of earthquakes occur in Hawai'i, with the majority of them too small to be
felt except by highly sensitive instruments. However, there have been earthquakes that jolted
the islands. The island of Hawai'i has experienced numerous earthquakes of magnitude 5 or
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greater, however, no large earthquakes have occurred in Kaua'i. The following table shows the
history of earthquakes in the State of Hawai'i. Even though there has not been a significant
earthquake in Kaua'i, it is important to remember that these tremors anywhere in the state
could result in a tsunami.

Table 3-14. History of Earthquakes in Hawai'i, M6 and Greater, 1868-Present

Year | Date | Magnitude | Source

1823 06 02 - South flank of Kilauea, Hawai'i - M 7.0

1868 03 29 - Ka'u District, Island of Hawai'i- M 7.0

1868 04 03 - Ka'u District, Island of Hawai'i - M 7.9 Fatalities 77

1868 Mar 25 6.5-7.0 Mauna Loa south flank

1868 Apr 2 7.5-8.1 Mauna Loa south flank
1871 02 20 - Lanai, Hawai'i - M 6.8

1918 Nov 2 6.2 Ka'oki, between Mauna Loa and Kilauea

1919 Sep 14 6.1 Ka'u District. Mauna Loa south flank

1926 Mar 19 >6.0 NW of Hawai'i Island

1927 Mar 20 6.0 NE of Hawai'i Island

1929 Sep 25 6.1 Hualalai

1929 Oct 5 6.5 Hualalai 1929 10 06 - Holualoa, Hawai'i - M 6.5
1938 Jan 22 6.9 N of Maui 1938 01 23 - Maui, Hawai'i- M 6.8
1940 Jun 16 6.0 N of Hawai'i Island

1951 08 21 - Kona, Hawai'i - M 6.9

1973 04 26 - Island of Hawai'i, Hawai'i - M 6.2

1975 11 29 - Kalapana, Hawai'i - M 7.2 Fatalities 2

1983 11 16 - Kaoiki, Hawai'i - M 6.7

2003 08 27 - Volcano, Hawai'i - M 4.7

2005 07 15 - Hawai'i region, Hawai'i - M 5.3

2005 07 17 - Hawai'i region, Hawai'i - M 5.1

2006 10 15 - Hawai'i region, Hawai'i - M 6.7

2007 08 14 - Island of Hawai'i, Hawai'i - M 5.4

2009 04 14 - Island of Hawai'i, Hawai'i - M 5.2

Source: http://earthquake.usgs.gov/earthquakes/states/historical_state.php#Hawai'i Best
Available data—disclaimer: The lists and statistics on this webpage have not been updated
since December 2012. Many of these will be updated and available when we have
completed the transition into the new earthquake database. We hope to provide this
sometime in 2015.

Based on a 2001 Hawai‘i State Earthquake Advisory Council (HSEAC) study, statewide
earthquake AAL is about $58.2 million per year - $35.2 million on the Big Island, $11.4 million
on Maui, and $11.6 million on O‘ahu, and statewide earthquake ALR’s of $1300/million of asset
value - $4,400/million for the Big Island, $1,500/million for Maui, and $263/million for O'ahu.
The predominant contributor to loss is the single-family residential construction (Earthquake
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Hazard Advisory from the Hawai'i Multihazard Science Advisory Council (MSAC) to the State
Hazard Mitigation Forum. 2002.)

Kaua‘i is located in an area of reduced earthquake risk and was not considered in this study. As
shown in Figure 3-13, Kaua‘i lies in the estimate of less than 10% probability of the occurrence
based on 2% risk of quakes in 50 years.

US Selsmic Hazard
2%1n 50 years PGA

Figure 3-12. Seismic Hazard Map - USGS . Source ; USGS, accessed 2015 (best available data),
http://earthquake.usgs.gov/earthquakes/states/hawaii/hazards.php.

Given that there have been no severe earthquakes in Kaua'i on which to base loss estimates,
some modeling has been developed using the HAZUS software program and a modified building
inventory.
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Figure 3-13. Community Earthquake Intensity Map (2012)
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3.8 Tsunami

A tsunami is a sea wave of local or distant origin that results from large-scale seafloor
displacements associated with large earthquakes, major submarine slides, or exploding volcanic
islands (USGS http://earthquake.usgs.gov/learn/glossary/?term=tsunami). Tsunami waves
travel at speeds of 300-600 miles per hour (483-966 km/hr), and the first wave may not be the
largest one. Although most tsunamis are caused by earthquakes in oceanic and coastal regions,
they can also be triggered by underwater landslides and submarine volcanic eruptions that are
powerful enough to displace the surrounding water.

Figure 3-14. Tsunami Depiction.

Run-up factor = J/ H

J (Run-up height) h et
Amplitude

Source: USGS, http://earthquake.usgs.gov/learn/glossary/?term=tsunami.

A tsunami's effect at the shoreline can be considerably different within very short distances.
The only general rule is that runup heights tend to be greatest near where the offshore
bathymetry is steeper. Along gentle-sloping coasts, wave energy is dissipated upon shoaling.
Even so, inundation can be significant and is usually greatest along low-lying coastal plains.

An important historical example that demonstrates the variability of tsunami impact at the
shoreline occurred during the 1965 tsunami on the north shore of Kaua'i. Despite the same
north-facing exposure at Ha'ena and Hanalei, a runup height of 35 feet was recorded at Ha'ena,
while only a few miles away in Hanalei Bay, runup was a mere 3 feet.

In some cases, the runup height has been nearly equal on opposite sides of the island,
suggesting that shoreline orientation (i.e. facing the tsunami source) is not always an important
control. For example, during the 1960 tsunami, generated by an earthquake in Chile far to the
southeast, a runup of 13 feet was recorded at Ha'ena, only 1 foot lower than the maximum of
14 feet for the entire island reported at Hanapepe.

Despite these variations, each side of Kaua'i has observed tsunami runups of over 10 feet with
significant damaging effects. Written history records a tsunami damaging Kaua'i once every
16.5 years. However, the last of these tsunamis occurred in 1965, so looking at the time period
between 1933 and 1965, the average recurrence interval was ~4.5 years. In light of the long-
term frequency with which tsunamis have adversely impacted Kaua‘i (i.e., every 16.5 years),
one might conclude a damaging tsunami is overdue, and there is therefore a high probability
of impacts in Kaua‘i from tsunami.
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Table 3-15. Large Tsunamis *(>1m,3.3 ft) with reported damage in the Hawaiian Islands

Year Date Area of origin Magnitude **
1819 Apr 12 N Central Chile M=2.0
1835 Feb 20 Southern Chile M=4.0
1837 Nov 7 Southern Chile M=3.0
1841 May 17 Kamchataka M=2.0
1868a Apr 3 SE Hawai'i M=4.1
1868b Aug 13 Northern Chile M=4.3
1868c Oct 2 South Pacific

1869 Jul 24 South Pacific

1877 May 10 Northern Chile M=4.0
1878 Jan 20 Aleutian Is(?)

1896 Jun 15 Japan M=4.0
1901 Aug 9 Tonga

1906a Jan 31 Columbia/Ecuador M=1.0
1906b Aug 17 Central Chile M=2.0
1918 Sep 7 Kurlis M=3.6
1919 Oct 2 Hawai'i (H=14ft)

1922 Nov 11 N Central Chile M=3.0
1923 Feb 3 Kamchataka M=3.0
1933 Mar 2 Japan M=3.0
1946 Apr 1 Eastern Aluetian Is M=5.0
1952a Mar 17 Hawai'i (H=10ft)

1952b Nov 4 Kamchataka M=4.0
1957 Mar 9 Central Aleutian Is M=4.5
1960 May 22 Chile M=4.5
1964 Mar 28 Gulf of Alaska M=4.5
1975 Nov 29 Big Island/Hawai'i (H=47 ft)

2010 Feb 26-27 Chile M=8.8
2011 Mar 11 Japan M=9.0
2012 Oct 26-27 British Columbia M=7.7

Source: Fletcher Ill, Charles H., E. Grossman, B. Richmond, A.E. Gibbs. 2002. Atlas of Natural Hazards in the Hawaiian Coastal Zone. US
Department of the Interior US Geological Survey. CD-ROM. http://geopubs.wr.usgs.gov/l-map/

* Reliability of >3 (of 4) runup 1m (3.3 ft ) and reported damage (Lander and Lockridge,1989)

** Tsunami Magnitude is defined by M=log2 H as revised by lida and others (1967), where H is the maximum runup height or amplitude on a
coastline near the generating area. Other Tsunamis have occurred, such a that of Oct 1994, however because of their low (<1m) runup,
insignificant damage and/or uncertainty surrounding their timing and magnitude as noted in Lander and Lockridge (1989), they were not
included here.

