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Development of methodology to estimate fine-scale fire risk for the Hawaiian Islands

D.R. Weise and F.M. Fujioka

STUDY PLAN ABSTACT

Fuels and fire behavior information are limited for Hawaiian vegetation.  Steep topography coupled with oceanic influence causes dramatic variability meteorologically over very small spatial scales.  High resolution weather modeling will be coupled with current fire behavior models to estimate fire risk for selected areas in Hawaii using simulation.  Fuel inventory will be collected to verify fuel model selection.  Field validation of fuel model and fire behavior predictions will be accomplished by burning small (< 1 ha) plots and measuring rate of spread, residence time, and flame length.

Development of methodology to estimate fine-scale fire risk for the Hawaiian Islands

D.R. Weise and F.M. Fujioka

Introduction

Wildland fire has invariably played a role in the development of some of the flora and fauna of the Hawaiian Islands given the volcanic nature of the archipelago’s origin.  However, the current floral and faunal composition of the major islands (Kaua’i, O’ahu, Moloka’i, Maui, and Hawai’i) is quite different from the biota that were present when humans 1st settled the islands circa 600 A.D.  Large percentages of the land area on the major islands have been transformed by human activity (Pratt and Gon 1998).  Over 90 percent of the dry forest, 60 percent of the mesic forest, and 40 percent of the wet forest have been destroyed since human settlement (Mehrhoff 1998).  As a result, there are over 300 endangered plants, invertebrates, fish, and birds.  A listing of the principal threats to endangered plants lists alien weeds, feral pigs and goats, and fire as the 3 greatest threats (Mehrhoff 1998).

Historically, fire research has not been a large component of Forest Service research activities in the Hawaiian Islands.  The 1978 National Fire Danger Rating System was applied and modified for the Islands in the late 1970s; however, use of the System lapsed in the early 1980s.  One of the principal aspects of that effort was the description of Hawaiian vegetation in the context of the 20 fuel models of the 1978 NFDRS (Burgan and Cohen 1977).  Limited fuel sampling was performed to describe some of the physical characteristics of 3 introduced grasses (Fujioka and Fujii 1980).  Current research is examining the relationship between the El Niño/Southern Oscillation phenomenon and annual acreage burned on the major islands (Chu et al. 1998).

The occurrence of wildland fires in Hawai’i poses both a threat to structures in the wildland/urban interface which has developed as well as a potential hazard to protected areas of native vegetation.  While it is generally believed that fire is detrimental to Hawaiian vegetation, some native species appear to respond well to low intensity fires.  Prescribed fire may play a role in the reestablishment of some native grasses such as pilii grass (J. Minassian 1999).  Analysis of postfire vegetation recovery within the Kipuka Kalawamauna Endangered Plants Habitat Area (KKEPHA) within the Pohakuloa Training Area indicated that a’ali’i (see Appendix for common and scientific names), a native shrub, and the dominant native grass Eragrostis atropioides responded well to the wildfire.  A’ali’i sprouted vigorously and the grass cover returned to preburn conditions within the 1st year postfire.  Other species, many rare, did not respond as well or were killed outright in the 1st year (Shaw et al. 1997).  In order to better manage wildland fire in Hawai’i, we need to understand both the behavior of fire as influenced by Hawaiian meteorology as well as the ecological role of fire in Hawaii.  The focus of the current study is fire behavior and associated meteorological conditions.

Objectives and Scope

The objectives of this study are many.  The general objectives are to test and modify current fire behavior modeling capabilities to conditions in Hawai’i.  Because of the oceanic climate and strong influence of island topography on meteorological conditions, the 2nd objective of the study is to extend the capability of meteorological models to fine-scale to describe the highly variable weather conditions.  Fuel inventory information developed in this study will be restricted to the Hawaiian Islands and to those areas where the same species occur; however, the information might be used for similarly structured vegetation.  The weather modeling capabilities developed in this study may be potentially applied world-wide to those areas where topography and climate combine to produce highly variable (spatially) weather.  The fire risk methodology can be applied throughout Hawai’i and wherever the fire behavior model used is appropriated.  Various forms of the risk methodology have probably been used elsewhere on the mainland U.S.

