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ABSTRACT
The United States (U.S.) suffered from the worst terrorist attacks in 2001, hurricanes in 2004 and 2005, and the disastrous California wildfires in 2003 through 2007.  All these incidents highlight the need to continually improve emergency management responses; incident command, coordination and teamwork processes across all jurisdictions.  This paper will examine wildfire incidents, in the U.S., in the state of California, managed by state and local response agencies. 

Most incidents begin with a single response, within a single jurisdiction.  However, the wildfires in the state of California often crosses multi-jurisdictional boundaries, thus a multi-jurisdictional response at all levels is required to ensure adequate resources and the avoidance of duplication of support and response efforts.  Key to any multi-jurisdictional response, the Incident Management System is used; which must be flexible, efficient, and timely to allow coordination and collaboration of the incident. 

The significance of this paper is outlining the processes used in the state of California to fight wildfires, which has helped save lives and property.  The lessons learned and the associated documentation created by California firefighters could be further adapted to other areas of the world to fight wildfires.  The methods and systems used in California are transferable to other firefighting agencies.  

INTRODUCTION
Wildfires have no boundaries, no prejudices and do not care if they destroy property or lives.  They ravage the earth taking whatever gets in their way.  All countries can be victims of wildfires.  Knowing how to handle wildfires ensuring the resources are available and training updated are key to controlling a wildfire to save lives and property.  
This paper deals primarily with firefighting in California and the U.S.; however, since as stated supra, wildfires are a global concern; this paper will establish the international connection first and then proceed with the discussion on California and the U.S.  Next, document the evolution of firefighting in the U.S. as researched.  Once documented, make recommendations based on the research.
INTERNATIONAL CONCERNS
From the interview with former California Fire Marshal, Ron Coleman (2011), he stated, 
Other countries do not handle wildfires the same.  For example, in France, the fire organizational structure is based on the Navy and Army models, yet under civilian authority.  In Russia, the Army generally is the one to handle wildfires and the British have a civilian structure.

 Wildfires are an international problem and can be a high cost.  The costs range from; equipment and supplies used, to salaries, to loss, etc.  In addition, there can be a high cost in lives, property, etc.  For example, Israel (2011) stated, “Israel suffered 41 deaths on December 3, 2010 because of a wildfire,” MSNBC (2010) reported:

Responding to an unprecedented Israeli distress call, aircraft from Turkey, Greece, Cyprus and Britain dumped seawater and flame retardant on a woodland inferno that has killed dozens, displaced thousands and ravaged one of the Holy Land's most prized forests (p. 1). 

On August 16, 2010, Russia suffered a major wildfire.  As presented in Russia (2010),
A total of 505 existing wildfire hotspots were still blazing on Friday.  While the Emergency Situations Ministry was already announcing that the fires were being brought under control, the heat had sparked new fires at 245 new locations.  To make matters worse, it is primarily in areas contaminated with radioactivity that firefighters still have to battle the flames (p. 1). 


The economic cost of wildfires in New Zealand found that land clearing caused 20.1% of the wildfires and automobiles 16.1% (New Zealand 2011).  The total cost of wildfires from 2002-2007 was $371.5 million (2011).  In the state of California, USA, the total cost of wildfires from 2003-2007, note one year less statistics than New Zealand, fire suppression costs was $1,269.4 billion (CAL FIRE, 2010).  
U.S. WILDFIRE HISTORY

Traditional approaches to manage disasters have often ignored the importance of non-government entities to prepare, mitigate, respond to, recover from and build resiliency in dealing with disasters.  Many of the so-called fathers of incident management had military backgrounds, as the military missions traditionally paralleled the needs of emergency response.  These military men molded and modified military command and control structures to begin to satisfy the needs of civilian agencies needing assistance in a time of crisis.  This adaption process was not seamless, nor did it occur rapidly.  In fact, both emergency services incident command theory and military sciences continue to evolve. 


The beginning of modern day Incident Management Systems (IMS) was born in vastly different areas of the U.S. with one common goal, to serve the people and community to save lives and property.  Today, the Incident Command System (ICS) is a composite of earlier command systems, as many different systems existed over the past forty years.  The unthinkable occurred on September 11, 2001 and changed the concepts, known collectively as ICS, both in the U.S. and around the world. 


In 2003, the Federal Emergency Management Agency (FEMA) recognized that disaster management required a shift from traditional approaches to an all hazards approach to prepare, respond, recover, and mitigate disasters.  An all hazards approach focused federal, state, local, and tribal government entities, as well as, private sector organizations to collaborate across the full spectrum of incidents.  All hazards encompass natural, human-made, and technological occurrences.  The U.S. Homeland Security Presidential Directive - 5 (HSPD-5) document. National Incident Management System (NIMS) provides an approach that requires collaboration among all partners in the community, networking, problem-solving, planning, identifying resources and establishment of incident command systems, as well as resource management and cost planning.  Important organziations to an all hazards approach are; FIRESCOPE, ICS, NIMS; will briefly be discussed. 

FIRESCOPE


Emergency services were performed in the late 1960’s, in the state of California, after devastating wildfires ravaged the southern part of the state.  These studies resulted in the birth of the concept of incident management systems. State and local government agencies knew they needed to address the lessons learned from these wildfires such as clear identification of who is in charge.  As many conflicts arose among fire chiefs and others called officers-in-charge, the California fire service’s answer to the solve problems identified, resulted in a project called “Firefighting Resources of California Organized for Potential Emergencies,” and became known as FIRESCOPE.  The meaning was recently changed to FIrefighting RESources of California, Organized for Potential Emergencies (FIRESCOPE).  


