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BUILDING A SPATIAL DATABASE 
OF FIRE OCCURRENCE IN HAWAII 
Andrew D. Pierce and Elizabeth Pickett 

Introduction 

Wildfire in Hawaii is an often 
overlooked, yet extremely 
important facet of total 

fire protection in the State, with 
hundreds to thousands of wildfires 
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burning annually (see figure 1). In 
Hawaii, fire suppression agencies 
traditionally have used widely dif-
ferent incident reporting formats 
with varying types of information 
and levels of detail recorded per fire 
event. This creates serious chal-
lenges in comprehensively map-
ping and identifying fire trends and 
emerging problems at community, 
county, and State levels. The Hawaii 
Wildfire Management Organization 
(HWMO) has led a multiyear, multi-

partner effort to build relationships 
among fire response agencies and 
resource managers, promote com-
patible reporting processes among 
fire agencies, and compile the first-
ever multiagency, statewide wildfire 
history database. 

The wildfire history map produced 
by this effort will aid in (1) develop-
ing federally compliant community 
wildfire protection plans (CWPP), 
(2) supporting ecological research 

Figure 1.—A 
map of three of 
the Hawaiian 
Islands shows 
the spatial 
concordance 
between wildfire 
ignitions and 
roads. 
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to elucidate relationships between 
environmental and social drivers of 
wildfire, (3) communicating with 
national and local funding agencies 
and grantors regarding the extent 
and detail of fire occurrence and 
threat in Hawaii, (4) securing exter-
nal resources to address fire issues, 
and (5) engaging communities in 
wildfire preparedness activities. 

We see fire history mapping as a 
central tool for making advances in 
successful management of the wild-
fire threat in Hawaii. We also view 
this first mapping effort in Hawaii 
as a template for fire history work 
on other Pacific islands dealing 
with fire threats. 

Assembling a fire history database 
involves several steps: 

1. Assembling the fire history data-
base, including securing data-
sharing agreements and data, 
compiling a quality-controlled 
master list, assigning spatial 
location, and adding supporting 
spatial data that includes social 
and biophysical information lay-
ers; 

2. Identifying data uses, including 
fire protection planning and fire 
research; and 

3. Creating an efficient method for 
making database updates. 

Completing these steps required 
considerable communication and 
coordination, analysis, and design. 

Collecting Fire Record 
Data 
Fire record data comes from a vari-
ety of sources, including all four 
county fire departments (Hawaii 
County, Maui County, Kauai 
County, and Honolulu City and 
County), the Division of Forestry 
and Wildlife (DOFAW) within the 

Hawaii Department of Land and 
Natural Resources (DLNR), and 
Hawaii Volcanoes National Park 
(HVNP). To our benefit, these 
entities encompass all county, 
State, and Federal fire response 
agencies—except for the U.S. 
Department of Defense, whose 
records are classified for security 
reasons. Our main tasks were to 
(1) secure agreements between 
HWMO and the participating sup-
pression agencies to share fire 
event records and coordinate the 
logistics of record sharing, includ-
ing electronic file transfers and 
paper record transportation; (2) 
transfer all records into a master 
list in electronic format and apply 
quality control measures to the list 
to condense duplicate fire reports 
submitted by multiple agencies; (3) 

A wildfire incident burns in invasive grass-dominated drylands of west Hawaii. 
Photo by Eric Moller, 2011. 

assign spatial locations to each fire 
record appropriate for mapping in 
a geographic information system 
(GIS); and (4) assemble supporting 
biophysical and social data. 

Securing Agreements 
and Data 
HWMO, a 501(c)3 nonprofit orga-
nization, was the primary lead on 
securing the agreements and fire 
event records. Thanks to strong 
professional relationships, numer-
ous discussions, and coordination 
efforts spanning 2 years, each 
agency provided HWMO some form 
of access to its records. Although 
many records came digitally, some 
databases were incomplete, requir-
ing arrangements to review the 
paper source documents. 