The initial foci of the study will be the Makua Military Reservation (MMR) on O’ahu and the Pohakuloa Training Area (PTA) on Hawai’i.  Expansion of the effort to other Army lands and throughout the entire state will occur as funds are available.

The tasks to be accomplished by this study follow.

1.  Analyze existing weather/climate data from MMR and PTA, to identify periods for extensive case studies of local weather patterns.

2.  Generate and evaluate island scale weather simulations for selected case studies, to determine boundary conditions for MMR and PTA scale simulations.

3.  Generate and evaluate high resolution weather simulations for MMR and PTA and environs, using a combination of mesoscale weather models and interpolation methods.

4.  Design high resolution fire danger-rating systems for MMR and PTA, including local weather station networks.

5. Estimate potential fire rate of spread and flame length under a selected set of meteorological conditions for fuel conditions currently present at PTA using the BEHAVE version of the Rothermel fire spread model.  Field validation of fuel model parameters will be required prior to fire behavior computations.  Photographic documentation of fuel conditions is necessary to aid correct selection of fuel models as vegetation changes within PTA.

6. Estimate fire risk through simulation using weather station and gridded weather model data with FARSITE, a spatial implementation of the Rothermel fire spread model.  This work presumes availability of  weather data describing conditions at PTA.

7. Estimate fire risk for selected fuel management options by simulating altered fuel conditions within PTA under same weather scenarios in #5, 6.

8. Validate fire behavior and fire risk predictions by measuring meteorological, fuel, and fire behavior variables associated with planned prescribed burns within PTA.  Ground based measurement of these variables is a minimum requirement.  Aerially-based measurement of successive fire perimeters will permit comparison with FARSITE model predictions.  Aircraft and instrumentation package available after Nov. 1999.  This would be accomplished in FY 2000 if any prescribed burns are planned.

Methods

The several distinct tasks to be accomplished within this study can be divided into 2 groups – weather modeling and fuel modeling.  Weather modeling will take place at both MMR and PTA.  The fuel modeling will be performed primarily at PTA.  The Center for Ecological Management of Military Lands (CEMML) at Colorado State University has primary responsibility for fuel and fire behavior modeling at MMR.  We will collaborate with CEMML for both locations to insure compatibility of results.

PTA lies amidst a lava plain between the highest mountains in the Hawaiian archipelago.  Rising more than 4,000 m above mean sea level, Mauna Kea to the north and Mauna Loa to the south exert powerful influences on the climate of PTA.  To analyze and predict fire danger and fire behavior there, and thereby assess the fire risk attending training activities, it is necessary to describe weather and climate at a higher spatial resolution than current data sources offer.  The size and distribution of the ecologically sensitive kipukas that dot the landscape suggest grid spacings on the order of 1 km are necessary to obtain a detailed picture of the fire risk at PTA.  High resolution weather modeling is needed to determine the impact of diurnal fluctuations of weather on fire danger, behavior, and consequently risk, at that spatial scale.

Weather modeling.  In order to validate high resolution weather simulations, we need a basic understanding of the weather conditions at MMR and PTA.  While general descriptions are available (Giambelluca and Schroeder 1998), weather conditions recorded on site are most desirable.  Data from the weather station at Makua Range Control and Bradshaw Army Air Field at PTA will be examined and summarized to identify the predominant weather conditions present at the air field.  We will use the weather station data to compile a fire climatology, from which we will select case studies to simulate diurnal weather variations at high resolution (grid spacings on the order of 100 m).