The history of FIRESCOPE took several years to refine and surrounded the need to standardize the emergency management system where responders operate in an ever-changing environment.  There were many issues addressed by California firefighters such as;  use of span of control, established chain of command, joint communications system, no interoperability, and logistics.  FIRESCOPE evolved into ICS by way of an interagency task force from federal, state, and local agencies.  As the ICS framework began to evolve, many agencies outside California began to use, adopt and refine it.  The birth of ICS in the early part of 1970 was a result of the wildfires in California that taxed the response agencies.  Per FIRESCOPE (2011) “The FIRESCOPE program is intended to complete the legislative attempt to unify those various fire agencies together in one voice and direction” (p. 1).  The next section will expand on ICS. 

INCIDENT COMMAND SYSTEM 


The modern day ICS was a spin-off of the ICS developed for the specific needs of large-scale wildfires in the state of California.  Those instrumental in developing the early ICS recognized the problems wildfires posed and that ICS methods are applicable to other common incidents in scope and complexity.  Common factors occur in all disaster and incidents and the reality is that these factors may occur with little or no warning.  Wildfires generally develop rapidly from an incident and may spread instantaneously.  It is important to mention that the evolutionary process of ICS came from FIRESCOPE, The National Fire Academy (NFA) ICS and The Fire Ground Commander System (Phoenix Fire Department).  The melding of these three systems transitioned into the National Interagency Incident Command System (NIIMS).  Although not addressed further in this paper NIIMS became the frontier of a broader system for federal agencies involved in wild land fire management. 


The NIMS (2008, p. 91) ICS organization includes five major functional areas: command, operations, planning, logistics, and finance/administration.  Some law enforcement agencies have modified ICS to include the sixth functional area intelligence and investigations as allowed by NIMS (p. 91).  Simply stated, command is the overall authority with responsibility for an incident.  A single agency is in command, such as fire, police, or Emergency Management System (EMS), with other agencies supporting or by a unified command consisting of multiple agencies. 


Operations are responsible to develop, direct and coordinate tactical actions to support and complete incident action objectives as outlined by the Incident Commander.  As indicated in NIMS (2008), planning involves examining, analyzing, collecting, and disseminating incident data, preparing required incident documentation, creation of an Incident Action Plan, while gathering information to lessen the impact of the incident.  NIMS (2008) states, “The Logistics Section provides for all the support needs for the incident, such as ordering resources and providing facilities, transportation, supplies, equipment maintenance and fuel, food service, communications, and medical services for incident personnel” (p. 107).  The structure of ICS facilitates activities in the aforementioned five functional areas as related to the key concepts of unity of command, common terminology, and management by objective.  The magnitude of the incident may require modular expansion of people, resources, or operational span of control, which may involve a broad spectrum of government-federal, state, local, tribal, as well as Non-Governmental Organizations (NOS) and the private sector involvement.  As such, the incident commander is responsible for the overall incident management.  NIMS (2008) stipulates that “ICS offers flexibility in determining the right structural approach for the specific circumstances of the incident at hand” (p. 53); this is the strength of the methods used. 


 The first arriving fire officer on the scene becomes the Incident Commander until a transition of duties is accomplished.  An Incident Commander’s responsibilities include: developing a strategy to resolve the event; selecting tactics to stabilize the incident; developing an Incident Action Plan; establishing effective command and control; managing incoming resources; coordinating resources; providing for on scene safety of personnel; identifying methodology for the release of information to the media; coordinating with outside agencies; and releasing and demobilizing of resources.  The aforementioned are not all inclusive as large-scale incidents such as a wildfire affect multiple jurisdictions thus requiring a multi-agency response.  Further, a wildfire incident can have multiple areas that are experiencing separate wildfire incidents and thus require multiple Incident Commands due to the various geographical areas affected.


Government agencies are required to use ICS based under Presidential Directive 5.  In February 2003, then President George W. Bush issued Homeland Security Presidential Directive 5 (HSPD-5), “Management of Domestic Incidents.”  HSPD-5 directed the Security of Homeland Security to develop and administer a National Incident Management System (NIMS).  Further, The Homeland Security Act of 2002 (the Act) and HSPD-5 of 2003 mandated the creation of NIMS.

NATIONAL INCIDENT MANAGEMENT SYSTEM


 
As noted by the DHS (2008), “The September 11, 2001, terrorist attacks and the 2004 and 2005 hurricane seasons highlighted the need to focus on improving emergency management, incident response capabilities, and coordination processes across the country” (p. 5).  This became a national initiative after the September 11, 2001 terrorist attacks.  NIMS (2008) methodology; “represents a core set of doctrines, concepts, principles, terminology, and organizational processes that enables effective, efficient, and collaborative incident management” (p. 3).  Building on the all–hazard approach NIMS allows emergency management and response personnel in the U.S. to enhance and manage domestic incidents such as wildfires.  It is important to note that NIMS (2008) stated, “NIMS is not an operational incident management or resources allocation plan” (p. 3).  Additionally, NIMS (2008) indicated, “NIMS provides an organized set of standardized operational structures” (p. 6).  This set of operational structures allows various emergency organizations and agencies to collaborate in an organized, cooperative and integrated method.  Managers and leaders preparedness for an incident includes identification of resources, establishment of priorities, training, and other duties, all which enable a timely effective response.  Leaders within the U.S, who are responsible for public safety decisions, must understand emergency management roles and the associated responsibilities.  NIMS (2008) states, 

NIMS provides a consistent nationwide template to enable Federal, State, tribal, and local governments, non-governmental organizations (NGOs), and the private sector to work together to prevent, protect against, respond to, recover from, and mitigate the effects of incidents, regardless of cause, size, location, or complexity (p. i).