March 11, 2011: 9.0 magnitude, Earthquake & Tsunami, Japan

The Washington Post & Bloomberg News: “The tsunami that slammed Japan hit Hawai'i early
today, and waves were spreading as people along the island chain's coast evacuated and
warnings were issued for U.S. West Coast states. Hawai'i was hit by a 1-meter (39-inch) wave,
according to scientists at the Pacific Tsunami Warning Center, which wasn't anticipating major
damage” (http://www.bloomberg.com/news/articles/2011-03-11/Hawai’i-hit-by-1-meter-
tsunami-spurring-coastal-evacuations-closing-ports; http://www.washingtonpost.com/wp-
dyn/content/article/2011/03/11/AR2011031103057.html).
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October 26-27, 2012: 7.7 magnitude earthquake off the coast of British Columbia

Civil Beat: Officials evacuated Waikiki again on October 27, 2012, after a 7.7-magnitude
earthquake off the coast of British Columbia generated a tsunami that officials decided

was The first waves hit right about 10:30 p.m., but instead of predicted 7-foot waves, none
were higher than about 2.5 feet headed straight for the islands
(http://www.civilbeat.com/2011/03/9558-a-history-of-tsunamis-in-Hawai'i/).

February 26-27, 2010: 8.8 magnitude earthquake, 2010 Chile

CBS News: “After a day of several tide fluctuations along the Hawai'i coast, the Pacific Tsunami
Warning Center lifted a warning triggered by a massive 8.8-magnitude earthquake in

Chile Saturday morning. While evacuations were ordered and roads into tourist-heavy Waikiki
closed off, officials said the state escaped unscathed, with initial waves looking more like an
extreme fluctuation in the tide than a giant tsunami. A tsunami warning was canceled for
Hawai'i by 2 p.m., and the tsunami hit Hawai'i around noon local time. The extent of the
damage was not immediately clear, but the effects of the tsunami were obvious, exposing reefs
and sending dark streaks of muddy, sandy water offshore. Water later washed over Coconut
Island, a small park off the coast of Hilo. The tsunami caused a series of surges that were about
20 minutes apart, and the waves arrived later and smaller than originally predicted. The highest
wave at Hilo measured 5.5 feet high, while Maui saw some as high as 6.5
feet”(http://www.cbsnews.com/news/tsunami-hits-Hawai'i-causes-minimal-damage/).

Table 3-16. Historical High Wave Events.

North and West Shores North Shore
1969 Dec 1-4 1900 Nov 16
1983 Jan 24-25 25 ft 1968 Dec 5-6
1986 Feb 16 40 ft 1976 Nov 13 30 ft at Anini, Wainiha Bay
1986 Dec 8-9 30 ft 1979 Mar 15-17 Hanakapai
1990 Jan 20-21 30 ft 1985 Dec 9-11 30 ft
1998 Jan 23-31 20 ft 1986 May 25 10-15 ft at Hanalei
1988 Aug 4-8 Hurricane Fabio
East shore 1993 Feb 3-4 25-30 ft, North swell
1957 Sep 1-17 16 ft at Nawiliwili 1996 Nov 8-16 20-25 ft, erosion
1982 Nov 23 Hurricane lwa, 8-10 ft 1998 Jan 23-31 25-40 ft
1985 Sep 5-9 10-15 ft
1992 Sep 11 Hurricane Iniki, 10-15 ft East and South shores
1959 Aug 4-7 Hurricane Dot
Poipu 1974 Jun 10-11
1982 Nov 23 Hurricane Iwa, 20-30 ft 1982 Nov 23 Hurricane Iwa 10 —15 ft
1985 Jull 10 ft 1992 Sep 11 Hurricane Iniki, 15-20 ft
1985 Oct 23-24 10ft at Poipu
1992 Sep 11 Hurricane Iniki, 20-30 ft South Shore
1996 Jul 22-24 8-12 ft SSW swell 1957 Sep 1-17 16ft
1957 Nov 30-31 Hurricane Nina, 35 ft
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1975 May 13 Makahuena Beach/ Poipu

1976 Nov 13 Hanapepe Armory, Kekaha

1978 Jul 17-28 Hurricane Fico, 8-12 ft

Source: Fletcher Ill, Charles H., E. Grossman, B. Richmond, A.E. Gibbs. 2002. Atlas of Natural Hazards in the Hawaiian Coastal Zone. US
Department of the Interior US Geological Survey. CD-ROM. http://geopubs.wr.usgs.gov/l-map/

Table 3-17. High surf events on Kaua'i between 2009 and 2014.