The inclusion of preferred and “if-available” data 
make the database as robust as possible. These 
data are primarily needed to help assess patterns 

outside of basic fire regime parameters. 
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Compiling a Quality Controlled 
Master List 
The agencies delivered records 
in various formats. Most records 
were provided in digital form, but 
because some of the digital records 
were incomplete, we reviewed the 
paper records and added missing 
information. One agency’s paper 
records were so much more precise 
and comprehensive than the digital 
records that we opted to recreate a 
digital record from them. 

Once all records were in satisfac-
tory digital form, we worked to 
normalize the information in them. 
For example, some records con-
tained very specific location infor-
mation and others did not, while 
some data fields (for example, costs, 
equipment, personnel, and mutual 

aid) were unique to a particular 
source and not addressed by all 
agencies. 

We extracted common fire incident 
data from each database record and 
organized them into five main cat-
egories: occurrence date, location, 
response, fire behavior and effects, 
and weather (see table 1). Each of 
these categories contained essential 
information that was either includ-
ed in the comprehensive database 
for all fires or entered from the 
written records. We deemed man-
datory data absolutely necessary for 
the database to be usable. 

We also asked agencies to include 
fire size with their fire records, 
though we had to make a deter-
mination as to what constituted a 

single fire incident. We reviewed 
data on spotting and re-ignition 
and combined multiple records of 
a single fire into a single record. 
Incident number information was 
likewise used to consolidate fire 
records. 

The inclusion of preferred and “if-
available” data makes the database 
as robust as possible. These data 
are primarily needed to help assess 
patterns outside of basic fire regime 
parameters, including agency 
resource commitment, fuel type, 
and the initial weather conditions 
at the time of each fire. 

Assigning Spatial Location 
Fire perimeter data were extremely 
sparse, and while many records 
contained latitude and longitude 

Table 1.—Fire data added to the fire record database from the individual fire reports. 

Occurrence Date of fire Response First station responding 

Time of alarm First agency responding 

Time of response Incident number 
Date controlled Fire name 
Time controlled Other agencies involved 
Duration Other stations involved 
Cause Fire behavior 

and effects 
Size 

Location Address or location verbal description Spot fire 

Zip code Reignition 

City Fuel type 

Island Intensity 

Latitude Rate of spread 

Longitude Depth of burn 

Coordinate system Weather Relative humidity at first response 

Property use Wind speed at first response 
Shapefile of perimeter Wind direction at first response 

Temperature at first response 

Mandatory—Recorded for all fires and researched to add when needed. 
Preferred—Recorded if given or if interpretable from records. 
If possible—Only recorded if specifically given. 
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coordinates as part of their fire 
records, others did not. Sometimes, 
we had to derive such coordinates: 
for example, we gleaned many of 
the latitude and longitude coor-
dinates from house addresses or 
road intersections in narrative fire 
descriptions or derived them from 
identifiable topographical features 
in available fire imagery. 

First-responders hand-drawn maps 
and landowners’ expert opinion 
provided fire perimeter data, when 
available. HVNP, on the other hand, 
provided excellent fire perimeter 
data due to their natural resource 
management focus and careful 
recordkeeping. Fortunately, the 
point locations of many small fires 
suffice for most spatial analyses 
at the county or subcounty level, 
and point location data for larger 
fires is sufficient for trend analy-
sis. Furthermore, almost all fires 
had some record of size in acres, 
enabling nonspatial analyses of 
burned area trends by county or 
subcounty region. 

Supporting Spatial Data 
To support ecological research, fire 
adaptation studies, and mitigation 
planning efforts, we integrated spa-
tial information on biological, cli-
matological, and sociological data 
into the database. Each data source 
described below was added to a 
single, statewide geodatabase to 
allow for biophysical and sociologi-
cal analysis across spatial scales. 

Social Data Layers 
Our social data layers included 
population information and road 
network maps. We compiled U.S. 
census data for 2010 at the block 
level for both total population and 
population density figures (Census 
Bureau 2010) and added road 
network maps (Office of Planning 

The intent of this effort was not only to 
characterize long-term fire history trends, 

but also to keep track of emerging patterns 
and hazardous conditions. 

2009) to the database as well. These 
data layers are expected to help 
identify ignition patterns in Hawaii, 
as lightning is rare in the islands 
and volcanic ignitions are currently 
limited to the Island of Hawaii. 

