PROTECTING KA MO’OMEHEU O HAWAI’I: A CULTURAL RESOURCES RISK
ASSESSMENT

By

KASIAH RUDDELL

MASTER OF SCIENCE
GEOGRAPHIC INFORMATION SYSTEMS TECHNOLOGY
FINAL PROJECT

THE UNIVERSITY OF ARIZONA

2021

Ruddell

To the ‘Aina and the Kanaka Maoli

‘Au’a ‘ia e Kama e Kona moku
e Kona moku e Kama a ‘au’a ‘ia
O ke Kama, Kama, Kama, Kama e ka huli nu’u
O ke Kama, Kama, Kama, Kama e ka huli au…
Hold fast to and refuse to part with your traditions,
oh child of the land
Defend and protect your way of life
Keep them precious, for one day your traditions will be taken…
* This ancient mele hula or chant is a loose translation taken from Momiala Kamahele (2000).
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ABSTRACT
Archaeological and historic sites are important to contemporary societies all over the world,
especially to peoples like the Kanaka Maoli, or Native Hawaiians, who have suffered the attempted
theft of their culture and identity. The Hawaiian Island of Oahu is rich with cultural resources
including over 2,000 archaeological and historic sites. Oahu is the most populated and industrial of
the Hawaiian Islands and is not escaping climate change caused sea level rise and coastal erosion, so
these sites are at risk of being damaged or lost. With so many cultural resources, it is difficult to
discern what threatens each site via standard observation and field methods. In this study, a Cultural
Resources Vulnerability Index is used to determine the level of risk for cultural resource sites on
Oahu. This index combines both coastal vulnerability and anthropogenic risk factors as well as
position on the island to provide a risk ranking. Coastal vulnerability includes flood zones, sea level
rise, coastal erosion, elevation, and slope and anthropogenic factors include location in State Land
Use Districts, population density, and air pollution. With such a rich density of cultural resources,
this study illustrates how GIS can be used to examine multiple risks and ultimately ascertain which
sites need immediate action. Lastly, a dashboard application is used for easy visualization of the
results.
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INTRODUCTION
Like natural resources, cultural resources play an important role within societies all over the
world. They are physical remains of the human past and help contemporary societies understand
their history. Essential to note about cultural resources is that they are not renewable and, once
destroyed or damaged, can never be what they originally were. For the Hawaiians, this becomes even
more evident due to the dark colonial history of the islands. Hawai’i was once a monarchy that was
overthrown in 1893 and subsequently annexed by the United States in 1898, despite widespread
protest among the Native Hawaiians. In 1900, the once kingdom became a U.S. territory and then,
59 years later, an official state. Via imposed economic systems and governmental policies, the US
successfully subjugated the Hawaiian people and their culture (Kamahele, 2000).
In Frantz Fanon’s 1961 The Wretched of the Earth, he states, “A national culture under colonial
domination is a contested culture whose destruction is sought in systematic fashion” (Kamahele,
2000). The Hawaiians have felt this attempted cultural destruction since colonialism sank its teeth
into the archipelago. For example, in the School Law of 1896, Act 57 § 30, the English language was
made to be the primary language taught in schools instead of the Hawaiian language. Any school
that did not abide by this law would not be recognized by the Department of Education. This is
most apparent with hula, a traditional dance taking many forms that is used to communicate
ancestral knowledge including cultural wisdom, history, mythology, prophecies, and genealogies that
connects contemporary Native Hawaiians back to their ancestors. This important part of the
Hawaiian culture was almost lost due to policies imposed on them even as recent as 1997 when the
state legislature tried to pass a law to prohibit the gathering of traditional materials used in hula, such
as ferns, flowers, and cordage. Instead of it being kept sacred within the Hawaiian culture, it has
mostly become a tourist industry commodity at best (Kamahele, 2000). With the effects of
colonialism on the Hawaiian culture in mind, the significance of this project is revealed.
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This study is connected to the field of Cultural Resources Management, which “entails the
management of ‘cultural resources’ and the potential impacts to them as a result of land use and
development” (Kawelu 2015, 37) and, more closely, the concept of heritage management which
involves the identification, protection, and stewardship of the human past. Heritage management
has only existed in Hawai’i since 1966 when boom in land development and preservation legislation
sparked an overall increase in its implementation (Kawelu, 2015). With heritage management in
Hawai’i being relatively new and the Hawaiian culture still under recovery from colonial dominion,
protecting what is left regarding cultural resources is imperative. In this study, a cultural resources
risk assessment was conducted to identify those cultural resources that are at most risk and to
identify which threats pose the most danger.
Cultural Resources Risk Assessment
Standard field methods that are used to monitor cultural resources are often time and labor
intensive. Based on previous literature, Geographic Information Systems (GIS) and remote sensing
