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As wildland fires increase in frequency and severity while continuing to 
burn into the wildland-urban interface, successful management becomes 
paramount to minimizing environmental, human, and economic impact. 
Wildland fire management relies on effective communication of critical 
information between many people across multiple agencies, both in the 
public and private sectors.


Safety is the number one priority in wildland fire response and real-time 
tracking of personnel and resources to support operational and logistical 
decision-making is imperative to keeping people safe and carrying out an 
effective wildland fire response. The dynamic and ever-changing nature of 
wildland fires require rapid and detailed coordination of personnel in 
short time frames.


In our research, we identified that a pain point in wildland fire 
communications is the bottleneck of radio communications as the only 
source of real-time information. There is an abundance of potentially 
useful data that could be communicated and radio is usually not the 
optimal format. There are many reasons for this, including the lowest 
common denominator for interoperability with multiple agencies at the 
local, state, and federal levels working together what each agency is 
responsible for and the structures of these organizations. Also, radio 
communications are the only reliable and cheap source of communication 
in wilderness areas with little to no connectivity.


The types of data that are important to wildland fire personnel include 
things like where and how the fire is progressing, where the firelines are 
being built and if they are successful, where air tac should drop fire 
retardant, when reinforcements are coming in, weather information, etc. 
In doing our competitive analysis, some products do proliferate this 
information, but it is often not implemented because of costs, 
interoperability, connectivity, and adoption hesitation.


In the following pages, we outline our research process and findings to 
prove these pain points, and discuss their implications for next steps in the 
design process.

Communications in Wildland Fire
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As wildland fires increase in frequency and severity, 
successful management becomes paramount to 
minimizing environmental, human, and economical 
impact. Wildland fire management relies on effective 
communication of critical information between many 
people across multiple agencies, both in public and 
private sectors. 

identified the importance of tracking personnel and 
resources for safety and operational decision-making 
to carry out an effective wildland fire response. 


There are a variety of existing products and services to 
address this need for resource tracking and access to 
critical information.

Agencies

Guidelines and standards Tragedy Fires

interagency coordinationAbout Wildland Fire
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Image credit: https://lasvegasweekly.com/ae/film/2017/oct/19/only-the-brave-fails-to-translate-real-heroism/

DEFINITION OF 

WILDLAND FIRE
“Wildland fire is a general term describing any non-structure fire that 
occurs in vegetation such as trees, grasses, and shrubs. Structure fires 
are composed of human-made objects like buildings or cars. There are 
essentially two main categories of wildland fire – wildfire and 
prescribed fire.”



- National Park Service (U.S. National Park Service, 2018)



Prescribed fires are fires that are intentionally planned and managed 
by fire managers for specific purposes, such as managing natural parks 
and landscapes. To be inclusive of all non-structural fires, the term 
“wildland fires” is often used now instead of just “wildfires.” 
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Wildfire Prevalence

Environmental, Health, 
Economic Impacts


Complexity of Wildfire 
Management


negatively affects people’s cardiovascular health 
(Burke et al., 2020; Miller, Molitor, & Zou). These 
consequences have enormous financial repercussions, 
ranging from direct costs of fire suppression efforts 
and property repair to indirect costs of healthcare use 
and spending (Burke et al., 2020; Miller, Molitor, & 
Zou; Palliser, 2012).

Wildfires are becoming more intense and frequent 
across the globe due to climate change, increased 
development in wildland urban interface, and 
accumulation of fuel loads from prior fire suppression 
efforts (Burke et al., 2020; Higuera & Abatzoglou, 
2020). In 2020, more than 57,000 wildfires have 
burned 10.3 million acres of land across the United 
States, which marks the highest record of acreage 
burned in a single year. Nearly 40% of the total acreage 
burned occurred in California alone (Hoover & Hanson, 
2021).

