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EXECUTIVE SUMMARY 

The unique landscape of the County of HawaiΨi originates from volcanic activity.  The YơƭŀǳŜŀ eruption of 2018 provides 

the most recent evidence of volcanic hazard risk in the County. Impacts to natural and cultural resources, housing, 

infrastructure, the economy, health and social services, and community planning and capacity building were felt in Puna 

and island wide. Numerous challenging decisions must be addressed about recovery and rebuilding, including how and 

where to rebuild or repair damages to reduce risk from future events.   

This County of HawaiΨi Volcanic Risk Assessment describes, and to the extent possible, quantifies risk from volcanic and 

other natural hazards. The assessment defines High Hazard Areas at greatest risk 

to future volcanic events and other natural hazards. The assessment was 

conducted to support recovery and hazard mitigation planning and provide 

strategic focus for the use of limited recovery and mitigation funds. 

The entire County of IŀǿŀƛΨƛ is subject to future volcanic activity. Volcanic activity 

is comprised of multiple hazards that are not all reflected on the U.S. Geological 

Survey (USGS) lava-flow hazard zone map.  All hazards related to volcanic activity 

on the island were identified and defined.  Best available data at the time of this 

assessment was then gathered and compiled in a spatial format.  The USGS lava-

flow hazard zone map, historic lava flow inundation, USGS peak ground 

acceleration (PGA) mapping, and National Earthquake Hazard Reduction Program 

(NEHRP) soil classifications were used.  A Core Planning Team was formed at the 

County and, in consultation with USGS Hawaiian Volcano Observatory (HVO), they 

identified the areas that present the greatest risk to the volcanic hazard from 

these data sources to delineate a Volcanic High Hazard Area (VHHA) (Figure ES-

0-1). Additional Natural High Hazard Areas were also delineated as part of the assessment. 

The VHHA is the combined areas of lava zones 1 and 2 (with a 1,000-foot buffer), historic lava flow areas dating back to 

1790, and NEHRP class soils D and E.  Lava zones 1 and 2 were selected because, according to USGS, they are the zones 

identified with the greatest severity to the lava flow hazard.  A 1,000-foot buffer was applied to each lava zone 1 and 2 

to account for the uncertainty of the location to these boundaries.  Historic lava flow events and associated inundation 

extent were only available for the last 230 years; however, they were included because lava zones do not have an 

associated probability and, when considering policy and mitigation, it is important to understand where previous 

impacts have occurred to avoid future repetitive losses.  Further, NEHRP-classified D and E soils, which amplify and 

magnify ground shaking and increase building damage and losses, were also included in the VHHA. 

A spatial analysis was conducted to determine the number of residents, buildings, critical facilities, roads, natural and 

cultural resources located within each of the USGS lava flow zones, as well as the VHHA; also known as an exposure 

assessment.  In addition, the assets considered most vulnerable to hazard exposure were identified, where possible.  A 

summary of this analysis is provided in Figure ES-0-2. 

Hazards Related to 
Volcanic Activity 

Á Lava 

Á Vog 

Á Laze 

Á Explosive Eruption 

Á Ashfall 

Á Seismic 

Á Tsunami 

Á Ground Failure / 

Subsidence 

Á Volcanic Glass 

Á Acid Rain 
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Figure ES-0-1. Volcanic High Hazard and Additional Natural High Hazard Areas Located in the County of IŀǿŀƛΨƛ 
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EXECUTIVE SUMMARY 

 

Figure ES-0-2. County Assets Exposed to the Volcanic High Hazard Area (VHHA) 

It is also important to understand exposure relative to other natural hazards, when examining exposure to the volcanic 

hazard, so that the design of recovery and mitigation strategies is robust and resilient to future events. As such, 

additional Natural High Hazard Areas, including flood, sea level rise, landslide, tsunami, hurricane storm surge, wildfire, 

and dam failure, were defined and assessed. 

The results of the assessment are summarized for the County as a whole and for each Community Development 

Planning (CDP) area in subsequent individual sections for ease of review and use of this information.  It is recognized 

this risk assessment represents a snapshot in time, based upon currently available data, that will continue to evolve 

and be updated.  However, high-level recommendations are included so this may continue to serve as a foundation to 

support risk-informed decision making. 

. 

Recommendations 

1. Formally recognize the Volcanic High Hazard Area as a hazard overlay to inform future development and 

land use decisions. 

2. Incorporate the Volcanic High Hazard Area as a hazard overlay in the General Plan update to reduce 

future land use development in high hazard areas and develop regulatory tools and incentives to 

reallocate existing and potential development to less hazardous areas in the County. 

3. Utilize the Volcanic High Hazard Area hazard overlay to support the land use decisions guiding the 2018 

YơƭŀǳŜŀ eruption recovery strategies and projects. 

4. Update the Volcanic High Hazard Area when new and revised volcanic data becomes available. 

5. Incorporate the Volcanic High Hazard Area and Additional Natural High Hazard Area together as high-risk 

hazard areas when identifying and designing mitigation projects. 

6. Integrate the Volcanic High Hazard Area into other planning mechanisms. 

7. Use a multi-hazard lens when identifying recovery and mitigation projects, regardless of the hazard type 

ƻŦ ǘƘŜ ŜǾŜƴǘΣ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ /ƻǳƴǘȅΩǎ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ƴŀǘǳǊŀƭ ƘŀȊŀǊŘǎΦ 
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SECTION 1 - INTRODUCTION 

 INTRODUCTION 

The Hawaiian Islands are at the southeast end of a chain of volcanoes that began to form more than 70 million years 

ago (U.S. Geological Survey [USGS] Hawaiian Volcano Observatory [HVO] 2019).  There are five volcanoes located in the 

/ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛΣ Ŧour of ǿƘƛŎƘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀŎǘƛǾŜΥ YơƭŀǳŜŀΣ aŀǳƴŀ [ƻŀΣ aŀǳƴŀ YŜŀΣ and Iǳŀƭņƭŀƛ.  [ǁ ƛƘƛ is an active 

ǎǳōƳŀǊƛƴŜ ǾƻƭŎŀƴƻΦ Lǘ ƛǎ ƭƻŎŀǘŜŘ нн ƳƛƭŜǎ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛΦ 

The volcanic hazard in the County has always been 

known (Figure 1-1).  YơƭŀǳŜŀΣ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘϥǎ Ƴƻǎǘ 

active volcanoes, is the home of deity Pelehonuamea, 

ǿƘƻ ǊŜǎƛŘŜǎ ƛƴ ǘƘŜ IŀƭŜƳŀΨǳƳŀΨǳ ŎǊŀǘŜǊΦ  Pele 

represents magma or lava and is viewed as both a 

creative ŀƴŘ ŘŜǎǘǊǳŎǘƛǾŜ ŦƻǊŎŜΦ ¢ƘǊƻǳƎƘ ƪņƴņǿŀƛΣ ƻǊ 

natural laws, of Pele, we can see how Native Hawaiians 

adapted to her presence and this ever-changing 

environment.  In contemporary times, continuous 

development and population growth have greatly 

increased the CƻǳƴǘȅΩǎ volcanic hazard risk profile. 

Most recently, YơƭŀǳŜŀ erupted with lava flow covering 

8,448 acres of land and permanently altered the 

landscape.  Given the volume of lava and associated hazards such as sulfur dioxide, ash, tephra, and laze, County of 

Iŀǿŀƛ ƛ ǊŜǎƛŘŜƴǘǎ ǿŜǊŜ ǎŜǾŜǊŜƭȅ ƛƳǇŀŎǘŜŘ, resulting in a federally declared disaster (DR-4366).  The complexity and 

scale of the impacts from this eruption prompted the need for an enhanced understanding of its natural hazard risk 

county-wide.  An updated and detailed volcanic risk analysis is needed to provide the factual basis to support future 

decisions such as land use, development, and public investments; identify mitigation projects to reduce future impacts 

to the volcanic hazard; and support the long-term resilience of the County. 

The County of IŀǿŀƛΨƛ 5ŜǇŀǊǘƳŜƴǘ ƻŦ wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ applied for and received a Federal Emergency 

Management Agency (FEMA) advanced planning and technical assistance grant to conduct a volcanic risk assessment 

as a means to ŜǾŀƭǳŀǘŜ ǘƘŜ /ƻǳƴǘȅΩǎ current (post-нлму YơƭŀǳŜŀύ and future volcanic risk. To support this effort, the 

County established a Core Planning Team (CPT) composed of members from various County departments to manage 

and coordinate the multi-faceted and multi-stakeholder planning efforts.  The CPT was tasked with evaluating both the 

нлму YơƭŀǳŜŀ ƛƳǇŀŎǘǎ ŀǎ ǿŜƭƭ ŀǎ ŦǳǘǳǊŜ county-wide volcanic risk to inform the identification and prioritization of 

volcanic hazard recovery and mitigation strategies (Figure 1-2).  The USGS Hawaiian Volcano Observatory HVO advised 

the CPT to help identify all components of the volcanic hazard (discussed in Section 2 - Hazard Profile) and which best-

available spatial volcanic data to use for this assessment. 

 

Figure 1-1. Lava flows in the main Hawaiian Islands in the 
past ~1,000 years 



 /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ ±ƻƭŎŀƴƛŎ Risk Assessment 

June 2020 

1-2 

SECTION 1 - INTRODUCTION 

 

Figure 1-2. Recovery Process (courtesy of the YơƭŀǳŜŀ Recovery and Resilience Plan) 

¢ƘŜ /ƻǳƴǘȅΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ ǾƻƭŎŀƴƛŎ ƘŀȊŀǊŘǎ ǿŀǎ ŜȄŀƳƛƴŜŘ post-2018 YơƭŀǳŜŀ eruption event to provide an indication 

of risk to future events, identify vulnerable community assets, and estimate the potential impacts.  Results include the 

amount of land, population, buildings, critical facilities, lifelines, roads, environmental resources and cultural assets 

that are exposed to volcanic hazards. The built environment was assessed post-2018 YơƭŀǳŜŀ to understand current 

exposure and to inform future recovery and mitigation strategies (discussed in Section 3 ς Methodology).  The results 

of the analysis are summarized for the County as a whole and for each Community Development Planning (CDP) area 

(Section 4 ς Results) so that the results of this assessment may be integrated into the County General Plan 2040 update 

(in progress) and future CDP plan updates. 

The County is exposed to additional natural hazards. As such, the combined exposure to volcanic hazards and other 

high-hazard areas (i.e., sea level rise, tsunami, and floods) were incorporated into this assessment.  A multi-hazard 

assessment provides a more holistic evaluation of mitigation needs to support mitigation planning and the achievement 

of long-term County resilience. The results of the volcanic risk assessment were then utilized to develop 

recommendations to inform future decision making, whether pre-disaster or in a disaster recovery phase (discussed in 

Section 5 ς Recommendations). 

This work is intended to build upon and enhance the existing volcanic risk assessment conducted as a component of 

ǘƘŜ нлмр /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ aǳƭǘƛ-Hazard Mitigation Plan and the tŀŎƛŦƛŎ 5ƛǎŀǎǘŜǊ /ŜƴǘŜǊΩǎ όt5/ύ нлмф Kơlauea Eruption 

Risk Assessment (KERA).  As additional hazard and asset data becomes available, this risk assessment will be updated 

and further refined to continue serving as a technical foundation from which to make risk-informed decisions to ensure 

the County becomes more resilient to future volcanic and natural hazard events. 
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SECTION 2 ς VOLCANIC HAZARD 

 VOLCANIC HAZARD 

The Hawaiian Islands are at the southeast end of a chain of 

volcanoes that began to form more than 70 million years ago (U.S. 

Geological Survey [USGS] and Hawaiian Volcano Observatory 

[HVO] 2019).  There are five volcanoes located in the County of 

IŀǿŀƛΨƛΣ Ŧour of which are considered active (shown in Figure 2-1 

and summarized in Table 2-1). [ǁ ƛƘƛ ƛǎ also an active submarine 

volcano located 22 miƭŜǎ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛΦ 

These volcanoes are called shield volcanoes because they 

dominantly erupt fluid, lava flows and form gently sloping, shield-

like mountains.  Shield volcanoes are the largest volcanoes on 

earth.  HawaiƛΩǎ ǾƻƭŎŀƴƛŎ ŀŎǘƛǾƛǘȅ ƛǎ ŘƛǎǘƛƴŎǘ ŦǊƻƳ ǘƘŀǘ ƻŎŎǳǊǊƛƴƎ ŀǘ 

continental margins (e.g. Mount Shasta and Mount St. Helens) in 

that HawaiiΩǎ ǾƻƭŎŀƴƻŜǎ ǇǊƻŘǳŎŜ ƳƻǊŜ ŦƭǳƛŘ basalt magmas that 

are typically less explosƛǾŜΦ ¢ƘŜ /ƻǳƴǘȅΩǎ ǾƻƭŎŀƴƻŜǎ ŀǊŜ ŦƻǊƳŜŘ 

sequentially with the older volcanoes to the northwest and 

younger sister volcanoes to the southeast.  Each volcano develops 

through a relatively consistent sequence of stages exemplified by 

[ǁ ƛƘƛ όǘƘŜ ȅƻǳƴƎŜǎǘύΣ ŦƻǊƳƛƴƎ ŀƴ ƛƴǘŜǊƳƛǘǘŜƴǘƭȅ ŀŎǘƛǾŜ ǎǳōƳŀǊƛƴŜ 

volcano on the ocean floor.  Meanwhile, YơƭŀǳŜŀ is in near constant, 

vigorous activity producing fluid basalts that are expanding the 

boundaries of the island to the south and encroaching on the 

southern flank of its older sister volcano Mauna Loa.  Mauna Loa continues to discharge fluid basalts at much higher 

ǾƻƭǳƳŜ ǊŀǘŜǎ ŘǳǊƛƴƎ ƛǘǎ ŜǊǳǇǘƛǾŜ ŜǇƛǎƻŘŜǎΤ ǿƘŜǊŜŀǎ Iǳŀƭņƭŀƛ ŀƴŘ aŀǳƴŀ YŜŀ ŀǊŜ ƭŜǎǎ ŀŎǘƛǾŜ ōǳǘ ǘȅǇƛŎŀƭƭȅ ǇǊƻŘǳŎŜ ƳƻǊŜ 

viscous and more explosive lavas (Iŀǿŀƛ ƛ 9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘ !ƎŜƴŎȅ ώIL-EMA] 2018). 

Mauna Loa last erupted in 1984. YơƭŀǳŜŀ Ƙŀǎ ōŜŜƴ Ŏƻƴǘƛƴǳƻǳǎƭȅ ŜǊǳǇǘƛƴƎ ǎƛƴŎŜ мфуоΣ Ƴƻǎǘ ǊŜŎŜƴǘƭȅ ƛƴ нлму ǿƛǘƘ 

voluminous lava flows along its Lower East Rift Zone and ash-rich explosions in the summit caldera.  Lava that flows 

from shield volcanoes is almost entirely of basalt composition.  The gentle slopes of shield volcanoes are the result of 

basalt being very fluid (i.e., it has a low viscosity) and of the lava flows being so long.  Basalt lava flows are characterized 

ōȅ ǘǿƻ ƳƻǊǇƘƻƭƻƎƛŜǎΣ ƪƴƻǿƴ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ōȅ ǘƘŜƛǊ Iŀǿŀƛƛŀƴ ƴŀƳŜǎΣ ΨŀΨņ, a lava flow with a rough surface and 

ǇņƘƻŜƘƻŜΣ ŀ ƭŀǾŀ Ŧƭƻǿ ǿƛǘƘ ŀ ǎƳƻƻǘƘ ǎǳǊŦŀŎŜ.  Eruptions from shield volcanoes are not typically explosive unless water 

has entered the vent (Oregon State University no date).  The understanding of the eruptive processτexplosive activity 

includedτis incomplete since subject-matter experts have been able to observe and record only a small fraction of the 

life cycle of Hawaiian volcanoes and, hence, the frequency and intensity of the explosive events is not yet fully 

ǳƴŘŜǊǎǘƻƻŘΦ  {ƘƛŜƭŘ ǾƻƭŎŀƴƻŜǎ ŜǊǳǇǘ ŀƭƳƻǎǘ ŜȄŎƭǳǎƛǾŜƭȅ ŀǘ ǘƘŜƛǊ ǎǳƳƳƛǘǎ ƻǊ ŀƭƻƴƎ ǊƛŦǘ ȊƻƴŜǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ tǳΨǳ ΨnΨǁΣ ǘƘŜ 

vent associated with the eruption from 1983 until April 2018, and the 2018 Lower East Rift Zone eruption are from the 

9ŀǎǘ wƛŦǘ ½ƻƴŜ ƻŦ ǘƘŜ YơƭŀǳŜŀ ±ƻƭŎŀƴƻ όUSGS 2018). 

Figure 2-1. ±ƻƭŎŀƴƻŜǎ ƛƴ ǘƘŜ /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ  
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Table 2-1. !ŎǘƛǾŜ ±ƻƭŎŀƴƻŜǎ ƛƴ ǘƘŜ /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ* 

Name of 
Volcano Age of Volcano 

Date of Last 
Eruption Threat Potential / Areas at Risk 

YơƭŀǳŜŀ 210,000 to 
280,000 years old  

April 2018 to 
September 2018 

Very high threat potential; areas at risk include portions of the Puna 
ŘƛǎǘǊƛŎǘΤ ŜǊǳǇǘƛƻƴǎ ƻƴ ǘƘŜ ǎƻǳǘƘǿŜǎǘ Ŧƭŀƴƪ ƻŦ YơƭŀǳŜŀ ŀǊŜ ŀ ǘƘǊŜŀǘ ǘƻ ƭŀƴŘ 
ǿƛǘƘƛƴ ǘƘŜ Iŀǿŀƛ ƛ ±ƻƭŎŀƴƻŜǎ bŀǘƛƻƴŀƭ tŀǊƪ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛŎǘ ƻŦ YŀΨǹ.  
Summit eruptions are a continued threat for surrounding areas in the 
Puna district including Volcano Village.  

Mauna Loa 0.6 to 1 million 

years old 

300,000 years old 
(above sea level) 

1984 (eruption 
lasted 22 days) 

Very high threat potential along rift zones and summit; areas at risk 
include the districts of South Hilo, Puna, YŀΨǹ, South Kona, North Kona 
and South Kohala. Radial vents located on the southwest, west and 
north flanks (outside the rift and summit regions) poses serious 
potential risk to persons and property on the north, west and 
southwest flanks of Mauna Loa.  

Mauna Kea At least 1 million 
years old 

Between 6,000 
and 4,000 years 
ago 

Moderate threat potential 

Iǳŀƭņƭŀƛ >300,000 years old 
(above sea level) 

1801 High threat potential; areas at risk include the land within the North 
Kona district 

[ǁ ƛƘƛ*  

(underwater 
volcano) 

<300,000 years old 1996 Low to very low threat potential 

*  The County of IŀǿŀƛΩƛ includes ŦƻǳǊ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻŜǎΦ  [ǁ ƛƘƛ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 22 ƳƛƭŜǎ ǎƻǳǘƘ ƻŦ ǘƘŜ LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛΦ   

Sources: USGS 2016b; USGS 2017e; USGS 2017g; USGS 2017j; USGS 2018g; USGS HVO 2017a; HIEMA, {ǘŀǘŜ ƻŦ IŀǿŀƛΨƛ Iat нлмо 

< Less than 

> Greater than 

To mitigate future and ongoing hazards produced by volcanic activity in the County, there are notifications, alert 

systems, and advisories issued to the public.  The USGS created a volcano-alert system based on data analyzed from 

monitoring networks, direct observations, and satellite sensors (USGS 2017p; 2018k).  General information about 

volcanoes are provided to the public as alert notifications accompanied by more specific text.  Alert notifications are 

issued by the USGS for all forms of volcanic activity and are summarized in Table 2-2. 

