Using Fuel Moisture for Estimating Fire Hazard

RESAC Live Fuel Moisture Sampling Protocol

Introduction


The concepts, methods, and suggestions mentioned in the paragraphs to follow are meant as guidelines only and are subject to change at any time.  The purpose of this document is to not only describe the techniques used for acquiring live fuel moisture measurements, but to also help frame the broader context in which live fuel moisture measurements can be used for estimating fire hazard.

Fuel Moisture as a Description of Fuel State

One of the necessary components for describing fire hazard in Southern California chaparral is fuel state.  Fuel state is measured as live and dead fuel moisture.  In the wildland fire community, fuel moisture is almost exclusively measured on a dry weight basis.  The dry weight measurement is preferred because it only responds to changes in the amount of water present in the fuel and not the fuel physiology (Pyne et. al., 1996).  

Dead Fuel Moisture

The dead fuel moisture of any given detached fuel particle is regulated by the ambient environmental conditions the dead fuel is exposed to, such as temperature, humidity, and windspeed (Rothermel et. al., 1986).  The amount of time required for a fuel to reach equilibrium is largely a function of the fuel diameter size, referred to as the Equilibrium Moisture Content (EMC) timelag classes.  The suite of EMC size classes used is 1-hour, 10-hour, and 100-hour fuels.  As evident from the EMC size class list, dead fuel moisture varies diurnally.  Consequently, the effects of any precipitation in an area on dead fuel moisture will vanish within weeks provided the ground is well drained and the dead fuels are not in contact with any standing water.

Live Fuel Moisture

The live fuel moisture of any given living fuel particle is regulated by the host plant to which the fuel is attached.  Fluctuations in live fuel moisture are a function of the amount of water available to the plant as well as the fuel's location within the plant.  Although little published work has been done on the in-shrub variability of fuel moisture in chaparral, fuel particles oriented to southerly aspects can be expected to have lower fuel moisture values than more shaded fuels.  There is also very little published work on shrub-to-shrub fuel moisture variability, but data collected from shrub productivity studies suggests that the shrub-to-shrub variability may also be significant (Schlesinger et. al., 1982; Riggan et. al., 1988; Regelbrugge and Conard, 1997). Unlike dead fuel moisture, the fluctuation in live fuel moisture is a seasonal phenomenon.  Consequently, live fuel moisture measurements will be more influenced by long-term environmental conditions than dead fuel moisture. 

Applications to Wildland Fire Professionals

Wildland fire professionals rely on measurements of live and dead fuel moisture in order to estimate the controllability and hence, severity, of a fire.  As part of fire intelligence and planning operations, there are two existing sources of measurements relied upon for estimating fuel moisture.  Dead fuel moisture for the 10-hour timelag class is available from selected Remote Automated Weather Stations (RAWS) throughout Southern California.  Critical values of dead fuel moisture for 10-hour fuels are typically in the range of 5%.  Values in this range can occur at any time during the year, but are potentially most dangerous when coinciding with Santa Ana winds.  No automated system of estimating live fuel moisture currently exists and consequently fire professionals must rely upon field-based measurements.  These measurements are taken from fixed locations at regular intervals a throughout the year to provide a general profile of the state of the live fuels at any particular time of the year.  Almost all measurements of fuel moisture taken in Southern California are of a single species, Adenostoma fasciculatum (chamise).  The exceptions to this are the areas where Los Angeles County also samples for various Salvia (sage) species.  Critical values of live fuel moisture for hard chaparral species, such as chamise, are typically in the range of 60% and will only occur during the fall season.

The fuel moisture calculated for dead fuels and live fuels is a necessary component for the prediction of the rate of spread of fire through a given fuel.  However, the current formulation of the Rothermel fire spread equation (BEHAVE and FARSITE) gives greater weight to the fuel moisture of dead fuels as opposed to live fuels.  The lack of influence of live fuel moisture in the weighting scheme used does not accurately reflect what has been observed for shrub species in Mediterranean climates.  Consequently, wildland fire professionals in the Southern California region place a greater emphasis on measuring live fuel moisture than those in other regions.

Live Fuel Moisture Sampling Protocols


Many of the fundamental principles underlying the discussion of how to sample for live fuel moisture are based upon the 1979 Countryman and Dean publication Measuring Moisture Content in Living Chaparral: A Field User's Manual.  The techniques outlined in this manual are still in use today and guide the live fuel moisture sampling done by the USDA Forest Service, Los Angeles County Fire Department, and the National Park Service.