The impact of wildfires is enormous. Wildfires threaten 
community property, infrastructure, and individual 
lives. They damage the environment by endangering 
animals, changing the soil and water chemistry, and 
emitting green-house gases (Jaffe & Wigder, 2012; 
Neary, Ryan, & DeBano, 2005; Smith & Lyon, 2000). 
Additionally, smoke from wildfires pollute the air and 
can travel thousands of miles away from the incident 
site, exposing multiple cities to particulate matter that 

However, managing wildfires is a complex task that 
involves multiple agencies and people at the local, 
state, and federal level to contain a wildfire. These 
include coordination, cooperation, dispatch, and 
incident management between and within agencies 
(National Interagency Fire Center, 2021). As a result, 
accurate and effective inter- and intra-agency 
communication of critical information becomes 
paramount for responders to assess and respond to 
their situation appropriately. However, current 
literature suggests that the predominant challenge in 
wildfire communication is the abundance of 
information that strains existing management and 
communication systems (Manoj & Baker, 2007).

Number of acres  burned annually in California wildfires.  Each 
square represent 50 ,000  acres.  (PBS)

2019 20202018

More than 3,154,107

acres as of Sept. 14

20172016201520142013201220112010
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Coordination Center (NICC) will step in to coordinate 
and mobilize additional resources in GACCs across the 
country. The national level of interagency coordination 
and mobilization supports the difficult challenge of 
distributing resources in heavy fire seasons where 
there may not be enough to go around. In order to do 
so effectively, overarching direction and priorities are 
set by the National Multi-Agency Coordinating Group 
(NMAC), consisting of fire managers from each agency 
in the NIFC. (National Interagency Fire Center, n.d.-b)

Interagency Coordination
Resource mobilization
National interagency coordination occurs on a 
three-tier system at local, geographic and national 
response levels. Initial response to an incident occurs 
locally at one of 400 dispatch centers using local 
resources (crews, equipment, aircraft). If the incident 
is or grows beyond local capabilities, additional help is 
brought in from one of ten Geographic Areas (GACC) 
across the nation. Each GACC provides its additional 
resources from the area to aid in the fight against fire. 

Finally, once an incident outpaces the efforts at both 
local and geographic levels, the National Interagency 

GACC

NICC

Local

Resource mobilization in wildland fire management occurs at the 
national (NICC), geographic (GACC), and local levels. 
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Photo from USFS  // https://www.moabsunnews.com/news/article_9b01885c-b280-11ea-a0de-1337eed11413.html 

Agencies involved

National

National Interagency Fire 
Center (NIFC)
The National Interagency Fire Center (NIFC) is the 
national support center dedicated to providing 
leadership, oversight, and coordination to agencies 
involved in wildland firefighting. It is jointly led and 
comprised different agencies across the Department of 
the Interior (DOI) and other partnerships. Interagency 
cooperation facilitates effective distribution of 
supplies, equipment and personnel, and standardized 
policies, information-sharing and training. 


Located in Boise, Idaho, the NIFC campus consists of 
55 acres supporting refurbishment and storage of 
firefighting equipment, aircraft operations, and 
administrative oversight over wildland fire and other 
emergency response (e.g. floods, hurricanes, 
earthquakes, riots, terrorist attacks). They also 
maintain 16 National Incident Support Caches of 
equipment and materials across the country. 


(National Interagency Fire Center, n.d.-a)




Image: https://dffm.az.gov/fire

Female CCC Corpsmembers, including Anna Atkinson (forefront) create a fire break near Lake Mathews in Riverside County. // 
https://energized.edison.com/stories/all-female-crew-pursues-careers-in-firefighting 

09

Research Report Introduction

Communications in Wildland Fire

NIFC partners

NIFC also works with the following partners

 National Association of State Forester
 U.S. Fire Administratio
 National Weather Service
 Department of Defense (liaison) 


NIFC Membership

 Bureau of Indian Affair
 Bureau of Land Management (BLM)
 U.S. Fish and Wildlife Service
 National Park Service
 U.S. Department of Agriculture Forest Service 

(USDA Forest Service)



10

Research Report Introduction

Communications in Wildland Fire

Geographic

The NICC can be further divided 
into nine Geographic Area 
Coordination Centers (GACCs):

 Northwes
 Northern C
 Southern C
 Great Basi
 North Rockie
 Rocky Mountai
 Southwes
 Easter
 Southern


(National Interagency 
Coordination Center, n.d.)