Table 2-2. Volcanic Notification Types Delivered by Volcano Observatory 

Notification Types  

Volcano Activity Notice (VAN) Announces alert-level changes or significant volcanic activity within an alert level; covers all volcanic 
hazards ς lahars (volcanic mudflows), lava flows, ashfall, airborne ash, pyroclastic flows  

Daily, Weekly, or Monthly 
Update 

Scheduled update providing steady situational awareness 

Status Report Update about volcanic behavior or monitoring activities during ongoing events of unrest or eruption 

Volcano Observatory Notice 
for Aviation (VONA) 

Aviation-sector specific (for pilots, dispatchers, air-traffic managers, meteorologists); focuses on ash 
emissions 

Information Statement  Topical information such as explanation of non-volcanic events at a volcano, changes in monitoring 
installations, long-term prognoses, etc.  

Source: USGS 2018k 

Furthermore, signs of volcanic activity or lack thereof are summarized using a two-part system.  The USGS alert system 

issues alerts for persons on the ground (Table 2-3) and for aviators (Table 2-4) (USGS 2017i).  The aviation alerts use an 

international color code system to indicate changes in volcanic activity that may affect the aviation sector.  Residents 

can sign up for the USGS alert notifications via email, look up alerts using an interactive map indicating volcano status 
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published on the volcano hazards program website, review the regional volcano observatory websites, or go online and 

follow social media accounts that are created for all regions of the United States. 

Table 2-3. USGS Alert-Level Terms 

Alert-Level Terms ς a volcano activity notice (VAN) is issued when the volcano alert-level is changed  

Normal Volcano is in typical background, noneruptive state or, after a change from a higher level, volcanic activity has ceased and 
volcano has returned to noneruptive background state 

Advisory Volcano is exhibiting signs of elevated unrest above known background level or, after a change from a higher level, 
volcanic activity has decreased significantly but continues to be closely monitored for possible renewed increase 

Watch Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain, or 
eruption is underway but poses limited hazards 

Warning Hazardous eruption is imminent, underway, or suspected 

Source: USGS 2017i 

Table 2-4. USGS Aviation-Color Codes 

Aviation Color Codes ς a volcano observatory notification (VONA) is issued when the volcano color code changes 

Green Volcano is in typical background, noneruptive state or, after a change from a higher level, volcanic activity has ceased and 
volcano has returned to noneruptive background state 

Yellow Volcano is exhibiting signs of elevated unrest above known background level or, after a change from a higher level, volcanic 
activity has decreased significantly but continues to be closely monitored for possible renewed increase 

Orange Volcano is exhibiting heightened or escalating unrest with increased potential of eruption, timeframe uncertain, or eruption 
is underway with no or minor volcanic-ash emissions (ash-plume height specified, if possible) 

Red Eruption is imminent with significant emission of volcanic ash into the atmosphere likely, or eruption is underway or 
suspected with significant emission of volcanic ash into the atmosphere (ash-plume height specified, if possible) 

Source: USGS 2017i 

2.1 Hazard Description 

The County collaborated with the USGS HVO to identify all components of the volcanic hazard.  A summary for each of 

these hazards is highlighted in the remaining subsections. 

 LAVA 

[ŀǾŀ Ŧƭƻǿǎ ǘȅǇƛŎŀƭƭȅ ŜǊǳǇǘ ŦǊƻƳ ŀ ǾƻƭŎŀƴƻΩǎ ǎǳƳƳƛǘ ƻǊ ŀƭƻƴƎ ǊƛŦǘ ȊƻƴŜǎ ƻƴ ƛǘǎ 

flanks.  Lava flows present potential threats to homes, infrastructure, natural 

and historic resources and entire communities.  Lava flows travel downslope 

toward the ocean, burning and burying everything along the way.  Steep slopes 

may allow lava flows to move quickly from the vent to the ocean in a matter of 

hours (HIEMA 2013).  Lava entering the ocean can build new land, known as lava 

deltas, which can be unstable and prone to sudden collapse.  A collapsing lava 

delta can trigger local explosive activity that hurls hot rocks hundreds of meters 

(yards) inland and/or seaward (USGS 2017l).  These types of explosions are 

known as a hydrovolcanic explosions and can be deadly (USGS 2018l).  

9ȄǇƭƻǎƛƻƴǎ ƻŦ ǘƘƛǎ ǘȅǇŜ ƻŎŎǳǊǊŜŘ ǇŜǊƛƻŘƛŎŀƭƭȅ ǘƘǊƻǳƎƘƻǳǘ YơƭŀǳŜŀϥǎ 9ŀǎǘ wƛŦǘ ½ƻƴŜ 

eruption.  

Hazards Related to 
Volcanic Activity 

Á Lava 

Á Vog 

Á Laze 

Á Explosive Eruption 

Á Ashfall 

Á Seismic 

Á Tsunami 

Á Ground Failure / 

Subsidence 

Á Volcanic Glass 

Á Acid Rain 
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The first published USGS volcanic hazard zone map of the 

Island of Iŀǿŀƛ ƛ was released in 1974 and revised in 1987 

and 1992.  Currently, the 1992 map is considered the best 

available delineating nine lava-flow hazard zones for the 

five volcanoes (Figure 2-2) Lava flows are most likely to 

occur in lava zone 1 and least likely in lava zone 9. 

Hazard zones from lava flows are based chiefly on the 

location and frequency of both historic and prehistoric 

ŜǊǳǇǘƛƻƴǎΦ  άIƛǎǘƻǊƛŎal ŜǊǳǇǘƛƻƴǎέ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘƻǎŜ ŦƻǊ 

which there are written records, beginning in the early 

1800s and those that are known from the oral traditions 

of the Hawaiians.  Our knowledge of prehistoric 

eruptions is based on geologic mapping and dating of the 

old flows of each volcano.  The hazard zones also take 

into account the larger topographic features of the 

volcanoes that will affect the distribution of lava flows. 

Any hazard assessment is based on the assumption that 

future eruptions will be similar to those in the past (USGS 1990).  Furthermore, the hazard zones are based on rate of 

coverage by lava, not probability (Wright et al. 1992).  These approximate boundaries can vary in severity within a single 

hazard zone due to local topography.  For example, the hills behind Nơnole that are located above the adjacent slopes 

of Mauna Loa are at a lower risk of lava flows compared to the surrounding area.  It is also important to note that the 

hazard zones reflect the long-term hazard of lava flows.  Therefore, the rate of lava coverage is the basis of these hazard 

zones, rather than how recent an area was covered in lava.  An example of how these rates are applied can be seen 

between the areas of Kalapana and Leilani Estates.  Kalapana iǎ ŀōƻǳǘ ŜƛƎƘǘ ƳƛƭŜǎ ŘƻǿƴǎƭƻǇŜ ƻŦ YơƭŀǳŜŀΩǎ 9ŀǎǘ wƛŦǘ ½ƻƴŜΦ  

¢Ƙƛǎ ŀǊŜŀ ŘƛŘ ƴƻǘ ŜȄǇŜǊƛŜƴŎŜ ƛƳǇŀŎǘǎ ŦǊƻƳ ƭŀǾŀ Ŧƭƻǿǎ ǳƴǘƛƭ с ȅŜŀǊǎ ŀŦǘŜǊ ǘƘŜ tǳΨǳ ΨnΨǁ ŜǊǳǇǘƛƻƴΦ  ¢ƘŜ ƴŜȄǘ ǘƛƳŜ ǘƘƛǎ ŀǊŜŀ 

experienced lava flow inundation was about 20 years later.  Even though this area experienced inundation from 

historical lava flows, this community was placed in lava zone 2 because it is not on the volcano rift zone and has a lower 

risk than a community on the rift zone.  Leilani Estates, on the other hand, is located entirely on the Lower East Rift 

½ƻƴŜ ƻŦ YơƭŀǳŜŀΦ  ¢ƘŜ ŜǊǳǇǘƛƻƴǎ ƛƴ мфррΣ мфслΣ ŀƴŘ ǊŜŎŜƴǘƭȅ ƛƴ нлму ǘƘǊŜŀǘŜƴŜŘ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅ ōŜŎŀǳǎŜ ǘƘŜȅ ǘƻƻƪ ǇƭŀŎŜ 

along the southernmost boundary of the estates or immediately adjacent to the community.  The threat of vents 

surroǳƴŘƛƴƎ ǘƘŜ ŜǎǘŀǘŜǎ ƪŜŜǇ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅ ŀǘ Ǌƛǎƪ ŦƻǊ ŜŀŎƘ ŜǊǳǇǘƛƻƴ ǘƘŀǘ ƻŎŎǳǊǎ ƻƴ YơƭŀǳŜŀΩǎ [ƻǿŜǊ 9ŀǎǘ wƛŦǘ ½ƻƴŜΣ 

which is why this community is placed in lava zone 1. 

[ŀǾŀ Cƭƻǿ !ŦǘŜǊ ǘƘŜ нлму 9ǊǳǇǘƛƻƴ ƻŦ YơƭŀǳŜŀΦ tƘƻǘƻ 
Courtesy: USGS, 

https://volcanoes.usgs.gov/observatories/hvo/multimedi
a_uploads/multimediaFile-2191.jpg 

https://volcanoes.usgs.gov/observatories/hvo/multimedia_uploads/multimediaFile-2191.jpg
https://volcanoes.usgs.gov/observatories/hvo/multimedia_uploads/multimediaFile-2191.jpg
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Figure 2-2. USGS Lava Flow Hazard Zones 

 

Source: Wright et al. 1992 
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As shown on Figure 2-2 ,  volcano boundaries are depicted as heavy, dark bands, reflecting overlapping of lava flows 

from adjacent volcanoes along their common boundary.  The lava flow hazard zones are drawn as double lines because 

of the geographic uncertainty of their placement.  These boundaries are approximate, gradational, and change in the 

degree of the hazard that can be found over a distance of a mile or more, meaning these boundaries are not specific 

enough to determine the absolute degree of danger at any particular site.  The lava-flow hazard zones are designed to 

show the relative hazard across the island and meant to be used for general planning purposes only (USGS HVO 1992). 

Lava flow zones 1 through 9 are described below. 

Á Zone 1 ς LƴŎƭǳŘŜǎ ǎǳƳƳƛǘǎ ŀƴŘ ǊƛŦǘ ȊƻƴŜǎ ƻŦ YơƭŀǳŜŀ ŀƴŘ aŀǳƴŀ [ƻŀΣ ǿƘŜǊŜ ǾŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǊŜǇŜŀǘŜŘƭȅ ŀŎǘƛǾŜ ƛƴ 

historic time. 

Á Zone 2 ς Areas adjacent to and downslope from zone 1.  Fifteen to twenty-five percent of zone 2 has been covered 

by lava since 1800, and 25 to 75 percent has been covered within the last 750 years.  The relative hazard within 

zone 2 decreases gradually as one moves away from zone 1. 

Á Zone 3 ς Areas less hazardous than zone 2 because of greater distance from recently active vents and/or because 

of topography.  One to five percent of zone 3 has been covered since 1800, and 15 to 75 percent has been covered 

within the past 750 years. 

Á Zone 4 ς Includes all of IǳŀƭņƭŀƛΣ ǿƘŜǊŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ŜǊǳǇǘƛƻƴǎ ƛǎ ƭƻǿŜǊ ǘƘŀƴ ǘƘŀǘ ŦƻǊ YơƭŀǳŜŀ ƻǊ aŀǳƴŀ [ƻŀΦ  

Lava coverage is proportionally smaller, about 5 percent since 1800, and less than 15 percent within the past 750 

years. 

Á Zone 5 ς LƴŎƭǳŘŜǎ ǘƘŜ ŀǊŜŀ ƻƴ YơƭŀǳŜŀ ŎǳǊǊŜƴǘƭȅ ǇǊƻǘŜŎǘŜŘ ōȅ topography. 

Á Zone 6 ς Includes two areas on Mauna Loa, both protected by topography. 

Á Zone 7 ς Includes the younger part of volcano Mauna Kea; 20 percent of this area was covered by lava in the past 

10,000 years. 

Á Zone 8 ς The remaining part of Mauna Kea; only a small percentage of this area has been covered by lava in the 

past 10,000 years. 

Á Zone 9 ς The Kohala Volcano, which last erupted over 60,000 years ago (Wright et al. 1992). 

Although there is no calculated probability associated with each lava zone, the USGS indicates the probability of future 

lava flows is not the same for all areas of the County.  Moreover, the long-term lava-Ŧƭƻǿ ǘƘǊŜŀǘ ƛǎ ƎǊŜŀǘŜǎǘ ƻƴ YơƭŀǳŜŀ 

ŀƴŘ aŀǳƴŀ [ƻŀΣ ǘƘŜ ǘǿƻ Ƴƻǎǘ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻŜǎΣ ŦƻƭƭƻǿŜŘ ōȅ Iǳŀƭņƭŀƛ ό¦{D{ 2017i). 

Scientists have been forecasting flow paths using paths of steepest descent calculated using geographic information 

ǎȅǎǘŜƳ όDL{ύ ǎƻŦǘǿŀǊŜ ŀƴŘ ŘƛƎƛǘŀƭ ŜƭŜǾŀǘƛƻƴ ƳƻŘŜƭǎ ƻŦ ǘƘŜ LǎƭŀƴŘ ƻŦ Iŀǿŀƛ ƛΦ  ¢ƘŜ ǎǘŜŜǇŜǎǘ ŘŜǎŎŜƴǘ ǇŀǘƘǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ 

as the paths along which fluids (water or lava) would drain the flank of a volcano under the influence of gravity (USGS 

2017i).  The volume flow-rate of lava along these pathways varies based upon the actual advance rate and dimensions 

of the current.  Volume flow-rates can be affected by eruption rate, ground slope, and the ŎƻƳǇƭŜȄ ōŜƘŀǾƛƻǊ ƻŦ ΨŀΨņ ŀƴŘ 

ǇņƘƻŜƘƻŜ ŦƭƻǿǎΣ ǿƘƛŎƘ ƘŀǾŜ ŀ ŦŀǎǘŜǊ Ŧƭƻǿ ǊŀǘŜ ŀƴŘ ǎƭƻǿŜǊ ǊŀǘŜΣ ǊŜǎǇŜŎǘƛǾŜƭȅ (Figure 2-3) (USGS 2017i). 
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Source: USGS 2017i 

Note: Mm3/d Million cubic meters per day 

Figure 2-3. Number of Hours or Days to Reach the Ocean or Most Distant Location post-1823 Mauna Loa Eruption 

 VOG 

Vog consists of sulfur dioxide (SO2) gas and aerosols (tiny particles or droplets) which are primarily sulfuric acid and 

other sulfate (SO4) compounds.  Aerosols are created when SO2 and other volcanic gases combine in the atmosphere 

and interact chemically with oxygen, moisture, dust, and sunlight over minutes to days.  These airborne hazards are 

created by volcanic activity, which exacerbates health hazards to residents and visitors of the County with existing 

respiratory conditionsΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƻ ǇŜƻǇƭŜ ǉǳŀƭƛŦƛŜŘ ǳƴŘŜǊ άǎŜƴǎƛǘƛǾŜ ƎǊƻǳǇέ ŎŀǘŜƎƻǊƛŜǎΦ  Sensitive groups include: 

Á People with asthma or other respiratory conditions 

Á People with cardiovascular disease 

Á Older adults 

Á Infants and children 

Á New or expectant mothers 
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Sulfuric acid droplets in vog have the corrosive properties of diluted battery acid.  For example, when vog mixes directly 

with moisture on the leaves of plants, it can cause chemical burns which can damage or kill the plants.  The SO2 gas can 

also diffuse through leaves and dissolve to form acidic conditions within plant tissue.  SO2 emissions have been 

continuously produced from three different vents from 1983 to 2018τtǳ ǳ n ǁ όмфуо-нлмуύΣ IŀƭŜƳŀ ǳƳŀ ǳ όнллу-

нлмуύΣ ŀƴŘ ǘƘŜ [ƻǿŜǊ 9ŀǎǘ wƛŦǘ ½ƻƴŜ ό[9w½ύ ǾŜƴǘǎ όнлмуύΦ  CŀǊƳŜǊǎ ƛƴ ǘƘŜ /ƻǳƴǘȅΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘƘŜ YŀΨǹ 5ƛǎǘǊƛŎǘΣ ǊŜǇƻǊǘŜŘ 

losses of their agricultural crops and flowers as a result of the high SO2 emissions from the 2018 eruption (USGS 2018). 

While volcanic emissions have been a component of all Hawaiian eruptions, they have become a major health hazard 

due to the increase in population in the last few decades in downwind areas.  Starting in May 2018, the LERZ released 

more than 50,000 tons of SO2 gas per day, which is more than 50 times the emissions from the top SO2-producing U.S. 

power plant.  Moving forward, future volcanic events may include emissions concentrations of particulate matter (PM) 

нΦр όŦƛƴŜ ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƛƴƘŀƭŜŘ ŘŜŜǇ ƛƴǘƻ ǘƘŜ ƭǳƴƎύΣ ǿƘƛŎƘ ǊŜŀŎƘ ƭŜǾŜƭǎ ŎƻƴǎƛŘŜǊŜŘ άǳƴƘŜŀƭǘƘȅέ ōȅ ¦Φ{Φ ǊŜƎǳƭŀǘƻǊȅ 

ŀƎŜƴŎƛŜǎΣ ŀƴŘ ǊŜƎǳƭŀǊƭȅ ǊŜŀŎƘŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŘŜǎƛƎƴŀǘŜŘ ŀǎ άǳƴƘŜŀƭǘƘȅ ŦƻǊ ǎŜƴǎƛǘƛǾŜ ƎǊƻǳǇǎέ ό¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ǘƘŜ 

Interior Strategic Sciences Group 2018). 

Vog conditions in the County vary and depend on wind direction (northeasterly trade winds, southerly Kona winds) and 

emission source. Figure 2-4 ǎƘƻǿǎΣ ŘǳǊƛƴƎ ǇǊŜǾŀƛƭƛƴƎ ǘǊŀŘŜ ǿƛƴŘǎΣ ǘƘŜ ƴŜŀǊƭȅ Ŏƻƴǎǘŀƴǘ ǎǘǊŜŀƳ ƻŦ ǾƻƎ ǇǊƻŘǳŎŜŘ ōȅ YơƭŀǳŜŀ 

is blown to the southwest and west, where wind patterns carry it to the Kona coast.  Once wind reaches the Kona coast, 

the vog becomes trapped by daytime and nighttime sea breezes (double-headed arrows on figure).  However, when 

light Kona winds (red arrows on figure) blow, much of the vog is concentrated on the eastern side of the island. Vog 

can reach the Island of h ŀƘǳ (City and County of Honolulu), which is more than 200 miles northwest of IŀǿŀƛΨƛ Island 

(USGS 2017d). 

 
Source: USGS 2017o 

Figure 2-4. Wind Direction and vog conditions in the County of IŀǿŀƛΨƛ 
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Vog risk is considered to be both source (spatially) dependent and time (weather) dependent.  The Vog Measurement 

and Prediction Project (VMAP) provides real-time vog forecasts (may be accessed at 

http://weather.Hawaii.edu/vmap/index.cgi).  Further, the County and the State of HawaiΨi Department of Health (DOH) 

have created a warning system to help the community take protection actions based on the level of SO2 that has been 

created as a consequence of vog.  The color code is based on a forecast of data and uses volcanic emission levels, 

weather, wind, and historical data.  Although changing conditions make it difficult to predict protective measures, 

forecasting is intended to provide advanced warning and advice to help in prepare for an emergency (Table 2-5). 