Selection of Sample Size and Location


Countryman and Dean make the following observations about selecting sampling sites and sample size:

1. Climatic variation, including microclimates, is the primary parameter to consider in setting the boundaries of sampling areas.

2. The sampling location chosen should be large enough so that the sampling itself does not adversely affect the shrubs being sampled.

The effect of climatic variation is clearly visible in the live fuel moisture measurements taken by the Los Angeles County Fire Department.  Sampling locations in the Santa Monica Mountains retain high values of live fuel moisture longer into the season when compared to the mountain ranges to the interior.  Consequently, the variation in measurements within the Santa Monica Mountains is assumed to be greatest along a coastal-inland transect.  For this study, the choice of sampling size should be based less on acquiring a sample representative of a large area, and more on reproducing an area with size commensurate to the signal received by the AVIRIS sensor.  In order to minimize the risks of a sampling location boundary crossing a significant microclimate, we suggest a sampling area not larger than 2500m2 (0.25 hectare ~ 0.6 acre).  Such a sampling area should also prevent oversampling of the population given that previous destructive sampling in the Santa Monica Mountains indicates that shrub densities of 6000 shrub/ha are not uncommon for the species we are sampling.  The final constraint related to simulating the signal received by AVIRIS is that the sample locations need to be at least 50 meters from the nearest road.


 Given our manpower constraints (20-25 field personnel), we are hoping to monitor live fuel moisture at 12 sites, revisiting each site once per month.  In order to reference the measurements to AVIRIS overflights, all samples should be collected within a common two-week window.  Larger temporal scatter may result in less fidelity among the samples to the AVIRIS imagery.  Particular attention must be paid to matching AVIRIS overflights to collection dates during the spring when shrub shoot growth and fuel moisture change is most rapid (Schelsinger et. al., 1982).  The species and edaphic constraints for each of the eight samples are as follows:

1. Adenostoma fasciculatum (chamise), north slope

2. Adenostoma fasciculatum (chamise), gradual slope

3. Adenostoma fasciculatum (chamise), south slope

4. Adenostoma fasciculatum (chamise), south slope

5. Ceanothus megacarpus (bigpod), north slope

6. Ceanothus megacarpus (bigpod), gradual slope

7. Ceanothus megacarpus (bigpod), south slope

8. Ceanothus megacarpus (bigpod), south slope

9. A mixture of coastal sage scrub species: Salvia leucophylla (purple sage) and Artemesia californica (California sage), gradual slope

10. A mixture of coastal sage scrub species: Salvia leucophylla (purple sage) and Artemesia californica (California sage), gradual slope

11. Ceanothus spinosus, north slope

12. Ceanothus spinosus, north slope

The exact sampling locations have not yet been identified, but a list of candidate sites from which the sampling locations is listed below.  More than one sample may be taken from a single location.

1. Dume Canyon Motorway

2. Rocky Oaks

3. Tapia Park

4. Solstice Canyon

5. Los Leones Canyon

6. Ed Edelman Park

7. Leo Carrillo State Park

8. Rancho Sierra Vista


Prior to the onset of data collection, initial site characterization measurements will be made.  Each site characterization will describe the site in detail by enumerating the slope, aspect, approximate size, cover, density, and distribution of shrub species.  In addition, photographs and GPS measurements will also be taken at each site for future reference.  Given appropriate approval by the federal and state land management agencies in the Santa Monica Mountains, sites will be marked with inconspicuous flagging to signal the approximate boundaries of the sampling locations.  In addition, penny nails will be placed on trails to assist field personnel in relocating sites.