can be used to monitor and manage cultural resource sites in the face of urban expansion and
environmental changes in an attempt at preservation. GIS and remote sensing techniques can offer
an efficient alternative for ongoing observation of cultural resource health.
Elfadaly, Attia, Qelichi, Murgante, and Lasaponara (2018) used multi-temporal and multisensor satellite data for long-term monitoring of urban sprawl and spatial distribution analysis in the
built-up area around the Theban Temples at West Luxor in Egypt. They were able to detect and
extract changes in the built-up area using three methods: supervised classification, spatial
distribution modeling with the Getis-Ord statistic and Hot Spot analysis, and comparison of satellite
imagery to create built-up indices. Through these methods, they were able to identify, quantify and
map the changes in urban areas from 1967 to 2017 and illustrated how these changes affected the
archaeological sites.
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Alexakis and Sarris (2010) constructed a risk assessment model using both environmental
and human risk factors for prehistoric and historic archaeological sites in Western Crete.
Environmental risk factors identified included seismic activity, landslide risk, coastal erosion, and
soil erosion. Human risk factors included agricultural fires, landfills, and urbanization and land use.
Each of these risk factors was considered separately before they were combined in the final risk
assessment model. Weights were applied to each factor based on their significance through statistical
analysis in terms of the location of the archaeological sites. The final assessment model was based on
the sum of both risk factor categories and a neural network algorithm based on the Adaptive
Resonance Theory was applied. The model produced ten different risk classes that were used to
identify risk areas and their relationship to the archaeological sites.
Hadjimitsis, Agapiou, Alexakis, and Sarris (2013) integrated remote sensing techniques and
GIS to monitor human-induced and environmental hazards to cultural heritage sites in Cyprus. The
purpose of their study was to “create a hierarchy of the risk areas for optimum future planning and
management of archaeological sites” (116). This risk assessment involved identifying of risk factors,
profiling the hazards, and then performing the risk analysis and evaluation. Risk factors that were
identified and profiled include seismic risk, sea water erosion, erosion, urban expansion, proximity
of cultural heritage sites to roadways, and air pollution. To complete the risk analysis, a risk index
was applied to each factor and then the statistical results were calculated.
Reeder, Rick, and Erlandson (2012) performed a GIS analysis of the vulnerability of coastal
archaeological resources in the Santa Barbara Channel region of California. To accomplish this, they
created a Cultural Resources Vulnerability Index that considered environmental factors, current and
future expansion, and archaeological site location. The Cultural Resources Vulnerability Index
incorporated a Coastal Vulnerability Index (CVI). While there are various predictive methods for
coastal evolution but one of the most widely used ones is the CVI. This method classifies based on
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six risk factors: coastal slope, subsidence, coastal displacement, geomorphology, wave height, and
tidal range. Doukakis (2005) performed a coastal vulnerability analysis of the Western Peloponnese
in southern Greece using a CVI. This analysis “yields a relative ranking of the possibility that
physical changes will occur along the shoreline as sea level rises” (7) and found that the river delta
and coastal lagoons were the most vulnerable coastal areas. The use of the CVI in this study
provided a base for a more complete inventory of coastal risk factors that affect the vulnerability to
sea level rise. For their study, Reeder, Rick, and Erlandson (2012) used relative geomorphology,
relative coastal slope, relative historical erosion, and relative wave height to calculate a CVI.
In addition to the CVI, the researchers also created a Human Threat Index (HTI) to account
for anthropogenic factors: inclusion in an urban area, inclusion in projected 2020 urban areas,
inclusion in projected 2050 urban areas, and location on privately owned land. Their final index
equation included the CVI, the HTI, and archaeological site distance to the coast. The resulting
analysis produced an estimate of the archaeological sites that were at most risk from environmental
and urban changes through categorization and provided a method for not only identifying the
factors that were most likely to impact the archaeological sites but also quantifying them. This study
aims to adapt the methods used by Reeder et al. (2012) and Hadjimitsis, et al. (2013) to perform a
risk analysis using a Cultural Resources Vulnerability Index for the island of O’ahu and create a
dashboard application for easy visualization of the results.
METHODS & DATA
The analysis performed in this study involves creating a Cultural Resources Vulnerability
Index (CRVI) that uses an adapted Coastal Vulnerability Index (CVI) and a Human Threat Index
(HTI). After data preparation, all cultural resources layers were evaluated based on both the CVI and
the HTI before the CRVI scores were evaluated. All analyses were performed in ArcGIS Pro 2.8.1
and data visualization after analysis was done in ArcGIS Online via a dashboard application.
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Data
Coastline