Weather modeling will be accomplished on a nested grid, using a hydrostatic spectral model at the global (order 100 km) and regional (10 km) scales, and a nonhydrostatic model at the local scale (1 km).  The models simulate radiative transfer, soil and planetary boundary layer physics, gravity wave drag, shallow, cumulus and large-scale convection (Juang and Kanamitsu 1994, Juang and Chen 1998, Roads et al. 1998).  Sub-kilometer spacings may be required for MMR, in which case we will use simpler but less computer intensive diagnostic models to produce the wind field (Ross et al. 1988; Garrett and Smith 1984).  We will use spatial statistical and other interpolation methods to obtain scalar fields such as temperature and moisture (Cressie 1991).  The weather station data will be used to spot check weather model predictions; however, given the limited observed data available for validation of the weather models, full-scale validation of the models will not be performed in this study.

Fuel modeling.  Scant physical description of fuels in Hawai’i exists (Fujioka and Fujii 1980, Freifelder et al 1998).  Fujioka and Fujii (1980) estimated fuel loading (kg m-2), fuel bed depth (m), and surface area to volume ratio (m-1) were estimated for broomsedge (Andropogon virginicus), molasses grass (Melinus minutiflora), and fountaingrass (Pennisetum setaceum).  The broomsedge and molasses grass were sampled on O’ahu; fountaingrass was sampled in the Keamuku area, South Kohala, on Hawai’i.  Samples were air-dried which potentially overestimated the fuel loading.  From this existing data, it is possible to determine other fuel bed properties which would be biased by the presence of moisture.  Freifelder et al. (1998) estimated fuel loading in an o’hia woodland on the southwestern flank of Kilauea Volcano in Hawai’i Volcanoes National Park that was partially burned.  Mean fuel loading for grasses in unburned woodland and twice burned grassland was 0.6 and 1.0 kg m-2.  The burned grassland was dominated by molasses grass.  This loading is substantially smaller than the loading reported by Fujioka and Fujii (1980)—3.3 kg m-2; however, the heights were similar – 0.75 and 0.67 m.  Freifelder et al (1998) used the biomass information and observed weather to model rate of spread using BEHAVE.  We will examine the custom models they developed for potential use at PTA.

Existing resources.  Fuel modeling will consist of several different activities.  The current vegetation map (Castillo et al. 1997), derived from the Land Condition Trend Analysis (LCTA) of PTA (Diersing et al. 1992), will be initially classified into the 13 NFFL fuel models (Albini 1976) based on onsite visual assessment of the vegetation at PTA.  In the study of the KKEPHA (Shaw et al 1997), a preliminary fuel map was developed by crosswalking the vegetation map into the 13 NFFL fuel models using Anderson (1982).  This fuel map will checked using the visual assessment and modified as needed.

Determination of physical properties.  Physical properties will be determined via field sampling and lab measurement.  Surface area to volume ratios, fuel depth, and bulk density will be estimated for fountaingrass, other native grasses such as pili grass and Eragrostis atropioides, and for other introduced grasses such as molasses grass and Guinea grass which occur on other military training areas as well as on other land holdings.  The data presented by Fujioka and Fujii (1980) will be used to assist in sample size estimation for the grasses.  Within each grass type, points will be randomly located within a 1 hectare area.  Double sampling will be used to increase sample size (Hilmon 1959).  We will estimate 6 sample points for every sample point measured.  At each sample point, depth of the grass will be estimated and/or measured.  Fuel bed porosity (packing ratio (Rothermel 1972)) will be estimated in the grasses by visually estimating the % of volume of a 1 ft3 (1 x 1 x 1) frame that is occupied by foliage.  Bulk density will be estimated for the upper half of the grass clump for fountaingrass.  The foliage will then be clipped within the cube for drying and weighing.  Porosity will be determined by dividing the bulk density of the sample by the density for cellulose.  The upper portion of the grass canopy will be sampled in this fashion.  Surface area to volume ratio will be determined by randomly clipping 20 grass stalks at each measurement point.  The samples will be dried in an oven and then measured.

