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TABLE 4. Hazard intensity rank definitions.

Threat Low (1)

Moderately Low (2)

Moderately High (3)

High (4)

Tsunami inundation  No history of tsunami
activity and no
reasonable basis for

expected activity

Coastal stream
flooding

No history of coastal stream
flooding and no
reasonable basis for
expected flooding
due to low seasonal
rainfall in water shed
(monthly maximum
<4.9 in.); or steep
coastal slope (>45%)

No reasonable basis to
expect high waves

High waves

Storm overwash
and/or high winds

No history of overwash or
high winds, and no
reason to expect them

Coastal erosion Long-term accretion
(=10 yr) with no history
of erosion, or dynamic
cycles with consistent

annual accretion

Sea-level rise
(0.04 in. = 1 mm)

Steep coastal slope where
rise>0.04 in./yr or gentle
slope where rise
<0.04 in./yr

No history of volcanic or
seismic activity seismic
probability zone 0

Volcanism
and/or seismicity

History of minor tsunami
flooding (=10 ft
elevation); future
flooding hazard is low
because of a steep coastal
zone (=45%) or some
other mitigating factor
(tsunami barrier)

History of nondamaging
flooding where streams
or highlands with
seasonal high rainfall
are present (monthly
maximum >7.9 in.) and
coastal slope >20%; or
history of flood damage
with full mitigation since
last major flood

Seasonal high waves 4-6 ft

Minor historical overwash
(=10 ft), and/or high
winds (~40 mph gust)

Long-term stable, or minor
erosion/accretion cycles
with erosion fully
recovered by accretion;
low rocky coasts;
perched beaches

Gentle or moderate slope
where rise >0.04 in./yr
or steep slope where rise
=>0.08 in./yr

No volcanic activity in
historic times; seismic
probability zone 1, minor
historic seismic damage

History of major flooding
(>10 ft elevation) but
historical damage, and
expected future damage
is slight because the steep
coastal zone slope
(=45%) makes
development unlikely

Abundance of streams and
high seasonal rainfall in
watershed (monthly
maximum >7.9 in.) and
history of damaging
floods with partial
mitigation: or no
mitigation where slope
>20% and <45%

Seasonal high waves 6-8 ft
with hazardous run-up
and currents

Historical overwash > 10 ft
on steep slope,and/or
high winds with localized
(isolated cases) structural
damage(~40 mph
sustained)

Long-term erosion rate
=1 ft/yr; or highly
dynamic erosion/
accretion cycles with
significant lateral shifts
in the shoreline

Gentle or moderate slope,
where rise >0.08 in./yr
or steep slope where rise
>0.12 in./yr

Limited history of
volcanism. seismic
probability zones 2 or 3
recommended (historic
seismic damage)

History of major flooding
(>10 ft elevation) with
significant damage
because of a moderate to
gentle slope (<45%)

Historically high flood
damage on gentle slope,
watershed rainfall
(monthly maximum
>7.9 in., no mitigation
efforts or improvements
since last damaging flood

Seasonal high waves
>12 ft, characterized by
rapid onset

Historical overwash > 10 ft
on moderate to gentle
slope, and/or high winds
with widespread
structural damage (~75
mph gust)

Chronic long-term erosion
=1 ft/yr, or beach is lost,
or seawall at waterline
for portions of the tidal
cycle

Gentle or moderate slope
where rise >0.12 in./yr

Frequent volcanism,
seismic probability zones
2 or 3 recommended
(frequent historic
damage)

No safe place during a tsunami exists near sea level on the
coast. On low-lying shorelines, such as in the river and
stream valleys that characterize so much of Hawaii, a tsu-
nami may occur as an extremely rapid rise and fall of flood
waters characterized by high velocity and turbulent flow. At
headlands, the refractive focusing of the wave crest can lead
to energy concentration and high magnitude run-up heights.
Intensity definitions are conservative. The highest tsunami
hazard intensity rating (4) was assigned to areas with an his-
torical run-up height of ~3 m (10 ft) and a gentle to moder-
ate coastal zone slope. Mitigating factors include large
headlands, barrier or broad fringing reefs, and protective
structures such as jetties and breakwaters. The ranking of 3
is assigned to localities where there may be a history of high

tsunami run-up heights, but little chance of damage because
of the presence of an exceedingly steep slope preventing
placement of structures. The 3-m criteria is derived from the
minimum overwash elevation during Hurricane Iniki that
produced significant damage to the first row of dwellings.
In general, it was assumed that overwash and tsunami run-
up will be similarly influenced by coastal slope and eleva-
tion. This is also a reasonable estimate of the elevation of
many beachfront homes and structures in Hawaii.