Figure 1. O'ahu Coastline Dataset from the City and County of Honolulu.

The O’ahu Coastline dataset was obtained from the City and County of Honolulu (Honolulu
Open Geospatial Data). It represents a general coastline for the island and was used in this study to
clip data layers that included all eight Hawaiian Islands so that the new layers only represented data
for Oahu. This dataset was also used to measure distance to the coast for each cultural resources in
all four categories listed above, as distance to coast is an element in the CRVI. Figure 2 shows the
O’ahu Coastline layer and Table 2 shows the metadata for the dataset.
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Official name of data

Coastline

set
Year of publication

07/13/2020

and/or last update
Author and/or owner

City and County of Honolulu

URL or FTP address

https://honolulu-

of the repository

cchnl.opendata.arcgis.com/datasets/coastline/explore?location=21.469275%2C157.923450%2C9.95

Description

Polygon depicting the general coastline for the island of Oahu.

Coordinate system

NAD 83 HARN

Projection system

Universal Trans Mercator, Zone 4 (Meters)

Table 1. Metadata for the O'ahu Coastline dataset.

Cultural Resources

Figure 2. The four different cultural resource types on O'ahu provided by the Hawaii State Historic Preservation Division:
Archaeological Points, Historic Buildings, Historic Objects, and Historic Structures.
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In this analysis, a total of 2,858 cultural resources were evaluated for vulnerability. These
cultural resources consist of four different categories: archaeological points, historic buildings,
historic objects, and historic structures. This data was provided by the Hawaii State Historic
Preservation Division, which follows standards set by the National Park Service in classifying
cultural resources. In their National Register Bulletin, the NPS defines archaeological points, or sites,
as locations “of a significant event, a prehistoric or historic occupation or activity, or a building or
structure, whether standing, ruined, or vanished, where the location itself possesses historic, cultural,
or archaeological value” (5). Historic buildings include constructions created to primarily shelter
human activity, such as a house, church, jail, or barn. Cultural resources are categorized as historic
structures when they were built for reasons other than providing human shelter like bridges,
gazebos, and canals. Lastly, historic objects differ from buildings and structures in that they are
“primarily artistic in nature or relatively small in scale and simply constructed” (5). Examples of
historic objects include fountains, sculptures, and monuments.
There were 1,704 archaeological points, 1,015 historic buildings, 133 historic structures, and
six historic objects included in the analysis. Figure 1 shows the distribution of each cultural resource
type around the island of O’ahu and Table 1 shows the metadata for the layers. Due to the high
number of cultural resources, the analysis was performed on each dataset separately, resulting in four
different CVI’s, HTI’s, and CRVI’s.
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Official name of data

Archaeological Points, Historic Buildings, Historic Structures, Historic

set

Objects

Year of publication

10/26/2020

and/or last update
Author and/or owner

Hawaii State Historic Preservation Division

Description

Four datasets that include archaeological points, historic buildings, historic
structures, and historic objects around the island of Oahu.

Data Format

Shapefiles in SHPD Cultural Resource Geodatabase

Table 2. Metadata for the cultural resources on O'ahu.

Coastal Erosion

Figure 3. Coastal Erosion Zones from the Hawai'i Statewide GIS Program.

15

Ruddell
To use coastal erosion in the CVI, four datasets were obtained from the Hawaii Statewide
GIS Program that model future probabilities of coastal erosion exposure at the 0.5 ft, 1.1 ft, 2.0 ft,
and 3.2 ft levels. These datasets were created by combining historical shoreline change data and
erosion rates and a model of shoreline response to sea level rise. For this study, all four layers were
merged into one, which is represented in Figure 3. Table 3 shows the metadata for the four layers.
Official name of data

SLR Coastal Erosion – 0.5 Ft. Scenario, SLR Coastal Erosion – 1.1 Ft.

set

Scenario, SLR Coastal Erosion – 2.0 Ft. Scenario, SLR Coastal Erosion –
3.2 Ft. Scenario

Year of publication

12/14/2020

and/or last update
Author and/or owner

Hawaii Statewide GIS Program

URL or FTP address

https://geoportal.hawaii.gov/

of the repository
Description

Four layers created to model future probabilities of future coastal erosion
exposure.

Coordinate system

NAD 83 HARN

Projection system

Universal Trans Mercator, Zone 4 (Meters)

Table 3. Metadata for the Coastal Erosion dataset.
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Flood Zones

Figure 4. State designated Flood Zones from the City and County of Honolulu.

The flood zones dataset was obtained from the City and County of Honolulu (Honolulu
Open Geospatial Data) and consisted of special flood hazard areas for Oahu. These areas were
designated by FEMA in 2014 and are used for insurance rating purposes. The areas include Zones
A, AE, AH, AO, AR, V, VE, X, XS, and D. Zones A, AE, AH, AO, V, and VE are all high risk.
Zones X and XS are considered low to moderate risk and Zone D is undetermined but has possible
flood hazards. These Zones were designated due to their risk of the annual 1% chance flood. Figure
4 shows the designated Flood Zones and Table 4 shows the metadata for the dataset.
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Official name of data

Flood - Zones

set
Year of publication

10/26/2020

and/or last update
Author and/or owner

City and County of Honolulu

URL or FTP address

https://honolulu-

of the repository

cchnl.opendata.arcgis.com/datasets/coastline/explore?location=21.469275%2C157.923450%2C9.95

Description

Layer depicting special flood hazard areas for Oahu that were designated by
FEMA in 2014. These areas are subject to inundation by the 1% annual chance
flood.

Coordinate system

NAD 83 HARN

Projection system

Universal Trans Mercator, Zone 4 (Meters)

Table 4. Metadata for the Flood Zones dataset.

Sea Level Rise

Figure 5. Sea Level Rise data from NOAA.
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Sea Level Rise (SLR) data was obtained from NOAA on their SLR data repository site
(https://coast.noaa.gov/slrdata/). This data contained twenty-two shapefiles, eleven of which were
used for this study. One layer was created by merging the eleven layers that represented SLR at 0 ft,
1 ft, 2 ft, 3 ft, 4 ft, 5 ft, 6 ft, 7 ft, 8 ft, 9 ft, and 10 ft. Figure 5 shows the eleven layers merged into
one and Table 5 shows metadata for the Hawaii SLR geodatabase.
Official name of data

HI_Hawaii_slr_data_dist

set
Year of publication

09/2018

and/or last update
Author and/or owner

National Oceanic and Atmospheric Administration

URL or FTP address

https://coast.noaa.gov/slrdata/

of the repository
Description

Geodatabase contains twenty-two shapefiles relating to sea level rise in Hawaii.

Data Format

Geodatabase

Table 5. Metadata for the Sea Level Rise data.
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State Land Use Districts

Figure 6. State Land Use Districts dataset from the Hawaii Statewide GIS Program.