Biophysical Data Layers 
The biophysical data layers in 
the database can be divided into 
roughly three categories: climate, 
topography, and current and poten-
tial vegetation. These data are use-
ful in identifying the biophysical 
correlates of fire activity. We chose 
climate averages for this project to 
help assess general patterns of fire 
occurrence in Hawaii rather than 
temperature and precipitation data 
specific to each fire occurrence. 
While the latter would be more 
useful for identifying the drivers of 
variability in fire occurrence and 
size, the former helps us explore 
the as-yet-unknown general pat-
terns of fire in Hawaii. 

Our normalized climate data 
comprises precipitation and 
temperature, and we gridded 
these data for the entire State of 
Hawaii. The data come from two 
sources. Precipitation data are 
from the Rainfall Atlas of Hawaii 
(Giambelluca and others 2013) 
and are gridded monthly for aver-
age rainfall and for annual aver-
age rainfall. Temperature data for 
1971–2000 (PRISM 2006) include 
gridded monthly and yearly average 
high and low temperatures. 

The national elevation dataset por-
tion of the U.S. Geological Survey’s 

national map (USGS 2013), an 
online mapping resource, provided 
the basis for the map topography. 
In addition to elevation, we added 
slope and aspect to the database. 
We obtained potential vegeta-
tion and existing vegetation cover 
data from the LANDFIRE project 
(Rollins and Frame 2006). 

Data Uses 
Fire Protection Planning 
The original intent for this project 
was to create a fire history data-
base and statewide map that would 
enable better wildfire protection 
planning. Until the completion of 
this project, the extent and trends 
of wildfire occurrence in Hawaii 
had not been well articulated, 
making targeted prevention and 
mitigation efforts a challenge. In 
particular, many of the most fire-
prone areas in the State have not 
undergone a CWPP process. HWMO 
and others were tasked with acquir-
ing fire history for each CWPP 
on an area-by-area basis—a time-
consuming and costly process that 
limits the number of communities 
that could benefit from CWPPs. 
Executing this statewide all-agency 
collection of fire history records 
concurrently with a separate state-
wide street-level hazard assessment 
process gives all communities in 
Hawaii access to the information 
needed to understand their wildfire-
related issues, hazards, and risk, 
and to complete a CWPP based on 
accurate and complete fire occur-
rence data. 
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Fire Regime Research 
The extent to which fires in Hawaii 
can be analyzed in a cohesive fire 
regime or regimes (Agee 1993) has 
never been ascertained, and wildfire 
in Hawaii outside of research on 
the grass-fire cycle (for example, 
by D’Antonio and others 2011) as 
a relevant landscape disturbance is 
rarely mentioned in the scholarly 
literature. A notable exception is 
Chu and others (2002), who cor-
related annual burned area and 
annual fire starts with the El Niño-
Southern Oscillation. The major 
limitations of this study are its 
reliance on only one data source 
(DLNR-DOFAW) for fire informa-
tion and its narrow temporal win-
dow (1976-1997). With observed 
drying (Chu and others 2010) and 

warming (Giambelluca and others 
2008) of the Hawaiian Islands, it is 
almost certain that more areas and 
vegetation types in the State will 
be prone to fire in the future. Our 
database seeks to establish current 
fire regime parameters for the State 
of Hawaii, including frequency, 
size, yearly area burned, seasonal-
ity, and whether these parameters 
vary by land use or land cover, 
vegetation type, climate, or social 
factors. Given the high diversity of 
climate types in the State, it is our 
expectation that fire regime param-
eters will vary significantly both 
within and across the archipelago. 

Database Limitations 
Because most of the fire records 
were given as point locations and 

estimates of area burned, and 
because response personnel rarely 
mapped fire boundaries, the vast 
majority of the fire records are lim-
ited to point locations. Additionally, 
the records from each agency do 
not cover the same span of years, 
making trends and patterns use-
ful for community use and agency 
planning, but less ideal for scien-
tific analysis of data. 