Table 2-5. Color Code System Used to Identify Risk of Sulfur Dioxide Concentrations in the Community 

SULFUR DIOXIDE INFORMATION 

Condition Recommended Response 

GREEN (Trace) Sensitive Groups1: Highly sensitive individuals may be affected at these levels. 

GREEN (Trace) Everyone Else: Potential health effects not expected. 

YELLOW (Light) Sensitive Groups1: Avoid outdoor activity. 

YELLOW Everyone Else: Potential health effects not expected, however actions to reduce exposure to vog may be useful. 

ORANGE (Moderate) Sensitive Groups1: Avoid outdoor activity and remain indoors. 

ORANGE Everyone Else: Potential health effects not expected, however actions to reduce exposure to vog may be useful. 

RED (High) Sensitive Groups1: Avoid outdoor activity and remain indoors. 

RED People Experiencing Respiratory-related Health Effects: Consider leaving the area. 

RED Everyone Else: Avoid outdoor activity. 

PURPLE (Extreme) Sensitive Groups1: Avoid outdoor activity and remain indoors. 

PURPLE People Experiencing Respiratory-related Health Effects: Leave the area and seek medical help. 

PURPLE Everyone Else: Leave the area if ŘƛǊŜŎǘŜŘ ōȅ ǘƘŜ /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ /ƛǾƛƭ 5ŜŦŜƴǎŜΦ 

Note 1:  Sensitive Groups are children and individuals with pre-existing respiratory conditions such as asthma, bronchitis, emphysema, 
lung or heart disease. 

Source: State of HawaiΨi 2019 

Vog data and ŀǎǎƻŎƛŀǘŜŘ ŎƭƛƳŀǘƻƭƻƎȅ ŀǊŜ ōŜƛƴƎ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ IŀǿŀƛΨƛ ŀǘ aņƴƻŀ while the State 

Department of Health and National Park Service monitor air quality on the island.  There are several stations on the 

LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛ ǘƘŀǘ ŎƻƭƭŜŎǘ {h2 and particulate matter hourly averages corresponding to air quality levels of health 

concern (Department of Health no date; National Park Service no date).  This data was not available for use in this 

assessment and is discussed qualitatively in Section 4. 

http://weather.hawaii.edu/vmap/index.cgi
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 LAZE 

Laze is formed when molten lava enters the ocean creating a massive 

cloud of steam that contains other harmful components.  The plume is 

an irritating mixture of hydrochloric acid (HCl) gas, steam, and tiny 

volcanic glass particles.  As a result, this product can travel with the wind 

and is considered a hazard for persons downwind or along the coasts 

and inland where winds blow the laze from lava ocean entries (USGS 

2019f). 

A laze plume can be blown in various directions by the wind.  Downslope 

air flow from nighttime through early morning typically blows the laze 

plume off shore and out to sea.  However, between mid-morning and 

late afternoon, the trade winds can blow the plume along the coast and 

inland, resulting in poor air quality (USGS 2017o). 

The harmful properties of laze can have immediate impacts on persons 

who have been exposed.  These plumes produce acid rain with a pH 

ranging between 1.5 and 3.5 and have the corrosive properties of dilute 

battery acid.  As a result, the plumes can cause skin irritation, eye 

irritation, breathing difficulties, and less frequently, death (USGS 

2017o). 

 EXPLOSIVE ERUPTION 

Explosive eruptions can occur when the lava column 

drops below the water table, groundwater interacts 

with hot rock building steam pressure and resulting in 

violent steam explosions.  Debris and hazardous 

materials from big explosions can be ejected vertically 

to an altitude of 35,000 feet reaching the subtropical 

jet stream.  These explosions can also create 

pyroclastic surges, fast moving clouds of ash, rock and 

volcanic gas that can travel at hurricane speeds.  In 

1790, at least 80 people were killed by searing hot gas 

ŀƴŘ ŀǎƘ ŀŦǘŜǊ YơƭŀǳŜŀ ŜǊǳǇǘŜŘ ό¦{D{ нлмфōύΦ   

Explosive volcanic eruptions can produce a variety of 

ejecta products, some of which can potentially affect 

communities and farmland across hundreds, or even 

thousands of miles.  The variety of ejecta products include: 

Á Tephra ς fragments of rock that are ejected into the air when a volcano erupts explosively. 

Á Large fragments (blocks, bombs) of rock ς tephra larger than 64 millimeters (mm) (2.5 inches [in]) that is usually 

deposited near the eruptive vent. 

Eruption of Lava that Pulsed up to 50 Meters from Fissure 8 of 
ǘƘŜ YơƭŀǳŜŀ ±ƻƭŎŀƴƻΦ tƘƻǘƻ /ƻǳǊǘŜǎȅΥ ¦{D{Σ 

https://www.usgs.gov/news/k-lauea-volcano-erupts 

[ŀȊŜ tƭǳƳŜ CǊƻƳ нлму YơƭŀǳŜŀ 9ǊǳǇǘƛƻƴΦ 
Photo Courtesy: USGS, 

https://www.usgs.gov/media/images/k-
lauea-volcano-multiple-laze-plumes 

https://www.usgs.gov/news/k-lauea-volcano-erupts
https://www.usgs.gov/media/images/k-lauea-volcano-multiple-laze-plumes
https://www.usgs.gov/media/images/k-lauea-volcano-multiple-laze-plumes
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Á Smaller fragments (lapilli) of ash ς tephra between 2 and 64 mm (0.08 and 2.5 in) that can be carried upward 

within in a volcanic plume and downwind in a volcanic cloud. 

Á Very fine-grained material volcanic ash ς tephra smaller than 2 mm (0.08 in) that is both easily carried upward 

within the plume and downwind for very long distances (HIEMA 2018). 

At least four debris fans on Mauna Loa, comprised of fragmented rock deposits on top of ǇņƘƻŜƘƻŜ lava flows that 

spread from the summit have been identified. These four sites represent three separate explosive eruptions dating 

back over 1,000 years (USGS 2020b).  For the past 2,500 years, the prevailing style of eruption at YơƭŀǳŜŀ ǿŀǎ ŜȄǇƭƻǎƛǾŜ 

(estimated 60% of the time) (Swanson 2014).  ²ƘƛƭŜ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ нлму YơƭŀǳŜŀ ŜǊǳǇǘƛƻƴ ŘƛŘ ƴƻǘ ǊŜǎǳƭǘ ƛƴ ŀ ōƛƎ 

ŜȄǇƭƻǎƛƻƴΣ ǎƳŀƭƭ ŜȄǇƭƻǎƛƻƴǎ ƻŎŎǳǊǊŜŘ ŦǊƻƳ ǘƘŜ ǎǳƳƳƛǘ ƻŦ YơƭŀǳŜŀ with gas and ashfall transported downwind (USGS 

2018m).  The magnitude 5.0-earthquake was followed by a collapse in the crater of  .MӏM ӏßӏƤ ;J=9LAF? 9 J=<<AK@-brown 

ash plume discussed further below  (USGS 2018n).  

 ASHFALL 

Volcanic ash is a primary hazard from eruptions that 

can affect structures, power generation and 

transmission, water districts, ground and air 

transportation, agriculture, and human health (USGS 

2018i).  This hazard is dispersed by wind.  Near a vent, 

ash thickness can be more than 5-10 cm (2-4 in) which 

can impact pŜǊǎƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ōǊŜŀǘƘ ƛŦ ŀ ǿŜƭƭ-sealed 

shelter is not available. Downwind thickness of ash 

can be in millimeters, or in some areas, in centimeters. 

This by-product of the eruptions can also fall as a very 

wet and slick material that covers buildings and 

infrastructure. Nuisance ash has been a common 

hazard of volcanic eruptions in the County.   

YơƭŀǳŜŀΩǎ ǎǳƳƳƛǘ Ƙŀǎ erupted explosively producing 

ash deposits for at least the last 30,000 years ago 

(USGS 2019b).  In 1790, at least 80 people were killed 

by ǎŜŀǊƛƴƎ Ƙƻǘ Ǝŀǎ ŀƴŘ ŀǎƘ ŀŦǘŜǊ YơƭŀǳŜŀ ŜǊǳǇǘŜŘ 

(USGS 2019b).  In 1924, a series of volcanic ash and dust from YơƭŀǳŜŀ ǘƘŀǘ ǘǊŀǾŜƭŜŘ ŀǘ ƭŜŀǎǘ ǘǿƻ ƳƛƭŜǎ ƛƴǘƻ ǘƘŜ ŀƛǊ ŦǊƻƳ 

steam explosions covered the downwind community of tņƘŀƭŀ, ǘǳǊƴƛƴƎ άŘŀȅ ƛƴǘƻ ƴƛƎƘǘέ (USGS 2019b).  Muddy ash was 

ŀƭǎƻ ǇǊƻŘǳŎŜŘ ƛƴ ǘƘŜ мфнп YơƭŀǳŜŀ ŜǊǳǇǘƛƻƴǎΣ ǿƘƛŎƘ ŎƻǾŜǊŜŘ ǘƘŜ ǊŀƛƭǊƻŀŘ ǘǊŀŎƪǎ ƛƴ ƭƻǿŜǊ tǳƴŀ ŘƛǎǊǳǇǘƛƴƎ ǘƘŜ Ǌŀƛƭ ƭƛƴŜ 

services ό¦{D{ нлмфōύΦ  aƻǎǘ ǊŜŎŜƴǘƭȅ ƛƴ нлмуΣ ǘƘŜ ǎǳƳƳƛǘ ƻŦ YơƭŀǳŜŀ ǇǊƻŘǳŎŜŘ ŀ ǾƻƭŎŀƴƛŎ ŎƭƻǳŘ Ŏƻƴǘŀƛƴing minor 

amounts of ash that reached as high as 30,000 feet above sea level.  To mitigate possible health impacts of the ashfall, 

the USGS issued a warning to the public to keep track of where ashfall could potentially fall under forecast wind 

conditions (USGS 2018f). 

Health experts advise the public to be aware of ashfall locations to minimize exposure.  For fine ash particles, individuals 

with high exposure can breathe in ash, causing symptoms such as nasal irritation and discharge, throat irritation and 

sore throat, and airway irritation for those with asthma or bronchitis (International Volcanic Health Hazard Network 

!ǎƘŦŀƭƭ ŦǊƻƳ IŀƭŜƳŀΨǳƳŀΨǳ tƭǳƳŜ ǘƘŀǘ ¢ƻƻƪ tƭŀŎŜ ƛƴ нлмуΦ 
Photo Courtesy: USGS, https://www.usgs.gov/news/k-lauea-

volcano-erupts 

https://www.usgs.gov/news/k-lauea-volcano-erupts
https://www.usgs.gov/news/k-lauea-volcano-erupts
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[IVHHN] 2019).  Coarser ash particles can cause eye irritation and skin irritation (specifically for ash that is acidic).  Even 

persons with high tolerance to ashfall can experience indirect health effects because it creates risks, such as reducing 

visibility during driving, shutting down critical infrastructural that depend on power supply, contaminating water or 

damaging water supplies, disabling municipal sanitation systems, and/or collapsing roofs due to its weight. 

 SEISMIC 

The entire County is exposed to the earthquake hazard.  In addition to posing a life safety hazard, earthquakes are 

ŘŜǎǘǊǳŎǘƛǾŜ ǘƻ ǘƘŜ /ƻǳƴǘȅΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ƛƴŎƭǳŘƛng buildings, roads, bridges, and utilities.  Strong local earthquakes 

can trigger coastal subsidence as seen in 1868 and 1975.  Damages are intensified in areas of water-saturated soils and 

on steep slopes and subsequently can lead to landslides due to undermined ground stability.   

The earthquake that occurred in 1868 was estimated to have a magnitude of 7.5 to 8.1.  Damage occurred across the 

entire island; however, the devastation was greatest in the YŀΨǹ district where an earthquake triggered mudflow killed 

31 people and coastal subsidence produced a tsunami that destroyed several villages (USGS 1990). 

The seismic hazard is often characterized in terms probability of peak ground acceleration (PGA) measured as a percent 

ƻŦ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŀŎŎŜƭŜǊŀǘion (%g) within a fixed time period.  The southeast part of the County has the highest 

expected ground acceleration at a 2% probability of exceeding 100%g over the next 50 years (Figure 2-5); high seismic 

hazard is depicted as warm colors (red to orange) and relatively low hazards depicted with cool colors (green). A PGA 

of 100%g can cause significant impacts in the County as described in Table 2-6 which describes the potential effects of 

shaking that correspond to the colors in Figure 2-5.  Engineers use this information to develop building codes and design 

earthquake resistant structures.  Non-engineers can use these maps to judge the relative seismic hazard, where high 

seismic hazards are depicted in warm (red-orange) colors (USGS 2017d). 

 

Figure 2-5. Seismic Hazards Across the County 
Image courtesy: USGS, https://volcanoes.usgs.gov/observatories/hvo/hazards_earthquakes.html 

https://volcanoes.usgs.gov/observatories/hvo/hazards_earthquakes.html


 Cƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ Volcanic Risk Assessment 

June 2020 

2-13 

SECTION 2 ς VOLCANIC HAZARD 

Table 2-6. Seismic Hazard Zones Reflecting Intensity and Probability of Shaking 

SDC Map Color Earthquake Hazard Potential Effects of Shaking* 

A White Very small probability of experiencing 
damaging earthquake effects. 

 

B Green Could experience shaking of moderate 
intensity.  

Moderate shakingτFelt by all, many frightened. Some heavy 
furniture moved; a few instances of fallen plaster. Damage slight.  

C Yellow Could experience strong shaking. Strong shakingτDamage negligible in buildings with good design 
and construction; slight to moderate in well-built ordinary 
structures; considerable damage in poorly built structures. 

D0 Dark Yellow Could experience very strong shaking 
(the darker the color, the stronger the 
shaking). 

Very strong shakingτDamage slight in specially designed 
structures; considerable damage in ordinary substantial buildings 
with partial collapse. Damage great in poorly built structures. 

D1 Light Orange 

D2 Orange 

E Red Near major active faults capable of 
producing the most intense shaking. 

Strongest shakingτDamage considerable in specially designed 
structures; frame structures thrown out of plumb.  Damage great in 
substantial buildings, with partial collapse.  Buildings shifted off 
foundations.  Shaking intense enough to completely destroy 
buildings. 

*Abbreviated descriptions from the Modified Mercalli Intensity Scale 
SDC Seismic design categories  

Source: USGS 2017d 

The National Earthquake Hazard Reduction Program (NEHRP) states that ground shaking is the primary cause of 

earthquake damage to buildings and infrastructure (USGS 2017d).  The level of potential activity and damages are 

driven by soil types, such as softer soils which amplify ground shaking.  One contributor to shaking amplification is the 

velocity at which the rock or soils transmits shear waves (S-waves).  NEHRP has defined five soil types based on their 

shear-wave velocity (Vs.) that aid in identifying locations that will be significantly impacted by an earthquake.  The 

NEHRP soil classification system ranges from A to E, where A represents hard rock that reduces ground motions from 

an earthquake and E represents soft soils that amplify and magnify ground shaking and increase building damage and 

losses (Table 2-7).  Therefore, these soil classes inform the seismic design categories (SDC) for the County, which are 

illustrated in Figure 2-6. 

Table 2-7. NEHRP Soil Classifications 

Soil Classification Description 

A Hard Rock 

B Rock 

C Very dense soil and soft rock 

D Stiff soils 

E Soft soils 

Source:  FEMA 2015 
 

USGS has identified many processes in and around volcanoes that can generate earthquakes (USGS 2016d).  Pressurized 

magma in subsurface reservoirs can create significant stress changes in the crust as magma migrates to the surface.  

This stressor can create several types of seismic events, such as: 

Á Volcano-tectonic earthquakes ς ǘƘƛǎ ǇǊƻŎŜǎǎ ƛƴǾƻƭǾŜǎ ǘƘŜ ōǊƛǘǘƭŜ ŦŀƛƭǳǊŜ ƻŦ ǊƻŎƪ ǘƘŀǘ ƻŎŎǳǊǎ ŀƭƻƴƎ άǘŜŎǘƻƴƛŎέ Ŧŀǳƭǘǎ 

through the movement of magma through pre-existing cracks. 
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Á Long-period or low-frequency earthquakes ς this process is caused by cracks created from the movement of magma 

and gases towards the surface. 

Á Tremor ς this process is caused by the flow of magma through the cracks, which creates continuous seismic events 

mixed with volcano-tectonic and long-period or low-frequency earthquakes. 

 

These seismic events are typically too small to feel, are generally shallow, and rarely lead to eruptions.  However, USGS 

has observed that most eruptions are preceded by these events. 

The 2018 YơƭŀǳŜŀ eruption produced unprecedeƴǘŜŘ ƭŜǾŜƭǎ ƻŦ ǎŜƛǎƳƛŎƛǘȅ ƛƴ ǘƘŜ ǾƻƭŎŀƴƻΩǎ ƛƴǎǘǊǳƳŜƴǘŀƭ ƘƛǎǘƻǊȅΦ  On April 

олΣ ŀŦǘŜǊ tǳΨǳ ΨnΨǁ ŎƻƭƭŀǇǎŜŘΣ ŜŀǊǘƘǉǳŀƪŜǎ ǇǊƻǇŀƎŀǘŜŘ ŘƻǿƴǊƛŦǘ ǘƻǿŀǊŘ ǘƘŜ [9w½Φ  More than 6,000 recorded 

earthquakes were recorded between May 1 and June 7, ranging in magnitude from 0.5 to 6.9 (HIEMA 2018).  The 6.9 

earthquake recorded on May 4, 2018 was one of the most significant eruption-related events that took place during 

the 2018 eruption period. A collapse of KơƭŀǳŜŀΩǎ Ŏŀƭdera produced the numerous documented earthquake events. The 

825 million cubic meter caldera collapse at Kơlauea in 2018 was the largest at the volcano in more than two centuries. 

The earthquakes that occurred ŀǘ YơƭŀǳŜŀΩǎ summit during the 62 caldera collapse-explosion events resulted in large 

ground fractures as well as large explosion clouds of rock and debris. Significant damage to infrastructure and structures 

occurred in the surrounding summit area including Volcano Village resulting from the caldera collapse. Over the course 

of the eruption and caldera collapse period; over 60,000 earthquake events were recorded. Recent work has clarified 

the explosive nature of KơlaueaΩǎ eruptions. Once thought rare, it is now known that Kơlauea can produce explosive 

eruptions from its summit caldera region lasting over periods as long as centuries (USGS 2019b). 
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Figure 2-6. National Earthquake Hazard Reduction Program (NEHRP) Soils 
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 TSUNAMI EVENTS TRIGGERED BY EARTHQUAKES 

Tsunamis are ocean waves triggered by large earthquakes 

that occur near or under the ocean, volcanic eruptions, 

submarine landslides, and by onshore landslides in which 

large volumes of debris fall into the water (USGS 2019h).  

These events can last for many hours and range in size.  

The International Tsunami Information Center (ITIC) has 

indicated that although infrequent, explosive volcanic 

eruptions that create a large amount of debris, a volcanic 

slope failure, or a collapse of the volcanic magmatic 

chambers can displace a large amount of water and 

generate tsunami waves in the immediate source area 

(ITIC 2019).  The ITIC has recorded a few instances where 

a volcanic explosion caused a tsunami, such as the 

tsunami in 1883 after an explosion and collapse of a 

volcano in Indonesia.  The most notable tsunami recorded 

by ITIC was in 1980 after the eruption of Mount St. Helens 

in Washingtoƴ ŎŀǳǎŜŘ ŀ ǇŀǊǘƛŀƭ ŎƻƭƭŀǇǎŜ ƻŦ ǘƘŜ ǾƻƭŎŀƴƻΩǎ 

flank creating an avalanche into Spirit Lake, which 

produced a 780-foot tsunami. 