The State Land Use Districts (SLUD) dataset was obtained from the Hawaii Statewide GIS
Program and was created by the Hawaii State Land Use Commission. The different categories within
this dataset include A, for Agricultural Land Use District, C, for Conservation Land Use District, R,
for Rural Land Use District, and U, for Urban Land Use District. This dataset originally included all
eight Hawaiian Islands but was clipped using the Oahu Coastline dataset for the purposes of this
study. Figure 6 shows the SLUD dataset that was used for Oahu and Table 6 shows the metadata.
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Official name of data

State Land Use Districts

set
Year of publication

12/2020

and/or last update
Author and/or owner

Hawaii Statewide GIS Program

URL or FTP address

https://planning.hawaii.gov/gis/download-gis-data-expanded/

of the repository
Description

Layer depicting special flood hazard areas for Oahu that were designated by
FEMA in 2014. These areas are subject to inundation by the 1% annual chance
flood.

Coordinate system

NAD 83 HARN

Projection system

Universal Trans Mercator, Zone 4 (Meters)

Table 6. Metadata for the State Land Use District dataset.

Elevation

Figure 7. Digital Elevation Model for O'ahu captured by the SRTM.
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The data for this project was gathered from the Earth Explorer data portal owned and
operated by the USGS. For the island of Oahu, two geospatial datasets were obtained, one for the
east side of the island and one for the west. Both datasets are Digital Elevation Models (DEM)
captured by the Shuttle Radar Topography Mission (SRTM), which provides worldwide elevation
data at a resolution of 1 arc-second approximately or 30 meters in mid-latitudes (USGS EROS).
Figure 8 shows the DEM in greyscale for the east side of the island, with a small part of a
neighboring island in the lower right corner. Table 7 lists the metadata for this dataset (SRTM, 21N,
158W). Figure 9 shows the DEM dataset in greyscale for the west side of the island (SRTM, 21N,
159W) and Table 8 lists the metadata. Figure 7 shows the mosaic raster DEM of Oahu that was
created using both datasets for this study.

Figure 8. DEM captured by the SRTM for the east side of O'ahu.
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Official name of data

SRTM1N21W158V3

set
Year of publication

09/23/2014

and/or last update
Author and/or owner

NASA

URL or FTP address

https://earthexplorer.usgs.gov/

of the repository
Description

Digital Elevation Model captured by the SRTM Project that cover the east side
of the Island of Oahu.

Coordinate system

WGS 1984, Earth Gravitational Model 1996, Vertical Units: Meters

Projection system

Geographic

Spatial resolution

1 arc-second for global coverage (~30 meters)

Table 7. Metadata for the DEM of the east side of O'ahu.

Figure 9. DEM captured by the SRTM for the west side of O'ahu.
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Official name of data set

SRTM1N21W159V3

Year of publication and/or last

09/23/2014

update
Author and/or owner

NASA

URL or FTP address of the

https://earthexplorer.usgs.gov/

repository
Description

Digital Elevation Model captured by the SRTM Project that
cover the west side of the Island of Oahu.

Coordinate system

WGS 1984, Earth Gravitational Model 1996, Vertical Units:
Meters

Projection system

Geographic

Spatial resolution

1 arc-second for global coverage (~30 meters)

Table 8. Metadata for the DEM of the west side of O'ahu.

Air Pollution
Air pollution data was downloaded from the Environmental Protection Agency’s Toxic
Release Inventory (TRI) program website (https://www.epa.gov/toxics-release-inventory-triprogram). This program monitors the release of toxic chemicals in the US that have the potential to
harm the environment and/or human health. The data for this study is from 2019 and came in CSV
format. For the study, the amounts of toxic chemicals released as fugitive air emissions, which do
not occur through a confined air stream, and stack air emissions, which are released through a
confined air stream (e.g., ducts or pipes), were summed together for each reporting facility. In
addition, within each census tract, the quantity of emissions from all facilities within the census tract
were added together. Figure 10 shows the air pollution output per census tract in Oahu as well as the
reporting facilities on Oahu and Table 9 shows the metadata for the dataset.
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Figure 10. Air Pollution Output data obtained by the EPA. Here, air pollution is the sum of stack emissions and fugitive air
emissions and is measured in pounds.

Official name of data

2019 Toxic Release Inventory Basic Data File

set
Year of publication

05/19/2021

and/or last update
Author and/or owner

Environmental Protection Agency

URL or FTP address

https://www.epa.gov/toxics-release-inventory-tri-program/tri-basic-data-files-

of the repository

calendar-years-1987-2019?

Description

The EPA Toxic Release Inventory (TRI) monitors the release of toxic chemicals
that have the potential to harm the health of humans and the environment. This
dataset is the TRI from 2019.

Data Format

CSV File

Table 9. Metadata for the Air Pollution Output dataset.
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Census Data
Demographic data was obtained at the census tract level for the state of Hawaii from the US
Census Bureau and then clipped to Oahu. This data was from 2018, the most updated data at the
time of download, and can be found on the US Census Bureau TIGER/Line with Selected
Demographic and Economic Data repository page. Important to the HTI is population density
which was calculated by dividing the number of people in each census tract by land area (sq miles).
Figure 11 shows population density per census tract.

Figure 11. Population Density Per Census Tract using data from the US Census Bureau.
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Official name of data

ACS_2018_5YR_TRACT_15

set
Year of publication

2018

and/or last update
Author and/or owner

US Census Bureau

URL or FTP address

https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-

of the repository

data.2018.html

Description

Data at the census tract level for Hawaii that includes demographic and
economic attributes.

Data Format

Geodatabase

Table 10. Metadata for the census dataset.