Coastal stream flooding is only ranked in the immediate
coastal zone, up to the 200 ft contour (60 m). The hazard
ranking for stream floods depends on a number of factors in-
cluding the history of flooding at the site, coastal zone slope,
the seasonal rainfall in the adjacent watershed, and the level
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of mitigation by the U.S. Army Corps of Engineers and/or the
county public works departments. The highest intensity rank-
ing is applied to low-lying streams with high rainfall water-
sheds (seasonal monthly maximum >200 mm; 7.9 in.) where
a historically high level of flooding has occurred and where
no mitigation improvements have been attempted since the
most recent damaging flood. Lower rankings are based on
flood history, watershed climatology, and mitigation levels.

The highest ranking (4) for seasonal high surf is reserved,
in most cases, for north-facing shorelines exposed to winter
swell that commonly have wave heights exceeding 3.6 m
(12 f1); often exceeding 6 m (20 ft). Because of the narrow
insular shelves, there is little dissipation of wave energy as
the swell generated from North Pacific storms approach the
coast. Wave height at the coast can change rapidly, often
catching unaware swimmers, fishers, and hikers walking
along the shoreline. Wave set-up and run-up associated with
sets of large waves creates strong nearshore currents that are
extremely hazardous for swimmers. It is not unusual for
lifeguards to perform a dozen rescues in one day under
these conditions. Lower rankings of the wave hazard are
based on reduced wave heights, such as swell generated by
southern storms in the summer that can reach a height of
4.5 m (15 ft) along south-facing coasts. Ranking No. 2 typi-
cally characterizes windward coasts, which can have large
waves of 2 m (7 ft) generated by hurricanes passing to the
east of Hawaii but normally do not exceed 1.5 m (4 ft).

Storm overwash and high wind ranking indices are based
on levels of windspeed, historical structural damage, and
overwash elevation. In the absence of meteorological data
or process to the contrary, it is assumed that all Hawaiian
coasts are equally vulnerable to hurricane impacts and that
the only mitigating variables are local in nature (e.g., slope.
elevation, geology, and offshore barriers). The highest inten-
sity ranking (4) is based on overwash exceeding 3 m (10 ft)
above low tide which is sufficient on most Hawaiian beaches
and low-lying coastlines to flood the area landward of the
beach. Where structures are present, the lower levels can be
[looded as happened on Kauai during both Hurricanes Iwa
and Iniki. A wind gust value of ~120 km/hr (75 mph) is in-
cluded as an approximation of the minimal speed that will
cause extensive structural damage to single family homes
and other small dwellings. Intensity No. 3 is also related to
an overwash above 3 m (10 ft) in elevation and sustained
windspeeds sufficient to cause localized damage to individ-
ual dwellings (T. Schroeder, 1995, personal communica-
tion) estimated to be ~65 km/hr (40 mph). Sustained winds
of 60-120 km/hr (3973 mph) are used by meteorologists to
classify tropical storms, whereas hurricanes have sustained
wind speeds of 120-240 km/hr (74 to 149 mph).

Historical erosion rates for Hawaiian sandy shorelines have
been derived primarily from aerial photograph interpretation
(Hwang, 1981; Makai Engineering, Inc. and Sea Engineering,

Inc., 1991; Coyne, et al., 1996, 1999: Fletcher et al., 1997). In
areas lacking historical studies, environmental indicators of
shoreline erosion, such as the presence of beachrock, sea-
walls, and/or revetments, and narrow beaches in front of veg-
etation lines that have been abraded or clearly subject to wave
wash, were used to assign rankings. The highest erosion cate-
gory (4) is defined as long-term erosion at a rate exceeding
0.3 m/yr (1 ft/yr.) or a seawall or revetment without a beach
where one was formerly located. Seawalls, which are popu-
larly described as “stabilizing™ a shoreline, may actively con-
tribute to beach erosion where sand supply is limited and
there is a net landward movement of the shoreline (U.S.
Army Corps of Engineers, 1991). Unfortunately, these are
typical conditions for the Hawaiian coast where it is affected
by long-term sea-level rise and a history of shoreline retreat.
Seawalls that intersect the waterline at some point during the
tide cycle are, by their very presence, a sign of past or current
erosion. Therefore, this report considers coastal segments
where seawalls occur near the waterline as highly endangered
by erosion, and the erosion severity ranking was assigned a 3
or 4. Moderately high category 3 rankings (erosion <<0.3 m/yr)
are related to highly dynamic erosion/accretion cycles that
cause significant shifts in the waterline. This is a hazardous
situation that often leads to rapid upland erosion and struc-
tural undercutting frequently resulting in seawall construction
and eventual beach loss.