The County has been impacted by tsunamis triggered by 

both distant as well as local earthquakes. Although a tsunami triggered by an eruption has not been recently witnessed 

in the County, they can also be triggered by seismic activity and subsidence caused by volcanoes (USGS 2019a).  Local-

source events are most likely to be generated primarily from earthquakes and large-scale subsidence along the south 

Ŧƭŀƴƪ ƻŦ YơƭŀǳŜŀΦ  {ƛƴŎŜ муммΣ ǘƘŜ {ǘŀǘŜ ƻŦ IŀǿŀƛΨƛ Ƙŀǎ ǎŜŜƴ он ǘǎǳƴŀƳƛǎ ǿƛǘƘ ŀ ǊǳƴǳǇ ƎǊŜŀǘŜǊ ǘƘŀƴ м ƳŜǘŜǊΣ ǇǊƛƳŀǊƛƭȅ 

from earthquakes and large-ǎŎŀƭŜ ǎǳōǎƛŘŜƴŎŜ ŀƭƻƴƎ ǘƘŜ ǎƻǳǘƘ Ŧƭŀƴƪ ƻŦ YơƭŀǳŜŀ ό¦{D{ нлмфŀύΦ  ¢ǎǳƴŀƳƛǎ Ŏŀƴ ŎŀǳǎŜ 

extensive damage to the coast, so it has been recommended that if you feel an earthquake, immediately go inland to a 

place at least 30 meters above sea level.  This is because tsunamis generated by local earthquakes spread quickly 

(minutes).  Various tsunamis have been documented by USGS, showing that these hazards are dangerous events that 

can injure people and cause death.   

The 1868 earthquake was estimated to have a magnitude of 7.5 to 8.1 causing damage across the entire island. In the 

YŀΨǹ district, coastal subsidence produced a tsunami that destroyed several villages and killed 46 people (USGS 1990, 

USGS 2020c). 

In 1975, a 7.7 ƳŀƎƴƛǘǳŘŜ ŜŀǊǘƘǉǳŀƪŜ ƻŎŎǳǊǊŜŘ ƻƴ YơƭŀǳŜŀΩǎ ǎƻǳǘƘ ŦƭŀƴƪΦ  ¢ƘŜ YŀƭŀǇŀƴŀ Ŏƻŀǎǘ ǎǳōǎƛŘŜŘ ŀǎ ƳǳŎƘ ŀǎ мм 

feet, generating a huge tsunami that claimed two lives, destroyed houses in tǳƴŀƭǳΨǳ, sank fishing boats in Keauhou 

Bay, and damaged boats and piers in Hilo (USGS 1990). 

¢ƘŜ Ƴƻǎǘ ŘŜǎǘǊǳŎǘƛǾŜ ǘǎǳƴŀƳƛ ŜǾŜƴǘ ƛƴ IŀǿŀƛΨƛ ǘƻƻƪ ǇƭŀŎŜ ƛƴ мфпсΣ ƪƛƭƭƛƴƎ мрф ǇŜƻǇƭŜ ǎǘŀǘŜǿƛŘŜΦ  wŜŦŜǊ ǘƻ ǘƘŜ нлму State 

ƻŦ IŀǿŀƛΨƛ IŀȊŀǊŘ aƛǘƛƎŀǘƛƻƴ tƭŀƴ ŦƻǊ ŦǳǊǘƘŜǊ ŘŜǘŀƛƭǎ ƻƴ ǘǎǳƴŀƳƛ ŜǾŜƴǘǎΦ 

  

Aftermath of the 1960 Tsunami in Hilo, HawaiΨi. Photo 
courtesy: USGS, 

https://www.usgs.gov/centers/pcmsc/science/could-it -
happen-here?qt-science_center_objects=0#qt-

science_center_objects 

https://www.usgs.gov/centers/pcmsc/science/could-it-happen-here?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/pcmsc/science/could-it-happen-here?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/pcmsc/science/could-it-happen-here?qt-science_center_objects=0#qt-science_center_objects
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 GROUND FAILURE/ SUBSIDENCE 

Underground magma injections and ground shaking 

from strong earthquakes can produce ground fractures 

and lead to subsidence, which impacts the environment, 

human activity, and infrastructure (USGS 2018d).  

Subsidence most commonly occurs at the summits or rift 

zones of the active volcanoes during magma intrusions 

and eruptions.  They also occur over broad areas on the 

Ŧƭŀƴƪǎ ƻŦ aŀǳƴŀ [ƻŀ ŀƴŘ YơƭŀǳŜŀ Řuring large 

earthquakes. 

In 1965, large fractures developed along broad areas in 

IŀǿŀƛΨƛ ±ƻƭŎŀƴƻŜǎ bŀǘƛƻƴŀƭ tŀǊƪ as magma rose towards 

the surface.  Common during dike emplacements that 

lead to eruptions, broad, low areas over the rising 

magma, known as grabens, can form between parallel 

fractures (USGS 2018d).  Recently, USGS and County-led 

field teams documented where open cracks and grabens 

ŦƻǊƳŜŘ ƛƴ ǘƘŜ [Ŝƛƭŀƴƛ 9ǎǘŀǘŜǎ ŀǊŜŀ ƭŜŀŘƛƴƎ ǳǇ ǘƻ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ нлму YơƭŀǳŜŀ ŜǊǳǇǘƛƻƴ (Figure 2-7). Gas venting, 

steaming, heat, can be released from these structures.   

Further, ground failure can occur in areas around active vents that have been drained of magma (USGS 2018d).  The 

withdrawal of magma from the summit reservoirs after volcanic activity creates calderas that can span several miles 

across and hundreds of meters deep.  As magma is drained beneath the caldera floor; the caldera collapse will result in 

multiple hazards.  During ǘƘŜ нлму YơƭŀǳŜŀ ŎŀƭŘŜǊŀ collapse events, tens of thousands of earthquakes occurred at the 

summit of Kilauea resulting in large ground fractures as well as large explosion clouds of rock and debris. Significant 

damage to infrastructure and structures occurred in the surrounding summit area including Volcano Village resulting  

from the caldera collapse. 

Landslides or mudflows are also a form of ground failure that can occur due to volcanic activity including:   

¶ Intrusion of magma into a volcano; 

¶ Explosive eruptions; 

¶ Large earthquake directly beneath a volcano or nearby 

¶ Heavy or long-lived rainfall that saturates the ground 

 

As mentioned in section 2.1.6; an earthquake generated mudflow occurred in 1868 and killed 31 persons in the YŀΨǹ 

district.  

Examples of historical landslides associated with the volcanoes on the Island of IŀǿŀƛΨƛ ƛƴŎƭǳŘŜ tǳƴŀƭǳΨǳ ǎƭƛŘŜΣ Iƛƭƛƴŀ 

slump, and South Kona landslide complex.   

Ground subsidence is an ongoing process in the LǎƭŀƴŘ ƻŦ IŀǿŀƛΨi; as the island is sinking a few millimeters per year.  

The sinking is caused by the weight of the island pushing down the ocean crust on which the island sits, while some 

DǊƻǳƴŘ CǊŀŎǘǳǊŜǎ ƛƴ ǘƘŜ IŀǿŀƛΩƛ ±ƻƭŎŀƴƻŜǎ bŀǘƛƻƴŀƭ tŀǊƪ 
5ǳǊƛƴƎ 9ǊǳǇǘƛƻƴ ƻŦ YơƭŀǳŜŀ ƛƴ мфсфΦ tƘƻǘƻ ŎƻǳǊǘŜǎȅΥ ¦{D{Σ 
ƘǘǘǇǎΥκκǾƻƭŎŀƴƻŜǎΦǳǎƎǎΦƎƻǾκƻōǎŜǊǾŀǘƻǊƛŜǎκƘǾƻκIŀǿŀƛΩƛψƎǊ

ound_cracks.html 

https://volcanoes.usgs.gov/observatories/hvo/hawaii_ground_cracks.html
https://volcanoes.usgs.gov/observatories/hvo/hawaii_ground_cracks.html
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sinking is due to rising sea level.  Subsidence in the volcanic rift zones has added more subsidence to coastal areas of 

the rift zones like Kapoho (Kauahikaua 2019).  Previously mentioned in section 2.1.7; the .7.7 magnitude earthquake 

recorded in 1975 caused the coastline along Kalapa to subside as much as 11 feet, which generated a large tsunami 

resulting in a loss of 2  lives.  Submergence of the island will endanger shoreline infrastructure and development.  Low-

lying coastal areas will become more vulnerable to damage from storm waves, tsunamis, and inundation.   
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Figure 2-7. Overview of Observed Ground /ǊŀŎƪǎ !ŦǘŜǊ ǘƘŜ нлму YơƭŀǳŜŀ 9ǊǳǇǘƛƻƴ  
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 VOLCANIC GLASS 

Volcanic glass forms when molten lava cools too quickly for crystals to form.  All 

ǇņƘƻŜƘƻŜ Ŧƭƻǿǎ ƘŀǾŜ ŀ ǎƪƛƴ ƻŦ ǾƻƭŎŀƴƛŎ ƎƭŀǎǎΦ  aƻƭǘŜƴ ƭŀǾŀ ǘƘŀǘ ƛǎ ŜƧŜŎǘŜŘ into the 

air forms bits of volcanic glass when cooled.  Some of the molten droplets get 

spun in thŜ ŀƛǊ ŀƴŘ ŦƻǊƳ ōŀǎŀƭǘƛŎ Ǝƭŀǎǎ ŦƛōŜǊǎ ŎŀƭƭŜŘ tŜƭŜΩǎ ƘŀƛǊΦ  ¢ƘŜǎŜ ŀǊŜ ǇŀǊǘ ƻŦ 

laze and are also produced by spattering and/or fountaining lava in vents, as seen 

with Fissure 8 during the 2018 eruption (Kauahikaua 2019). 

tŜƭŜΩǎ ƘŀƛǊ ǿŀǎ ǿƛǘƴŜǎǎŜŘ during and ŀŦǘŜǊ ǘƘŜ YơƭŀǳŜŀ ŜǊǳǇǘƛƻƴ ƛƴ нлмуΦ  ¢ƘŜ 

glass came from the eruption of Fissure 8.  HVO issued a warning to the 

community to avoid exposure because this type of glass can cause skin and eye 

irritation similar to volcanic ash (USGS HVO 2018).  The community was also 

warned to avoid walking along glassy lava flow surfaces which were deemed 

unstable and also cause cuts and abrasions due to the sharp nature of the 

material. 

 ACID RAIN 

Volcanic acid rain arises from the plume gasses and sulfur 

dioxide released from volcanic eruptions (USGS 2018j).  

Acid rain contains high concentrations of sulfur dioxide in 

volcanic gas emissions.  There was a risk of acid rain after 

ǘƘŜ нлму ŜǊǳǇǘƛƻƴ ƻŦ ǘƘŜ YơƭŀǳŜŀ ǿƘŜƴ National 

Aeronautics and Space Administration (NASA) observed 

high concentrations of sulfur dioxide after the eruption. 

Therefore, if sulfur dioxide concentrations increase, there 

is a higher chance that acid rain will take place.  Volcanic 

acid rain can cause a variety of problems for infrastructure 

and has negative health impacts (USGS 2019i, USGS 1997), 

such as: 

Á Corrosion of infrastructure and impacts to drinking 

water 

Á Leaching of lead from roofing and plumbing materials, 

which can contaminate drinking water in rooftop 

rainwater-catchment systems 

Á Damage to eyes 

Á Impacts to the mucous membranes 

Á Health impacts on the respiratory system 

tŜƭŜΩǎ IŀƛǊ CƻǊƳŜŘ ŀŦǘŜǊ ŀ нлмт 
Yơƭauea Explosion.  

Photo Courtesy: USGS, 
https://www.usgs.gov/media/images
/peles-hair-filaments-volcanic-glass-

formed-explosive 

Sulfur Dioxide Concentrations After the 2018 YơƭŀǳŜŀ 
Eruption in Dobson Units. Photo Courtesy: NASA, 

https://earthobservatory.nasa.gov/images/92107/sulfur-
spews-from-YơƭŀǳŜŀ 

https://www.usgs.gov/media/images/peles-hair-filaments-volcanic-glass-formed-explosive
https://www.usgs.gov/media/images/peles-hair-filaments-volcanic-glass-formed-explosive
https://www.usgs.gov/media/images/peles-hair-filaments-volcanic-glass-formed-explosive
https://earthobservatory.nasa.gov/images/92107/sulfur-spews-from-kilauea
https://earthobservatory.nasa.gov/images/92107/sulfur-spews-from-kilauea
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The effects of acid rain can be exacerbated if sulfur dioxide creates sulfate aerosols, which is extremely toxic in high 

concentrations (USGS 2017n).  The actual concentrations in parts per million (ppm) of sulfur dioxide after the 2018 

ŜǊǳǇǘƛƻƴ ƻŦ ǘƘŜ YơƭŀǳŜŀ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ Figure 2-8. 

 

 

Figure 2-8. Measurements of Sulfur Dioxide post-нлму YơƭŀǳŜŀΦ 
Graphic Courtesy: Vog Measurement and Prediction Project (VMAP), http://weather.hawaii.edu/vmap/index.cgi  

2.2 Significant Historic Events and Impacts 

This subsection summarizes the geology and historic volcanic events organized by volcano beginning in the 1700s.  It is 

important to note this summary does not reflect the entire historic record of volcanic events that have taken place in 

the County.  Figure 2-9a and 9b  illustrate the geographical extent of historic lava flows (1790 to 2018) relative to the 

USGS lava-flow hazard zones ŦƻǊ YơƭŀǳŜŀ ŀƴŘ aŀǳƴŀ [ƻŀΦ  ¢ƘŜǎŜ ŦƛƎǳǊŜǎ ŀǊŜ ƴŜǿ ŦǊƻƳ ¦{D{ όWǳƴŜ нлнлύ ŀƴŘ ǿŜǊŜ ƴƻǘ 

available at the time the spatial analysis was conducted for this report. Figure 2-11 summarizes a selection of major 

volcanic ŜǾŜƴǘǎΦ  CƻǊ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǾƻƭŎŀƴƛŎ ŜǾŜƴǘǎ ƛƴ IŀǿŀƛΨƛΣ ǇƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ¦{D{ I±h ǿŜōǎƛǘŜ ŀǘΥ 

https://volcanoes.usgs.gov/observatories/hvo/hvo_volcanoes.html. 

 

http://weather.hawaii.edu/vmap/index.cgi
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Figure 2-9a. Historic Lava Flows from YơƭŀǳŜŀ (~1790 to 2018) 
Graphic Courtesy: USGS 2020  

https://volcanoes.usgs.gov/vsc/file_mngr/file-243/HVO_website_Kil_historical_activity_table_20200604.pdf

https://volcanoes.usgs.gov/vsc/file_mngr/file-243/HVO_website_Kil_historical_activity_table_20200604.pdf
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Figure 2-10b. Historic Lava Flows from Mauna Loa (1843 to 2018) 

Graphic Courtesy: USGS 2020  

https://volcanoes.usgs.gov/vsc/file_mngr/file-
241/HVO_website_Mauna_Loa_historical_activity_table_20200604.pdf 

 
 

https://volcanoes.usgs.gov/vsc/file_mngr/file-241/HVO_website_Mauna_Loa_historical_activity_table_20200604.pdf
https://volcanoes.usgs.gov/vsc/file_mngr/file-241/HVO_website_Mauna_Loa_historical_activity_table_20200604.pdf
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Figure 2-11Φ IƛǎǘƻǊƛŎ ¢ƛƳŜƭƛƴŜ ƻŦ ±ƻƭŎŀƴƛŎ !ŎǘƛǾƛǘȅ ƛƴ ǘƘŜ /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ 

*Note: This timeline represents a selection of major volcanic events between 1790-2018.   
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 YR[!¦9! 

YơƭŀǳŜŀ ƛǎ ǘƘŜ ȅƻǳƴƎŜǎǘ ǾƻƭŎŀƴƻ ƻƴ ǘƘŜ LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛ ŀƴŘ ƛǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǎƻǳǘƘŜŀǎǘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƛǎƭŀƴŘ ό¦{D{ 

2019e).  tǊŜǎŜƴǘ ŘŀȅΣ ǘƘŜ YơƭŀǳŜŀ ǎƘƛŜƭŘ ǾƻƭŎŀƴƻ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ Ƴƻǎǘ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻ ƛƴ ǘƘŜ ǿƻǊƭŘΣ ƘŀǾƛƴƎ ŜǊǳǇǘŜŘ оп 

times since 1952 and almost continuously from 1983 to 2018 within the volcano's East Rift Zone.  From 2008 to 2018 

ǘƘŜ IŀƭŜƳŀΨǳƳŀΨǳ /ǊŀǘŜǊΣ ǿƛǘƘ ƛts active lava pond and prolific gas plume, served as a major tourist attraction.  In 2018, 

the decades-long continuous activity on the middle East Rift Zone subsided, and the summit lava lake drained following 

ŀƴ ƛƴǘǊǳǎƛƻƴ ƛƴǘƻ YơƭŀǳŜŀϥǎ Lower East Rift Zone that resulted in a 4-month eruption.  The 2018 eruption represents 

YơƭŀǳŜŀϥǎ ƭŀǊƎŜǎǘ ŜǊǳǇǘƛƻƴ ƛƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нлл ȅŜŀǊǎΣ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ƭŀǊƎŜǎǘ caldera collapse at the summit within 

the same time period (U.S. Geological Survey [USGS] 2019b). 

Although this volcano is not currently erupting according to USGS HVO, monitoring data shows that there are steady 

rates of seismicity and ground deformation and low rates of sulfur dioxide emissions still ongoing (USGS 2019c).  

Therefore, hazards still exist on the LERZ eruption area and at the summit, which shows that impacts from eruptions 

can have a long-lasting impact on the community.  ! ǎǳƳƳŀǊȅ ƻŦ ǎŜƭŜŎǘ YơƭŀǳŜŀΩǎ ƘƛǎǘƻǊƛŎŀƭ ŜǊǳǇǘƛƻƴǎ ƛǎ ǇǊƻǾƛŘŜŘ ōŜƭƻǿ.  

PRE-1790 

Geologist have determined that there is a ƭŀŎƪ ƻŦ ƻƭŘ ŜȄǇƻǎŜŘ ǊƻŎƪ ŀǘ YơƭŀǳŜŀΣ ǿƘƛŎƘ ƳŀƪŜǎ ƛǘ ŘƛŦŦƛŎǳƭǘ ǘƻ ǇƛŜŎŜ ǘƻƎŜǘƘŜǊ 

its complete eruption history.  hƴƭȅ ŀōƻǳǘ мл ǇŜǊŎŜƴǘ ƻŦ YơƭŀǳŜŀϥǎ ǎǳǊŦŀŎŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǊƻŎƪ ƻƭŘŜǊ ǘƘŀƴ мΣллл ȅŜŀǊǎ. The 

other 90 percent of the volcano's surface is covered by lava flows younger than 1,000 years, and about 20 percent of 

those flows are less than 200 years old (USGS 2019e).  