Methods
As stated previously, this study is an adaption of the methods used by Reeder et al. and
Hadjimitsis et al. (2013) to perform a risk analysis using a Cultural Resources Vulnerability Index for
the island of O’ahu. Figure 12 shows a flow chart following the steps used in this study to assign a
CRVI score for each of the four different types of cultural resources provided by the SHPD.

Figure 12. Flow chart showing the steps that were followed throughout the study.

Each cultural resource layer was overlayed or intersected with the risk variables in the CVI
and the HTI to figure out where they fell within each variable. Depending on this, each cultural
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resource was given a rank of 1 (Low Risk), 2 (Moderate Risk), or 3 (High Risk) for each variable to
determine its risk. These ranks were then used to find the overall CVI and HTI scores. Distance to
coast was calculated separately from the CVI and HTI and then ranked as another risk variable
before being used in the final CRVI score calculation along with the CVI and HTI scores.
Coastal Vulnerability Index
The Coastal Vulnerability Index considered five variables, elevation, slope, coastal erosion
zone, sea level rise zone, and flood zone. Elevation was important to this study because much of
O’ahu is at sea level, putting it at risk of flooding throughout the year and sea level rise. According
to the State of Hawaii Climate Change Portal (2021), sea level has been measured at 10 inches since
1950 and is expected to rise about 1 inch every four years. With this mind, elevation below five feet
was ranked as the most at-risk. Cultural resources that are at an elevation between 5 and 10 feet were
ranked at moderate risk and cultural resources ranked above 10 feet were ranked as low risk. Table
11 shows the ranking system used for elevation. Figure 13 shows a slope map that was derived from
the SRTM DEM. Coastal slope is a risk factor used in other CVI’s but for this study, because O’ahu
is a small island, the entire slope of the island was used. If the slope the cultural resource is at is
greater than 10 degrees, it is ranked as low risk. If the slope is between 10 and 5 degrees, the cultural
resource was given a moderate risk rank and if it is less than 5 degrees it was given a high-risk rank.
Table 12 shows the slope rankings.
ELEVATION

RANK

BELOW 5 FEET

3 – High Risk

BETWEEN 5 AND 10 FEET

2 – Moderate Risk

ABOVE 10 FEET

1 – Low Risk

Table 11. Elevation ranking system.
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Figure 13. Slope Map of O'ahu.

SLOPE

RANK

LESS THAN 5 DEGREES

3 – High Risk

BETWEEN 5 AND 10 DEGREES

2 – Moderate Risk

GREATER THAN 10 DEGREES

1 – Low Risk

Table 12. Slope ranking system.

Predicted Sea Level Rise (SLR) data was gathered from NOAA and intersected with the four
different cultural resource layers to determine if they were within an area that NOAA has designated
as likely to be covered in water one day. Going off the State of Hawaii (2021) Climate Change
Portal, if a cultural resource was in an area where sea level would have to rise more than 3 feet to be
covered in water it was ranked as low risk. If it was in an area that is likely to be covered if sea level
rises between 3 and 2 feet, it was ranked as moderate risk. Lastly, if it was likely to be covered by a
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sea level rise of less than 2 feet, it was ranked as high risk. Table 13 shows the ranking system used
for SLR. Predicted coastal erosion data from the Hawaii Statewide GIS Program was used similarly
to determine if a cultural resource is in an area where the state thinks there will be significant coastal
erosion in the near future. This was another critical component of the CVI for O’ahu because
Hawai’i has already lost 13 miles of beaches across the state, 10 percent of which was on O’ahu.
Currently, 70 percent of beaches are at risk of coastal erosion (State of Hawai’i, 2021). Hawai’i has
data that correlates with SLR data for the following coastal erosion scenarios: 3.2 feet, 2 feet, 1.1
feet, and 0.5 feet. If a cultural resource is in an area that is not in any of these predicted coastal
erosion zones, it was given a rank of low risk. If it is in a zone of 3.2 feet or a zone of 2 feet, it was
ranked as at moderate risk. Finally, if it is in a zone of 1.1 or 0.5 feet, it was ranked as high risk.
Table 14 shows the ranking system used for coastal erosion.
SEA LEVEL RISE

RANK

BELOW 2 FEET

3 – High Risk

BETWEEN 2 AND 3 FEET

2 – Moderate Risk

ABOVE 3 FEET

1 – Low Risk

Table 13. SLR ranking system.

COASTAL EROSION ZONE

RANK

0.5 FEET OR 1.1 FEET

3 – High Risk

2 FEET OR 3.2 FEET

2 – Moderate Risk

OUTSIDE COASTAL EROSION ZONES

1 – Low Risk

Table 14. Coastal erosion ranking system.

The last risk variable that was used to calculate the CVI score for each cultural resource was
state designated Flood Zones. According to the State of Hawaii Climate Change Portal (2021), it is
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not just the coastal areas that are at-risk of flooding. Since the 1960s, the amount of annual flood
days recorded in Hawai’i has notably increased. Flooding is occurring further inland away from the
coast and is continuing to worsen. This means that cultural resources on the coast are not the only
ones in danger of flooding damage. The state designated flood zones include Zones A, AE, AH,
AO, AR, V, VE, X, XS, and D. Zones A, AE, AH, AO, V, and VE are all high risk. Zones X and
XS are considered low to moderate risk and Zone D is undetermined but has possible flood hazards.
For ranking flood zones in this study, the same designations were used. Table 15 shows how the
flood zones were ranked.
FLOOD ZONES

RANK

ZONES A, AE, AH, AO, V, AND VE

3 – High Risk

ZONES X AND XS

2 – Moderate Risk

ZONE D

1 – Low Risk

Table 15. Flood Zone ranking system.