KAUAI LEEWARD (ZONE) 12/3/09 | KAUAI LEEWARD (ZONE) 1/4/10 KAUAI WINDWARD (ZONE) 12/28/09
NIIHAU (ZONE) 12/3/09 | NIIHAU (ZONE) 1/4/10 KAUAI WINDWARD (ZONE) 1/4/10
KAUAI WINDWARD (ZONE) | 12/3/09 | KAUAI LEEWARD (ZONE) 1/16/10 | NIIHAU (ZONE) 1/30/10
KAUAI LEEWARD (ZONE) 12/6/09 | NIIHAU (ZONE) 1/16/10 | KAUAI WINDWARD (ZONE) 1/30/10
NIIHAU (ZONE) 12/6/09 | KAUAI WINDWARD (ZONE) | 1/16/10 | KAUAI LEEWARD (ZONE) 2/3/10
KAUAI WINDWARD (ZONE) | 12/6/09 | KAUAI LEEWARD (ZONE) 1/24/10 | NIIHAU (ZONE) 2/3/10
KAUAI WINDWARD (ZONE) | 12/19/09 | NIIHAU (ZONE) 1/24/10 | KAUAI WINDWARD (ZONE) 2/3/10
KAUAI LEEWARD (ZONE) 12/23/09 | KAUAI WINDWARD (ZONE) | 1/24/10 | NIIHAU (ZONE) 2/9/10
NIIHAU (ZONE) 12/23/09 | KAUAI LEEWARD (ZONE) 1/27/10 | KAUAI WINDWARD (ZONE) 2/9/10
KAUAI WINDWARD (ZONE) | 12/23/09 | NIIHAU (ZONE) 1/27/10 | KAUAI LEEWARD (ZONE) 2/9/10
KAUAI LEEWARD (ZONE) 12/28/09 | KAUAI WINDWARD (ZONE) | 1/27/10 | KAUAI WINDWARD (ZONE) 2/17/10
NIIHAU (ZONE) 12/28/09 | KAUAI LEEWARD (ZONE) 1/30/10 | KAUAI LEEWARD (ZONE) 2/17/10
NIIHAU (ZONE) 2/17/10 | KAUAI LEEWARD (ZONE) 5/3/10 KAUAI WINDWARD (ZONE) 1/31/11
KAUAI LEEWARD (ZONE) 2/21/10 | NIIHAU (ZONE) 8/3/10 KAUAI LEEWARD (ZONE) 2/1/11
NIIHAU (ZONE) 2/21/10 | KAUAI WINDWARD (ZONE) | 8/3/10 NIIHAU (ZONE) 2/1/11
KAUAI WINDWARD (ZONE) | 2/21/10 | KAUAI LEEWARD (ZONE) 8/3/10 KAUAI WINDWARD (ZONE) 2/1/11
KAUAI LEEWARD (ZONE) 3/1/10 KAUAI LEEWARD (ZONE) 9/26/10 | KAUAI LEEWARD (ZONE) 2/5/11
NIIHAU (ZONE) 3/1/10 NIIHAU (ZONE) 9/26/10 | NIIHAU (ZONE) 2/5/11
KAUAI WINDWARD (ZONE) | 3/1/10 KAUAI WINDWARD (ZONE) | 9/26/10 | KAUAI WINDWARD (ZONE) 2/5/11
KAUAI WINDWARD (ZONE) | 3/2/10 NIIHAU (ZONE) 10/20/10 | NIIHAU (ZONE) 2/11/11
KAUAI LEEWARD (ZONE) 3/15/10 | KAUAI WINDWARD (ZONE) | 10/20/10 | KAUAI WINDWARD (ZONE) 2/11/11
NIIHAU (ZONE) 3/15/10 | KAUAI LEEWARD (ZONE) 10/20/10 | KAUAI WINDWARD (ZONE) 2/17/11
KAUAI WINDWARD (ZONE) | 3/15/10 | KAUAI WINDWARD (ZONE) | 10/25/10 | KAUAI LEEWARD (ZONE) 3/9/11
KAUAI LEEWARD (ZONE) 3/18/10 | NIIHAU (ZONE) 10/25/10 | NIIHAU (ZONE) 3/9/11
NIIHAU (ZONE) 3/18/10 | NIIHAU (ZONE) 11/2/10 | KAUAI WINDWARD (ZONE) 3/9/11
KAUAI WINDWARD (ZONE) | 3/18/10 | KAUAI WINDWARD (ZONE) | 11/2/10 | KAUAI LEEWARD (ZONE) 3/14/11
KAUAI WINDWARD (ZONE) | 3/20/10 | KAUAI LEEWARD (ZONE) 11/2/10 | NIIHAU (ZONE) 3/14/11
KAUAI LEEWARD (ZONE) 3/20/10 | KAUAI WINDWARD (ZONE) | 11/14/10 | KAUAI WINDWARD (ZONE) 3/14/11
NIIHAU (ZONE) 3/20/10 | KAUAI LEEWARD (ZONE) 11/14/10 | KAUAI WINDWARD (ZONE) 3/17/11
KAUAI LEEWARD (ZONE) 3/23/10 | NIIHAU (ZONE) 11/14/10 | NIIHAU (ZONE) 3/19/11
NIIHAU (ZONE) 3/23/10 | KAUAI WINDWARD (ZONE) | 12/2/10 | KAUAI WINDWARD (ZONE) 3/19/11
KAUAI WINDWARD (ZONE) | 3/23/10 | NIIHAU (ZONE) 12/2/10 | KAUAI LEEWARD (ZONE) 3/19/11
NIIHAU (ZONE) 3/29/10 | KAUAI WINDWARD (ZONE) | 12/8/10 | KAUAI WINDWARD (ZONE) 3/21/11
KAUAI WINDWARD (ZONE) | 3/29/10 | NIIHAU (ZONE) 12/8/10 | NIIHAU (ZONE) 3/30/11
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KAUAI LEEWARD (ZONE) 3/29/10 KAUAI LEEWARD (ZONE) 12/25/10 KAUAI WINDWARD (ZONE) 3/30/11
KAUAI WINDWARD (ZONE) | 3/30/10 NIIHAU (ZONE) 12/25/10 KAUAI LEEWARD (ZONE) 3/30/11
NIIHAU (ZONE) 3/30/10 KAUAI WINDWARD (ZONE) 12/25/10 KAUAI WINDWARD (ZONE) 4/5/11
KAUAI WINDWARD (ZONE) | 4/1/10 KAUAI LEEWARD (ZONE) 1/2/11 NIIHAU (ZONE) 4/5/11
NIIHAU (ZONE) 4/1/10 KAUAI WINDWARD (ZONE) 1/2/11 KAUAI WINDWARD (ZONE) 4/6/11
KAUAI LEEWARD (ZONE) 4/13/10 NIIHAU (ZONE) 1/2/11 KAUAI LEEWARD (ZONE) 4/20/11
NIIHAU (ZONE) 4/13/10 KAUAI WINDWARD (ZONE) 1/8/11 NIIHAU (ZONE) 4/20/11
KAUAI WINDWARD (ZONE) | 4/13/10 KAUAI LEEWARD (ZONE) 1/11/11 KAUAI WINDWARD (ZONE) 4/20/11
NIIHAU (ZONE) 4/16/10 NIIHAU (ZONE) 1/11/11 KAUAI WINDWARD (ZONE) 5/7/11
KAUAI WINDWARD (ZONE) | 4/16/10 KAUAI WINDWARD (ZONE) 1/11/11 NIIHAU (ZONE) 6/5/11
KAUAI LEEWARD (ZONE) 4/22/10 KAUAI LEEWARD (ZONE) 1/15/11 KAUAI WINDWARD (ZONE) 6/5/11
NIIHAU (ZONE) 4/22/10 NIIHAU (ZONE) 1/15/11 KAUAI LEEWARD (ZONE) 6/5/11
KAUAI WINDWARD (ZONE) | 4/22/10 KAUAI WINDWARD (ZONE) 1/15/11 KAUAI LEEWARD (ZONE) 6/21/11
KAUAI LEEWARD (ZONE) 4/26/10 KAUAI LEEWARD (ZONE) 1/19/11 NIIHAU (ZONE) 6/21/11
NIIHAU (ZONE) 4/26/10 NIIHAU (ZONE) 1/19/11 KAUAI WINDWARD (ZONE) 6/21/11
KAUAI WINDWARD (ZONE) | 4/26/10 KAUAI WINDWARD (ZONE) 1/19/11 KAUAI LEEWARD (ZONE) 7/6/11
NIIHAU (ZONE) 5/3/10 KAUAI LEEWARD (ZONE) 1/31/11 NIIHAU (ZONE) 7/6/11
KAUAI WINDWARD (ZONE) | 5/3/10 NIIHAU (ZONE) 1/31/11 KAUAI WINDWARD (ZONE) 7/6/11
KAUAI WINDWARD (ZONE) | 8/5/11 KAUAI WINDWARD (ZONE) 1/7/12 KAUAI WINDWARD (ZONE) 9/22/12
KAUAI LEEWARD (ZONE) 8/29/11 KAUAI LEEWARD (ZONE) 1/7/12 NIIHAU (ZONE) 9/22/12
NIIHAU (ZONE) 8/29/11 KAUAI LEEWARD (ZONE) 1/11/12 KAUAI LEEWARD (ZONE) 9/22/12
KAUAI WINDWARD (ZONE) | 8/29/11 NIIHAU (ZONE) 1/11/12 KAUAI LEEWARD (ZONE) 9/27/12
KAUAI LEEWARD (ZONE) 9/1/11 KAUAI WINDWARD (ZONE) 1/11/12 NIIHAU (ZONE) 9/27/12
NIIHAU (ZONE) 9/1/11 KAUAI LEEWARD (ZONE) 1/28/12 KAUAI WINDWARD (ZONE) 9/27/12
KAUAI WINDWARD (ZONE) | 9/1/11 NIIHAU (ZONE) 1/28/12 NIIHAU (ZONE) 10/8/12
KAUAI LEEWARD (ZONE) 9/9/11 KAUAI WINDWARD (ZONE) 1/28/12 KAUAI WINDWARD (ZONE) 10/8/12
NIIHAU (ZONE) 9/9/11 NIIHAU (ZONE) 1/30/12 KAUAI LEEWARD (ZONE) 10/8/12
KAUAI WINDWARD (ZONE) | 9/9/11 KAUAI WINDWARD (ZONE) 1/30/12 NIIHAU (ZONE) 10/26/12
KAUAI WINDWARD (ZONE) | 10/4/11 KAUAI LEEWARD (ZONE) 1/30/12 KAUAI WINDWARD (ZONE) 10/26/12
NIIHAU (ZONE) 10/4/11 KAUAI WINDWARD (ZONE) 2/2/12 KAUAI LEEWARD (ZONE) 10/26/12
KAUAI LEEWARD (ZONE) 10/4/11 KAUAI LEEWARD (ZONE) 2/2/12 NIIHAU (ZONE) 11/4/12
KAUAI WINDWARD (ZONE) | 10/17/11 NIIHAU (ZONE) 2/2/12 KAUAI WINDWARD (ZONE) 11/4/12
KAUAI WINDWARD (ZONE) | 11/9/11 KAUAI LEEWARD (ZONE) 2/5/12 KAUAI LEEWARD (ZONE) 11/4/12