 
DHS (2008), indicates that NIMS provides a framework to standardize emergency management structures, processes, and terminology in each of the following areas: a) preparedness, b) communications and information management, c) resource management, 
d) command and management, and e) ongoing management and maintenance prior to, during, and after an all hazards incidents (p. 7-8).  


NIMS (2008) preparedness relies on, “Effective emergency management and incident response activities conducted on an ongoing basis, in advance of any potential incident” (p. 8.)  In addition, NIMS communication and information management reveals, 

NIMS describes the requirements necessary for a standardized framework for communications and emphasizes the need for a common operating picture.  This component is based on the concepts of interoperability, reliability, scalability, and portability, as well as the resiliency and redundancy of communications and information systems (p. 7).


The NIMS (2008) recognizes “NIMS is based on the premise that utilization of a common incident management framework, will give emergency management/response personnel a flexible but standardized system for emergency management and incident response activities” (p. 6).  The document implies confidence that those asked to implement the system will use the system in a standardized fashion because use of the system is a condition for the receipt of Homeland Security preparedness funding.  NIMS (2008) stated “Homeland Security Presidential Directive-5 (HSPD-5) required all federal departments and agencies to adopt NIMS and use it in their individual incident management programs and activities, as well as in support of all actions taken to assist state, tribal  and local governments” ( p. 3).  NIMS (2008), further requires this use of the requirement as, “a condition for Federal preparedness” (p. 3). 


NIMS (2008), is a comprehensive approach that is “applicable at all jurisdictional levels and across functional disciplines” (p. 5).  This approach per NIMS (2008) provides guidance that, “improves coordination and cooperation between public and private agencies/organizations in a variety of emergency management and incident response activities” (p. 5).  Further, NIMS indicates that the use of NIMS is a mechanism for both government and nongovernment entities to ensure they work collectively on preparedness.  This is accomplished due to NIMS definitions to “standardize mechanisms and establish the resource management process to identify requirements, order and acquire, mobilize, track and report, recover and demobilize, reimburse, and inventory resources” (p. 8). 


 Ongoing management and maintenance is comprised of the National Integration Center (NIC) and supporting technologies.  As stated in the NIMS (2008) document, “the Secretary of Homeland Security, through the NIC, Incident Management Systems Integration Division (formerly known as the NIMS Integration Center), publishes the standards, guidelines, and compliance protocols for determining whether a federal, state, local and tribal government has implemented NIMS” (p. 3).  NIMS reveals that “additionally, the Secretary, through the NIC, manages publication and collaboratively, with other departments and agencies, develops standards, guidelines, compliance procedures, and protocols for all aspects of NIMS” (p. 4).  NIMS (2008) provides the direction for the establishment of a NIC as “The NIC, in partnership with the Department of Homeland Security Science and Technology Directorate, oversees and coordinates the ongoing development of incident management-related technology, including strategic research and development” (p. 8).  Since the 2005 fiscal year, implementation expectations are on an annual basis coinciding with the federal fiscal year from October 1st to September 30th.  Each fiscal year, the states and territories are required to report their jurisdiction’s compliance with the NIMS.  The NIC provides oversight and guidance to all agencies and personnel when applying NIMS and its supporting documentation (p. 8).  Many emergency managers and state and local officials argue that various agencies are able to effectively communicate and collaborate because they have the common discipline of NIMS, including the integration of concepts and the principles of all NIMS components. 

INTRODUCTION TO WILDFIRES
Wildfires are a growing natural hazard in most regions of the U.S. and the world.  They pose a threat to life and property, particularly where “native ecosystems meet developed areas” (USGS, 2010, p. 1).  According to Johnson and Hanson (2004), wildfires can start in many ways; however, human activities cause about 98 percent of fires and people burning debris, household and yard waste cause one-third of all wildfires.  The wildfire season in the U.S. generally extends from March 1st through November 30th (NOAA, 2010).  Wildfires respect no boundaries and impact different jurisdictions, cities, counties, states and often countries.  In the U.S., wildfires destroy lives and millions of dollars in property each year.  

From 2003 to 2009 wildfires throughout the U.S. annually totaled, approximately 457,705 (CAL FIRE, 2010).  Numerous government entities struggle to identify, maintain and budget for resources to mitigate or respond to wildfires (NOAA, 2008).  In the U.S. during 2009, NOAA reported “77,315 fires having burned 5,914,821 acres (2,393,463 hectares)” (p. 1).  The average fire size in 2009 was “76.5 acres (40.0 hectares) per fire” (NOAA, p. 1) and nowhere in the U.S. are wildfires more prevalent than in the state of California, where over five million acres of state land need protection.  The problem that wildfires pose is they are unpredictable, often occur with little or no warning and are a source of economic drain.  A wildfire places a considerable burden on emergency managers and firefighters and historically the reporting of wildfires highlights the suppression costs, federal assistance and loss of structures but does not capture the total economic and ecological impact from a wildfire.  

Wildfires defined by Cambridge University are, “a fire which is burning strongly and out of control on an area of grass or bushes in the countryside” (Cambridge Advanced Learner's Dictionary - online, 2008, p. 1).  The Cambridge University definition does not consider residential fires.  In California, most wildfires impact residential and business areas, resulting in varying degrees of damage and increased costs.     

 Wildland, Wildfire, and Wildland fire, are defined by the California Strategic Fire Plan (2010, appendix E 2-4) as;



Fire Suppression Resources – State, federal, tribal, local and private, equipment and resources, gathered to extinguish and mitigate wildland fires.


Land Use Planning – A comprehensive assessment leading to a set of decisions that



guide use of land within an identified area.