Sea-level rise has not been evaluated here as a dynamic or
energetic hazard. It is, however, an agent in exacerbating,
rather than mitigating, each of the other hazardous pro-
cesses. Where the rate of sea-level rise is high (>3 mm/yr;
0.12 in./yr) and the coastal zone slope is low, sea-level rise
is ranked at high intensity. Moderate rates of rise on steeper
slopes define less intense ranking levels.

Volcanism and seismicity pose a significant risk in the
Hawaiian Islands. Areas with frequent volcanism and his-
torical seismic activity are assigned the high hazard inten-
sity of 4 and include large segments of the island of Hawaii.
Because the hazard intensities are based on the historical
record, the eruption on the southwestern flank of Haleakala
on Maui, ~1790, elevates that region to a high ranking for
volcanism and seismicity. Limited history of volcanism, but
a history of earthquakes, characterizes hazard zone 3. Rec-
ommendations contained within the Uniform Building Code
are incorporated into this ranking of the volcanic and seis-
mic risk hazards and assigned a ranking of 3 to the southern
half of Oahu from Makaha around Diamond Head and
Makapu’u Head to Kaneohe Bay. The remainder of the is-
land is given a seismic rank of 2, no historical volcanic ac-
tivity and low seismic probabilities.

OVERALL HAZARD ASSESSMENT

In addition to ranking individual hazards, a nominal over-
all hazard assessment (OHA) for the coast was calculated
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by combining individual assessments and applying a
weighting scheme to emphasize dynamic hazards. The
OHA was determined by squaring each intensity value, dou-
bling the squared value of the dynamic hazards, and averag-
ing the seven weighted values. Squaring each intensity level
gives greater emphasis to high-intensity hazards that gener-
ally constitute the greatest threat. Certain hazards are more
dynamic than others, including volcanism and seismicity,
coastal stream flooding, seasonal high waves, marine over-
wash and high winds, and tsunami inundation. These haz-
ards may achieve a high level of severity in a relatively
short time. The hazards of long-term sea-level rise and
beach erosion do not constitute a life-threatening hazard, al-
though they certainly may exacerbate other hazards. For ex-
ample, a healthy beach acts as a natural buffer protecting the
coast during extreme events, but when in an eroded state lit-
tle protection is provided. The dynamic hazards constitute a
greater risk and thus are assigned an additional weighting
factor of 23X, after they are squared. The sum of the squared
and doubled values are averaged and the resulting value
used to assign a nominal overall hazard rank (Table 5).

CONCLUDING REMARKS @

Part of the criteria in assigning severity rankings is based
on historical observations of hazard intensity and magni-
tude. The damage history related to all hazards only covers
the late nineteenth to twentieth centuries, and only the era of
satellite technology (1960 to present) allows controlled cov-
erage of meteorological hazards. For instance, volcanic and
seismic hazards certainly have longer recurrence intervals
than reported in the short history available for this study.
Also, hurricanes and other meteorological events have only
been uniformly detected since 1960. The understanding of
storm intensity and frequency therefore is skewed toward
the available data, and a broader understanding of hazard
history in Hawaii is not possible.

Damage in areas hit by natural hazards during early years
(prior to 1960) was only recorded for then populated re-
gions; thus, a significant (and unknown) hazard history may
exist for areas that were more recently populated. Because
of this, newly populated areas may have been assigned a
lower severity ranking than may be appropriate. Every haz-
ardous phenomenon described here. and others such as sub-

TABLE 5. Values used to determine the OHA.
—_——— e

Value OHA

24 Very low hazard

4-8 Low hazard

8-12 Moderate to low hazard
12-16 Moderate hazard

16-20 Moderate to high hazard
20-24 High hazard
24-28 Very high hazard

]
AL.: HAWAIIl COASTAL HAZARDS 35

aerial slope failure and shoreline collapse, need to be more
carefully quantified. forecast, and mitigated. Identification
of extreme events through careful geologic mapping is one
method extending the record of hazard event history. The
best way to avoid coastal hazards is to avoid inappropriate
development in the coastal zone.
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