KAUAI LEEWARD (ZONE) 11/26/11 NIIHAU (ZONE) 2/5/12 KAUAI LEEWARD (ZONE) 11/15/12
NIIHAU (ZONE) 11/26/11 KAUAI WINDWARD (ZONE) 2/5/12 KAUAI WINDWARD (ZONE) 11/15/12
KAUAI WINDWARD (ZONE) | 11/26/11 NIIHAU (ZONE) 2/12/12 NIIHAU (ZONE) 11/15/12
KAUAI WINDWARD (ZONE) | 11/27/11 KAUAI WINDWARD (ZONE) 2/12/12 KAUAI LEEWARD (ZONE) 11/29/12
KAUAI LEEWARD (ZONE) 12/1/11 KAUAI LEEWARD (ZONE) 2/12/12 NIIHAU (ZONE) 11/29/12
NIIHAU (ZONE) 12/1/11 NIIHAU (ZONE) 2/15/12 KAUAI WINDWARD (ZONE) 11/29/12
KAUAI WINDWARD (ZONE) | 12/1/11 KAUAI WINDWARD (ZONE) 2/15/12 KAUAI WINDWARD (ZONE) 12/10/12
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KAUAI LEEWARD (ZONE) 12/6/11 KAUAI LEEWARD (ZONE) 2/15/12 KAUAI WINDWARD (ZONE) 12/22/12
NIIHAU (ZONE) 12/6/11 KAUAI WINDWARD (ZONE) 2/19/12 NIIHAU (ZONE) 12/24/12
KAUAI WINDWARD (ZONE) | 12/6/11 KAUAI WINDWARD (ZONE) 2/27/12 KAUAI WINDWARD (ZONE) 12/24/12
NIIHAU (ZONE) 12/7/11 KAUAI WINDWARD (ZONE) 3/1/12 KAUAI LEEWARD (ZONE) 12/24/12
KAUAI WINDWARD (ZONE) | 12/7/11 KAUAI LEEWARD (ZONE) 3/4/12 KAUAI LEEWARD (ZONE) 12/27/12
KAUAI LEEWARD (ZONE) 12/7/11 NIIHAU (ZONE) 3/4/12 NIIHAU (ZONE) 12/27/12
KAUAI WINDWARD (ZONE) | 12/11/11 KAUAI WINDWARD (ZONE) 3/4/12 KAUAI WINDWARD (ZONE) 12/27/12
NIIHAU (ZONE) 12/16/11 KAUAI WINDWARD (ZONE) 3/5/12 NIIHAU (ZONE) 1/1/13
KAUAI WINDWARD (ZONE) | 12/16/11 KAUAI WINDWARD (ZONE) 3/9/12 KAUAI WINDWARD (ZONE) 1/1/13
KAUAI LEEWARD (ZONE) 12/16/11 KAUAI WINDWARD (ZONE) 3/22/12 KAUAI LEEWARD (ZONE) 1/1/13
KAUAI WINDWARD (ZONE) | 12/19/11 NIIHAU (ZONE) 4/14/12 KAUAI WINDWARD (ZONE) 1/4/13
KAUAI LEEWARD (ZONE) 12/28/11 KAUAI WINDWARD (ZONE) 4/14/12 KAUAI LEEWARD (ZONE) 1/17/13
NIIHAU (ZONE) 12/28/11 KAUAI LEEWARD (ZONE) 4/14/12 NIIHAU (ZONE) 1/17/13
KAUAI WINDWARD (ZONE) | 12/28/11 NIIHAU (ZONE) 3/13/13 KAUAI WINDWARD (ZONE) 2/2/14
KAUAI WINDWARD (ZONE) | 1/1/12 KAUAI LEEWARD (ZONE) 11/13/13 KAUAI LEEWARD (ZONE) 2/14/14
NIIHAU (ZONE) 1/1/12 NIIHAU (ZONE) 11/13/13 NIIHAU (ZONE) 2/14/14
KAUAI LEEWARD (ZONE) 1/1/12 KAUAI WINDWARD (ZONE) 11/13/13 KAUAI WINDWARD (ZONE) 2/14/14
NIIHAU (ZONE) 1/7/12 KAUAI LEEWARD (ZONE) 11/28/13 KAUAI LEEWARD (ZONE) 3/1/14
KAUAI WINDWARD (ZONE) | 5/24/12 NIIHAU (ZONE) 11/28/13 NIIHAU (ZONE) 3/1/14
KAUAI WINDWARD (ZONE) | 6/19/12 KAUAI WINDWARD (ZONE) 11/28/13 KAUAI WINDWARD (ZONE) 3/1/14
KAUAI LEEWARD (ZONE) 7/4/12 KAUAI LEEWARD (ZONE) 12/13/13 KAUAI LEEWARD (ZONE) 3/7/14
NIIHAU (ZONE) 7/4/12 NIIHAU (ZONE) 12/13/13 NIIHAU (ZONE) 3/7/14
KAUAI WINDWARD (ZONE) | 7/4/12 KAUAI WINDWARD (ZONE) 12/13/13 KAUAI WINDWARD (ZONE) 3/7/14
KAUAI WINDWARD (ZONE) | 1/17/13 KAUAI LEEWARD (ZONE) 12/13/13 KAUAI LEEWARD (ZONE) 3/14/14
(2 deaths)
KAUAI LEEWARD (ZONE) 1/27/13 NIIHAU (ZONE) 12/13/13 NIIHAU (ZONE) 3/14/14
NIIHAU (ZONE) 1/27/13 KAUAI WINDWARD (ZONE) 12/13/13 KAUAI WINDWARD (ZONE) 3/14/14
KAUAI WINDWARD (ZONE) | 1/27/13 KAUAI LEEWARD (ZONE) 12/19/13 KAUAI WINDWARD (ZONE) 3/15/14
KAUAI WINDWARD (ZONE) | 2/1/13 NIIHAU (ZONE) 12/19/13 KAUAI WINDWARD (ZONE) 4/2/14
KAUAI LEEWARD (ZONE) 2/1/13 KAUAI WINDWARD (ZONE) 12/19/13 KAUAI LEEWARD (ZONE) 4/4/14
NIIHAU (ZONE) 2/1/13 KAUAI LEEWARD (ZONE) 12/19/13 NIIHAU (ZONE) 4/4/14
KAUAI LEEWARD (ZONE) 2/8/13 NIIHAU (ZONE) 12/19/13 KAUAI WINDWARD (ZONE) 4/4/14
NIIHAU (ZONE) 2/8/13 KAUAI WINDWARD (ZONE) 12/19/13 KAUAI WINDWARD (ZONE) 4/13/14
KAUAI WINDWARD (ZONE) | 2/8/13 KAUAI LEEWARD (ZONE) 12/24/13 KAUAI LEEWARD (ZONE) 5/4/14
KAUAI LEEWARD (ZONE) 2/15/13 KAUAI WINDWARD (ZONE) 12/24/13 NIIHAU (ZONE) 5/4/14
NIIHAU (ZONE) 2/15/13 NIIHAU (ZONE) 12/24/13 KAUAI WINDWARD (ZONE) 5/4/14
KAUAI WINDWARD (ZONE) | 2/15/13 KAUAI LEEWARD (ZONE) 12/24/13 KAUAI LEEWARD (ZONE) 5/16/14
KAUAI LEEWARD (ZONE) 2/28/13 NIIHAU (ZONE) 12/24/13 NIIHAU (ZONE) 5/16/14
NIIHAU (ZONE) 2/28/13 KAUAI WINDWARD (ZONE) 12/24/13 KAUAI WINDWARD (ZONE) 5/16/14
KAUAI WINDWARD (ZONE) | 2/28/13 KAUAI LEEWARD (ZONE) 1/4/14 KAUAI LEEWARD (ZONE) 7/14/14
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KAUAI LEEWARD (ZONE) 3/1/13 NIIHAU (ZONE) 1/4/14 NIIHAU (ZONE) 7/14/14
NIIHAU (ZONE) 3/1/13 KAUAI WINDWARD (ZONE) | 1/4/14 KAUAI WINDWARD (ZONE) 7/14/14
KAUAI WINDWARD (ZONE) | 3/3/13 KAUAI LEEWARD (ZONE) 1/16/14 KAUAI WINDWARD (ZONE) 8/7/14
KAUAI LEEWARD (ZONE) 3/4/13 NIIHAU (ZONE) 1/16/14 KAUAI LEEWARD (ZONE) 8/21/14
NIIHAU (ZONE) 3/4/13 KAUAI WINDWARD (ZONE) | 1/16/14 NIIHAU (ZONE) 8/21/14
KAUAI WINDWARD (ZONE) | 3/4/13 KAUAI LEEWARD (ZONE) 1/29/14 KAUAI WINDWARD (ZONE) 8/21/14
KAUAI LEEWARD (ZONE) 3/10/13 NIIHAU (ZONE) 1/29/14 KAUAI LEEWARD (ZONE) 8/28/14
NIIHAU (ZONE) 3/10/13 KAUAI WINDWARD (ZONE) | 1/29/14 KAUAI WINDWARD (ZONE) 8/28/14
KAUAI WINDWARD (ZONE) | 3/10/13 KAUAI LEEWARD (ZONE) 2/2/14 NIIHAU (ZONE) 8/28/14
KAUAI LEEWARD (ZONE) 3/13/13 NIIHAU (ZONE) 2/2/14 KAUAI LEEWARD (ZONE) 9/13/14
NIIHAU (ZONE) 9/13/14 KAUAI LEEWARD (ZONE) 10/19/14 KAUAI LEEWARD (ZONE) 11/24/14
KAUAI WINDWARD (ZONE) | 9/13/14 NIIHAU (ZONE) 10/19/14 NIIHAU (ZONE) 11/24/14
KAUAI WINDWARD (ZONE) | 9/26/14 KAUAI WINDWARD (ZONE) | 10/19/14 KAUAI WINDWARD (ZONE) 11/24/14
KAUAI LEEWARD (ZONE) 10/1/14 KAUAI LEEWARD (ZONE) 11/8/14 KAUAI WINDWARD (ZONE) 11/27/14
NIIHAU (ZONE) 10/1/14 NIIHAU (ZONE) 11/8/14 KAUAI WINDWARD (ZONE) 12/1/14
KAUAI WINDWARD (ZONE) | 10/1/14 KAUAI WINDWARD (ZONE) | 11/8/14 KAUAI LEEWARD (ZONE) 12/4/14
KAUAI LEEWARD (ZONE) 10/9/14 KAUAI LEEWARD (ZONE) 11/10/14 NIIHAU (ZONE) 12/4/14
NIIHAU (ZONE) 10/9/14 NIIHAU (ZONE) 11/10/14 KAUAI WINDWARD (ZONE) 12/4/14
KAUAI WINDWARD (ZONE) | 10/9/14 KAUAI WINDWARD (ZONE) | 11/10/14 KAUAI LEEWARD (ZONE) 12/21/14
KAUAI WINDWARD (ZONE) | 10/18/14 KAUAI LEEWARD (ZONE) 11/17/14 NIIHAU (ZONE) 12/21/14
NIIHAU (ZONE) 10/18/14 NIIHAU (ZONE) 11/17/14 KAUAI WINDWARD (ZONE) 12/21/14
KAUAI LEEWARD (ZONE) 10/18/14 KAUAI WINDWARD (ZONE) | 11/17/14