Biomass inventory.  The biomass of the fuel complex will be determined using techniques developed for natural fuel photo series (Maxwell and Ward 1980) which will be modified as needed.  The principal focus of the fuel inventory will be in the grass fuels.  Mamane, naio, aalii, and ohia are typically large shrubs or trees at PTA.  Due to their size, it is impractical to attempt biomass sampling for these species.  We will utilize any biomass equations available in the literature to estimate biomass for these species.  However, density and cover information will be collected.  Pukiawe typically is a shrub at PTA and will be included when feasible in the biomass inventory.  The shrub is sometimes the principal fuel.  No fruits, seeds, or root systems will be collected.  When feasible and permissible, inventory points will be located at or adjacent to the LCTA sites which have been previously measured for percent cover and plant density (Shaw and Castillo 1997).  Freifelder et al (1998) measured biomass and fuels in an o’hia woodland on Kilaeua in Hawaii Volcanoes National Park.  This site may be potentially representative of some of the o’hia sites at PTA.  If possible, we will use the information and photograph the site on Kilaeua.

Fuel moisture sampling.  The effect of the marine inversion on relative humidity is quite pronounced on Hawai’i (Giambelluca and Schroeder 1998).  Since PTA occupies the saddle between the windward and leeward sides, the east and west sides experience different microclimates.  The marine layer moves up and down slope diurnally thus changing the relative humidity.  Relative humidity has a strong influence on fuel moisture of fine dead fuels such as dead grasses.  In order to correctly model the fuel moisture diurnally, we will sample fuel moisture of dead grass in August hourly from approximately 6 a.m. to 6 p.m. for 2 days each at 2 locations – 1 windward and 1 leeward.  3 samples of dead grass will be clipped each hour and temperature, relative humidity, wind speed and direction will be measured on the hour also.  Seed stalks will not be included in the fuel samples.  This weather data coupled with RAWS data will be available to spot check weather model simulations.

Rate of spread modeling.  Once fuel models have been selected, BEHAVE model predictions will be made using the various weather scenarios developed.  Sensitivity of the fuel models will be described graphically.

Fire risk modeling.  Fire risk can be determined using different approaches.  The National Fire Danger Rating System (Deeming et al 1977) is one such rating system in which the probability of a fire requiring suppression action is estimated using weather and fuel data coupled with ignition probability data.  Interpretation of the various indices within the NFDRS and adjustment to local fire conditions occurs over time as both meteorological and fire occurrence data are collected.  However, these data are not currently available for PTA and MMR.  The US Army Hawaii is now establishing a weather monitoring network at both installations; fire occurrence data have not been collected.  We will use simulation of both weather and fire behavior to derive fire risk for MMR and PTA.  The Rothermel fire spread model is a key component of both the NFDRS and the fire spread simulators used in this study.

Weather scenarios describing the range of conditions at PTA will be used with the FARSITE simulator to predict potential fire perimeters resulting from randomly placed ignitions within PTA.  Both single station (using the Bradshaw Field RAWS data) and gridded weather data will be used as input.  The PTA vegetation map (Castillo 1997) will be converted into a fuel model map.  This coupled with topographic information will be used to produce the landscape used in FARSITE for simulation.  For each weather scenario, 100 fire simulations with 100 unique ignition points will be run.  A pair of random numbers will be used to designate the ignition point in UTM coordinates.  Time of ignition will be set for 1500 HST with the assumption that this is typically the time of day when conditions for ignition are optimum.  Fire spread will be simulated for 24 hours following ignition.  Two sets of ignition probabilities will be used: the 1st set will assume that probability of an ignition is uniform across the PTA landscape, the 2nd set will vary the probability of ignition depnding on factors such as proximity to a range or Saddle Road.  These ignition probabilities will be estimated from expert opinion and observation by U.S. Army Hawaii personnel.  The predicted fire areas will be converted into GIS grids.  The number of times a grid cell was burned as a percentage of the 100 simulation runs defines the fire risk.  Thus, fire risk as defined in this study will be a function of the probability of ignition, the fuel and weather conditions, and the Rothermel spread equation.  The risk estimates will be displayed graphically as well as in tabular form.  A selected set of fuel modifications developed based on consultation with the Army will also be simulated using the same protocol to determine the effects on fire risk.