Prior to 1790, research indicates significant explosive eruptions occurred repeatedly during a 300-year period between 

about 1500 and 1790, ŀƴŘ ŀƭǎƻ ǊŜǇŜŀǘŜŘƭȅ ōŜǘǿŜŜƴ ŀōƻǳǘ рлл ŀƴŘ мллл /ƻƳƳƻƴ 9ǊŀΦ  9ȄǇƭƻǎƛǾŜ ŜǊǳǇǘƛƻƴǎ ƻŦ YơƭŀǳŜŀ 

between 1500 and 1790 included the occurrence of at least a dozen fast-moving, ground-hugging clouds of ash, rock, 

and volcanic gas. Such άǇȅǊƻŎƭŀǎǘƛŎ ǎǳǊƎŜǎέ ŀǊŜ ŀƳong the most dangerous of all volcanic phenomenaτspeeding at 

hurricane velocities and having temperatures of several hundred degrees Celsius.  Although explosive eruptions at 

YơƭŀǳŜŀ are infrequent in human terms, they are not rare geologically (USGS 2019e)  
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1790 

Before the series of eruptions that 

happened in the 20th century, 

YơƭŀǳŜŀΩǎ ǎǳƳƳƛǘ ŎƻƭƭŀǇǎŜŘΣ ǿƘƛŎƘ 

formed a deep caldera (Swanson and 

USGS 2019).  As a result, groundwater 

was able to interact with magma 

forming explosive, steam-driven 

eruptions.  These eruptions added 

more than 11 meters of explosive 

deposits to the rim of the caldera.  

USGS presumes that at least four of 

the historical eruptions that dated 

more than 300 years ago entered the 

jet stream. 

There are historical narratives that 

describe an eruption that occurred in 

1790 that caused several deaths, but 

the exact number is unknown.  To find 

out more about this event, field 

research was completed by the USGS 

and the ¦ƴƛǾŜǊǎƛǘȅ ƻŦ IŀǿŀƛΨƛ ŀǘ 

aņƴƻŀ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ƛƳǇŀŎǘǎ ό{ǿŀƴǎƻƴ ŀƴŘ ¦{D{ нлмфύΦ  ¢ƘŜ researchers conclude that there was a 

sequence of explosive deposits from the 1790 event and that there were at least three explosive surges.  The 

researchers have also concluded that if an event occurred today of the same size as the 1790 event, the explosion 

would ŀŦŦŜŎǘ ŀƭƭ ƻŦ tǳƴŀ ŀƴŘ YŀΨǹΣ ŀƴŘ ŀǎƘ plumes cƻǳƭŘ ŜƴŘŀƴƎŜǊ ŦƭƛƎƘǘǎ ǘƻ ŀƴŘ ŦǊƻƳ IŀǿŀƛΨi (Swanson and USGS 2019). 

  

Cliff exposure of Explosive Deposits that Erupted Between 1500 and 1800. 
The 1790 Eruption Deposits are Less than 10 Percent of the Total Thickness 

from these deposits (top layer).  
Photo Courtesy: USGS and Don Swanson. 
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1924 HALEMAΨUMAΨU 

Lƴ aŀȅ мфнпΣ YơƭŀǳŜŀΩǎ ƭŀǊƎŜǎǘ ŎǊŀǘŜǊΣ IŀƭŜƳŀΨǳƳŀΨǳΣ 

was the site of more than 50 explosive events during a 

2.5-week period (USGS 2018h).  The lava lake within 

IŀƭŜƳŀ ǳƳŀ ǳ ŘǊŀƛƴŜŘ ƛƴ CŜōǊǳŀǊȅ ŀƴŘ ǿŀǎ ŦƻƭƭƻǿŜŘ 

by earthquake activity, cracking in the ground, 

faulting, coastal subsidence, and hundreds of felt 

earthquakes in the Lower East Rift Zone.  The explosive 

events in May created clouds of rock particles, wet ash, 

and steam and doubled the diameter of the 

IŀƭŜƳŀΨǳƳŀΨǳ.  Ash plumes from the larger explosions 

reached as high as 5.5 miles.  Rock fragments as heavy 

as 400 pounds were ejected from the rim of the crater.  

Wet ash from these events disrupted the rail line and 

destroyed rooftops.  Large cracks occurred along the 

coastline and roadways.  As a result, there was one 

fatality and many people evacuated the Puna district 

because of the destruction created by these volcanic 

hazards (USGS 2018h). 

1955 LOWER PUNA 

In February 1955, the LERZ ŀƭƻƴƎ YơƭŀǳŜŀ 

erupted for the first time since 1840 (USGS 

2018e). This eruption lasted for 88 days, 

opening 24 vents that stretched from Kapoho 

ǘƻ ǿŜǎǘ ƻŦ ǘƘŜ tņƘƻŀ-Kalapana road (Figure 

2-12).  The lava flows from this event covered 

more than six miles of public roads.  The flows 

cut off all access to lower Puna and required 

evacuation of most coastline residents.  Several 

homes and thousands of acres of land were 

covered by lava (USGS 2018e). 

Volcanic hazards caused by this event included 

earthquakes, lava flow, subsidence, and ash.  At 

ǘƘŜ ǎǳƳƳƛǘ ƻŦ YơƭŀǳŜŀΣ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴǘŜƴǎƛŦƛŜŘ 

as the caldera region began to subside, clouds 

of black ash were released from the explosions 

and lava continued to flow out of the vents in 

the LERZ into the surrounding areas.  The Hawaiian Volcano Observatory scientists observed that this event had an 

irregular progression of activity.  Typically, flank eruptions retreat up-rift as the magma supply wanes.  However, the 

eruption opened new vents both up-rift and down-rift.  Researchers also witnessed unusual magma types.  

Fountain of Lava Produced by the Iilewa Cone.  
Photo Courtesy: USGS, 

ƘǘǘǇǎΥκκǾƻƭŎŀƴƻŜǎΦǳǎƎǎΦƎƻǾκǾƻƭŎŀƴƻŜǎκYơƭŀǳŜŀκƎŜƻψƘƛǎǘψмфррΦƘǘƳƭ 

9ȄǇƭƻǎƛǾŜ 9ǊǳǇǘƛƻƴ /ƻƭǳƳƴ ŦǊƻƳ IŀƭŜƳŀΩǳƳŀΩǳ /ǊŀǘŜǊ ƛƴ 
May 1924. 

Photo Courtesy: USGS, 
ƘǘǘǇǎΥκκǾƻƭŎŀƴƻŜǎΦǳǎƎǎΦƎƻǾκǾƻƭŎŀƴƻŜǎκYơƭŀǳŜŀκƎŜƻψƘƛǎǘψмф

24_halemaumau.html. 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1955.html
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1924_halemaumau.html
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1924_halemaumau.html
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Characteristics of the lava indicated that the lava was stored near the source vents for a prolonged period of time and 

it contained more magnesium, suggesting the lava was more primitive (USGS 2018e). 

This event marked the first eruption that occurred in any populous area in US territory.  The lessons learned from this 

event led to improved procedures to ensure human safety (USGS 2018e). 

 

Figure 2-12. Lava Flows from the 1955 YơƭŀǳŜŀ Eruption 
Map Courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1955.html 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1955.html


 /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ ±ƻƭŎŀƴƛŎ Risk Assessment 

June 2020 

2-29 

SECTION 2 ς VOLCANIC HAZARD 

1959 KR[!¦9! IKI 

A few years after the 1955 eruption, another eruption occurred from 

the YơƭŀǳŜŀ Lƪƛ /ǊŀǘŜǊ ƛƴ bƻǾŜƳōŜǊ мфрф ό¦{D{ нлмуōύΦ  ¢Ƙƛǎ ŜǾŜƴǘ 

provided some of the first measurable data about the magma 

ǊŜǎŜǊǾƻƛǊ ǎȅǎǘŜƳ ŀǘ YơƭŀǳŜŀΦ  ¢ƘǊŜŜ ƳƻƴǘƘǎ ǇǊƛƻǊ ǘƻ ǘƘŜ ŜǊǳǇǘƛƻƴΣ ŘŜŜǇ 

earthquakes were recorded about 35 miles below the volcano.  As a 

result, the summit reservoir was beginning to fill with new magma.  

Several shallow earthquakes followed this fill, which caused magma 

to move even faster into the summit reservoir.  Eventually, a fissure 

broke through YơƭŀǳŜŀ Iki Crater, sending lava to the bottom of the 

crater where it started to pool forming a lava lake (USGS 2018b). 

A single erupting vent contributed to the lava lake and channel, which 

widened significantly as flow persisted.  Black tephra deposits created 

by YơƭŀǳŜŀ Iki Crater built a cone adjacent to the lava fountain, now 

ŎŀƭƭŜŘ tǳΨǳ tǳŀΨƛΦ  5ǳǊƛƴƎ ǘƘƛǎ ŜǾŜƴǘΣ ƭŀǊƎŜ ǇŀǊǘǎ ƻŦ ǘƘŜ tǳΨǳ tǳŀΨƛ ŎƻƴŜ 

slid into the lava lake, which today are topographic islands above the 

surface of the area where the lava lake cooled.  Lava fountains 

reached 1,900 feet in height, which is the highest recorded height in 

the 20th century and damaged roads and guardrails.  Variations in 

wind created a constantly changing pattern of the pumice plumes that 

were created by the lava fountains.  These clouds of glowing lava 

fragments were typically blown back into the forest before falling to 

the ground (USGS 2018b). 

After 16 episodes of fountaining, the lava lake started to drain back 

into the open vent.  Large sections of the darkened lava lake crust were 

pulled apart as new lava drained back into the vent.  The summit reservoir ultimately gained magma by the end of this 

event.  Researchers found that the summit gained a net of 10 million cubic meters of magma (USGS 2018b). 

  

Lava Fountain Erupting from Iki Crater. 
Photo Courtesy: USGS, 

https://volcanoes.usgs.gov/volcanoes/kilau
ea/geo_hist_kilauea_iki.html 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_kilauea_iki.html
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_kilauea_iki.html
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1960 KAPOHO 

The resulting gain of magma after the 1959 

eruption at the summit was the cause for an 

eruption in January 1960 in the LERZ near 

Kapoho (USGS 2018c).  The shallow reservoir 

ōŜƴŜŀǘƘ ǘƘŜ ǎǳƳƳƛǘ ƻŦ ǘƘŜ YơƭŀǳŜŀ ǾƻƭŎŀƴƻ 

was overfilled with magma, which created 

more pressure and more earthquakes.  More 

than 1,000 earthquakes were recorded north 

of Kapoho on January 12, 1960.  The following 

day, the size and frequency of earthquakes 

increased drastically, severely cracking the 

ground along the Kapoho fault line through 

the town.  The volcano erupted on January 13, 

мфслΣ ŘŜǎǘǊƻȅƛƴƎ ǘƘŜ ǾƛƭƭŀƎŜǎ ƻŦ YƻŀΨŜ ŀƴŘ 

Kapoho.  Methane explosions occurred as lava 

flowed through vegetation.  Dark steam clouds carrying high amounts of ash were released as lava interacted with the 

groundwater.  Lava flows traveled 3.2 kilometers (km), reaching the ocean by January 15 and creating new land beyond 

the old shoreline by 100 meters (USGS 2018c). 

After four days of erupting, the summit began to subside as magma left the storage reservoir and flowed down the East 

Rift Zone to the Kapoho area.  The subsidence led to a series of earthquakes and the ŎƻƭƭŀǇǎŜ ƻŦ ǘƘŜ IŀƭŜƳŀΨǳƳŀΨǳ 

Crater.  The subsidence also formed cracks in the lava lake cooling shell, which created a pathway for lava to pore into 

ǘƘŜ ŎǊŀǘŜǊΩǎ ƎǊƻǿƛƴƎ ǇƛǘΦ  .ȅ aŀǊŎƘΣ ǘƘŜ Ŧƛƴŀƭ ŎƻƭƭŀǇǎŜ ƻŦ ǘƘŜ ŎǊŀǘŜǊ ƻŎŎǳǊǊŜŘΦ  ¢ƘŜ ǘƻǘŀƭ ǾƻƭǳƳŜ ƻŦ Ŏƻƭƭŀpse was about 22 

million cubic meters (USGS 2018c). Figure 2-13  depicts the fallout deposits of tephra and ash and lava flow from the 

historical events from 1959 and 1960. 

Ground Fractures Through Kapoho Village Caused by Magma Moving 
Underground After the 1960 Eruption.  

Photo Courtesy: USGS, 
ƘǘǘǇǎΥκκǾƻƭŎŀƴƻŜǎΦǳǎƎǎΦƎƻǾκǾƻƭŎŀƴƻŜǎκYơƭŀǳŜŀκƎŜƻψƘƛǎǘψƪŀǇƻƘƻΦƘǘƳƭ 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_kapoho.html
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Figure 2-13. YơƭŀǳŜŀ ŀƴŘ Adjoining Mauna Loa Showing Relation of Kapoho in Lower Puna to the Summit Area 
ǿƘŜǊŜ YơƭŀǳŜŀ Lƪƛ ŀƴŘ IŀƭŜƳŀΨǳƳŀΨǳ ŀǊŜ Located.  

Map Courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_kapoho.html 

1969 TO 1974 MAUNA ULU 

The Mauna Ulu eruption occurred from May 1969 to July 1974 and was labeled at the time as the longest-lasting and 

Ƴƻǎǘ ǾƻƭǳƳƛƴƻǳǎ ŜǊǳǇǘƛƻƴ ƻƴ YơƭŀǳŜŀΩǎ Ŧƭŀƴƪ ƛƴ ŀǘ ƭŜŀǎǘ нΣнлл ȅŜŀǊǎ (USGS 2017b).  The eruption continued over 1,700 

days and produced 350 million cubic meters of lava.  About nine months prior to the eruption, increased seismic activity 

and short-lived eruptions broke out along the East Rift Zone of the volcano.  The main eruption started along a long 

ŦƛǎǎǳǊŜ ǎȅǎǘŜƳ ōǳǘ ƳƻǾŜŘ ǘƻ ǿƘŜǊŜ ǘƘŜ aŀǳƴŀ ¦ƭǳ ǿŀǎ ōǳƛƭǘ ōŜǘǿŜŜƴ ǘǿƻ Ǉƛǘ ŎǊŀǘŜǊǎΣ Ψ'ƭoΨi Crater ŀƴŘ Ψ!ƭŀŜ Crater.  

This area was recently covered by lava flows and vents releasing hot volcanic gas, which created the ideal conditions 

for lava fountains to occur (USGS 2017b). 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_kapoho.html
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Eleven fountaining events took place from the site 

of Mauna Ulu, reaching heights exceeding 1,700 

feet (USGS 2017b).  The fallout from these 

fountains formed a tephra mound south of the 

vent.  Lava flows spilled into the ocean and flowed 

ƛƴǘƻ ǘƘŜ Ψ!ƭŀŜ /ǊŀǘŜǊΣ ŎƻǾŜǊƛƴƎ Ŧŀƭƭƻǳǘ ŘŜǇƻǎƛǘǎ 

ŦǊƻƳ ǘƘŜ ŦƻǳƴǘŀƛƴǎΦ  .ȅ !ǳƎǳǎǘ мфсфΣ ǘƘŜ Ψ!ƭŀŜ 

Crater was nearly full, and cracks suddenly 

opened releasing lava flows far down the rift 

zone.  The Mauna Ulu continued to release lava 

ƛƴǘƻ ǘƘŜ Ψ!ƭŀŜ /ǊŀǘŜǊΣ ǿƘƛŎƘ ŎǊŜŀǘŜŘ ǘƘŜ ƭŀǾŀ ǎƘƛŜƭŘ 

that eventually matured into the Mauna Ulu 

edifice seen today (USGS 2017b).  

The edifice continued to grow throughout the 

years of the eruption.  Eventually, the walls of the 

summit fissure began to collapse, which gradually 

widened into a crater that contains a lava lake.  

Lava flows from the lake moved underground and 

ŦŜŘ ŀ ŦƛǎǎǳǊŜ ƻƴ ǘƘŜ Ŝŀǎǘ Ŧƭŀƴƪ ƻŦ ǘƘŜ aŀǳƴŀ ¦ƭǳΦ  .ȅ WǳƴŜ мфтмΣ ǘƘŜ ŀŎǘƛǾƛǘȅ ŜƴŘŜŘ ǳƴǘƛƭ YơƭŀǳŜŀΩǎ ǎǳƳƳƛǘ ƛƴŦƭŀǘŜŘ ŦǊƻƳ 

pressurization.  By February 1972, lava began to enter the summit crater of Mauna Ulu and spilled from the crater into 

ŀ ǘǊŜƴŎƘ ŜƴǘŜǊƛƴƎ ŀ ƭŀǾŀ ǘǳōŜ ƻŦ ǘƘŜ Ψ!ƭŀŜ /ǊŀǘŜǊΦ  [ŀǾŀ Ŧƭƻǿǎ ŎƻƴǘƛƴǳŜŘ ǘƻ Ŧƭƻǿ ŀƭƻƴƎ ǘƘŜ ƭŀƴŘ ŀƴŘ ŦǊŜǉǳŜƴǘƭȅ ŜƴǘŜǊŜŘ 

the sea (Figure 2-14ύΦ  ¢Ƙƛǎ ƭŀǾŀ ƻǇŜƴŜŘ ƴŜǿ ŦƛǎǎǳǊŜǎ ǳǇǊƛŦǘ ǿƛǘƘƛƴ ǘƘŜ IƛΨƛŀƪŀ ŀƴŘ tŀǳŀƘƛ /ǊŀǘŜǊǎ ό¦{D{ нлмтōύΦ 

From December 1973 to July 1974, the remaining eruptive activity came from the Mauna Ulu.  The shield of the Mauna 

Ulu continued to grow, and the lava lake became increasingly stagnant, ending the long-running eruption (USGS 2017b). 

Lava Flowing from the Summit Crater of Mauna Ulu Eastward 
into a Pool at the West End of the Trench in February 1972. Photo 

Courtesy: USGS, 
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_mauna_

ulu.html 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_mauna_ulu.html
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_mauna_ulu.html
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Figure 2-14. Lava Flows of the Mauna Ulu Eruption.  
Map Courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_mauna_ulu.html  

1983 TO 2018 PUΨU ΨnΨn 

¢ƘŜ tǳΨǳ ΨnΨǁ ŜǊǳǇǘƛƻƴ ōŜƎŀƴ ƛƴ мфуо ŀƴŘ ǘƻ ǘƘƛǎ Řŀȅ Ǌŀƴƪǎ ŀǎ ǘƘŜ ƭƻƴƎŜǎǘ ǇŜǊƛƻŘ ƻŦ ƭŀǾŀ Ŧƭƻǿ ǘƘŀǘ ŎŀƳŜ ŦǊƻƳ ǘƘŜ 

YơƭŀǳŜŀΩǎ 9ŀǎǘ wƛŦǘ ½ƻƴŜ (35 years) in the last 200 years (USGS 2019g).  The lava flows from this eruption have drastically 

changed the landscape and caused many issues for County residents.  This eruption was divided into 61 separate 

episodes of activity.  The first set starts with the eruption that happened in January 1983 as the first set of fissures 

broke out along the East Rift Zone.  By June 1983, the eruption occurred out of one vent.  Throughout the next three 

years, mƻǊŜ ǘƘŀƴ пл ǎŜǇŀǊŀǘŜ ƭŀǾŀ ŦƻǳƴǘŀƛƴƛƴƎ ŜǇƛǎƻŘŜǎ ŦƻǊƳŜŘ tǳ ǳ n ǁ  ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ƭŀǾŀ Ŧƭƻǿ ŦƛŜƭŘǎΦ 

By the late 80s, activity localized at Kupianaha (USGS 2019g).  Figure 2-15 illustrates the extent of lava flow from 1983 

to 2008. 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_mauna_ulu.html
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Source: Orr 2011.  

Figure 2-15. 1983 to 2008 tǳΨǳ ΨnΨǁ Lava Inundation Extent 
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¢ƘŜ tǳΨǳ ΨnΨǁ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ ¦{D{ ǘƻ ōŜ ŀ 

cinder-and-spatter cone (USGS 2019g).  The 

lava flows that helped to create this structure 

impacted the surrounding communities, 

destroying several homes.  As the eruption 

continued, activity shifted northeast along the 

YơƭŀǳŜŀΩǎ 9ŀǎǘ wƛŦǘ ½ƻƴŜΦ  ¢ƘŜ ƘƛƎƘ ƭŀǾŀ 

fountains started to wane but led to the start 

of nearly continuous lava flows from a new 

vent.  As a result, a lava pond started to form 

over the vent, which built a new shield called 

the Kupaianaha (USGS 2019g). 