Database Updates 
The intent of this effort was not 
only to characterize long-term 
fire history trends, but also to 
keep track of emerging patterns 
and hazardous conditions as areas 
are developed, drought condi-
tions increase, and other drivers of 
fire emerge. To achieve the latter, 

Table 2.—Summary of fire occurrence and area burned attributes for fires added to the database. Comprehensive reporting of wildfires 
as differentiated from structure fires began at different times on different islands: Maui, 2000; Oahu, 2001; Kauai, 2000; Hawaii, 2004. 

Year 

Maui Kauai Oahu Hawaii 

Ignitions 

Area 
burned 

(ac) 
Average 
size (ac) Ignitions 

Area 
burned 

(ac) 
Average 
size (ac) Ignitions 

Area 
burned 

(ac) 
Average 
size (ac) Ignitions 

Area 
burned 

(ac) 
Average 
size (ac) 

pre-2000 9 29,201 3,244.56 8 8.25 1.03 265 21,542.46 81.29 190 62,983.69 331.49 

2000 139 3.1 0.02 2 5.1 2.55 2 1,300.00 650.00 5 5,358.21 1,071.64 

2001 183 442 2.42 27 694.9 25.74 550 1,240.35 2.26 5 0.75 0.15 

2002 138 235 1.70 7 10.9 1.56 559 2,832.10 5.07 15 4,091.93 272.80 

2003 236 8,019.1 33.98 5 692.7 138.54 910 7,150.20 7.86 13 9,520.89 732.38 

2004 200 981 4.91 11 209.6 19.05 541 583.00 1.08 162 2,866.69 17.70 

2005 279 1,417.4 5.08 110 954.6 8.68 921 11,445.30 12.43 252 32,515.30 129.03 

2006 231 8,516.3 36.87 99 288.1 2.91 551 1,736.55 3.15 243 4,094.30 16.85 

2007 243 8,529.2 35.10 147 1,224.1 8.33 608 8,498.50 13.98 259 20,256.50 78.21 

2008 223 3,691.97 16.56 101 141.62 1.40 382 345.32 0.90 191 4,419.70 23.14 

2009 188 8,006.83 42.59 103 326.39 3.17 500 1,678.79 3.36 155 3,050.34 19.68 

2010 236 7,709.17 32.67 161 178.73 1.11 507 1,745.12 3.44 240 5,570.50 23.21 

2011 177 233.41 1.32 78 67.24 0.86 314 263.77 0.84 135 1,944.18 14.40 

2012* 234 421.46 1.80 124 338.72 2.73 374 2,389.77 6.39 49 131.69 2.69 

2013** 52 61.00 1.17 

Grand 
Total 2,716 77,406.94 28.50 983 5,140.95 5.23 7,036 62,812.23 8.93 1,914 156,804.66 81.93 

*Data for 2012 is incomplete for Hawaii. **Data for 2013 is incomplete for Oahu. 
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HWMO is (1) securing records on 
a biannual basis of fires that have 
occurred since the last data collec-
tion and (2) working with agencies 
to shift reporting protocol toward 
more compatible formats (particu-
larly in regard to location informa-
tion) in order to simplify quality 
control and generation of location 
coordinates. 

Informal agreements are in place 
with partner agencies to provide 
updated records. Promoting con-
sistent—or, at least, compatible— 
records and uniform geographic 
information collection methods 
for fire location is proving to be 
complicated and time-consuming. 
However, the results of this first 
fire-history database and mapping 
effort have already helped articulate 
wildfire occurrence in Hawaii and 
enabled better planning and mitiga-
tion for all agencies (see table 2). 
For example, the degree of spatial 
colocation between fire ignitions 
and road networks was surprising 
(see figure 1), and it has already 
increased agency interest in sup-
porting ongoing efforts to move 
future wildfire event-recording 
toward greater consistency. The 
Pacific Fire Exchange (PFX), a joint 
fire science program and knowl-
edge exchange consortium serving 
Hawaii and United States-affiliated 
islands of the Pacific, facilitated this 
project by connecting HWMO and 
researchers. PFX will continue to 
support the use and development 
of the fire history database through 
local extension and outreach 
work performed by HWMO, the 
University of Hawaii at Manoa, and 
the Forest Service. 
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