Fire model validation.  Pending availability of funds from the U.S. Army and the development and approval of prescribed burn plans by the U.S. Army and the U.S. Fish and Wildlife Service, fire behavior will be measured on prescribed burns in selected fuel types.  The burns will be planned and conducted by the US Army – Hawai’i.  Prior to ignition, fuel loading will be estimated using standard fuel sampling methods.  Fuel moisture samples will be collected immediately prior to ignition and processed to determine fuel moisture.  If the prescribed burns are sufficiently large, the AIRDAS system (Riggan and Hoffman 1999) will be used to record fire perimeters for the purpose of determining rate of spread.  If small (<1 ha) plots are used, ground-based sampling of rate of spread and flame length will be used.  A grid of points will be established within each plot using GPS.  Rate of spread and flame residence time will be determined by recording the times the flame front reaches and leaves some or all grid points.

Application of Results

The results of the weather modeling research will be potentially applicable to any location in the world.  The results of the fuels work will be restricted to the Hawaiian Islands with potential application to other areas in the world where these species occur.  The fire risk modeling approach is also applicable worldwide; however, the actual risk estimates are unique to the Pohakuloa Training Area.

Publication of Results

The results will be summarized in a report prepared for the US Army Hawai’i.  The weather modeling results will be presented at various symposia and submitted to an appropriate journal such as Journal of Applied Meteorology.  The fire risk results will be submitted to a journal such as International Journal of Wildland Fire.

Budget, Timeline, and Responsibilities

Tasks
FY
Cost

1-4
1999
$60K

5-7
1999
65K

1-4
2000
20K

8
2000
60K

Total

$205K

Task
Responsibility


1-4 Fujioka, Roads (Scripps), Stevens (U Hawaii)

5 Ottmar (PNW Station), Weise

6 Stephens (Cal Poly SLO), Weise

7 Stephens, Weise

8 Weise, Riggan

Final Report
Weise, Fujioka


Task
Start Date
Completion Date

1-4
Weather modeling - PTA
8/99
2/00

5
Fuel sampling
7/99
11/99

6, 7
FARSITE simulations
7/99
4/00

8
Fire behavior validation
12/99
6/00

Final Report (excluding test burns)

6/00


Environmental Considerations

The destructive biomass and fuel sampling is the only activity in this study which can have potential environmental impacts.  No sampling of any threatened or endangered plants will take place.  The quantity of sampling is such that no significant environmental impact will result.  The transportation of plants from Hawai’i to California and Washington may be restricted.  Clearance and/or inspection by APHIS and the respective state agricultural agencies will be necessary.  No fruits, root systems, or material that can propagate will be shipped from Hawai’i for drying and weighing in Riverside or Seattle.

Safety and Health

The attached Job Hazard Analysis FS-6700-7 identifies both the field hazards associated with this study as well as the necessary abatement procedures.
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7. TASKS/PROCEDURES
8. HAZARDS
9. ABATEMENT ACTIONS

Engineering Controls * Substitution * Administrative Controls * PPE

*Foot Travel to Sample Sites
1. Uneven footing due to dry lava
1. Wear shoes with slip-resistant heels and soles with firm, flexible support.  8 inch minimum boots should be worn to provide ankle support.

2. Test and use secure footing.  Walk, never run, down slopes.

3.  Maintain a safe walking distance between people (10 feet or 3 meters minimum).

4.  In heavy undergrowth, lift knees high to clear obstacles.  Slow down and watch your step.

5.  Always carry tools on the downhill side.

6.  Know how to fall.  Try to land in the least obstructed spot.  Protect your head and back.  Roll with the fall.  Do not stick out your arms to break a fall.

*
2. Unexploded ordinance
1. Do not touch or approach any unknown metal objects.  Leave the vicinity of any such object.  Inform Range Control immediately of the unknown object.

*
3. Military training activities
1. Maintain radio contact with Range Control.  Receive permission from Range Control prior to entering and upon exit of any training area.