Image: https://www.nature.org/en-us/about-us/where-we-work/united-states/

https://inciweb.nwcg.gov/incident/photograph/6387/63/93310
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Image: https://www.nature.org/en-us/about-us/where-we-work/united-states/

Incident Information

Logistics/ Dispatch

Predictive Services

Administrative

 Large fire informatio
 Large fire map
 All-risk incidents

 Dispatc
 Aviatio
 Crew
 Equipment/ supplies
 Overhea
 All-risk support


 Intelligenc
 Weathe
 Fuels/ fire dange
 Outlook
 Maps/ imagery/ geospatia
 Fire analysis

 Emergency evacuatio
 Coordinatio
 Policy and report
 Safety and incident managemen
 Softwar
 Training



(National Interagency Coordination 
Center, n.d.)


Functions of the GACC
Each GACC provides data, information, 
support in the following areas for their 
region: 
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Charlton County, GA, May 18, 2007 -- The morning briefing at the Incident Command Post for the Big Turnaround Fire. The U.S. Department of Homeland Security's Federal Emergency Management Agency (FEMA) has authorized four Fire 
Management Assistance Grants between April 18 and May 10, 2007, to help Georgia fight fires in four counties. Mark Wolfe/FEMA // 
https://commons.wikimedia.org/wiki/File:FEMA_-_30107_-_Fire_Incident_Command_Post_Morning_Briefing_in_Georgia.jpg 

State

Some states also have their own wildland fire resources, such as in 
California. The California Office of Emergency Services (CalOES) has a 
Fire & Rescue division that manages and mobilizes state resources in 
collaboration with the California wildfire coordinating groups (GACCs).



(California Office of Emergency Services, n.d.) 
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The ICS structure can be adapted to each incident as 
necessary. As the type of fire becomes more complex 
(where Type 5 is the least and Type 1 is the most 
complex), additional personnel may be brought in to 
fill tactical, logistical, and administrative needs.


(National Park Service, 2017)


Fire Categorization
Wildland fires are categorized by the complexity, 
resources needed, and characteristics of the incident. 
This is referred to as the levels and types of the 
Incident Command System Management, where the 
Incident Command System (ICS) is a flexible structure 
dictating the operations of the incident. 


Type 5 Type 4 Type 3

Increasing Complexity

Local Resources

500 - 1000+ 
personnel

200 - 500  
personnel

Under 200 
personnel

2 - 6 personnel

~24+ 
personnel

State Support

to Local 

Jurisdictions

National Support

to State and Local 

Jurisdictions

Type 2 Type 1

Image: https://fireadaptednetwork.org/help-arrives-community-ready/
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Image: https://abcnews.go.com/Politics/climate-change-make-wildfires-spread-factor/story?id=56937704

Incident Characteristics 

by type

 Very small wildland fire onl
 Initial attac
 Short duration, seldom lasting into the next burn perio
 Few resources assigned (generally less than 6 people
 Little complexity

 Initial attack or first response to an inciden
 IC is “hands on” leader and performs all functions of Operations, 

Logistics, Planning, and Financ
 Few resources are used (several individuals or a single strike team
 Normally limited to one operational perio
 Does not require a written Incident Action Plan (IAP
 E.g.: Search & Rescue (SAR), motor vehicle accidents, small fires

 Extended initial attack on wildland fire
 IC walks the line between a manager and a 'doer
 Resources may vary from several single resources to several task 

forces or strike team
 Some Command/General Staff positions (ie, Division Supervisor, 

Unit Leader), may be fille
 May extend into another operational period (12 hours), and 

require an IA
 Examples: Larger SAR’s, law enforcement incidents, special events, 

technical rescues, fires

Type 5

Type 4

Type 3
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Image: https://abcnews.go.com/Politics/climate-change-make-wildfires-spread-factor/story?id=56937704

Incident Characteristics 

by type (CONtinued)

 IC spends all time being a manage
 Most Command and General staff positions are fille
 Large number of resources utilize
 Incident extends into multiple operational period
 Base camp(s) establishe
 Significant logistical support is require
 Examples: Major fires, VIP visits, lengthy search and rescues, law 

enforcement incidents, multi-day special events

 All functions are filled, plus leaders, branches etc
 Multi-agency and national resource
 Large number of personnel and equipment are assigned to the 

inciden
 It is a large, complex inciden
 Examples: A major Incident—hurricanes, very large fires, natural 

disasters

Type 2

Type 1

(National Park Service, 2017)



Initial and extended attack
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The actions taken by the first resources arriving at the 
scene of a wildfire is referred to as the initial attack. 
The goals of the initial attack are to protect lives and 
property, and to prevent the fire from growing larger 
(i.e., containment). Initial attack incidents are Type 4-5 
fires. During the initial attack, the Incident Commander 
and Fire Management Officer (FMO) assesses the fire 
to determine danger, fuel type, and the resources that 
may be necessary.