Wildland –Those unincorporated areas covered wholly or in part by trees, brush, grass, or other flammable vegetation. 


Wildfire – An unplanned ignition; unwanted wildland fire including unauthorized human-caused fires, escaped wildland fire use events, escaped prescribed fire projects, and all other wildland fires where the objective is to put the fire out.


 Wildland Fire – Fire that occurs in the wildland as the result of an unplanned ignition.  

The next section will briefly discuss the history of wildfires and their impact to the state of California.

CALIFORNIA WILDFIRE HISTORY
The state of California has an environment with diverse land formations, ecosystems and climate; more than any other state in the U.S. (Rahn, 2009).  However, the past rapid population growth has increased the demand for housing, and thus, intensified the interface between the urban sprawling and the desires to maintain wild lands.  As a result, California experienced over the years a significant increase in the intensity of wild fires.  Since 1970, California experienced an increase in fire intensity.  Rahn (2009) indicated “from 1975 to 2002, an average of 132,000 acres burn in California annually . . . of the twenty largest documented fires in California, half have occurred since 2000” (p. 1).  Wildfires are normal throughout California in the summer and fall as temperatures rise and rainfall drops, causing vegetation to die off and provide fuel for combustion.  The California Fire Marshal (2011) argues that ignition of fires by natural sources like lightning, or through human activity are common causes.  Often fueling these fires is the arrival of the infamous Santa Ana winds.  Further, the combination of high temperatures, low humidity and a large quantity of dry fuel, some of which had not burnt for decades, allowed a few of the normal fires to quickly explode out of control even though there was a lack of winds to spread the flames.  The startling trend of wild fires in California places an increasing demand on emergency responders to be able to limit the overall impact of wild fires, thus the need for an effective and efficient ICS.   

Historically, the response to wildfires focused on establishing and defending a perimeter, (Rahn, 2009).  As witnessed in the last several years, response efforts focus primarily on protecting residential communities.  As state, local and federal emergency agencies have unique responsibilities for wildland fire protection services; they rely on the integration and coordination of multiple agencies to maximize firefighting resources.  In a state as large and populated as California, no one emergency response agency can do it all.  That is why cooperative efforts via contracts and agreements between state, federal and local agencies are essential in response to emergencies like wildland and structure fires, floods, earthquakes, hazardous material spills, and medical aids. 


The California Department of Forestry and Fire Protection (CDF or CAL FIRE) was the State of California's agency responsible for fire protection in state responsibility areas of California as well as the administration of the state's private and public forests.  The CAL FIRE evolved into California Emergency Management Authority (Cal EMA).  The Cal EMA cooperative fire protection program staff is responsible to coordinate those agreements and contracts.  Their cooperative efforts allow fire engines and firefighters from different agencies at the scene of an emergency, to work effectively under a unified command relationship.  There are agreements that Cal EMA may be the department responsible for providing dispatch, paramedic, fire, and rescue services in numerous cities and towns not designated as state responsibility throughout California.  Under the California Master Mutual Aid Agreement, Cal EMA assists other fire departments within the State when Department resources are available, regardless of the type of disaster.


 Cal EMA can also access the local government fire departments through the same agreement for assistance in wildland fire suppression.  The Governor's Office of Emergency Services (OES) can also request that CAL EMA assist with non-fire emergencies when the Governor has declared a State of Emergency.  For example, CAL EMA provided flood-fighting crews and incident management; and logistical support services during the Northridge earthquake of 1993 and for the statewide floods of 1997.  When wildland fires over extend the state resources, agreements with the California Military Department (CMD) provide for California National Guard resources.  Cal EMA’s size and their major incident command experience, is why the department pursues CDM’s assistance.  In some instances, CMD took the lead in disasters, including the Northern and Central California floods 1997, 1998, and 2006; the 1994 Northridge earthquake in Southern California; the 1989 Loma Prieta earthquake in the Bay Area; the 1991Tunnel Fire in the Oakland/Berkeley Hills; the 2003 and 2007 Southern California Fire Sieges.
In the state of California emergency service agencies have various missions, ownership responsibilities, and land management objectives, thus a one-size-fits-all approach to prevention and mitigation strategies does not work.  The use of ICS reduces the duplication of firefighting resources by statutory mandate, guided by interagency agreements.  The uniqueness of the state of California, poses challenges to balancing urban growth and conservation of land.  The continued population growth, changing land use, drought and other shifts in climatic conditions, and ecosystems continue to cause changes to existing protocols and procedures to protect people and property.  Further, the aforementioned conditions will allow wildfires to continue to be a significant part of the California landscape.  Figure 1 (p. 32), titled Priority Landscape provides a pictorial view of the state of California ecosystem that is highly protected to land that is minimally protected.


As detailed in the map of the state of California Figure 1, protection of ecosystems is a key concern to the State of California.  Also, important is fire safe land use planning.  Dargan (2010) held that California’s large-scale land use planning tools include the state-required General Plans that cities and counties adopt and use to guide local development policy.  Further, by state law, each General Plan must address wildfire safety if jurisdiction has any designated Fire Hazard Severity Zones.  

In 2007 in the city of San Diego, the fire called the Witch Creek Fire moved rapidly from 28 miles inland to the coast “consumed 197,990 acres – about 300 square miles – from Witch Creek to Rancho Santa FE, destroying 1,634 homes, business and other buildings, as well as 2 deaths” (Witch Fire, 2007).  In the U.S., the telephone system design enables anyone with a telephone to call 911 and can get emergency services.  The 911 system allows for reversing this facility.  The reverse 911 system allows emergency personnel to record a message of emergency and send it to every home and business in a geographical area.  Thus, if a person were home and not aware of the wild fire and that they were in the path, they merely had to answer their phone.  The fire moved so swiftly that the telephone emergency system, using reverse 911 only gave residents minutes to evacuate.  In spite of the rapidly moving fire and very short notice, reverse 911 saved many lives.  Today, use of 112 is used as it also includes cell phones that are provided by phone companies to residents.  