Field Techniques

After an area has been selected and flagged for sampling, field personnel will simply browse in a pseudo-random fashion through the sampling area clipping branchwood with foliage from new growth and old growth on the shrub species being sampled.  Branchwood sampled should be no larger than 1/8 inch in diameter.  It may also be convenient for the field personnel to set the mechanical drying oven preheating to between 103(C and 105(C prior to departing for the sampling area. Since the signal received by AVIRIS is dominated by the upper reaches of the shrub, and the fuel moisture is expected to vary vertically, most of the samples should be taken from the upper limbs of each shrub.  An estimate of the vertical variation in fuel moisture will be made prior to the onset of data collection and the results conveyed to the field personnel at that time.  Furthermore, the desire for sampling from the upper reaches of each shrub will have to be tempered by the practicality of trying to take samples from branches that may be up to 3 meters high. Care should be taken so that no more than 2 new growth and 2 old growth clippings are taken from any one single shrub.  In addition, sample material should be loosely arranged within the container, compressing the sample will bias the results.  Old growth and new growth are readily apparent to the naked eye, but field personnel will be trained to distinguish the two during a "sampling orientation".  Current protocols make no distinction between the fuel moisture in the foliage and in the twigs, only between new and old growth.  Based on some discussion with David Weise of the Riverside Fire Lab, he expects that the variability of the foliage measurements to be much higher than the branchwood.  Consequently, we will separate the foliage from the branchwood for both the old and new growth in order to verify this.  If necessary, we can aggregate the results at the conclusion of the experiment.  The foliage and branchwood from the old and new growth should be placed in 4 separate sampling containers.  The mass of each empty container should be recorded in the lab to the nearest 0.1g.  Polypropylene sampling bottles rated up to at least 130( C will be used for storing and weighing the samples.  The use of these bottles is recommended in place of traditional paint cans because of their improved seal. Countryman and Dean recommend taking 3 old growth and new growth samples, each containing at least 25 to 35 grams of sample dry.  Since the mass of the sample dry is only known after the experiment, my own experience is that this translates to approximately 3/4 of a one-quart paint can during the middle summer months.  Altogether 12 samples will be taken at each site: 3 old growth foliage; 3 old growth branchwood; 3 new growth foliage; 3 new growth branchwood.  After the samples have been collected, place them in an ice chest for transport to the laboratory.  Ideally the ice chest will be kept cool enough to keep the samples from physiologically decomposing, approximately 15( C, but not so cold such that the sample is damaged by freezer burn.  Sample bottles sitting in melting water is a particularly undesirable situation, so care should be taken that whatever is used to chill the ice chest does not contaminate the samples (dry ice would be the ideal alternative).

Countryman and Dean recommend that all samples be weighed and placed in the drying oven within 2 to 3 hours of collection.  In addition, all samples should be collected between 11:00AM and 3:00PM in the spring and 11:00AM and 2:00PM in the fall.  Do not collect any samples if the shrubs are wet from rain, dew, or fog.  Prior to departure from the site record the following observations: (a) wet and dry bulb temperature from a sling psychrometer; (b) cloud cover %; (c) condition of the fuels (a descriptive list will be provided enumerating available choices).

Laboratory Technique


The following section is almost verbatim from Countryman and Dean.  Upon arrival at the laboratory, weigh and record each collection bottle to the nearest 0.1g making sure that there is no accumulated dirt on the exterior of the bottle during weighing.  Unscrew the bottle cap and place only the bottle inside of the mechanical drying oven.  The caps can be set aside.  As mentioned above, the oven should be preheated for at least one hour to between 103(C and 105(C prior to inserting the samples.  The samples should be allowed to dry for at least 15 hours prior to removal from the oven.  Upon removal from the oven, seal the bottles immediately to prevent them from absorbing the moisture present in the laboratory.  Re-weighing of the dried samples can only occur after the cans have sufficiently cooled in order to prevent additional error.  Weigh and record the sampling bottle to the nearest 0.1g after cooling.

Logistic Arrangements



If all teams are sampling simultaneously, we will need 114 bottles (12 cans/site * 12 sites).  However, because of the size limitations of the drying ovens we will have to limit the number of sampling crews that can be dispatched during one day.  This will require significant coordination on the part of each sampling team.  Sampling teams of 3 or 4 people may work best.  Each group will be responsible for collecting samples at 2 locations once per month. The two groups travelling to the Ventura County sites, Leo Carrillo and Rancho Sierra Vista, will only be responsible for one site given the additional travel required.  A round trip to any of the pairs of sites identified previously should take 7 hours total, including sampling time.  It is expected that the day will be divided as follows: 2 hours to gather equipment and drive to the first site; 2 hours to collect samples, drive to second site and collect more samples; 2 hours to drive back; 1 hour to weigh and dry the sample.  Each group will also be responsible for returning to the lab the following day to remove the samples from the oven and re-weigh them.
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