The eruption took a turn in 1990 when 

breakouts from a lava tube progressively 

entered the Kalapana community. This area 

was completely buried beneath lava by the end 

of the year.  Concurrently, the volume of lava 

that erupted from Kupaianaha started to 

ŘŜŎƭƛƴŜ ǘƘǊƻǳƎƘ мффм ŀǎ ǘƘŜ tǳΨǳ ΨnΨǁ Crater 

increased (USGS 2019g).  Once activity at 

Kupaianaha stopped, lava started to erupt from 

fissures in the west flank of tǳΨǳ ΨnΨǁΦ  ¢ƘŜǎŜ 

flank vents continued to build a broad shield on 

the southwest side of the cone.  Lava flows that 

were sent to the ocean built a series of lava 

ŘŜƭǘŀǎ ƻƴ YơƭŀǳŜŀΩǎ ǎƻǳǘƘŜŀǎǘ ŎƻŀǎǘΣ ǿƘƛŎƘ 

added about 418 acres of new land to the 

County (USGS 2019g). 

.ȅ WŀƴǳŀǊȅ мффтΣ ǘƘŜ tǳΨǳ ΨnΨǁ ŎƻƴŜ 

experienced many collapses, enlarging its 

ŎǊŀǘŜǊΦ  ¢ƘŜ ƭŀǊƎŜǎǘ ŎƻƭƭŀǇǎŜ ƻŎŎǳǊǊŜŘ ǿƘŜƴ ŀ ƳŀƎƳŀ ŎƻƴŘǳƛǘ ōŜǘǿŜŜƴ ǘƘŜ ǎǳƳƳƛǘ ŀƴŘ tǳΨǳ ΨnΨǁ ruptured, cutting off 

the supply of magma to the eruption (USGS 2019g).  !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ƭŀǾŀ ƭŀƪŜ ƛƴ tǳΨǳ ΨnΨǁ drained, and the crater floor 

dropped about 500 feet, creating a large gap on the west side of the cone.  Following this gap, new fissures broke open 

ŀƴŘ ŜǊǳǇǘŜŘ ōǊƛŜŦƭȅ ƛƴ ŀƴŘ ƴŜŀǊ bņǇŀǳ /ǊŀǘŜǊΣ ǿƘƛŎƘ ƭŀǎǘŜŘ ƻǾŜǊ ƛƴ нп ƘƻǳǊǎΦ  ¢ƘŜ ƴŜȄǘ ƳƻƴǘƘΣ ǘƘŜ tǳΨǳ ΨnΨǁ Crater 

experienced more lava eruptions from new vents outside its crater on the flanks of its cone.  This led to various lava 

ŜǾŜƴǘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǎŜǾŜǊŀƭ ƳƻƴǘƘǎ ǘƻ ǎŜǾŜǊŀƭ ȅŜŀǊǎ ǘƘŀǘ ƻŎŎǳǊǊŜŘ ŦǊƻƳ tǳΨǳ ΨnΨǁ over the next 10 years (USGS 2019g). 

The PuΨǳ ΨnΨǁ continued activity after new fissures erupted on its east flank in June 2014 (USGS 2019g).  Those fissures 

ƭŜŘ ǘƻ ǘƘŜ ǎƘǳǘŘƻǿƴ ƻŦ ǘƘŜ YŀƘŀǳŀƭŜΨŀ Ŧƭƻǿǎ ŀƴŘ ǘƘŜ ǎǘŀǊǘ ƻŦ ŀ ƴŜǿ lava flow that rapidly advanced to the east.  This 

ǿŀǎ ǎǇǳǊǊŜŘ ōȅ ƴŜǿ ŜǊǳǇǘŜŘ ŦƛǎǎǳǊŜǎ ƻƴ ǘƘŜ Ŝŀǎǘ Ŧƭŀƴƪ ƻŦ tǳΨǳ ΨnΨǁΦ  ¢ƘŜ Ŧƭƻǿ ǊŀǇƛŘƭȅ ŀŘǾŀƴŎŜŘ ǘƻ ǘƘŜ ŜŀǎǘΣ ǘƻǿŀǊŘ 

tņƘƻŀ between July and late October 2014, nearly reaching Highway 130.  Highway 130 is the only transit route for 

nearly 10,000 people who live in the lower Puna District.  By mid-December 2014, the flow threatened the tņƘƻŀ 

±ƛŜǿ ƻŦ ǘƘŜ tǳΨǳ ΨnΨǁ West Flank in 1992 with Shield Growing at 
.ŀǎŜ ƻŦ ǘƘŜ /ƻƴŜ όǘƻǇ ǇƘƻǘƻύΣ ŀƴŘ ±ƛŜǿ ƻŦ ǘƘŜ tǳΨǳ ΨnΨǁ West Flank 
in 1997 After Collapse of the Crater (bottom photo). Photo Courtesy: 

USGS, 
https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1983.html 

https://volcanoes.usgs.gov/volcanoes/kilauea/geo_hist_1983.html
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Marketplace but ultimately stagnated.  Ultimately, the lava flow halted and cooled just prior to reaching tņƘƻŀ Village 

Road (USGS 2019g). Figure 2-16 displays the tǳΨǳ ΨnΨǁ ƭŀǾŀ Ŧƭƻǿ ŦǊƻƳ нлмп ǘƻ нлмрΦ  

hƴ aŀȅ нпΣ нлмсΣ ŀ ƴŜǿ ōǊŜŀƪƻǳǘ ŦǊƻƳ ǘƘŜ Ŝŀǎǘ Ŧƭŀƴƪ ƻŦ tǳΨǳ ΨnΨǁ ŦƻǊƳŜŘ ŀ ƴŜǿ Ŧƭƻǿ ǘƻ ǘƘŜ ǎƻǳǘƘΦ  ¢ƘŜ Ŧƭƻǿ ǊŜŀŎƘŜŘ 

the base of the Pulama pali by the end of June and entered the sea at Kamokuna on July 26, 2016.  On April 30, 2018, 

the crater floor and lavŀ ƭŀƪŜ ƻŦ tǳΨǳ ΨnΨǁ ŎŀǘŀǎǘǊƻǇƘƛŎŀƭƭȅ ŎƻƭƭŀǇǎŜŘΣ ƳŀǊƪƛƴƎ ǘƘŜ ŜƴŘ ǘƻ ǘƘŜ ŜǊǳǇǘƛƻƴ ƻŦ tǳΨǳ ΨnΨǁΦ 

 

Figure 2-16. tǳΨǳ ΨnΨǁ нлмп ǘƻ нлмр [ŀǾŀ Cƭƻǿ LƴǳƴŘŀǘƛƻƴ 9ȄǘŜƴǘ 

2018 KR[!¦9! ς LOWER EAST RIFT ZONE 

hƴ !ǇǊƛƭ олΣ нлмуΣ ŀ ǎŜǊƛŜǎ ƻŦ ŜŀǊǘƘǉǳŀƪŜǎ ƻŎŎǳǊǊŜŘ ǿƘŜƴ ǘƘŜ tǳ ǳ n ǁ ŎǊŀǘŜǊ ƻƴ ǘƘŜ Ŝŀǎǘ Ŧƭŀƴƪ ƻŦ YơƭŀǳŜŀ ŎƻƭƭŀǇǎŜŘΣ 

and magma moved toward the Lower East Rift Zone.  Numerous ground cracks were reported in and around Leilani 

Estates. On May 3, lava broke through the surface in Leilani Estates, with records indicating a lava fountain spewing 

from the initial fissure on Mohala Street.  !ǎ ŀ ǊŜǎǳƭǘΣ IŀǿŀƛΨƛ /ƻǳƴǘȅ /ƛǾƛƭ 5ŜŦŜƴǎŜ ƛǎǎǳŜŘ ŜǾŀŎǳŀǘƛƻƴ ƻǊŘŜǊǎŦƻǊ ǘƘŜ 

Leilani Estates and Lanipuna Gardens subdivisions.  The island experienced its most significant earthquake since 1975  

when a  6.9-ƳŀƎƴƛǘǳŘŜ ŜŀǊǘƘǉǳŀƪŜ ƻŎŎǳǊǊŜŘ aŀȅ п ƻƴ YơƭŀǳŜŀΩǎ ǎƻǳǘƘ ŦƭŀƴƪΦ  On May 9, USGS HVO notified the public 

ƻŦ ǇƻǘŜƴǘƛŀƭ ŜȄǇƭƻǎƛƻƴǎ ŀǘ ǘƘŜ ǎǳƳƳƛǘ ƻŦ YơƭŀǳŜŀ.  A Presidential Disaster Declaration (FEMA 4366-DR-HI ς YơƭŀǳŜŀ 

Volcanic Eruption and Earthquakes) was issued on May 11.   
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A Presidential Disaster Declaration (FEMA 4366-DR-HI ς 

YơƭŀǳŜŀ ±ƻƭŎŀƴƛŎ 9ǊǳǇǘƛƻƴ ŀƴŘ 9ŀǊǘƘǉǳŀƪŜǎύ ǿŀǎ ƛǎǎǳŜŘ 

on May 11, 2018.  The lava flow covered 8,448 acres of 

land and permanently altered the landscape (Figure 

2-17).  The alert level was then reduced from a 

WARNING to a WATCH on August 17, 2018, allowing 

officials, residents, and responders to make the 

transition from response to recovery.  There have been 

no active lava flows since August 2018, though lava was 

seen in Fissure 8 in Leilani Estates on September 5, 2018.  

I±h ǊŜŘǳŎŜŘ YơƭŀǳŜŀϥǎ ŀƭŜǊǘ ƭŜǾŜƭ ǘƻ ADVISORY on 

September 5, 2018, after 30 days passed without seeing 

lava on the surface.  The Puna District suffered 

significant losses especially from lava inundation.  Entire 

neighborhoods, such as Kapoho Vacationland, Kapoho 

Beach Lots, and Lanipuna Gardens; schools, such as Kua 

h Yŀ [ņΤ ŀƴŘ ōŜŀŎƘ ǇŀǊƪǎΣ ǎǳŎƘ ŀǎ !Ƙŀƭŀƴǳƛ ²ŀǊƳ tƻƴŘǎΤ 

were covered with lava.  In addition to lava flows, 

earthquakes and air pollutants including sulfur dioxide, 

ash, tephra, and laze, affected not only the residents of Puna but across the island and state. 

The sheer volume of the magma supply was one of the 

most significant distinguishing characteristics of the 

нлму YơƭŀǳŜŀ ŜǾŜƴǘ όFigure 2-18).  Simultaneously, 

YơƭŀǳŜŀΩǎ ǎǳƳƳƛǘ ŜȄǇŜǊƛŜƴŎŜŘ ƛǘǎ ƭŀǊƎŜǎǘ ŎƻƭƭŀǇǎŜ ƛƴ нлл 

years, with a total of 500 meters (1,640 feet) 

subsidence and tens of earthquakes each day rattling 

surrounding communities.  Dozens of new fissures 

opened along a line of craters in the Puna District.  

Many of these cracks leaked lava into residential areas.  

Volcanic gases and ash created a cloud of vog that 

reached the IǎƭŀƴŘ ƻŦ hΨŀƘǳΦ The simultaneous related 

events impacted residential, agricultural, business, 

ǘƻǳǊƛǎǘΣ ŎǳƭǘǳǊŀƭΣ ŀƴŘ ǎŎƛŜƴǘƛŦƛŎ ŀǊŜŀǎΦ  IŀǿŀƛΨƛ ±ƻƭŎŀƴƻŜǎ 

National Park closed, slowing tourism and the local 

ŜŎƻƴƻƳȅΦ  ! ƳŀƧƻǊ ǇƻǿŜǊ ƻǳǘŀƎŜ ƻŦ ǘƘŜ /ƻǳƴǘȅΩǎ 

connection to the Hawaiian Electric Light Company 

(HELCO) occurred, and several roads and critical 

facilities were inundated or isolated by lava causing multiple road blocks in the County (Figure 2-19).  The inundation 

of major roadways was of particular concern because most roads servicing Puna District subdivisions are privately 

owned and not designed for through traffic.  Lava inundated more than 30 miles of roadways in the Puna District. 

LƴŦǊŀǎǘǊǳŎǘǳǊŜ LƳǇŀŎǘ CŀŎǘǎΥ нлму YơƭŀǳŜŀ 

Á 32.3 miles public and private roads inundated 

o 12.44 miles County maintained roads 

o 19.86 miles privately maintained 

roads 

Á 14.5 miles waterlines destroyed 

Á 900 utility poles destroyed 

Á 2 geothermal wells inundated, 1 isolated 

Á 1 electrical substation isolated 

Á 1 water well isolated 

Á 1 public charter school inundated 

Á Estimated $236.5 million in damages to roads, 

waterlines and facilities (e.g. parks) 

Á Closure of Puna geothermal plant, which 

ǎǳǇǇƭƛŜǎ нн҈ ƻŦ ǘƘŜ ƛǎƭŀƴŘΩǎ ǇƻǿŜǊ 

нлму YơƭŀǳŜŀ LƳǇŀŎǘ CŀŎǘǎ 

Á 100+ days of constant eruption and lava flow 

Á 9ǊǳǇǘŜŘ ǘƘŜ ŜǉǳƛǾŀƭŜƴǘ ƻŦ у ȅŜŀǊǎ ƻŦ YơƭŀǳŜŀΩǎ 

magma supply in just over 3 months 

Á Largest summit caldera collapse in 200 years 

Á Highest SO2 emission rates ever measured at 

YơƭŀǳŜŀ όҔрлΣллл ǘƻƴǎκŘŀȅύ 

Á 60,000+ earthquakes ranging from 0.5 to 6.9 

magnitude 

Á 13.7 square miles inundated with lava 

Á 875 acres new land created along shoreline 

Á 723 structures destroyed, including 

approximately 293 primary residences 

Á 3,000 residents displaced 

Á 116 structures isolated* (prior to road 

restoration) 

Á 1,770 parcels impacted 
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The eruption lasted 107 days, one of the longest 

eruptions in recent history in lower Puna.  Within a few 

months of the start of the 2018 eruption; HVO reported 

a total of 24 known fissures, 60,000 earthquakes and an 

ŜǊǳǇǘƛƻƴ ŜǉǳƛǾŀƭŜƴǘ ǘƻ у ȅŜŀǊǎ ƻŦ YơƭŀǳŜŀΩǎ ƳŀƎƳŀ 

supply.  Throughout the eruption, uncertainty regarding 

the duration of the event, its extent, and total damage 

remained high.  This uncertainty led to social tensions 

and fatigue across the affected community, responders, 

and local officials.  Although there were no fatalities, the 

event was quite destructive in terms of displacement of 

residents, structure destruction, land coverage, and 

cultural and environmental resources impact.  

The vast majority of destroyed, isolated, or forced vacant homes by mandatory evacuation were owner-occupied 

homes.  It is estimated that there were 800 domesticated animals present in the affected area before the eruption.  

These animals included dogs and cats, exotic pets, and 

livestock.  Due to lack of sheltering options, animals 

escaping, and abandonment due to rapid evacuation, 

many of these animals were not evacuated.   

Puna experienced its most significant earthquake on 

May 4, 2018, during the recent YơƭŀǳŜŀ ŜǾŜƴǘΣ ǿƘŜƴ ŀ 

temblor measuring 6.9 on the Richter Scale occurred.  

It was the largest earthquake to impact the County of 

IŀǿŀƛΨƛ ŀƴŘ ǘƘŜ tǳƴŀ 5ƛǎǘǊƛŎǘ ǎƛƴŎŜ ǘƘŜ мфтр 

earthquake.  The epicenter was located just offshore, 

nearby the Royal Gardens subdivision.  As expected, 

the shaking was the most severe in the Royal Gardens 

subdivision area (according to the Modified Mercalli 

LƴǘŜƴǎƛǘȅ {ŎŀƭŜύ ǿƛǘƘ ǘƘŜ άƳƻŘŜǊŀǘŜ-ǾŜǊȅ ǎǘǊƻƴƎέ 

shaking footprint extending throughout much of 

tǳƴŀΩǎ ¢ƛŜǊ м ǊŜƎƛƻƴ ǿƛǘƘ ǘƘe exception of the 

southeastern tip, containing Kapoho Vacationland and 

Kapoho Beach Lots.  This southeastern tip experienced 

άƭƛƎƘǘ-ǎǘǊƻƴƎέ ǎƘŀƪƛƴƎΦ  ¢ƘŜ ŜŀǎǘŜǊƴ ŜŘƎŜΣ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ Ƴƻǎǘ ŘŜƴǎŜƭȅ ōǳƛƭǘ-up area with the highest concentration of 

structures ōǳƛƭǘ ǇǊƛƻǊ ǘƻ мфурΩǎ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘŜ ǎŜƛǎƳƛŎ ŎƻŘŜΣ ŜȄǇŜǊƛŜƴŎŜŘ ƳƻŘŜǊŀǘŜ ƭŜǾŜƭǎ ƻŦ ǎƘŀƪƛƴƎ ƛƴǘŜƴǎƛǘȅ ǊŀƴƎƛƴƎ 

ŦǊƻƳ άƭƛƎƘǘ-ǎǘǊƻƴƎέ ǘƻ άǾŜǊȅ ƭƛƎƘǘ-ƳƻŘŜǊŀǘŜέ όFigure 2-20). 

Parcels were inundated and isolated by lava (Figure 2-21).  

  

Natural and Cultural Resources Impact Facts:  
нлму YơƭŀǳŜŀ 

Á 500 acres forest reserves inundated 

Á 17 Exceptional trees inundated 

Á 80 Anchialine pools inundated 

Á Pohoiki Boat Ramp isolated 

Á Pohoiki Bay filled 

Á Ka Lua Wai a Pele (Green Lake) inundated 

Á Kapoho Bay inundated 

Á ²ŀƛΨǁǇŀŜ ¢ƛŘŜǇƻƻƭǎ aŀǊƛƴŜ [ƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ 

District inundated 

Á Ahalanui Beach Park inundated 

9ŎƻƴƻƳƛŎ LƳǇŀŎǘ CŀŎǘǎΥ нлму YơƭŀǳŜŀ 

Á Small businesses experienced decreased 

revenues and closures 

Á Decreased tourism revenue and adjustments 

to marketing and products 

Á $296 million reduction in tax rolls (property 

loss) 

Á 2,950 jobs lost 

Á $415 million revenue lost county-wide 

Á $236 million infrastructure loss 

Á $296 million home loss 

Á $99.4 million loss following IŀǿŀƛΨƛ Volcanoes 

National Park closure 

¶ $27.9 million agriculture loss resulting in 

decreased agriculture and floriculture 

production 
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Figure 2-17. Lava Flow Progression from the YơƭŀǳŜŀ Eruption from May 5 to August 1, 2018 

 
Figure 2-18. 9ŀǎǘ wƛŦǘ ½ƻƴŜ [ŀǾŀ Cƭƻǿ ¢ƘƛŎƪƴŜǎǎ ŦǊƻƳ ǘƘŜ нлму YơƭŀǳŜŀ 9ǊǳǇǘƛƻƴ 
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Figure 2-19. Roadblocks and Gates Established for Controlling Road Access During the 2018 YơƭŀǳŜŀ 9ǾŜƴǘ 
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Figure 2-20. Map of May 4, 2018 Earthquake Event and Density of Pre-1985 Structures 

 
Figure 2-21. Inundated and Isolated Areas from the нлму YơƭŀǳŜŀ Event 
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 MAUNA LOA 

Mauna Loa is the largest active volcano on 

Earth (USGS 2017e); although recently, 

Pǹhņhonu,  in the northwest Hawaiian ridge 

was named the largest volcano using new 

mapping techniques and calculations (Garcia, 

Tree, Wessel, & Smith 2020). aŀǳƴŀ [ƻŀΩǎ 

aboveground surface area covers over half the 

County with a surface area of about 1,900 

square miles.  This volcano is still in the shield-

building stage and is currently in the process of 

adding as much as 95 percent of its ultimate 

volume.  Scientists have determined that this 

volcano emerged above sea level about 

300,000 years ago and has been growing 

rapidly upward since then (USGS 2017e). 