“The unusual disconnect between the camp and those leading the attack on the biggest fire in county history is evident in dispatch logs that reveal scant contact between the Mt. Gleason crews and the command center” (LATimes, 2009).  The introduction of Graphical Information System (GIS) using Graphical Positioning System (GPS) logistics would facilitate the accountability of resources.  As far as improvements to help the function of FIRESCOPE, the ability to continually update and procure radio frequencies for everyone fighting a wildfire.  All radios having a strong interoperability capability would be an asset.  Ron Coleman (2011) stated,  
 FIRESCOPE currently uses Geographical Information Systems (GIS) to determine from the main office, direction of the wind; scope geographically and gather other relevant data during a fire.  After a fire, use of GIS allows for the review areas damaged and assessments as to what might be done to prevent damage in the future.  
The next section will briefly discuss the costs and devastation associated with wildfires.
COST AND DEVASTATION OF WILDFIRES
There are many different costs associated with wildfires, more than merely suppression costs (Rahn, 2009).  Globally wildfires affect ecosystems, infrastructures, businesses, people as well as national and local economies.  Costs can range from property loss to impacts on the environment, as well as, infrastructure.  Initial wildfire costs do not necessarily reflect the true cost of a wildfire, which can be far greater due to recovery and replacement.  CAL FIRE (2010) stated that in California, from 1975 to 2002 the average cost of fire suppression was  $94.7 million, but from the years 2003-2007 the total cost of wildfire suppression costs rose to over 250 million per year as reflected in Table 1 (p. 31).  

The number of annual wildfires in California has fluctuated over the past 20 years.  The San Diego region from 2003 to 2007 experienced larger and more intense wildfires (Rahn, 2009, p. 3).  In 2003, California had an unprecedented fire season with three main fires in San Diego County, Cedar, and Paradise.  The economic impact to the San Diego region in 2003 calculated out at $ 365.5 million (Rahn, p. 9).  Unfortunately, just four years later San Diego found itself experiencing another devastating fire in 2007.  Many lessons learned from wildfires have helped to improve ICS.  Figure 2 shows the average wildfire by decade for California and the type of acreage destroyed.  As depicted in Figure 2 (p. 33), which is chaparral and coastal sage scrublands dominate much of the region and often may fuel these wildfires.  


Major natural causes of wildfire ignitions are volcanic eruptions, sparks from rock falls, lightning strikes, and spontaneous combustion.  Humans start many wildfires.  These include arson, campfires, cigarettes, sparks from equipment, and power lines.  Depicted in Figure 4 (p, 37) are the causes of wildfires in California.  This figure reflects that what was found to be the main cause in 1989 has changed over the past years from 2003-2009.  Equipment appears to the main cause.  In addition, it indicates that playing with fire generated most of the wildfire activity.  The other causes category does not allow for the capture of precise data.  Unexplained “other” causes could include debris burning, nature rather than a cause of humans, dry hot conditions, and farming.  

Assessing Economic Impacts 


Based on recent history of the severe and intensity of wildfires and the propensity that they will continue; it made sense to conduct a partial economic analysis based on cost by acre and impact to area.  As there are many different, expenses associated with a wildfire and unfortunately actual data is often lacking.  While this paper attempts to be comprehensive, we recognize that not all information and data are available for this analysis.  Ultimately, the authors will provide recommendations to support future wildfire research.  Examination of six major wildfires in the U.S., compare suppression costs and tactics to cost totals.  Some wildfires, but not all include, although not limited to the cost of personnel, equipment, materials, vehicles, aircraft, helicopters, and machinery.  Damage to property, whether direct or indirect, is often hard to calculate.  The losses during a large-scale wildfire can include; pets, crops, livestock, environmental damage, and human life, which often have a dollar amount.  Figure 8 (p, 42) details the cost per acre by year. 

The cost per acre varies significantly, as there are many different factors involved.  Various factors may include the cost of equipment such as, water dropping craft, or assistance from other states, to property damage versus vegetation loss and more.  Another example could be the increase in acres burned, variation in climate and weather patterns from year to year, which could help explain the increase in total wildfire suppression costs.  Importantly, it does not provide a complete or accurate picture.  Even after accounting for most factors, there is still a systematic upward trend in total expenditures for wildfires.  This trend is increasing the overall cost; supporting data may not be available to the public that would allow accountability for the expenditures.  It is unknown as to what other factors are adding to the increasing costs of suppression. 

One factor often blamed for the recent increases in suppression costs is a more complex fire-fighting environment due to higher population density.  Homes built in the wildland-urban interface, are among the most obvious property at risk from wildland fire.  Threatened structures surely affect suppression decisions and are an expensive resource to protect.  The increase of expenditures to protect private property and homes in the wildland-urban interface are costing more, although not quantitatively derived in this paper.  The location of the wildfire is a key element.  In sparsely populated areas where there are minimal buildings and homes, the cost to fight and contain a wildfire can decrease. 

Another increase in suppression costs can be more intense wind, intense heat, the strength of the winds, how they can change suddenly due to terrain, the weather and its variability.  For example, when the Malibu wild fire of 2007 was out of control, nighttime did not bring the cooler temperatures, nor did the wind laydown; all contributing to the inability to gain the upper hand and take control of the wildfire.  Thus, the continuing raging fire after dark brought added difficulty.