There have been historical occurrences of 30 events in 200 years of data, and even though
seismic risk is small in Kauai, it has been susceptible to both long-distance tsunami from South

America and the Greater Aleutian Islands, and short-distance generated tsunami from

earthquakes and volcanic activity in the Hawaiian Islands. Scenarios have resulted in
reconfiguration of the evacuation maps for all of the Hawaiian Islands, including Kauai because

the high likelihood of experiencing an event that will be three times larger than the 1946

tsunami, which was the largest event in memory. The event this large is categorized as a once-
per-thousand year event.
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3.9 Landslides

A landslide happens when gravity forces land downward, often due to too much or lack of
precipitation, runoff, or ground saturation. The wetting and drying of the uppermost ground
material results in alternate expansion and contraction with gravity pulling the contracting
Earth downward. The term includes mudslides, debris flow, debris avalanches, rock falls, and
rock slides. Landslides usually occur with another natural hazard, such as an earthquake or
flooding.

Public and private economic losses from landslides include replacing and repairing damaged
facilities, loss of productivity, disruption of utility and transportation systems, and reduction in
property values. A severe landslide can cause great financial hardship to a property owner
because many do not obtain earthquake insurance (State of California Department of
Conservation, Sacramento, CA and National Landslide Information Center, U.S. Geological
Survey, Denver, CO). Kauai’s seismic risk is considerably less than the other Counties, however,
the landslides and rockfalls occur primarily because of the changes in ground saturation,
causing cracks to occur. The areas that have been affected begin on conservation lands —
emanating from steep rock and mountain faces. The primary area of impact is with State
Highways, causing blocks in roadways.

In March 2012, the Governor declared a disaster for Kaua'i and O’ahu after major flooding.
LIHUE, Hawai'i (AP) — “Hawai'i's governor declared a disaster for two islands on Tuesday after
three days of relentless rains caused flooding and a sewage spill on Kaua'i, where officials were
dealing with tree-blocked roads, closed schools and dangerous surf. It comes after Kaua'i
Mayor Bernard Carvalho Jr. signed a disaster declaration on Monday. There were also warnings
of possible hail, lightning, rockslides and water-clogged roads. Kaua'i schoolchildren were kept
home Tuesday. A middle school was functioning as an emergency shelter, where 33 people
spent the night Monday. The Hawai'i chapter of the Red Cross said more than 50 others spent
the night at three other shelters” (http://www.huffingtonpost.com/2012/03/07/Hawai i-

weather-governor-declares-disaster n_1325669.html?).

3.9.1 Recent Kaua'i Landslides

In Hawai'i, valley walls are typically covered by soil that is held to the bedrock by plant roots.
We can find soil avalanches or landslides taking place on the western side or even northern side
of Kaua'i.

Soil avalanches may leave bright scars on the hillside for months. A good example is a slide that
occurred in Olokele Canyon on Kaua'i in October 1981. The slide face was about 300 meters
wide and about 800 meters high (about a thousand feet wide by 2,400 feet high) — a slide of
tremendous proportions.

This particular slide was caused by a combination of high rainfall and underground water
seepage. Features like this or processes like this are responsible for much of the valley
development here in Hawai'i.

Slow earth movement: One other thing to note is that soil creep is not a dramatic process but
especially important. It's a slow, imperceptible, continuous process where the movement may
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be only a centimeter or so per year, but it is a very important process, and it's especially
important in housing and commercial developments.

Hillside cut: Here where houses are built on the side of the hill, even very slow movements may
cause the house to break. It may cause telephone poles to bend very slowly. It may cause
fences to move.

Road cuts: Landslides have been seen frequently near road cuts. The Department of
Transportation mitigates landslides near roadways by erecting chicken wire strapped around
the edge of the cliff. The purpose of this is to prevent rockfalls and other things from sliding
out onto the highway.

Areas generally more prone to landslides are those located at:
e Previous landslides areas
e Base of slopes
e Base of minor drainage hollows
e Base or top of an old, filled slope
e Base or top of a steep, cut slope
e Developed hillsides with leach-field septic systems.

These areas include sections on the highway past Anahola, Lumahai, Kalaheo Lawai, and
Kuamoa Road. The significant historical landslides have occurred along the highway and coastal
roads. During the 2006 and 2008 flooding and storm events, several mudslides occurred
impacting transportation.

There were also landslide events on the Leeward and North Shore areas of Kaua'i during the
March 2012 flood disaster event, wherein at least 3-5 major landslides occurred between
Kilauea and Ha ena, causing multiple points of isolation and visitors and residents being unable
to evacuate or move between these points, for 2-3 days during the height of the flooding.

Landslides constitute a major geologic hazard because they are widespread, occurring in all 50
states, and cause $1-2 billion in damages and more than 25 fatalities on average each year.
Landslides pose serious threats to highways and structures that support fisheries, tourism,
timber harvesting, mining, and energy production as well as general transportation. Landslides
commonly occur with other major natural disasters such as earthquakes and floods that
exacerbate relief and reconstruction efforts and expanded development and other land use has
increased the incidence of landslide disasters (USGS National Landslide Information Center, National
Landslides Program, http://landslides.usgs.gov/).

Debris flow occurred in Kapa‘a on March 27, 2013 and Waimea on December 2, 2013, both
events which were caused by heavy rainfall. Based on historic events, there have been
occurrences of land movement on conservation lands two or three times per year with heavy
rainfall events that coincide with 1 in 50 year flood events.
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3.9.2 Preparedness

There are elements of preparation that can be undertaken prior to storm events. To mitigate
impacts from slides associated with earthquakes, the habit of using best management practices
will aid in preparedness.

Some actions identified prior to intense storms includes:

1. Become familiar with the land around you. Learn whether debris flows have occurred in
your area by contacting local officials, State geological surveys or departments of
natural resources, and university departments of geology. Slopes where debris flows
have occurred in the past are likely to experience them in the future.

2. Support your local government in efforts to develop and enforce land-use and building
ordinances that regulate construction in areas susceptible to landslides and debris
flows. Buildings should be located away from steep slopes, streams and rivers,
intermittent-stream channels, and the mouths of mountain channels.

3. Watch the patterns of storm-water drainage on slopes near your home, and note
especially the places where runoff water converges, increasing flow over soil-covered
slopes. Watch the hillsides around your home for any signs of land movement, such as
small landslides or debris flows or progressively tilting trees.

4. Contact your local authorities to learn about the emergency-response and evacuation
plans for your area and develop your own emergency plans for your family and
business.

Recommended actions during intense storms includes:

1.

Stay alert and stay awake! Many debris-flow fatalities occur when people are sleeping.
Listen to a radio for warnings of intense rainfall. Be aware that intense short bursts of rain
may be particularly dangerous, especially after longer periods of heavy rainfall and damp
weather.

If you are in areas susceptible to landslides and debris flows, consider leaving if it is safe to
do so. Remember that driving during an intense storm can itself be hazardous.

Listen for any unusual sounds that might indicate moving debris, such as trees cracking or
boulders knocking together. A trickle of flowing or falling mud or debris may precede larger
flows. If you are near a stream or channel, be alert for any sudden increase or decrease in
water flow and for a change from clear to muddy water. Such changes may indicate
landslide activity upstream, so be prepared to move quickly. Don't delay! Save yourself, not
your belongings.

Be especially alert when driving. Embankments along roadsides are particularly susceptible
to landslides. Watch the road for collapsed pavement, mud, fallen rocks, and other
indications of possible debris flows.

Actions to take if you suspect imminent landslide danger include:
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e Contact your local fire, police or public works department
e Inform affected neighbors

e FEvacuate

3.10 Dam Failure

3.10.1 Flooding from Dam Failure

A dam is defined as a barrier constructed across a watercourse for the purpose of storage,
control, or diversion of water. A dam impounds water in the upstream area, or reservoir. The
amount of water impounded is measured in acre-feet referring to the volume of water that
covers an acre of land to a depth of one foot (FEMA, Multi-Hazards 1997).

In Hawai‘i, a "Dam" is defined in Chapter 190 of the Hawai‘i Administrative Rules * as any
artificial barrier, including appurtenant works, which impounds or diverts water, and which:

1. Is twenty-five feet or more in height from the natural bed of the stream or watercourse
measured at the downstream toe of the barrier, or from the lowest elevation of the
outside limit of the barrier if it is not across a stream channel or watercourse, to a
maximum water storage elevation; or

2. Has an impounding capacity at maximum water storage elevation of fifty acre-feet or
more. This chapter does not apply to any artificial barrier that is less than six feet in
height regardless of storage capacity or which has a storage capacity at maximum water
storage elevation less than fifteen acre-feet regardless of height.

There are three types of dams: detention, storage, and diversion. Detention dams are
constructed to retard and minimize the effects of flood runoff. These types of dams are used to
store all or a portion of an anticipated flood runoff. The floodwater stored by the dam is
released at a rate that does not exceed the carrying capacity of the channel downstream.
Storage dams are constructed to impound water during periods of surplus supply for use during
periods of drought. This water is for crop irrigation, livestock watering, and municipal and
industrial water supply. Diversion dams are constructed to provide hydraulic head for diverting
water from streams and rivers into ditches, canals, or other water conveyance.