*Vehicle Travel
1. Driving on unpaved roads
1.  The guidance provided in the 6/79 revision of FSH 6709.11 Health and Safety Code Handbook for vehicular travel on Forest Service Roads will be applied to travel on unpaved roads at PTA.

*Fuel sampling
1. Abrasive lava
1. Wear heavy kneepads to protect knees when kneeling to clip fuel samples.

*
2. Lava dulling clippers.
1. Sharpen clippers as needed to mainitain sharp cutting edges.

*
3. Sunburn, dehydration
1. Protect skin from sunburn by wearing sunblock or long sleeves and a hat.  Drink ample fluids to maintain hydration.

*
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 JHA Instructions (References-FSH 6709.11 and .12) 
The JHA shall identify the location of the work project or activity, the name of employee(s) writing the JHA, the date(s) of development,and the name of the appropriate line officer approving it.  The supervisor acknowledges that employees have read and understand the contents, have received the required training, and are qualified to perform the work project or activity. 

Blocks 1, 2, 3, 4, 5, and 6:  Self-explanatory.

Block 7:  Identify all tasks and procedures associated with the work project or activity that have potential to cause injury or illness to personnel and damage to property or material.  Include emergency evacuation procedures (EEP).

Block 8:  Identify all known or suspect hazards associated with each respective task/procedure listed in block 7.  For example:

a.  Research past accidents/incidents

b.  Research the Health and Safety Code, FSH 6709.11 or other appropriate literature.

c.  Discuss the work project/activity with participants

d.  Observe the work project/activity

e.  A combination of the above


Emergency Evacuation Instructions (Reference FSH 6709.11)
Work supervisors and crew members are responsible for developing and discussing field emergency evacuation procedures (EEP) and alternatives  in the event a person(s) becomes seriously ill or injured at the worksite.

 Be prepared to provide the following information:

a.  Nature of the accident or injury (avoid using victim's name).

b.  Type of assistance needed, if any (ground, air, or water evacuation)

c.  Location of accident or injury, best access route into the worksite (road name/number), identifiable ground/air landmarks.   

d.  Radio frequency(s).

e.  Contact person. 

f.   Local hazards to ground vehicles or aviation.

g.  Weather conditions (wind speed & direction, visibility, temp).

h.  Topography. 

i.   Number of person(s) to be transported

j.   Estimated weight of passengers for air/water evacuation. 

The items listed above serve only as guidelines for the development of emergency evacuation procedures. 

JHA and Emergency Evacuation Procedures Acknowledgement

Block 9:  Identify appropriate actions to reduce or eliminate the hazards identified in block 8.  Abatement measures listed below are in the order of the preferred abatement method:


As supervisor I acknowledge that the following employees have participated in the development of this JHA, accompanying evacuation procedures, and have also been briefed on the provisions thereof:

a.  Engineering Controls (the most desireable method of  abatement).   






For example, ergonomically designed tools, equipment, and 






furniture.



Supervisor's Signature




b.  Substitution.  For example, switching to high flash point, non-toxic solvents.






c.  Administrative Controls.  For example, limiting exposure by reducting the work schedule.






d. PPE (least desirable method of abatement).  For example, using hearing protection when working with or close to portable machines 






(chain saws, rock drills portable water pumps)






e. A combination of the above.






Block 10:  The JHA must be reviewed and approved by a line officer.  Attach a 






copy of the JHA as justification for purchase orders when procuring 






PPE. 






Blocks 11 and 12:  Self-explanatory.






Appendix

Plant species potentially sampled for fuel characteristics

a’ali’i
Dodonaea viscosa

mamane
Sophora chrysophylla
naio
Myoporum sandwicense
pukiawe
Styphelia tameiameiae
o’hia
Metrosideros polymorpha
broomsedge
Andropogon virginicus

molassesgrass
Melinus minutiflora

fountaingrass
Pennisetum setaceum

hardstem lovegrass
Eragrostis atropioides

guineagrass
Panicum maximum

buffelgrass
Pennisetum ciliare