Wildfires Impacts on California 


In 2008, California wildfires came in the summer and again in November.  “The summer of 2008 had over 2,780 individual fires, affected large portions of forests and chaparrals in California and in November 500, houses and mobile homes were destroyed and the area burned reached 801,726 acres” CA Fire, (2003).  According to USA Today (2009), “the November fires
together with the October 2007 California wildfires were the worst California wildfires in two decades.”


In 2009, there were 63 California wildfires (CA Fire, 2003).  Further, the fires burned more than 336,020 acres (525 sq. mi.) of land from the beginning of July through late November.  Specifically in 2009, the Los Angeles' wildfire, which began on August 26th  and was contained on October 16th, burned an estimated 160,577 acres, making it the largest and longest lived fire in Los Angeles County's recorded history, and the tenth largest fire in California history since 1933 (NOAA, 2010, p. 1).  When the Los Angeles wildfire finally ended, the fire destroyed 209 structures, including 89 homes, and claiming the lives of two fire fighters (p. 1).  At the height of the fire, it had threatened an estimated 12,000 structures, including the historic Mount Wilson observatory and dozens of critical communications towers (2010).  Table 2 (p. 31) details Wildfire Total Fires and Acres Comparison from 2003-2008.

Figure 4 (p. 35) provides a comparison of the number of fires throughout all 50 states in the U.S. versus the number for fires in California over a six-year time period.  The two years, 2006 and 2007, reflect an increase in CA fires and a decrease in National fires to where CA fires contributed 31% of all fires in the entire U.S.  The last year, 2008, reflects the acreage affected in California, was nearly 1/3rd of the total internationally.


Figure 5 (p. 36) reflects the overall acres burned in California.  As a result, this chart reflects both wildfires and regular fires versus the total number of structures destroyed and the number of fires.  The correlation between the acres and fires if taken between the 2003 and the year 2007 seems to reflect that fires are high no matter the number of acres burned.  Yet if you look at the associated structures destroyed, it provides a different perspective.  The year 2003 resources suffered greatly due to the large: number of acres burned, number of fires and number of structures burned.  Yet in 2008, the amount of acreage was high, yet the structure loss was much less and the cost per acreage from Chart 5 (p. 39) was nearly $1,000.  This might reflect that it was more wildland or forestry involved.  While in 2005 the cost per acreage from Chart 5 was nearly $2,500, yet the acreage was very small.  This indicates it may have been a more populated or business area.  


The ability to predict costs and the number and severity of wildfires in CA is difficult from year to year.  Due to some years not being as devastating, residents become lax in their clearing of shrubbery from their land. Thus, when not battling fires, the fire department works with communities to inspect properties and get needed vegetation cleared, instruct residents and to how to make their property more fire resident to working on new regulations that will help protect and reduce the fuel needed by wildfires.


Figure 6 (p. 37) reflects how one year to the next can change drastically regarding acres destroyed by wildfires in California.  The unpredictable changes, from one year to the next, result in a ripple effect that affects planning and budgeting.  An inability to accurately predict wildfires; makes it difficult from year to year to plan labor, equipment, etc., let alone funding.  

Figure 7 (p. 38) reflects that there is no direct correlation between cost per acre and total acres burned.  The reason for this is the location and direction of the wildfire.  At times, the wildfire has headed into a more deserted area and others times, such as in San Diego, 2007 it raced from inland to the coast, taking most homes and other structures in its path   This fire raced so quickly that the emergency reverse 911 electronic telephone call system was invoked to immediately notify residents to evacuate now.
INTERVIEWS
Two interviews conducted in order to obtain information about the creation and evolving nature of FIRESCOPE and NIMS.  Both interviews provided insight and a greater understanding of the dynamics of command and control during a wildfire.  The first interview was with Chief Art Nevarez.  Chief Nevarez was responsible for FIRESCOPE training for Orange County California from 2005 through 2010 as well as being involved in the updates regarding regulations that pertain to FIRESCOPE.  Chief Nevarez currently is reassigned Battalion Chief, Orange County Fire Authority.  The second interview was with recently retired California Fire Marshal Ron Coleman.  He was one of the creators of FIRESCOPE and has extensive experience fighting wildfires. 

RECOMMENDATIONS
Due to the changes in climate and the increase in frequency of natural disasters, public service officials, including fire fighters should move closer to adopting a U.S. nationally agreed to language for all hazards emergencies.  The mandatory adoption of common terminology at all levels of government may help prevent confusion and loss of life and property in an emergency.  For example, on the U.S. East Coast, if firefighters are in an emergency, they use the International Calling and Distress signal, “Mayday.”  In California, fighters say, “Fire Fighter Emergency.”  Since firefighters come from throughout the U.S. and may someday come internationally, terminology used could create a problem.  Currently firefighters from neighboring states; have responded and are familiar with the California FIRESCOPE operations and terminology used.  Consideration might be to establish a common language nationwide and use the International Calling and Distress signal and language.  Currently, the communications terms and phrases used are the normal communications of the local agencies.  Thus, the same language, verbiage used, to explain an incident or in the case of an emergency, to get the attention of others as well as to ensure procedures are followed.  This could save lives if an emergency arises, you need to act quickly everyone must understand what is being said so they can respond appropriately.
Research attributed to fires remains an ongoing process.  In addition, continual assessment and attention to the environmental effects is necessary to prevent subsequent damage.  Soil conditions, drainage, terrain, preventative measures all need to consideration.  The improved processes all contribute to long-term cost avoidance
There are two elements potentially missing in ICS.  These elements are the ability to maintain immediate communications with fire fighters and police who are in dangerous areas and be able to ensure their safe egress.  As part of the expanded use of GIS systems Ron Coleman (2010) indicated that, “currently Automated Vehicle Location (AVL) and Individual Vehicle Location (IVL) are in stages of development.”  This development needs to continue ad become incorporated as a standard feature in larger firefighting assets not just vehicles; this would include major supply caches.
The advent of technology and it is usage is constantly changing as noted by NASA (2011), which reported,
By studying shrub-lands prone to wildfire in southern California, scientists found that NASA earth observations accurately detected and mapped two key factors: plant moisture and fuel condition - or greenness - defined as the proportion of live to dead plant material.  Moisture levels and fuel condition, combined with the weather, play a major role in the ignition, rate of spread, and intensity of wildfires (p. 1).