Dam failures can also cause flash flooding. The sudden release of the impounded water can
occur during a flood that overtops or damages a dam or it can occur on a clear day if the dam
has not been properly constructed or maintained. The threat from dam failures increases as
existing dams get older and more are being built for retention basins and amenity ponds in new
developments. Many are on smaller streams that are not mapped as floodplains or subject to
floodplain regulations. Even when the stream is mapped, the floodplain is usually not based on
a dam breach inundation map, leaving downstream residents unaware of the potential dangers.

! http://dInr.hawaii.gov/Id/files/2013/07/HAR-190-1-Dam-Safety-Rules1.pdf
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Two factors influence the potential severity of a full or partial dam failure: the amount of water
impounded, and the density, type, and value of development and infrastructure located
downstream.

Dam failures typically occur when spillway capacity is inadequate and excess flow overtops the
dam, or when internal erosion (piping) through the dam or foundation occurs. Complete failure
occurs if internal erosion or overtopping results in a complete structural breach, releasing a
high-velocity wall of debris-laden water that rushes downstream, damaging or destroying
everything in its path.

Dam failures can result from anyone or a combination of the following causes:

Prolonged periods of rainfall and flooding, which cause most failures;

Inadequate spillway capacity, resulting in excess overtopping flows;

Internal erosion caused by embankment or foundation leakage or piping;

Improper maintenance, including failure to remove trees, repair internal seepage

problems, replace lost material from the cross section of the dam and abutments, or

maintain gates, valves, and other operational components;

e Improper design, including the use of improper construction materials and construction
practices;

e Negligent operation, including failure to remove or open gates or valves during high
flow periods;

e Failure of upstream dams on the same waterway;

e Landslides into reservoirs, which cause surges that result in overtopping;

e Earthquakes, which typically cause longitudinal cracks at the tops of embankments that
weaken entire structures.

The Dam Safety Program was started in 1988 when the statues and Hawai‘i Administrative
Rules were set up by the Department of Land and Natural Resources. A majority of existing
dams were built by private plantation owners in the early 1900’s for irrigation and not flood
control; there were no standards at that time. According to the Hawai'i NFIP CFM, during that
historical period, when an embankment was built, they used carts filled with rocks that were
pulled by horse or mule, which then ran back and forth over the embankment to provide some
compaction.

The Department of Land and Natural Resources (DLNR), Engineering Branch administers the
Hawai'i Dam Safety Program. DLNR reviews and approves plans and specifications for the
construction of new dams or for the enlargement, alteration, repair, or removal of existing
dams. Any persons seeking to construct, alter, or remove an existing dam must fill out the
Application for Approval Of Plans And Specifications For Construction, Enlargement, Repair,
Alteration, Or Removal Of Dam with the DLNR, Engineering Branch, Dam Safety Section.
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Common practice among federal and state dam safety offices is to classify a dam according to
the potential impact a dam failure (breach) or mis-operation (unscheduled release) would have
on upstream and/or downstream areas or at locations remote from the dam. The hazard
potential classification system categorizes dams based on the probable loss of human life and
the impacts on economic, environmental, and lifeline interests. Improbable loss of life exists
where persons are only temporarily in the potential inundation area. The probability of
occurrence of dam failure is described as low, significant, and high hazard potential. The high
hazard probability coincides with heavy rainfall events, 1 in 50 year and 1 in 100 year events.

Low Hazard Potential: Dams assigned the low hazard potential classification are those
where failure or mis-operation results in no probable loss of human life and low economic
and/or environmental losses. Losses are principally limited to the owner’s property.

Significant Hazard Potential: Dams assigned the significant hazard potential classification
are those dams where failure or mis-operation results in no probable loss of human life but
can cause economic loss, environmental damage, disruption of lifeline facilities, or can
impact other concerns. Significant hazard potential classification dams are often located in
the predominantly rural or agricultural areas but could be located in areas with population
and significant infrastructure.

High Hazard Potential: Dams assigned the high hazard potential are those where failure or
mis-operation will probably cause loss of human life.

Table 3-18. Dam Hazard Potential Classification

Category Loss of Life Property Damage

Low None expected Minimal (undeveloped to occasional
structures or agriculture)

Significant  Few (no urban structures) Appreciable (notable developments and
or inhabitable no more than a small number of inhabitable
structures, agriculture, industry)

High More than a five Excessive (extensive community, industry,
or agriculture)

3.10.2 Ka Loko Reservoir Dam Failure

Ka Loko Reservoir created by an earthen dam, on the island of Kaua‘i is located on the north
side of the island, at 22°10'55"”N, 159°22'56"W. The Ka Loko dam burst on March 14, 2006 at
about 5:30 am. An unusually heavy rain preceded the dam burst. The dam breach sent an
estimated 350 million gallons of water into Wailapa Stream. Within moments, the floodwaters
reached Morita Reservoir and quickly overtopped that earthen dam eroding much of the
downstream face. The water continued downstream, crossing Kihio Highway, eventually
entering Kilauea Stream and Kilauea Bay. The wall of water reported to be between 20 and 70
feet high (6 to 20 m high), and 200 feet (60 m) wide destroyed several homes, killed 7 people,
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including a toddler and a pregnant woman. (http://www.Hawai'i.gov/dInr/reports/dam-
inspections/Army%20Corps%20-%20Kaua'i%20Dam%20Report%20Cover%20Letter.pdf and
http://en.wikipedia.org/wiki/Ka Loko Reservoir).

Figure 3-15. Ka Loko Reservoir Location Map

158°24'0°W 159"230'W 159°22'0"W

0 0.2 04 0.8 Miles
]

Source: USGS http://hi.water.usgs.gov/studies/ka loko/
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3.10.3 Dam Visual Condition Survey

In coordination with the State of Hawai‘i Department of Land and Natural Resources (DLNR),
the U.S. Army Corps of Engineers (Corps) provided assistance with emergency visual dam
inspections under the Emergency Flood Protection Act of 1965 (PL 84-99). This assistance was
limited to inspections on the island of Kaua‘i and for a limited duration following the Kaloko
disaster. Altogether 54 dams in Kaua‘i were inspected. The report classified 24, 8, 15 and 7
dams as high, significant, low and undetermined hazard respectively. The following general
recommendations were provided:

e All dams should be inspected by a professional engineering service with experience in
design, construction, operation, inspection, and evaluation of dams. The consultant
should review this report, previous inspection reports, design and construction
documentation, conduct detailed evaluations, and provide detailed recommendations
for safe dam operation. Many of the dams are between 80 and more than 100 years old,
and therefore not designed and constructed to current safety standards.

Prepare or update operation plans and emergency action plans.

Implement a dam safety training program for dam owners and operators.

Update Hazard Potential Classification of dams in the inventory.

Institute a program for periodic inspections of dams.

Install survey monuments and instrumentation for monitoring horizontal and vertical
movements and phreatic water levels within the body of the dam embankment, as
warranted.

In view of limited Federal funding, the DLNR enlisted the Corps to provide technical assistance
with dam inspections on the islands of Maui, O‘ahu, Hawai‘i, and Moloka‘i under the Corps’
Interagency and International Services (IIS) program. The purpose of the Statewide Dam Visual
Conditions Survey was to determine whether there existed any imminent danger to life and
property based on the dam and reservoir conditions at the time of the inspections. This broad-
based visual view was intended to provide a sufficient basis for the State to contact the dam
owners for follow-up investigations and potential remedial action to assure safe conditions. The
dams inspected were identified from the list of regulated dams in the State’s Dam Safety
Program as of March 2006. This Statewide Dam Visual Conditions Survey report consolidates
and transmits the visual conditions surveys conducted during the period from April 3, 2006
through April 8, 2006 on the islands of Maui, O‘ahu, Hawai‘i, and Moloka‘i, and reinspections
on Kaua‘i.

A total of 87 dams were inspected: 53 on the island of Maui; 16 on O‘ahu; 13 on Hawai‘i; 1 on
Moloka‘i; and 4 dams were reinspected on Kaua‘i (http://dinreng.hawaii.gov/fcds/). The
reinspections of the 4 selected dams on Kaua‘i were necessary because, although they were
identified to be abandoned, these facilities still possessed the ability to impound water. These
visual assessments yielded condition ratings that ranged from “poor” (may not fulfill intended
function; maintenance or repairs are necessary) to “satisfactory” (expected to fulfill intended
function) condition with most of the facilities falling in the “fair” (expected to fulfill intended
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function, but maintenance is recommended) to “poor” category. The limitations of the findings
were based on the visual availability of the features, access to the features, and the conditions
as of early April 2006. Recommendations for each facility were provided in the individual visual
conditions surveys report. Recommendations for the facilities inspected ranged from removing
vegetation to facilitate further inspections to requiring the owners to take immediate actions to
restore the integrity of the dams (http://www.hawaii.gov/reports).