Once all cultural resources were given a rank for each CVI variable, the CVI was ready to be
calculated. The following formula is for the CVI, with x 1 representing elevation, x2 representing
slope, x3 representing SLR, x4 representing coastal erosion, and x5 representing flood zone:
𝐶𝑉𝐼 = (0.20 ∗ 𝑥1 ) + (0.20 ∗ 𝑥2 ) + (0.20 ∗ 𝑥3 ) + (0.20 ∗ 𝑥4 ) + (0.20 ∗ 𝑥5 )
Each of the CVI factors was given them same weight of 0.20 as they are all significant when it
comes to assessing risk at the coast. Table 16 shows the ranking system used for deciding the CVI
score for each cultural resource.
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COASTAL VULNERABILITY INDEX
3 – High Risk
2 – Moderate Risk
1 – Low Risk
Table 16. Ranking system used for deciding the CVI score.

Human Threat Index
The Human Threat Index considered three variables, State Land Use Designation (SLUD),
population density, and air pollution. SLUD is important because, depending on what area the
cultural resource is in could indicate how much potentially damaging human contact it could have,
e.g., graffiti, construction, farming, and tourism exposure. Urban and agricultural land designations
were ranked as the most at-risk. Urban because urban areas have more people than rural and
agricultural because, if farmers do not have sustainable practices that consider cultural resources that
are on their land, they could damage them. Rural land use was used as the moderate at-risk rank
because it has the potential to be reutilized in urban and agricultural expansion. The last and lowest
risk category that was used is the conservation land use district. This was used as the lowest risk
category because these areas already have protections in place. Table 17 shows the rankings for state
land use districts.
LAND USE DESIGNATION

RANK

URBAN AND AGRICULTURAL

3 – Highest Risk

RURAL

2 – Moderate Risk

CONSERVATION

1 – Low Risk

Table 17. SLUD ranking system.

O’ahu is the most densely populated of all the Hawaiian Islands with about 80 percent of the
entire state population living there. It was important to capture the effect of how densely populated
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the area that cultural resources are in because of the potential of harmful human exposure.
Population density was calculated by taking the number of people within each census tract and
dividing it by census tract land area, as seen in the following equation:
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑝𝑒𝑟 𝑐𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡
𝐶𝑒𝑛𝑠𝑢𝑠 𝑡𝑟𝑎𝑐𝑡 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎

Figure 11 shows the population density by census tract for the island of O’ahu. After population
density was calculated, each cultural resource was given a rank based on how densely populated the
census tract they are in is. If the population density was less than 1,000, they were given the low atrisk rank. If the population density was between 1,000 and 5,000, they were given the moderate risk
rank and, lastly, if the population density was higher than 5,000, they were put into the highest atrisk rank. Table 18 shows how each cultural resource was ranked based on population density.
POPULATION DENSITY

RANK

GREATER THAN 5,000

3 – High Risk

BETWEEN 1,000 AND 5,000

2 – Moderate Risk

LESS THAN 1,000

1 – Low Risk

Table 18. Population density ranking system.

According to the United Nations (2015), air pollution poses a threat to cultural resources as
it is a significant factor in degradation. They can be corroded by chemicals and other air pollutants
which is often an irreversible loss in cultural heritage. For this study air pollution was considered in
two ways. The first was distance to a facility that is monitored by the EPA for air pollution and the
second was based on air pollution density per census tract. Distance to facilities was calculated using
the Near tool in ArcGIS so that each cultural resource was given a distance to the closest air
polluting facility. Then, depending on the distance to closest facility, each cultural resource was given
a rank. If the distance was greater than 8,000 meters, cultural resources were at low risk. If the
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distance was between 8,000 and 4,000 meters, they were at moderate risk and if they were less than
4,000 meters away, they were at high risk. Density was calculated by summing all the output air
pollution in pounds from 2019 within each census tract so that each census tract was rated on how
much air pollution was let out in that area. If the amount of air pollution output was less than 5,000
pounds, the cultural resources were at low risk. If the output was between 5,000 and 10,000 pounds,
they were at moderate risk and if the output was greater than 10,000 pounds, they were at high risk.
Figure 10 shows air pollution density and location of facilities. Table 19 and Table 20 show the
ranking systems used for distance to facilities and air pollution density. Overall air pollution ranking
was calculated by the following formula:
𝐴𝑖𝑟 𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝑅𝑎𝑛𝑘 = (0.35 ∗ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑅𝑎𝑛𝑘 ) + (0.65 ∗ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑅𝑎𝑛𝑘)
Distance to facility was given a higher weight than density per census tract because, depending on
where the cultural resource is located, it could be closer to a polluting facility but not located inside
the same census tract that the closest facility is in. This was accounted for using the weights 0.35 and
0.65.
DISTANCE TO FACILITY

RANK

LESS THAN 4,000 METERS

3 – High Risk

BETWEEN 8,000 AND 4,000 METERS

2 – Moderate Risk

GREATER THAN 8,000 METERS

1 – Low Risk

Table 19. Distance to output facility ranking system.
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AIR POLLUTION DENSITY