Further, the NASA study can lead to possibly faster control and an increase in saving both lives and property.  The study further indicated,

. . . information from sophisticated satellites and instruments have recently allowed scientists to quickly determine the exact location of wildfires and to monitor their movement, this geoscience research offers a step toward predicting their development and could complement data from National Oceanic and Atmospheric Administration weather satellites used to help calculate fire potential across much of the United States (p. 1).

The ability to use satellites and other instruments allows firefighters to focus resources in the critical areas and police to be proactive in evacuations.  Satellite communications help reduce costs due to the ability to know where the fire is going, what to expect and act accordingly.  Future use of this study and associated analysis could result in better interoperability and coordination as vetted in global Incident Management.

CONCLUSION
The agencies including, but not limited to fire, police, hazmat, rescue teams, paramedics, etc. work closely together and maintain communications at all times under FIRESCOPE.  FEMA, NIMS, ICS and FIRESCOPE are important, as these agencies are all inter-related.  The agencies overall objective is to save lives, minimize damage to property, and put out the fire in a safe, efficient and coordinated manner.  When needed, catch the person(s) who started the fire, perform the needed forensics and provide a solid prosecution.

If a fire is out of control and managed under FIRESCOPE, there is concern for life, property, animals and nature as well as hazardous elements, such as propane tanks, downed electrical lines, gas leaks, etc.  The rules and regulations of FIRESCOPE are concerned with public safety; when not heeded, the safety of individuals are jeopardized and in some cases lives lost.  The failure of the public to heed police and firefighters is a major concern.  Responders do their best to bar the public from proximity of wildfires and the fire’s potential movement.  

Wildfires can cover a tremendously large geographic location; they are dangerous, move rapidly and are unpredictable.  Inherent complexities require multiple organizational resources, present varying challenges, and agile responses of all involved, to deal with an incident, which can be a difficult and potentially deadly.  Weather conditions, public involvement, prior and subsequent incidents all effect the current incident situation.  The job performed using the methods identified and the organizational approach of ICS is complex and requires agility due to the rapid changes enumerated supra. 

The boundary of a wildfire constantly moves, sometimes very swiftly as it continues its path of destruction.  When a fire escalates to a wildfire and necessitates heavier equipment and/or airdrops the ICS invokes the NICC.  “NICC has four functional areas: equipment and supply dispatching; overhead and crew dispatching; aircraft dispatching; and intelligence and predictive services” NIFC (2010).  Responders using ICS need to be aware and proactive in their assessment of when to contact NICC to help control a wildfire.  Depending upon the situation and location within the US, it could take 12-24 hours to provide the additional resources onsite.  The reason is not one of taking action, but the time it takes to fly in equipment, procure special equipment, additional water dropping aircraft and/or personnel from across the country.  A greater burden is on the fire, police and all other participants when there is a delay in response.  Exhausted resources and control of the wildfire escalate the risks involved.  The ability to plan is very important not just for the agencies, but for the residents.

Overall, Wildfires can cover a tremendously large geographic location and are unpredictable.  They are complex requiring multiple organizational resources and present varying challenges and agile responses of all involved.  This can be a difficult and potentially deadly condition.  Add to it the weather and public and the complications can grow exponentially.  The job done using the methods explained and the organized approach of NIMS, ICS, and FIRESCOPE is difficult, fast paced, and heroic. 

Final Note    
The recommendations and conclusions in this paper target California and the United States.  The concepts of ICS and its usage are not unique to the U.S.; are used by many countries around the world, they are not; however, used universally.  The authors would propose forming an international agency to promote standards for all areas of incident management (in communications, equipment and fittings, etc.) with special focus on wildfires, as they are prevalent around the globe.  This organization would work with existing international organizations whose missions are oriented toward humanitarian aid like the International Red Cross.  This new organization would collect funds that support a mission of cooperative standards and resources as proactive measures to use when an incident occurs.  One of the overarching concepts would be to build an apolitical organization from the ground up to allow for limited bureaucracy and redundancy of efforts.  The head of the organization would be one person appointed by a governing board comprised of representatives from the existing international organizations.  In time, the goal is to streamline all existing entities into a collaborative structure that is more efficient and productive.  
REFERENCES
CA Fire (2003).  California Department of Forestry and Fire Protection.  Retrieved from http://www.fire.ca.gov/fire_protection/fire_protection_fire_info_redbooks.php.

CAL FIRE (2010).  California Departement of Forestry and Fire Protection.   Retrieved from 
http://www.fire.ca.gov  
CAL FIRE Statistics (2011).  California Departement of Forestry and Fire Protection Statistics.  
Retrieved from 

http://www.search.ca.gov/search?q=total+fires&output=xml_no_dtd&site=ca_calfire&client=ca_calfire&proxystylesheet=ca_calfire
California Fire Marshal (2011).  State of California Office of Fire Marshal Annual Report (2009)   Retrieved from http://www.osfm.fire.ca.gov/

Cambridge Advanced Learner's Dictionary, (2008, 3rd ed.).  Cambridge University Press. 