In January 2007, the U.S.
Army Corps of Engineers
started detailed dam break
studies on selected dams
throughout the State of
Hawai'i. The 11 dams being
studied were selected from
a prioritized list of dams
identified by the State of
Hawai'i Department of Land
and Natural Resources Dam
Safety Office, as being of
concern primarily due to
downstream urban
‘ development. Of the eleven
Figure 3-16. Puu Lua Reservoir on Kaua'i, a high risk reservoir is analyzed dams studied as part of this
for impacts of dam breach. Source: DLNR Dam Safety Program, 2015. State-wide project, the
dams analyzed in Kaua‘i
included Twin Reservoir, Waita Reservoir, Elua Reservoir, Aepo Reservoir, Puu Lua Reservair,
Halamanu Field 21 Reservoir, and Upper Kapahi Reservoir on the island of Kauai. “These
studies involve evaluating various hydrologic and dam failure scenarios, and hydraulic analysis
that will result in maps of the downstream areas that will be adversely affected. The products
will be used by the State Dam Safety Office and dam owners in the preparation of required
emergency action plans. (http://www.poh.usace.army.mil/pa/Releases/NR20070110-00.pdf)

3.10.4 Kaua‘i Reservoir and Dam Inventory

Following are the 55 dams in Kauai County included in the wise reservoir and dam inventory
based on the Statewide Dam Visual Condition Survey carried out in April 2006. The DLNR Dam
Safety Program maintains and updates the data on all dams
http://132.160.239.52/daminventory/. The risk assessment of these dams is included in
Chapter 3 Appendix F.
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Tab

le 3-19. Kaua‘i County Reservoirs

1. Aahoaka Reservoir 31. | Mana Reservoir

2. Aepo Reservoir 32. | Manuhonuhonu Reservoir
3. Aepoalua Reservoir 33. | Mau Reservoir

4. Aepoeha Reservoir 34. | Mauka

5. Aepoekolu Reservoir 35. | Mimino

6. Ahukini Reservoir 36. | Morita

7. Aii Reservoir 37. | Okinawa Reservoir

8. Alexander 38. | Omao Reservoir

9. Elima Reservoir 39. | Papuaa Reservoir

10. | Elua Reservoir 40. | Pia Mill

11. | Field 1 Kealia 41. | Piwai

12. | Field 2 Kealia 42. | PuuKaEle

13. | Hale Nanahu 43. | PuulLua

14. | Hanamaulu 21 Reservoir 44. | Puu O Hewa

15. | Huinawai Reservoir 45. | Puu Opae

16. | Hukiwai Reservoir 46. | Twin Reservoir

17. | loleau Reservoir 47. | Umi Reservoir

18. | Ipuolono Reservoir 48. | Upper Anahola

19. | Ka Loko 49. | Upper Kapahi Reservoir
20. | Kaawanui Reservoir 50. | Waiakalua

21. | Kalihiwai Reservoir 51. | Waikaia Reservoir

22. | Kaneha 52. | Waikoloi Reservoir

23. | Kapa Reservoir 53. | Wailua Reservoir

24. | Kapaia 54. | Waita Reservoir Dike
25. | Kaupale Reservoir 55. | Waita Reservoir Main Dam
26. | Kepani Reservoir

27. | Kitano

28. | Kumano Reservoir

29. | Lower Anahola

30. | Lower Kapahi Reservoir

Source: DLNR Dam Safety Program, 2015, http://132.160.239 52/daminventory/
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3.11 Hazardous Materials

Chemicals are found everywhere, and this is no different in the County of Kaua'i. Chemicals
purify drinking water, increase crop production, and simplify household chores. But chemicals
also can be hazardous to humans or the environment if used or released improperly. Hazards
can occur during production, storage, transportation, use, or disposal. The community is at risk
if a chemical is used unsafely or released in harmful amounts into the environment where
people live, work, or play.

Hazardous materials in various forms can cause death, serious injury, long-lasting health
effects, and damage to buildings, homes, and other property. Many products containing
hazardous chemicals are used and stored in homes routinely. These products are also shipped
daily on the nation's highways, railroads, waterways, and pipelines.

Chemical manufacturers are one source of hazardous materials, but there are many others,
including service stations, hospitals, hardware stores, research institutions, and hazardous
materials waste sites. Varying quantities of hazardous materials are manufactured, used, or
stored at an estimated 4.5 million facilities in the United States--from major industrial plants to
local dry cleaning establishments or gardening supply stores.

Hazardous materials come in the form of explosives, flammable and combustible substances,
poisons, and radioactive materials. These substances are most often released as a result of
transportation accidents or because of chemical accidents in plants.

3.12 Homeland Security and Terrorism
3.12.1 Security Considerations

In light of potential transnational threats and domestic terrorism, the State of Hawai‘i must
prepare for prevention and defense against chemical, biological, radiological, nuclear, and high
explosive (CBRNE) agent threats to its critical infrastructure and communities. In addition to
potential terrorist threats, the State faces many other risks that would have a detrimental
impact on the people and property of Hawai‘i.

Lessons learned from Hurricane Katrina emphasize the need to integrate all response activities
into one system and be prepared to support all hazards. The basic response will be the same
regardless of the hazards — some may require different tools and/or support systems, but
initially, the most important aspect of a response is to save lives and property.

The strategic importance of Hawai‘i to military operations, the protection of Hawai‘i’s visitor
industry because of the importance of tourism as a leading economic source of livelihood and
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government programs’ tax base, and the need for emergency response capabilities to support
diverse communities dispersed on seven islands, are factors that demand special consideration
for homeland security policy development. A terrorist attack in Hawai‘i could have effects
beyond the tourist industry, including academia, maritime and military operations. The Pacific
Missile Range Facility on Kaua'i provides a defense mechanism that is important for the United
States in defending the country.

Hawai‘i is a bridge between the East and West, and a terrorist attack against Hawai‘i could cause
a significant economic impact to other Pacific jurisdictions and to Pacific Rim countries and their
economies. A terrorist attack against Hawai‘i could affect foreign and economic policies in
countries linked to U.S. trade agreements and bilateral military treaties. In the event of a
terrorist attack, the State’s economy and environment would be severely damaged for years.

3.12.2 Homeland Security Multi-Hazard Analysis

To prepare our State and Counties, goals have been established that are aligned in the
Implementation Strategy for Hawai‘i Homeland Security Plan. These goals embrace the “all
hazards” preparedness and planning. The Hawai‘i Hazard Profile provides the hazards
impacting the State of Hawai‘i.

Figure 3-17. HSCD State Hazard Risk Profile

14 years after 9-11, the "War on Terror" continues to be the focus of Homeland Security efforts
in the United States and in the State of Hawai‘i https://www.globalpolicy.org/war-on-
terrorism.html. Hawai‘i’s central location in the Pacific, its multi-cultural society with ties to
many Asian-Pacific countries, and assets that could be lucrative targets for attack, requires a
comprehensive risk based strategy to prevent and respond to the threat of terrorism. Hawai‘i’s
location as the gateway to the Pacific complicates the fight against terrorism because many
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sub-groups have direct, indirect, ethnic and familial ties to known areas containing terrorist

groups.

Vulnerable areas include critical infrastructure of ports and harbors, telecommunications,
airports, water, dams, agriculture, water supply, information systems, and soft targets such as
schools and universities, shopping centers, banks, and hospitals; all have vulnerabilities that the
State of Hawai'i response community must include in their planning. Public health emergencies
that result from bio-terrorism or pandemic outbreaks also put the security of the State at risk.

The isolated geographic location of the State places a tremendous responsibility on the State
and Counties to be prepared for emergency response operations in the event of a terrorist
attack. Rapid assistance in terms of medical treatment, isolation and containment, law
enforcement, decontamination if applicable, and law and order, will challenge the emergency
response system. The risk assessment provides a synopsis of risk in the State, with Kaua'i
County’s risk highlighted. Impacts from disasters anywhere in the State could further impact
the counties, with greater isolation for Kaua'i and loss of critical and essential services.

Table 3-20. State of Hawai‘i Homeland Security Risk Assessment

Hawai‘i Kaua‘i Maui City & County of State

County County County Honolulu
Potential Low domestic Low domestic Low domestic Moderate Overall low
terrorism threat threat threat Domestic Threat
problems threat
within the
state
Assessment Moderate risk of | Moderate risk of Moderate risk of Moderate risk of Overall
of activist/ attacks on attacks on attacks on attacks on moderate risk
extremist agriculture by agriculture and agriculture tourism activities
groups eco-terrorists military by eco- and military by

terrorists eco-terrorists

Effectivenes Low ability to Low ability to Low ability to Moderate ability Overall low
s of each respond to respond to respond to to respond to ability to
jurisdiction terrorist activity terrorist activity terrorist activity terrorist activity respond to
to respond terrorist activity
to terrorist
activity
Potential Events; Harbor System; Transportation Waikiki; Pro Harbor; Airport;
critical Transportation; Events; Hospitals; System; Major Bowl; Verizon University;
targets Utilities; Medical Hotels; Power Events; Hotel Center; Honolulu | Energy Corridor;

Facilities; Plants; Military System; Harbor Cargo Main Switching
Resorts; Schools; Facilities; Government; Terminal; Board Centers;
Emergency Shopping Malls; Health System; of Water Supply Honolulu Power
Facilities; School System; Emergency Head-quarters; Plants, Control
Government; County Management Honolulu Centers,
Shopping Government System; Energy International Substations;
Centers Facilities; Airport Corridor; Airport; Hawaiian Underwater
System; Communications Electric Waiau Fiber Optic
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Communications Corridor; School Plant; Refineries; Cable Facilities;
System; Water Honolulu Highways; State
System Municipal Capitol;
Building and City | Hospitals; Inter-
Square; Stan Island
Sheriff Center; Microwave Data
Pearl Harbor System

Source: State of Hawaii Civil Defense. 2010. Homeland Security Risk Assessment.