There are five broad areas on the volcano and 

across the volcanos surface, 33 radial vents 

have been observed on the north and west sectors of the volcano (USGS 2017e).  This volcano also includes submarine 

flanks, which have been mantled by landslide deposits.  One of these deposits may have produced a giant tsunami 

about 105,000 years ago.  A steep-ǎƛŘŜŘ ǊƛŦǘ ȊƻƴŜ ƻŦ ǘƘŜ aŀǳƴŀ [ƻŀΩǎ ǎƻǳǘƘŜŀǎǘŜǊƴ ŦƭŀƴƪΣ ŎŀƭƭŜŘ ǘƘŜ bơƴƻƭŜ IƛƭƭǎΣ Ƙŀǎ 

experienced erosion that created deep canyons and valleys where old flows occurred.  These hills are an example of 

how rifts can migrate due to years of erosion and form new features to the volcanic system (USGS 2017e). 

Mauna Loa is not known to have produced an explosive eruption since 1843 (USGS 2017e).  However, evidence from 

four debris fans made up of fragmented rock deposits indicate that an explosive eruption is possible.  A summary of 

significant historical eruptions documented by USGS are highlighted in the remaining parts of this section. 

1935 

aŀǳƴŀ [ƻŀ ŜǊǳǇǘŜŘ ƛƴ bƻǾŜƳōŜǊ мфорΦ  tņƘƻŜƘƻŜ ƭŀǾŀ όǎƳƻƻǘƘΣ ōƛƭƭƻǿȅΣ ƻǊ ǊƻǇŜȅ) flows traveled one mile east per 

day toward the residents of Hilo after flowing through the saddle area between Mauna Loa and Mauna Kea (USGS 

2016a).  The eruptive vent was bombed in December 1935 and flow stopped in early January 1936. 

aŀǳƴŀ [ƻŀΩǎ {ǳƳƳƛǘ /ƻƴǘŀƛƴǎ ǘƘŜ aƻƪǳΨņǿŜƻǿŜƻ /ŀƭŘŜǊŀ tƭǳǎ 
Several Pit Craters. This Caldera Formed About 1,000 Years Ago. 

Photo Courtesy: USGS, 
https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_summa

ry.html 

https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_summary.html
https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_summary.html
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Aerial View by the Naval Air Service of the 1933 Mauna Loa Eruption from a Fissure Across the Rim and Floor of 
aƻƪǳΨņǿŜƻǿŜƻ /ǊŀǘŜǊ ŀǘ ǘƘŜ ±ƻƭŎŀƴƻϥǎ {ǳƳƳƛǘΦ tƘƻǘƻ ŎƻǳǊǘŜǎȅΥ ¦{D{Σ 
https://vol canoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1935.html. 

1942 

The April 1942 eruption of Mauna Loa ǘƻƻƪ ǇƭŀŎŜ ǿƘƛƭŜ ²ƻǊƭŘ ²ŀǊ LL ƴƛƎƘǘǘƛƳŜ ōƭŀŎƪƻǳǘǎ ǿŜǊŜ ōŜƛƴƎ ƛǎǎǳŜŘ ƛƴ IŀǿŀƛΨi 

(USGS 2017a).  The eruption was kept hidden from the public so that Japanese military would not find out and use the 

Ǝƭƻǿ ƻŦ ǘƘŜ ƭŀǾŀ ŀǘ ƴƛƎƘǘ ǘƻ ƎǳƛŘŜ ǿŀǊǇƭŀƴŜǎ ǘƻ IŀǿŀƛΨƛΦ  ¢ƘŜ ŜǊǳǇǘƛƻƴ ōŜƎŀƴ ƻƴ ǘƘŜ ǿŜǎǘŜǊƴ ǊƛƳ ƻŦ aŀǳƴŀ [ƻŀ ŀƴŘ 

migrated down the Northeast Rift Zone.  The eruption ended in May and by then had already reached within 7 miles of 

ǘƘŜ ǳǇǇŜǊ ²ŀƛņƪŜŀ ¦ƪŀ ŀǊŜŀ ƻŦ Iƛƭƻ ό¦{D{ нлмтŀύΦ 

https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1935.html
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Aerial Photograph of the 1942 Mauna Loa Lava Flow Spreading Downslope Toward Hilo.  Smoke from Burning 
Trees in Center of Flow and Scattered Cinder Cones at the Summit of Mauna Kea are Visible.  

Photo courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1942.html. 

1950 

Prior to the eruption in 1950, magma pressure in the volcano 

remained high following an eruption from the summit of 

Mauna Loa that took place in 1949 (USGS 2018a).  

Earthquake swarms occurred throughout 1949, and a large 

6.4-magnitude earthquake was felt in May 1950.  As a result, 

ƛƴ WǳƴŜ мфрлΣ ŀ ŦƛǎǎǳǊŜ ŜǊǳǇǘŜŘ ƻƴ aŀǳƴŀ [ƻŀΩǎ {ƻǳǘƘǿŜǎǘ 

Rift Zone and led to multiple parallel fissures opening along 

the rift zone (USGS 2018a).  Within three hours, the lava 

flows crossed the main highway on the west coast of the 

County.  Several structures were destroyed and completely 

inundated by the lava including the structures in the coastal 

ǾƛƭƭŀƎŜ ƻŦ IƻΨƻƪŜƴŀ-mauka.  The lava flows passed through 

commercial and residential areas, over highways, through 

the forests, and continued to flow down into the ocean 

creating clouds of steam.  This eruption lasted for 23 days and 

erupted 376 million cubic meters of lava.  This is equivalent 

to about 3.5 to 4 years of output from the tǳΨǳ ΨnΨǁ eruption 

ƻŦ YơƭŀǳŜŀ ό¦{D{ нлмуŀύΦ 

YŀΨŀǇǳƴŀ [ŀǾŀ Cƭƻǿǎ 9ƴǘŜǊƛƴƎ ǘƘŜ hŎŜŀƴ ŘǳǊƛƴƎ ǘƘŜ 
1950 Mauna Loa Eruption.  

Photo Courtesy: USGS, 
https://volcanoes.usgs.gov/volcanoes/mauna_loa/ge

o_hist_1950.html 

https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1942.html
https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1950.html
https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1950.html
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1975 

Mauna Loa experienced a short-lived eruption in July 1975 (USGS 2017c).  Lava fountains erupted from fissures 

extending across the length of Mauƴŀ [ƻŀΩǎ ǎǳƳƳƛǘ ŎŀƭŘŜǊŀΣ aƻƪǳΨņǿŜƻǿŜƻΣ ŀƴŘ ƛƴǘƻ ǘƘŜ ǳǇǇŜǊ ŜƴŘǎ ƻŦ ǘƘŜ ǾƻƭŎŀƴƻΩǎ 

Northeast and Southwest Rift Zones.  Six hours of activity lasted in the caldera.  Lava fountaining continued along the 

Northeast Rift Zone for less than a day before completely ending. 

 

Image from the 1975 Mauna Loa Eruption. Lava Fountains up to 65 Feet High  
Erupted from Fissures on the North Flank of the Volcano.  

Photo Courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1975.html 

1984 

Mauna Loa erupted in 1984 following a three-year period of increasing earthquake activity beneath the volcano (USGS 

2016c).  Prior to the eruption, the earthquakes reached a maximum frequency after a 6.6-magnitude earthquake 

occurred beneath the southeast flank of Mauna Loa.  The volcano started to inflate shortly after a brief summit eruption 

in July 1975.  The eruption began in March 1984 after eruptive fissures appeared rapidly down to the southwest rift 

ȊƻƴŜ ŀŎǊƻǎǎ ǘƘŜ ǎƻǳǘƘŜǊƴ ƘŀƭŦ ƻŦ aƻƪǳΨņǿŜƻǿŜƻΦ  bŜǿ ŦƛǎǎǳǊŜǎ ōŜƎŀƴ ǘƻ ŦƻǊƳ ŀǎ ƳŀƎƳŀ ƳƻǾŜŘ Řƻǿƴ ǘƘŜ Northeast 

Rift Zone.  Eventually, four parallel flows moved down the northeast flank and all eruptive activity became confined to 

these vents (Figure 2-22) (USGS 2016c). 

https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1975.html
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Lava flows started to move from these vents toward the community of Hilo (USGS 2016c).  Smoke from burning 

vegetation, loud explosions from methane gas along the flow front, and levee breaching were a few of the disturbances 

caused by this eruption.  Fortunately, the lava never reached the community.  Researchers conclude that this event 

shows that dense vegetation, gentle slopes, and low temperature of erupted lava can slow down the flow of lava, which 

is valuable insight to mitigate the risk of future eruptions (USGS 2016c). 

 

Figure 2-22. Areas Covered by Lava Flows During the 1984 Eruption of the Mauna Loa  
Cƭƻǿ ! ǊŜǇǊŜǎŜƴǘǎ ŜǊǳǇǘƛǾŜ ŦƛǎǎǳǊŜǎ Řƻǿƴ ǎƻǳǘƘǿŜǎǘ ǊƛŦǘ ȊƻƴŜ ŀŎǊƻǎǎ ǎƻǳǘƘŜǊƴ ƘŀƭŦ ƻŦ aƻƪǳΩņǿŜƻǿŜƻΦ Cƭƻǿ . 

ǊŜǇǊŜǎŜƴǘǎ ƭŀǾŀ Ŧƭƻǿǎ ŜȄǘŜƴŘƛƴƎ ŀŎǊƻǎǎ ƴƻǊǘƘŜŀǎǘ ƘŀƭŦ ƻŦ aƻƪǳΩņǿŜƻǿŜƻ ŀƴŘ ƛƴǘƻ ǳǇǇŜǊ ǊŜŀŎƘŜǎ ƻŦ ƴƻǊǘƘŜŀǎǘ ǊƛŦǘ 

zone. Flow C represents new lava fissures in the morning of March 25. Flow D represents four parallel flows moving 

down northeast flank in the evening of March 25. Flow E represents lava vents moving down Hilo in the morning on 

March 26. Flow F represents new subparallel flows that formed on March 29. Flow G represents lava flows that broke 

out on April 5. Photo Courtesy: USGS,  https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1984.html 

 MAUNA KEA 

Mauna Kea is the highest peak in the County (USGS 2018g).  This shield volcano is built upon the southern flank of the 

YƻƘŀƭŀ ±ƻƭŎŀƴƻΩǎ 9ŀǎǘŜǊƴ wƛŦǘ ½ƻƴŜΦ  Mauna Kea erupted most recently between about 6,000 and 4,500 years ago from 

at least seven separate summit-area vents, producing lava flows and cinder cones.  Mauna Kea is in the advanced 

postshield stage (Hawaii-substage); geologic research has concluded that eruptions from this volcano are less frequent, 

and the chemistry of the lava has changed moving away from the source of magma generation.  The oldest rocks on 

the surface of this volcano erupted between 200,000 to 250,000 years ago (USGS 2018g).  The chemistry of these rocks 

are typical of a basaltic volcano in the post-shield stage, and this is consistent with Mauna Kea being over one million 

years old.  The steep and more irregular shaped surface of this volcano are evidence that post-shield magma, which has 

higher viscosity, erupted from the cones of Mauna Kea.  This chemistry change in the lava created prominent cinder 

cones, which are now called the Laupņhoehoe Volcanics.  The series of eruptions that formed these structures was 

likely sporadic clusters of events that produced large volumes of tephra and ashfall.  Today, the ash makes up a 

https://volcanoes.usgs.gov/volcanoes/mauna_loa/geo_hist_1984.html


 /ƻǳƴǘȅ ƻŦ IŀǿŀƛΨƛ ±ƻƭŎŀƴƛŎ Risk Assessment 

June 2020 

2-47 

SECTION 2 ς VOLCANIC HAZARD 

ŘƻƳƛƴŀƴǘ ǇƻǊǘƛƻƴ ƻŦ aŀǳƴŀ YŜŀΩǎ Ŧƭŀƴƪǎ ό¦{D{ нлмуƎύΦ Geologists indicate that Mauna Kea could erupt again after 

being inactive for 4,000 years; it is a moderate threat volcano in the USGS National Volcano Early Warning System 

(NVEWS).  The Hawaiian Volcano Observatory continues to monitor Mauna Kea for any signs of activity. 

 

Views of the Upper South Flank of Mauna Kea. The Prominent Cinder Cone (lower right) Erupted About 4,000 Years 
!ƎƻΦ aƻǎǘ hǘƘŜǊ /ƻƴŜǎ ŀǊŜ tŀǊǘ ƻŦ ǘƘŜ [ŀǳǇņƘƻŜƘƻŜ ±ƻlcanics.  

Photo Courtesy: USGS, https://volcanoes.usgs.gov/volcanoes/mauna_kea/geo_hist_summary.html 

 I¦!['[!L 

Iǳŀƭņƭŀƛ ƛǎ ǘƘŜ ǘƘƛǊŘ ȅƻǳƴƎŜǎǘ ǾƻƭŎŀƴƻ ƛƴ ǘƘŜ /ƻǳƴǘȅ ό¦{D{ 2017h).  

Currently, it is in the post-shield stage of activity.  USGS has 

documented that six different vents erupted lava between the late 

1700s and 1801.  Lava flows from two of these events created land on 

the west coast of the island including the area where the Keņhole 

Airport is located (USGS 2017i). 

CǳǊǘƘŜǊƳƻǊŜΣ ул ǇŜǊŎŜƴǘ ƻŦ IǳŀƭņƭŀƛΩǎ ǎǳǊŦŀŎŜ Ƙŀǎ ōŜŜƴ ŎƻǾŜǊŜŘ ōȅ 

lava flows over the past 5,000 years (USGS 2017h).  Over the last few 

decades, resorts, homes, and commercial buildings have been built 

ƻƴ ǘƘŜ ǾƻƭŎŀƴƻΩǎ ŦƭŀƴƪǎΦ  The most recent activity was a series of 

earthquakes in 1929 that did not result in an eruption.  Scientists 

ŎƻƴǎƛŘŜǊ Iǳŀƭņƭŀƛ ŀ ǇƻǘŜƴǘƛŀƭƭȅ ŘŀƴƎŜǊƻǳǎ ǾƻƭŎŀƴƻ ǘƘŀǘ ƛǎ ƭƛƪŜƭȅ ǘƻ 

erupt again (USGS 2017h). 

LƳŀƎŜ ƻŦ ǘƘŜ IǳŀƭņƭŀƛΦ tƘƻǘƻ /ƻǳǊǘŜǎȅΥ ¦{D{Σ 
https://volcanoes.usgs.gov/volcanoes/hualal

ai/  

https://volcanoes.usgs.gov/volcanoes/mauna_kea/geo_hist_summary.html
https://volcanoes.usgs.gov/volcanoes/hualalai/
https://volcanoes.usgs.gov/volcanoes/hualalai/
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 [n LIL 

¢ƘŜ [ǁ ƛƘƛ ǾƻƭŎŀƴƻ ƛǎ ŀƴ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻ ƻƴ ǘƘŜ ǎŜŀŦƭƻƻǊ ǎƻǳǘƘ ƻŦ ǘƘŜ YơƭŀǳŜŀΦ  ¢ƘŜ 

seamount volcano rises 3,189 feet below sea level and generates frequent 

earthquake swarms.  The summit of this volcano is a caldera-like depression, 

reaching 1.7 miles wide and 2.3 miles long (USGS 2017k).  The most recent 

ŎƻƴŦƛǊƳŜŘ ŜǊǳǇǘƛƻƴ ƻŦ [ǁΨƛƘƛ ƻŎŎǳǊǊŜŘ ƛƴ 1996; it was associated with an 

earthquake swarm that began in July and quickly intensified.  Thousands of 

earthquakes, including over a dozen with magnitudes greater than 4.5, were 

recorded from beneath the summit and south flank of the volcano between July 

ŀƴŘ {ŜǇǘŜƳōŜǊ мффсΦ {ŎƛŜƴǘƛǎǘǎ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ƳŀǇǇƛƴƎ ƻŦ ǘƘŜ [ǁΨƛƘƛ ǎǳƳƳƛǘ 

region showed that a significant portion of it had collapsed. Fresh pillow lavas 

and glassy fragments collected during submersible dives also confirmed the 

occurrence of an eruption (USGS 2017q) 

¢ƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǇƛǘΣ ƴƻǿ ŎŀƭƭŜŘ tŜƭŜΩǎ tƛǘΣ ǿŀǎ ŎǊŜŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ мффс 

ŜŀǊǘƘǉǳŀƪŜΦ  ¢ƘŜ [ǁ ƛƘƛ ǾƻƭŎŀƴƻ Ƙŀǎ ƎǊƻǿƴ ŦǊƻƳ ŜǊǳǇǘƛƻƴǎ ŀƭƻƴƎ ƛǘǎ ǊƛŦǘ ȊƻƴŜΣ 

but it is not known when it will reach above sea level.  However, scientist speculate that with a growth of 16.4 feet per 

1,000 years, that it will be as much as 200,000 years before it breaches the ocean surface (USGS 2017k).  

.ŜŎŀǳǎŜ [ǁΨƛƘƛ ƛǎ ǎǘƛƭƭ ǎƻ ŘŜŜǇ ōŜƴŜŀǘƘ ǘƘŜ ƻŎŜŀƴϥǎ ǎǳǊŦŀŎŜΣ ǘƘŜ ¦{D{ ǊŜƎŀǊŘǎ [ǁΨƛƘƛ ŀǎ ŀ ƭƻǿ- to very low-threat volcano. 

LŦ [ǁ ƛƘƛ ǿŜǊŜ ǘƻ ŜǊǳǇǘΣ ƛǘ Ƴŀȅ ŎŀǳǎŜ ǇŀǊǘƛŀƭ ŘǊŀƛƴƛƴƎ ƻŦ ƛǘǎ ǎǳƳƳƛǘ ƳŀƎƳŀ ŎƘŀƳōŜǊ ŀƴŘ ǎǳƳƳƛǘ ŎƻƭƭŀǇǎŜΣ ŀǎ ƘŀǇǇŜƴŜŘ 

in 1996.  If an eruption or stronger earthquakes occur, very small tsunami waves may affect southeast shores of the 

LǎƭŀƴŘ ƻŦ Iŀǿŀƛi (USGS 2020a).  

 KOHALA 

The Kohala volcano is the oldest above-water volcano in the County (Bays and School of Ocean and Earth Science 

Technology [SOEST] 2015).  Scientists indicate that this volcano erupted more than 65,000 years ago.  This volcano is 

an elongated mountain that runs northwest to southeast.  It is estimated that nearly 300,000 years ago, a huge 

ŀǾŀƭŀƴŎƘŜ ŎƻƴǎǳƳŜŘ ŀ ǎƭƛŎŜ ƻŦ ǘƘƛǎ ǾƻƭŎŀƴƻΩǎ ƴƻǊǘƘŜŀǎǘ ŦƭŀƴƪΣ ǎǇƛƭƭƛƴƎ ŘŜōris more than 80 miles out into the ocean floor 

(Bays and SOEST 2015). 