RANK

GREATER THAN 10,000 POUNDS

3 – High Risk

BETWEEN 10,000 AND 5,000 POUNDS

2 – Moderate Risk

LESS THAN 5,000 POUNDS

1 – Low Risk

Table 20 Air pollution density ranking system

Once each cultural resource was given a rank for state land use districts, population density,
and air pollution, the Human Threat Index score could be calculated. The following formula was
used for the HTI:
𝐻𝑇𝐼 = 𝑥1 + 𝑥2 + 𝑥3
X1 is the SLUD rank and was given weight of 0.35; x2 is for population density rank and was also
given a weight of 0.35; and x3 is the air pollution rank and was given a weight of 0.30. These weights
were decided on because, while air pollution can be detrimental to cultural resources, population
density and the designated land use district are already good indicators of whether the cultural
resource would be at risk of air pollution and harmful human exposure. Table 21 represents the
ranking system used for the HTI.
HUMAN THREAT INDEX
3 – High Risk
2 – Moderate Risk
1 – Low Risk
Table 21. Ranking system used in deciding HTI score.

Distance to Coast
For every individual cultural resource in the four cultural resource layers, the distance to the
coast was calculated in meters. Proximity to the coastline is a major factor when determining risk to
cultural resources on O’ahu because many of them do lie near the coast and are at risk of coastal
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factors like sea level rise. This was calculated using the Near tool in ArcGIS. After calculating this
distance, cultural resources were ranked according to how close to the coast they are. Cultural
resources that are less than 500 meters to the coast were considered the most at-risk, cultural
resources located between 500 and 1,000 meters from the coast were considered at moderate risk,
and cultural resources located greater than 1,000 meters from the coast were considered at low risk.
Table 22 shows the ranking system used for distance to coast. This rank was then used to calculate
the CRVI score, along with the CVI and the HTI.
DISTANCE

RANK

LESS THAN 500 METERS

3 – High Risk

BETWEEN 500 AND 1,000 METERS

2 – Moderate Risk

GREATER THAN 1,000 METERS

1 – Low Risk

Table 22. Ranking system used to decide distance to coast score.

Cultural Resources Vulnerability Index
Once the CVI and HTI scores and distance to coast rank were calculated, the overall CRVI
score could be assigned to each cultural resource. The following formula was used for the CRVI:
𝐶𝑅𝑉𝐼 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝐶𝑜𝑎𝑠𝑡 + 𝐶𝑉𝐼 𝑆𝑐𝑜𝑟𝑒 + 𝐻𝑇𝐼 𝑆𝑐𝑜𝑟𝑒
For archaeological points, distance to coast was given a weight of 0.35, CVI score was given a
weight of 0.35, and HTI score was given a weight of 0.30. For the other three layers, historic
buildings, historic structures, and historic objects, distance to coast was given a weight of 0.35, CVI
score was given a weight of 0.25, and HTI score was given a weight of 0.40. The difference in
weighting the variables was decided because most archaeological points are located along the coast
putting them at higher risk of coastal factors whereas many of the other cultural resources are in
populated areas putting them at high risk of harmful human exposure.
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RESULTS
CVI, HTI, and CRVI
After CRVI scores were calculated for all cultural resource layers, data was uploaded to
ArcGIS Online. Using this data, a web application was created for easy visualization of the results of
this study. Presented here are CVI scores, HTI scores, and CRVI scores. All the values presented in
this section were obtained using the web application.
Archaeological Points
When looking at the CVI scores, 30 or 1.77 percent of archaeological points are at high risk;
595 or 35.12 percent are at moderate risk, and 1,069 or 63.11 percent are at low risk. The HTI yields
different results with 159 or 9.38 percent of archaeological points at high risk, 1,264 or 74.62 percent
at moderate risk, and 271 or 16 percent at low risk. For the overall CRVI score, 99 or 5.84 percent
of archaeological points are at high risk, 857 or 50.59 percent are at moderate risk, and 738 or 43.57
percent are at low risk. Figure 14 shows results from the CVI and HTI and Figure 15 shows results
from the CRVI for Archaeological Points.
Historic Buildings
For CVI scores, only 1 or 0.10 percent of historic buildings is at high risk, 289 or 28.47
percent of historic buildings are at moderate risk, and 725 or 71.43 percent are at low risk. When
looking at the HTI scores, 756 or 74.48 percent of historic buildings are at high risk, 250 or 24.63
percent are at moderate risk, and 9 or 0.89 percent are at low risk. For the overall CRVI score, 30 or
2.96 percent of historic buildings are at high risk, 904 or 89.06 percent are at moderate risk, and 81
or 7.98 percent are at low risk. Figure 16 shows the results from calculating the CVI and the HTI
and Figure 17 shows results from calculating the overall CRVI score.
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Historic Objects
There is only data for 6 historic objects for the island of O’ahu, so the results look different
from the other cultural resource types. For CVI score, 1 or 16.67 percent of historic objects are at
high risk, 3 or 50 percent of historic objects are at moderate risk, and 2 or 33.33 percent are at low
risk. For HTI score, 2 or 33.33 percent of historic objects are at high risk, 4 or 66.67 percent are at
moderate risk, and there are no historic objects at low risk. For the overall CRVI score, 1 or 16.67
percent of historic objects are at high risk, 5 or 83.33 percent of historic objects are at moderate risk,
and there are, again, no historic objects at low risk. Figure 18 shows the CVI and HTI results for
historic objects and Figure 19 shows the overall CRVI scores for this category of cultural resources.
Historic Structures
For the last type of cultural resources, the CVI scores are as follows: 11 or 8.27 percent of
historic structures are at high risk, 69 or 51.88 percent of historic structures are at moderate risk, and
53 or 39.85 percent of historic structures are at low risk. Moving to the HTI scores, 34 or 25.56
percent of historic structures are at high risk, 84 or 63.16 percent are at moderate risk, and 15 or
11.28 percent are at low risk. Figure 20 shows the results of the CVI and the HTI. For the CRVI
scores, 27 or 20.30 percent of historic structures are at high risk, 62 or 46.62 percent are at moderate
risk, and 44 or 33.08 percent are at low risk. Figure 21 shows the overall CRVI scores.
Web App Visualization
In order to better visualize the results of this study, they were uploaded into ArcGIS Online
to create a web map which was then used to create an ArcGIS Dashboard app. The CRVI web map
has every cultural resource that was assessed and those cultural resources each have a pop-up
window displaying their individual CVI, HTI, and CRVI scores. As an added extra, a historic
hurricane tracks layer is included in the web map. Furthermore, within the Dashboard, there are pie
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charts for each cultural resource category representing CVI score, HTI score, and CRVI score to
easily show how many cultural resources are at low, moderate, or high risk within the different
indexes. Figure 22 is a screenshot of the dashboard, which can be accessed at
https://www.arcgis.com/apps/dashboards/6d242d36b0044c33ba9b9ef6429210da.
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Figure 14. HTI and CVI for Archaeological Points.