3.12.3 Cyber-Terrorism Considerations

One threat that has not often been considered, but could affect mitigation planning is cyber-
terrorism. Cyber-terrorism has become a more recent threat to data management and
documentation. Improvements in technology have advanced the use of computers, making it
easier to store and transfer significant amounts of data that can be interpreted through maps
and imagery to aid decision-making. Portal technologies will improve the ability to access data
quickly for warning, response, and planning purposes. Recent computer viruses and worms
have shut down computer systems and resulted in extensive costs for equipment repairs and
lost work. Computer hacking threatens the security of information. Not only is it critical to
secure and protect the information, but it is also essential to store, maintain, and back-up data
to prevent loss of critical information, and allow for access during times of crisis.

The potential damage and financial losses from a cyber attack would devastate the economic
infrastructure. Information technology is very important in sharing of data and information in
the areas of law enforcement, emergency preparedness, shelter operations, volunteer
management, and resource management. Technology enhancements improvements such as
Graphic Inter-face Systems (GIS) systems will serve to enhance all levels of preparedness,
emergency response mitigation and recovery and this information must be protected and
preserved.

3.13 Health-related Hazards

3.13.1 Infectious Diseases
Dengue Fever - An outbreak that occurred in 2001 and 2002 involved a statewide effort to
provide information and testing to the public. Excerpts of an article covering the event,

prepared by Hawai'i Department of Health and the Centers for Disease Control, follow (Effler P,
Pang L, Kitsutani P, Vorndam V, Nakata M, Ayers T, et al. Dengue fever, Hawai'i, 2001-2002. Emerg Infect Dis
[serial on the Internet]. 2005 May [date cited]. Available from http://www.cdc.gov/ncidod/EID/vol11no05/04-
1063.htm):

In September 2001, the Hawai'i Department of Health was notified of an unusual febrile iliness
in a resident with no travel history; and shortly thereafter dengue fever was confirmed. During
the investigation, 1,644 persons with locally acquired dengue-like illness were evaluated, 122
(7%) laboratory-positive dengue infections were identified; and dengue virus serotype 1 was
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isolated from 15 patients. No cases of dengue hemorrhagic fever or shock syndrome were
reported. In 3 instances autochthonous infections were linked to a person who reported
dengue-like illness after travel to French Polynesia. Phylogenetic analyses showed the Hawaiian
isolates were closely associated with contemporaneous isolates from Tahiti. Aedes albopictus
was present in all communities surveyed on O'ahu, Maui, Moloka'i, and Kaua'i; however, no
Aedes.aegypti was found (Effler et al 2002).

The first large-scale dengue fever epidemic in Hawai'i occurred in the late 1840s; a second
outbreak occurred at the turn of the century, with an estimated 30,000 cases. Epidemic
dengue occurred again on O‘ahu between 1943 and 1944, when 1,498 infections were
reported, mostly in urban areas of Honolulu. Aedes albopictus had been introduced into
Hawai'i at the beginning of the century, and by 1940 it was the dominant day-biting Stegomyia
mosquito species in the islands (Effler et al. 2002).

Response to the outbreak in 2001-2002 required coordination among the county government,
the State Department of Health, State Civil Defense, and the Centers for Disease Control. The
County of Kaua'i has not reported severe risks; however, the disease can spread by human
carriers who come in contact with the Aedes aegypti and Stegomyia mosquito species.

Leptospirosis - Leptospirosis is a bacterial disease that affects humans and animals. It is caused
by bacteria of the genus Leptospira. In humans it causes a wide range of symptoms, and some
infected persons may have no symptoms at all. Symptoms of leptospirosis include high fever,
severe headache, chills, muscle aches, and vomiting, and may include jaundice (yellow skin and
eyes), red eyes, abdominal pain, diarrhea, or a rash. If the disease is not treated, the patient
could develop kidney damage, meningitis (inflammation of the membrane around the brain and
spinal cord), liver failure, and respiratory distress. In rare cases death occurs. Many of these
symptoms can be mistaken for other diseases. Leptospirosis is confirmed by laboratory testing
of a blood or urine sample.

Leptospirosis occurs worldwide but is most common in temperate or tropical climates. Itis an
occupational hazard for many people who work outdoors or with animals, for example,
farmers, sewer workers, veterinarians, fish workers, dairy farmers, or military personnel. ltis a
recreational hazard for campers or those who participate in outdoor sports in contaminated
areas and has been associated with swimming, wading, and whitewater rafting in contaminated
lakes and rivers. The incidence is also increasing among urban children. Leptospirosis affected
workers cleaning up following a flash flooding event in 2004, and with the number of flooding
events, will continue to present a threat.

3.13.3 Pandemic Flu

There are numerous types of pandemic flu and the strains of the virus continue to mutate and
change. Each county has been required to develop procedures for dealing with this type of
“disaster” threat. With many of the recommendations being social distancing, it is important to
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plan for the eventuality of a pandemic to determine how to maintain businesses and services to
prevent economic collapse in addition to the health threats.

Avian influenza is an infection caused by avian influenza (bird flu) viruses. These influenza
viruses occur naturally among birds. Wild birds worldwide carry the viruses in their intestines,
but usually do not get sick from them. However, avian influenza is very contagious among birds
and can make some domesticated birds, including chickens, ducks, and turkeys, very sick and
kill them.

Infected birds shed influenza virus in their saliva, nasal secretions, and feces. Susceptible birds
become infected when they have contact with contaminated secretions or excretions or with
surfaces that are contaminated with secretions or excretions from infected birds.
Domesticated birds may become infected with avian influenza virus through direct contact with
infected waterfowl or other infected poultry, or through contact with surfaces (such as dirt or
cages) or materials (such as water or feed) that have been contaminated with the virus.

Infection with avian influenza viruses in domestic poultry causes two main forms of disease that
are distinguished by low and high extremes of virulence. The “low pathogenic” form may go
undetected and usually causes only mild symptoms (such as ruffled feathers and a drop in egg
production). However, the highly pathogenic form spreads more rapidly through flocks of
poultry. This form may cause disease that affects multiple internal organs and has a mortality
rate that can reach 90-100% often within 48 hours.

While there has been some human-to-human spread of H5N1, it has been limited and
unsustained. For example, in 2004 in Thailand, probable human-to-human spread in a family
resulting from prolonged and very close contact between anill child and her mother was
reported. Most recently, in June 2006, WHO reported evidence of human-to-human spread in
Indonesia. In this situation, 8 people in one family were infected. The first family member is
thought to have become ill through contact with infected poultry. This person then infected six
family members. One of those six people (a child) then infected another family member (his
father). No further spread outside of the exposed family was documented or suspected.

Nonetheless, because all influenza viruses have the ability to change, scientists are concerned
that H5N1 virus one day could be able to infect humans and spread easily from one person to
another. Because these viruses do not commonly infect humans, there is little or no immune
protection against them in the human population. If H5N1 virus were to gain the capacity to

spread easily from person to person, an influenza pandemic (worldwide outbreak of disease)

could begin.

In 2009, the HIN1 influenza began to spread as a pandemic. As with most flu, quite a few
people have been killed. Even though a vaccine has been developed, it is only available for
priority populations, such as health care workers, children, pregnant women, and the elderly.
For more information about influenza pandemics, see PandemicFlu.gov.
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3.13.4 Ebola

Throughout 2014, Ebola outbreaks in Africa resulted in alarm. Additional monitoring has been
orchestrated in airports to prevent the spread of the disease. The Centers for Disease Control
(CDC) issues warnings and provides information on risk for the US, but works with the World
Health Organization (WHO) to find solutions and cures, and to prevent global disaster from the
spread of such contagious outbreaks.

3.13.5 MERS

Environmental changes and shifting populations continue to result in varying outbreaks, the
latest, known as MERS has resulted in more than 25 deaths in early 2015. Additionally, the
threat of health hazards has increased monitoring and travel alerts. WHO and the CDC monitor
and report on the risk, and provide warning information especially for travelers.

3.13.6 Bioterrorism

The Centers for Disease Control define a bioterrorism attack as the deliberate release of
viruses, bacteria, or other germs (agents) used to cause illness or death in people, animals, or
plants. These agents are typically found in nature, but it is possible that they could be changed
to increase their ability to cause disease, make them resistant to current medicines, or to
increase their ability to be spread into the environment. Biological agents can be spread
through the air, through water, or in food. Terrorists may use biological agents because they
can be extremely difficult to detect and do not cause illness for several hours to several days.
Some bioterrorism agents, like the smallpox virus, can be spread from person to person and
some, like anthrax, cannot (CDC 2009).
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