{ŜŀŦƭƻƻǊ aŀǇ ƻŦ ǘƘŜ [ǁΩƛƘƛ ±ƻƭŎŀƴƻΦ  
Photo Courtesy: USGS, 

https://volcanoes.usgs.gov/volcano
Ŝǎκ[ǁ ƛƘƛκ 

https://volcanoes.usgs.gov/volcanoes/loihi/
https://volcanoes.usgs.gov/volcanoes/loihi/
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YƻƘŀƭŀ ±ƻƭŎŀƴƻΩǎ bƻǊǘƘŜǊƴ Cƭŀƴƪ ŀƴŘ {ƘŜŜǊ /ƭƛŦŦ ²ŀƭƭǎ ƻŦ ǘƘŜ ±ƻƭŎŀƴƻ ¢ƻŘŀȅ !ƭƻƴƎ ǘƘŜ {ƘƻǊŜƭƛƴŜΦ  

Photo Courtesy: SOEST, https://www.soest.Hawaii.edu/soestwp/announce/news/a-closer-look-at-kohala-
mountain-the-big-islands-oldest-above-water-volcano/ 

2.3 Probability of Occurrence 

Although probabilities of recurrence have not been assigned to lava zones in the County, HVO and USGS have tried to 

predict future eruptions based on the historical timelines for each volcano.  Researchers take note that explosive 

eruptions of any size take place infrequently in the County.  However, additional research has been done to assess the 

ǇƻǘŜƴǘƛŀƭ Ǌƛǎƪ ƻŦ YơƭŀǳŜŀΩǎ ŜȄǇƭƻǎƛǾŜ ŜǊǳǇǘƛƻƴǎΦ  Recent work has clarified the explosive nature of YơƭŀǳŜŀ eruptions.  

Once thought rare, it now known that YơƭŀǳŜŀ can produce explosive eruptions from its summit caldera region lasting 

over periods as long as centuries (Fiske et al. 2019).  Deposits that were found 9 to 17 km from the proposed vent and 

ǎǇǊŜŀŘ ƻǾŜǊ ср ǎǉǳŀǊŜ ƪƳ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ ǎǳƳƳƛǘ ŦǊƻƳ ŀƴ ŜǊǳǇǘƛƻƴ ƻŦ ǘƘŜ YơƭŀǳŜŀ Řŀǘing back to 900 Common Era 

suggest that the deposits were dispersed by jet stream winds.  According to the researchers, the lithic deposits that 

ǿŜǊŜ ŦƻǳƴŘ ŀǊŜ ǘƻƻ ƭŀǊƎŜ ŀƴŘ ǘƻƻ ǿƛŘŜƭȅ ŘƛǎǘǊƛōǳǘŜŘ ŀŎǊƻǎǎ ǘƘŜ ǎƻǳǘƘ Ŧƭŀƴƪ ƻŦ YơƭŀǳŜŀ ǘƻ ƘŀǾŜ ōŜŜƴ ŘƛǎǇŜǊǎŜŘ ōŀllistically 

or by a buoyance eruption column.  Therefore, the analysts conclude that the eruption could have only been explosive 

ŀƴŘ ǘƘŀǘ ǘƘƛǎ ƛǎ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ YơƭŀǳŜŀ ǇƻǎŜǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƘŀȊŀǊŘ ǘƻ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǿƛŘŜ ŀǊŜŀ 

coverage over which it can spread its deposits. 

HVO conducts volcanic monitoring and surveillance which is based on the movement of molten rock or magma and/or 

volcanic gas beneath a volcano that will precede any large eruption.  HVO aims to provide weeks to months of warning 

guidance ƻŦ ǇƻǘŜƴǘƛŀƭ ŜǊǳǇǘƛƻƴǎ ŀǘ aŀǳƴŀ [ƻŀ ŀƴŘ ƘƻǳǊǎ ǘƻ Řŀȅǎ ǿŀǊƴƛƴƎ ŀǘ YơƭŀǳŜŀΦ The USGS rates the potential threat, 

based in part on the probability of future eruptions, from each of the volcanoes it monitors as follows (USGS 2005; 

2019j): 

Á YơƭŀǳŜŀτVery High. This volcano last erupted in 2018 and is considered certain to erupt again. 

Á Mauna LoaτVery High.  It last erupted in 1984 and is considered certain to erupt again. 

https://www.soest.hawaii.edu/soestwp/announce/news/a-closer-look-at-kohala-mountain-the-big-islands-oldest-above-water-volcano/
https://www.soest.hawaii.edu/soestwp/announce/news/a-closer-look-at-kohala-mountain-the-big-islands-oldest-above-water-volcano/
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Á IǳŀƭņƭŀƛτHigh.  It is likely to erupt again. 

Á Mauna KeaτModerate. 

Á [ǁ ƛƘƛτHigh.  However, the impacts of the eruptions are underwater. 

Á KohalaτLow.  Volcano is not active.   

Overall, volcanic hazard events will continue to occur in the County.  To reiterate, the County is known for frequent 

ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƭŀǾŀ Ŧƭƻǿ ŜǊǳǇǘƛƻƴǎ ƻƴ YơƭŀǳŜŀ ƴŜŀǊ ƛǘǎ ǎǳƳƳƛǘ ŀƴŘ ŀƭƻƴƎ ƛǘǎ 9ŀǎǘ wƛŦǘ ½ƻƴŜ ŀƴŘΣ ƭŜǎǎ ŦǊŜǉǳŜƴǘƭȅΣ ƛǘǎ 

Southwest Rift Zone.  Mauna [ƻŀΣ ǘƘŜ ǎŜŎƻƴŘ Ƴƻǎǘ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻ ƻƴ ǘƘŜ LǎƭŀƴŘ ƻŦ IŀǿŀƛΨƛΣ ƛǎ ǳƴŘŜǊƎƻƛƴƎ ŀ ǇŜǊƛƻŘ ƻŦ 

eruptive quiescence, having erupted only twice during the last 60 years.  Prior to this time, Mauna Loa was much more 

active, erupting, on average, about every five yeŀǊǎΦ  ¢ƘŜ ƭƛƪŜƭƛƘƻƻŘ ǘƘŀǘ ŦǳǘǳǊŜ ƭŀǾŀ Ŧƭƻǿǎ ŦǊƻƳ YơƭŀǳŜŀ ŀƴŘ aŀǳƴŀ [ƻŀ 

will interfere with human activity and infrastructure increases as communities and other development encroach on 

these active volcanoes (HIEMA 2018). 

Iǳŀƭņƭŀƛ and Mauna Kea are both still considered active; Iǳŀƭņƭŀƛ poses more of a threat than Mauna Kea (Kauahikaua 

2019).  Iǳŀƭņƭŀƛ erupted most recently in 1801 whereas Mauna Kea last erupted about 4,500 years ago (USGS 2017g).  

!ƴƻǘƘŜǊ ǾƻƭŎŀƴƻ ƻŦ ƴƻǘŜ ƛǎ [ǁ ƛƘƛΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ȅƻǳƴƎŜǎǘ Ǿƻƭcano associated with the Hawaiian Island chain and is located 

мр ƳƛƭŜǎ όну ƪƳύ ǎƻǳǘƘŜŀǎǘ ƻŦ YơƭŀǳŜŀ ǳƴŘŜǊǿŀǘŜǊ ƻŦŦ ǘƘŜ ǎƻǳǘƘŜǊƴ Ŏƻŀǎǘ ƻŦ ǘƘŜ /ƻǳƴǘȅΦ  ¢Ƙƛǎ ǾƻƭŎŀƴƻΩǎ ŀŎǘƛǾƛǘȅ Ƙŀǎ ōŜŜƴ 

consistently monitored since 1996 ōȅ I±hΩǎ ƻƴ-land seismic network.  This growing seamount may eventually break 

the surface, adding a new island to the Hawaiian Island chain, with an estimate of 200,000 years based on a growth 

rate of 16.4 feet per 1,000 years.  However, there are no estimated potential impacts to residents and infrastructure 

ŦǊƻƳ [ǁ ƛƘƛ ŎǳǊǊŜƴǘƭȅ όHIEMA 2018). 

Based on historical record, the County has experienced six Federal Emergency Management Agency (FEMA) 

declarations associated with volcanic hazards since 1954 (HIEMA 2018).  Further, the historic FEMA disaster declaration 

record shows that the County may experience a major event that leads to a FEMA declaration roughly once every 10 

years.  After reviewing the volcanic hazard events that occurred in the County since 1823, there have been nearly 100 

volcanic eruptions; with varying severity and impacts (HIEMA 2018).   

2.4 Climate Change 

Changing future conditions may impact the dispersion and areas of impact of the volcanic hazard.  Any changes in wind 

and rainfall frequency and intensity may alter the dispersion of volcanic gas emissions thus adversely impacting human 

health.  It should be noted that the types of volcanic activity that could impact climate are not those typically associated 

with Hawaiian volcanoes.  The massive outpouring of gases and ash can influence climate patterns for years following 

a volcanic eruption.  The conversion of sulfur dioxide to sulfuric acid is the most significant climate impact from a 

volcano.  For example, the Pinatubo eruption in the Philippines in 1991 was one of the largest volcanic events in the 

20th century, injecting 20 million tons of ǎǳƭŦǳǊ ŘƛƻȄƛŘŜ ƛƴǘƻ ǘƘŜ ǎǘǊŀǘƻǎǇƘŜǊŜΦ  Lǘ ǳƭǘƛƳŀǘŜƭȅ ŎƻƻƭŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

by as much as 1.3 degrees Fahrenheit (°F) for 3 years after its eruption.  In contrast, the carbon dioxide released in 

recent eruptions has not been shown to lead to a detectable increase in global warming (USGS HVO 2017c). 

Additional hazards produced by volcanic activity could impact the local climate of the County or exacerbate the current 

environmental effects of climate change, affecting local vegetation and the community.  For example, vegetation 

destroyed by volcanic activity takes time to recover, and the length of recovery is dependent on the amount of rain and 
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changes in the climate that the area is experiencing (Oregon State University no date).  The landscape also becomes 

altered after lava inundation such as changes in infiltration capacity, which influences the type of species that grow 

after a volcanic event (The National Academics of Sciences, Engineering, and Medicine 2017).  In an already dry or 

water-stressed environment that may be caused by changes in climate or rain frequency, reduced infiltration can cause 

increased runoff and sediment transport into water supplies and reduce available soil-water content for the growth of 

vegetation to recover after a volcanic event. 
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 METHODOLOGY 

This county-wide volcanic risk assessment provides the 

technical data and foundation from which to make risk-

informed decisions to ensure the County becomes more 

resilient to future volcanic hazard events.  The following 

section describes the hazard data collected, community asset 

inventories compiled, and the methodologies used for the 

analysis.  The risk assessment results are summarized for the 

County as a whole (Section 4.1), and for each Community 

Development Plan (CDP) District (Sections 4.2 through 4.8) so 

that volcanic risk may be integrated into the upcoming 

General Plan and CDP District plan updates. 

3.1 Volcanic High Hazard Area 

Volcanic activity on the island is comprised of multiple hazards 

that are not all reflected on the U.S. Geological Survey (USGS) 

lava-flow hazard zone map; refer to Section 2 - Hazard Profile 

for detailed descriptions of the volcanic hazards in the County.  

To focus recovery and mitigation efforts on the areas with greatest volcanic hazard risk, the Core Planning Team (CPT), 

in consultation with USGS Hawaiian Volcano Observatory (HVO), delineated a Volcanic High Hazard Area based on the 

best available volcanic hazard spatial data.  The Volcanic High Hazard Area is the combined area of lava zones 1 and 2 

(with a 1,000-foot buffer), historic lava flow areas dating back to 1790, and National Earthquake Hazard Reduction 

Program (NEHRP) class soils D and E (Figure 3-1). 

The following summarizes the best available volcanic hazard 

spatial data and the reason why individual spatial layers were 

selected for inclusion in the Volcanic High Hazard Area.  If a 

hazard identified in Section 2 (Hazard Profile) is not listed 

below, there is no geospatial data available to support this 

evaluation.  When additional spatial data becomes available, it 

is recommended that the Volcanic High Hazard Area as well as 

the risk assessment be updated accordingly. 

 LAVA FLOW 

As discussed in Section 2 - Hazard Profile, the USGS 

delineated lava-flow hazard zones 1 through 9 convey the 

relative volcanic hazard across the island (refer to Figure 2-2, 

in Section 2).  There are no current probability estimates 

associated with these zones.  The map reflects long-term lava-flow hazards based on geologic data.  According to USGS 

Key Terms 

Community Assets: The land, people, structures, 

facilities, systems, environment and cultural sites 

that have value to a community. 

Exposure: The spatial relationship between the 
presence of hazards and community assets. 

Probability: The likelihood of a hazard event 
occurring in the future. 

Impact: The consequences or effects of a 
hazard on a community and its assets. 

Risk (Probability x Impact): The potential for 
impacts (i.e. damage or loss) created by the 
interaction of hazards and their associated 
probability.  

Vulnerability: Characteristics of community assets 

that make them susceptible to impacts from 

hazard exposure. 

Volcanic High Hazard Area: Area that represents 

the greatest risk from the volcanic hazard 

Á Lava zones 1 and 2 

Á Historic lava flows (1790-2018) 

Á NEHRP class D and E soils 

!ǎ ƻŦ bƻǾŜƳōŜǊ нлмфΣ YơƭŀǳŜŀ ŀƴŘ Mauna Loa hold 

ŀ άǾŜǊȅ ƘƛƎƘ ǘƘǊŜŀǘ ǇƻǘŜƴǘƛŀƭέ ό¦{D{ нлмфύΦ 
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HVO, hazard assessments assume that future eruptions will be similar to those in the past.  For the past 200 years, 

ŜǊǳǇǘƛƻƴǎ ƻŦ YơƭŀǳŜŀ and Mauna Loa have occurred at their summits and/or along one of their rift zonesτand future 

eruptions on these volcanoes are likely to occur in the same areas.  The 1859 eruption of Mauna Loa is an exception; 

the eruption occurred on the northwest flank of the volcano.  Overall, the long-term lava-flow threat is greatest on 

YơƭŀǳŜŀ ŀƴŘ aŀǳƴŀ [ƻŀΣ ǘƘŜ ǘǿƻ Ƴƻǎǘ ŀŎǘƛǾŜ ǾƻƭŎŀƴƻŜǎΣ ŦƻƭƭƻǿŜŘ ōȅ Iǳŀƭņƭŀƛ ό¦{D{ нлмфύΦ 

USGS HVO is clear that the published lava-Ŧƭƻǿ ƘŀȊŀǊŘ ōƻǳƴŘŀǊƛŜǎ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜ ŀƴŘ ƎǊŀŘŀǘƛƻƴŀƭΦ  aŜŀƴƛƴƎ άΧǘƘŜ 

boundary between lava-flow hazard zones is not a sharp line that, in one step, you caƴ ŎǊƻǎǎ ŦǊƻƳ ƻƴŜ ȊƻƴŜ ƛƴǘƻ ǘƘŜ ƴŜȄǘέ 

(USGS 2019).  These boundaries are not specific enough to determine the absolute degree of danger at any particular site.  

A change in the degree of hazard can be found over one mile or more.  The lava-flow hazard zones are designed to show 

the relative hazard across the island and meant to be used for general planning purposes only (Wright et al. 1992). 

¢ƘŜ /t¢ ŎƻƴǎǳƭǘŜŘ ǿƛǘƘ ¦{D{ I±h ƛƴ Wǳƭȅ нлмф ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ƭŀǾŀ ȊƻƴŜǎ ǎƘƻǳƭŘ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ /ƻǳƴǘȅΩǎ 

Volcanic High Hazard Area.  It was agreed that lava zones 1 and 2 are the most susceptible to future lava flows.  In 

ǎǳƳƳŀǊȅΣ ƭŀǾŀ ȊƻƴŜ м ƛƴŎƭǳŘŜǎ ǎǳƳƳƛǘǎ ŀƴŘ ǊƛŦǘ ȊƻƴŜǎ ƻŦ YơƭŀǳŜŀ ŀƴŘ aŀǳƴŀ [ƻŀΣ ǿƘŜǊŜ ǾŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǊŜǇŜŀǘŜŘƭȅ 

active in historical time; lava zone 2 includes areas adjacent to and downslope of lava zone 1; with 15 to 25% of lava 

zone 2 being covered by lava since 1800.  As a result, the CPT decided that lava zones 1 and 2 were to be included in 

the Volcanic High Hazard Area.  Utilizing lava zones 1 and 2 for this risk assessment is in alignment with the Pacific 

5ƛǎŀǎǘŜǊ /ŜƴǘŜǊΩǎ όt5/ύ нлму YơƭŀǳŜŀ 9ǊǳǇǘƛƻƴ wƛǎƪ !ǎǎŜǎǎƳŜƴǘ όY9w!ύ ǿƘƛŎƘ ŀǎǎŜǎǎŜŘ ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜǎŜ ǘǿƻ ƭŀǾŀ ȊƻƴŜǎ 

as well.   

Lava zones 3 and 4 cover Mauna Loa radial vents and historic lava flows events have crossed into these zones.  Although 

not included in the Volcanic High Hazard Area, USGS indicates lava zones 3 and 4 present moderate risk to potential for 

future lava flows. 

The County added a 1,000-foot buffer to each lava zone 1 and 2 to account for the uncertainty of the location to these 

boundaries and use in this assessment.  Areas in lava zones 2 through 9 that are located within the 1,000-foot buffer of 

lava zone 1 were recategorized as lava zone 1.  Areas in lava zones 3 through 9 that are located within the 1,000-foot 

buffer of lava zone 2 were recategorized as lava zone 2.  All results reported, either when summarizing exposure within 

the Volcanic High Hazard Area or individual lava zones 1 and 2, include this 1,000-foot buffer. 

Although the USGS-delineated lava-flow zones are based on the mapped locations of vents and lava flows, frequencies 

of past eruptions, and topography, the CPT also included historic lava flow flows in the Volcanic High Hazard Area.  The 

CPT considered these historic lava flow events and associated inundation extent because lava zones do not have an 

associated probability.  However, historic lava flows can establish a pattern of behavior and provide insight into areas 

that may be impacted by future lava flows.  When considering policy and mitigation, it is important to understand 

where previous impacts have occurred to avoid future repetitive losses. 

The historic lava flow spatial data available delineates eruptions dating back to 1790 (Figure 3-1).  In modern history, 

1790 seems like a very long time ago to consider lava flows to inform future decision making.  To put things in 

perspective, the Hawaiian Islands began to form more than 70 million years ago.  Mauna Loa likely emerged above sea 

level about 300,000 years ago, and it has grown rapidly upward since then (USGS 2017a).  aŀǳƴŀ YŜŀΣ IǳŀƭņƭŀƛΣ aŀǳƴŀ 

[ƻŀΣ ŀƴŘ YơƭŀǳŜŀ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ϦŀŎǘƛǾŜϦ ōȅ I±h ōŜŎŀǳǎŜ ǘƘŜȅ ƘŀǾŜ ŜǊǳǇǘŜŘ ǿƛǘƘƛn the past 10,000 years and have the 

ǇƻǘŜƴǘƛŀƭ ǘƻ ŜǊǳǇǘ ŀƎŀƛƴΦ  YơƭŀǳŜŀ, the most active volcano on the island, is approximately 90 percent covered 

with lava flows less than 1,100 years in age.  Since 1790, 78.97 square miles (or 50,544.4 acres) of historic lava flows 
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have occurred outside of lava zones 1 and 2; impacting areas in lava zones 3 and 4 (Figure 3-2).  Therefore, when looking 

at the entire geologic record of these volcanoes, examining historic events dating back to 1790 is relatively a short 

period of time.  In some cases, the spatial file displaying the historic lava flow extent spans multiple events over decades 

of time.  Therefore, any lava flow repetitive loss analysis in this report presents a minimum count.  
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Figure 3-1. Volcanic High Hazard Area   

 














