A wildland fire that has not been adequately 
controlled by the initial attack is referred to as the 
extended attack. This means that the Incident 
Commander is ordering more equipment and 
resources to join the fight against the fire. Danger 
levels rise and safety must be planned carefully. 
Extended attack usually starts at Type 3, though may 
be typed at any level. (NWCG Operations and 
Workforce Development Committee, 2013)

Example of what an ICS may look like for an initial attack. 

Communications in Wildland Fire

Example of what an ICS may look like for extended attack.



NIFC Redbook image: 
https://www.supplycache.com/products/interagency-standards-for-fire-and-fire-aviation-operations

IRPG image: 
https://www.forestry-suppliers.com/product_pages/products.php?mi=39770&itemnum=49218
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STandards/ Guidelines

NIFC Interagency 
standards for Fire and 
Fire Aviation Operations 
(Redbook)


Incident Response 
Pocket Guide (IRPG)


The NIFC Interagency Standards for Fire and Fire 
Aviation Operations, commonly known as the 
Redbook, is the federal handbook providing direction 
and guidelines pertaining to all topics in wildland fire 
management.

Published by the National Wildfire Coordinating Group 
(NWCG), the IRPG is a smaller book containing 
standards for wildland fire incident response that is 
more easily accessible and is more commonly kept on 
the fireline.


It provides quick reference to best practices in 
different situations, including critical information on 
operations, risk management, all-hazard response, and 
aviation management. 


Wildland fire management is governed by many policies and standards as set by the agencies involved. Here are 
two examples set and reviewed at the national level. 
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Image: https://www.kunr.org/post/western-governors-appeal-wildland-fire-managers-prioritize-restoration#stream/0

Priorities in wildland fire 
Safety and risk management are featured as the top 
priorities in wildland fire management. Accomplishing 
both requires careful planning, situational awareness, 
and commnication on the fireline. In this section, we 
will present some of the guiding principles of wildland 
fire management.



(National Wildfire Coordinating Group, 2018)

Five-step risk management process in the IRPG: 



1 – Establish situation awareness. 

2 – Identify hazards, benefits, and assess the risk. 

3 – Control, mitigate, or eliminate hazards. 

4 – Make go/no-go decisions based risk acceptability 

5 – Evaluate effectiveness of hazard controls and 
continuously reevaluate.




Safety and well-being image: https://inciweb.nwcg.gov/incident/photograph/6964/214/106493
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Image: https://www.carbondalefire.org/2021/05/19/5-tips-for-wildfire-safety-prevention/

Image: https://www.nwcg.gov/wfldp/toolbox/briefing-intent

Situational 

Awareness

Risk Management

Safety



Guiding Principles of Wildland 
Fire Management


The role of wildland fire as an essential ecological process and natural 
change agent will be incorporated into the planning process.



Fire Management Plans (FMPs), programs, and activities support Land 
and Resource Management Plans and their implementation.



Sound risk management is a foundation for all fire management 
activities. Risks and uncertainties relating to fire management 
activities must be understood, analyzed, communicated, and 
managed as they relate to the cost of either doing or not doing an 
activity.



Fire management programs and activities are economically viable, 
based upon values to be protected, costs, and land and resource 
management objectives. 



FMPs and activities are based upon the best available science.



FMPs and activities incorporate public health and environmental 
quality considerations.



Federal, state, tribal, local, interagency, and international 
coordination and cooperation are essential. Increasing costs and 
smaller work forces require that public agencies pool their human 
resources to successfully deal with ever-increasing and more complex 
fire management tasks. 



Standardization of policies and procedures is an ongoing objective. 


Firefighter and public safety is the first priority in every fire 
management activity.