Figure 15. CRVI for Archaeological Points.
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Figure 16. HTI and CVI for Historic Buildings.

Figure 17. CRVI for Historic Buildings.
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Figure 18. HTI and CVI for Historic Objects.

Figure 19. CRVI for Historic Objects.
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Figure 20. HTI and CVI for Historic Structures.

Figure 21. CRVI for Historic Structures.

43

Ruddell

Figure 22. ArcGIS Dashboard illustrating the results of this study, which can be accessed at
https://www.arcgis.com/apps/dashboards/6d242d36b0044c33ba9b9ef6429210da.

DISCUSSION AND CONCLUSION
Discussion
This study has provided a quantitative method for estimating the vulnerability of the 2,858
different cultural resource sites on O’ahu. Specifically, vulnerability for nine different variables was
examined in the CRVI, five of which belong to the CVI, three of which belong to the HTI, and the
ninth being distance to the coast. The four different categories of cultural resources follow different
distributions across the island. Many of the archaeological sites are concentrated along the coast
whereas many of the historic buildings occur in the heart of Honolulu. Due to this distribution, it is
not enough to only examine the CRVI scores. Examining the individual CVI and HTI scores as well
as what weights are used can help account for any skews in the calculation.
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Looking at the CRVI results, only 157 or 5.49 percent of the 2,858 cultural resources were at
high risk whereas 1,828 or about 64 percent fell within the moderate risk category. When broken
down into CVI and HTI, only 43 or 1.5 percent of the 2,858 cultural resources were at high risk for
coastal vulnerability and 951 or 33 percent were at high risk of human threat. Breaking it down into
the individual indexes allows for researchers and policy makers to better identify what overall
cultural resource categories and individual sites are at most risk for. In the case of the variables used
in this study, it appears that human threat is more of a concern than coastal vulnerability.
While this study demonstrates how GIS can be used to develop a tool for cultural resources
risk assessment, there are areas that could be improved or included for future use. Remote sensing
techniques offer the opportunity to include other variables like urban expansion growth rate, coastal
erosion rate, and sea level rise rate. By using Landsat images over the course of twenty to thirty years
to create a multi-temporal image, all three variables could be measured and included in the risk
assessment tool. In addition, when considering the effects of climate change and how it can cause
damage to cultural resources, the tool could be improved by including past natural hazard events like
hurricane tracks and tsunami flooding. Lastly, especially regarding O’ahu, it would be advantageous
to include a variable that measures potential tourism damage by mapping high tourism areas. This
could be further improved by also doing a study on areas that have already suffered from the high
number of tourists that visit O’ahu, like Hanauma Bay, a widely popular state park whose reef has
suffered years of neglect and abuse from tourists.
Conclusion
The importance of this study is that it created a tool for O’ahu cultural resource managers,
archaeologists, and emergency managers to use in identifying vulnerable sites and threats to those
sites. This analysis can aid them in determining which sites need to be addressed first. Its simplicity
in quantifying threat and vulnerability offers the opportunity to include more or less variables to
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customize or finely-tune the analysis. It also allows for community leaders to easily understand it and
help in the decision-making process when it comes to deciding how to go about site preservation.
For example, should the site be excavated completely, left with a barrier around it, or left to be
swallowed up by the ocean? In addition, using this index could help leaders in determining where
there are policy and protection gaps around island to protect O’ahu’s cultural heritage, especially
when it comes to human threat.
This index is meant to be used as a tool in the ongoing protection and preservation of
O’ahu’s cultural heritage and is not meant to be an end in itself. There is no efficiency in going
around the island and conducting field studies on each individual site to determine its vulnerability.
By using this tool, field studies can be streamlined and the most vulnerable can be addressed first.
With increasing threats from climate change and humans, there stands a chance that cultural heritage
sites could be lost forever. Hopefully, this tool can be used to help empower Hawaiians in deciding
how to conduct cultural heritage management not only on O’ahu but on the other islands. Cultural
resources are not renewable and, if lost, part of the Hawaiian past experience is lost with them.
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