Chief Nevaez, A. (personal communication, February 20, 2011)
Coleman, R. (personal communication, February 21, 2011)

Dargan, K. (2010).  Shaping the California Wildfire Battlefield.  Fire Engineering.  Retrieved 
from  http://www.FireEngineering.com.
DHS (2008).  National Incident Management System.  Washington, DC: Department of Homeland Security.

Fire Research Report (2009).  New Zealand Fire Service.  Retrieved from

 http://www.fire.org.nz/Research/Publishsed-Reports/Documents/FINAL%20-


%20BERL%20(2009)%20The%20economic%20cost%20of%20wildfires.pdf  99; 

FIRESCOPE (2011).  What’s New.  Retrieved from  


http://www.firescope.org/whats-new/whats-new.htm 

FIRESCOPEa (2011).  About Us.  Retrieved from  www.firescope.org/about-us.htm

HSPD-5 (2004).  Homeland Security Presidential Directive 5.  Retrieved from  http://www.fema.gov/pdf/emergency/nims/NIMS_core.pdf  

Johnson, D., Hanson, M. (2004).  Understanding Wildfire Behavior in Michigan.  MDNR Forest, Mineral and Fire Management Division, Wildlife Series.  Michigan State University Extension. 

LA Times (2009).  Retrieved December 13, 2009 from: http://www.latimes.com/news/local/la- 


me-station-fire31-2009dec31,0,5759182.story?track=rss  

MSNBC (2010).  World helps fight Israel’s worse-ever wildfire.   Retrieved from http://www.msnbc.msn.com/id/40488138/ns/world_news-mideast/n_africa/

NASA (2011).  National Aeronautics Space Administration.   Retrieved 1/7/11 from  


http://www.sciencedaily.com/releases/2006/12/061220143843.htm  

New Zealand (2011).  Fire Research Report.  Retrieved from 
http://www.fire.org.nz/Research/Publishsed-
Reports/Documents/FINAL%20-
%20BERL%20(2009)%20The%20economic%20cost%20of%20wildfires.pdf

NIFC (2010).  National Interagency Fire Center.  Retrieved from
http://www.nifc.gov/about_nifc/tour.htm

NIMS (2008).  National Incident Management System.  Retrieved from

http://www.fema.gov/pdf/emergency/nims/NIMS_core.pdf

NOAA (2010).  National Oceanic and Atmospheric Administration, (2008).  Retrieved from
http://www.ncdc.noaa.gov/sotc/fire/2008/13

Rahn, M. (2009).  Wildfire Impacts.  Fire Impact Analysis.  Retrieved from 
http://newscenter.sdsu.edu/sdsu_newscenter/images/rahn2009fireanalysis.pdf

Russia (2010).  Covering Up the Wildfires: The Kremlin's Smokescreen.  Retrieved from  


http://www.spiegel.de/international/world/0,1518,711985,00.html

USA Today (2009).  Shifting winds may help California firefighters.  Retrieved from   


http://www.usatoday.com/weather/wildfires/2007-10-23-wildfires_N.htm 

USFA (2011).  U.S. Fire Administration.  Retrieved from 
http://www.usfa.dhs.gov/statistics/estimates/wildfire.shtm  
USGS (2010).  U.S. Geological Survey.  Retrieved from 
http://www.usgs.gov/hazards/wildfires/ 

Witch Fire, (2007).  Witch Fire. Retrieved from


http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=225

TABLES
Table 1:   California suppression costs by year
	   Year
	  CA Fire Suppression Cost

	    2003
	       252,300,000

	    2004
	       170,100,000

	    2005
	       117,000,000

	    2006
	       206,000,000

	    2007
	       524,000,000

	  TOTAL
	    1,254,000,000




                Compiled from CA Fire (2010)
Table 2:  Wildfire total fires and acres comparison (2003-2008)  
	
	TOTAL California
	TOTAL Nationwide
	Cal/Nationwide %

	Year
	Fires
	ACRES
	Fires
	ACRES
	Fires
	ACRES

	2008
	6,255
	1,593,690
	77,772
	5,159,907
	0.08
	0.31

	2007
	6,043
	1,520,362
	85,705
	9,328,045
	0.06
	0.16

	2006
	7,855
	863,345
	96,385
	9,873,745
	0.08
	0.09

	2005
	7,237
	279,214
	66,753
	8,689,389
	0.11
	0.03

	2004
	7,898
	311,024
	65,461
	8,097,880
	0.12
	0.04

	2003
	8,287
	965,770
	63,629
	3,960,842
	0.13
	0.24

	Totals
	43,575
	5,533,405
	455,705
	45,109,808
	
	

	Total ACRES
	CA
	101,534,080
	US
	2,379,964,800
	
	0.04


Information was compiled from various locations from within CAL FIRE, (2010)  

FIGURES
Figure 1:   California protected ecosystems
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Figure 2:  Average wildfire acres destroyed by decade


California Fire Marshal Annual Report, 2009, (p. 8)
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Figure 3:  Number of wildfires by cause
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     CAL FIRE Statistics (2011)
Figure 4:  Cost per acre by year
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                  Note: no cost per acre was provided in 2007.  
  CAL FIRE, (2010) aggregated information 

 Figure 5:  California fire suppression cost and dollar damage
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           CAL FIRE (2010) aggregated information
 Figure 6:  National and California acres burned
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            CAL FIRE (2010) aggregated information 

Figure 7:  California acres, fires & structures destroyed        
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       CAL FIRE (2010) aggregated information 

Figure 8:   California cost per acre
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      CAL FIRE (2010) aggregated information 
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