20
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Here are the guiding principles of wildland fire management from the NIFC 
Redbook (National Interagency Fire Center et al., 2021): 
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JOINT BASE SAN ANTONIO-Lackland - A wildland fire specialist uses a fire drip can to start a fire line during a prescribed burn at Eglin Air Force Base, Florida. The base burns more than 90,000 acres per year of prescribed fire. The Air Force 
Wildland Fire Center, headquartered at Eglin, was established to assist installations with their fire management and suppression requirements and ensure the Air Force has the necessary infrastructure in place to tackle wildfire risk and protect 
Air Force missions, assets and personnel nationwide. (U.S. Air Force Photo/Released) // https://www.afcec.af.mil/News/Article-Display/Article/871497/air-force-takes-partnership-approach-to-wildland-fire-management/
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Tragedy Fires:

When things go wrong

Yarnell Hill Fire

On June 28, 2013, a spell of dry lightning ignited a 
wildfire near Yarnell, Arizona, a town of approximately 
700 residents located about 80 miles northwest of 
Phoenix. The Granite Mountain Hotshots were a crew 
of 20 highly-trained and skilled firefighters sent in on 
June 29th. Over the course of 24 hours, the fire rapidly 
escalated and abruptly changed direction, reaching the 
eastern edge of the canyon that Granite Mountain was 
crossing. 


A communication came in from Granite Mountain  
signalling that they were in trouble at 4:41 pm. 


Attempts to communicate further and locate them 
were unsuccessful. 


By 6:35 pm, 19 members of the crew were confirmed 
to be deceased due to entrapment. The fire had 
overtaken them and their emergency shelters stood 
little chance against the extreme heat. One member of 
the crew survived. He was posted as a lookout and not 
with the others.



(Arizona State Parks, n.d.)






23

Research Report Introduction

Communications in Wildland Fire

A ridge above Yarnell Hill. Image taken 4 pm, just before the fire overrun the hotshots at 4:42 pm. Credit: 
https://www.azcentral.com/story/news/local/arizona/2020/06/25/granite-mountain-hotshots-anniversary-2020-yarnell-virtual-service/3243281001/

Accident Investigation

The Accident Investigation report of the Yarnell Hill Fire 
revealed that a critical factor contributing to this tragedy was 
communication. Few people understood Granite Mountain's 
location, intentions and movements during a critical period of 
time where they could have provided support and rescue. To 
this day, the report can only make assumptions about their 
location and movement patterns that led to their entrapment 
and demise. 



(Arizona State Forestry Division, 2013)




 



24

Research Report Introduction

Communications in Wildland Fire

Image Storm King 14: Image: https://www.southcanyonfire.com/

South Canyon fire
On July 2, 1994, lightning sparked a fire near the 
base of Storm King Mountain, 7 miles west of 
Glenwood Springs, Colorado.


4 days later, 20 hotshots were rushed to the 
fireline to aid in the battle. 


However, that afternoon, a dry cold front passed 
through the area, increasing the winds and 
leading to rapid fire blow-up. 12 firefighters were 
unable to outrun the blaze and died. Two more 
helitack firefighters were also killed as they tried 
to flee to the northwest. 


Cedar Fire image: https://www.sandiegouniontribune.com/sdut-wildfire-cedar-anniversary-fire-2013oct24-htmlstory.html

Cedar fire
On October 25, 2013, a hunter became lost in the 
Cleveland National Forest, San Diego and lit a 
small fire to signal for help. Unfortunately, it 
quickly spread out of control.


Although the Fire-Rescue Department responded 
with 50 engine companies,11 brush rigs, 9 truck 
companies and 2 airport firefighting rigs, the fire 
still took away the lives of 14 civilians and 1 
firefigher, and caused countless other injuries.


The Cedar Fire is still one of the largest wildfires in 
California history, burning over 273,246 acres. 




Common Denominators in 
tragedy fires

Human Factors Matter

Fire behavior - tragedies occur:
 On relatively small fires or deceptively quiet areas of large fires
 In deceptively light fuels, such as grass, herbs, and light brush
 When there is an unexpected shift in wind direction or in wind speed
 When fire responds to topographic conditions and runs uphill
 Critical burn period between 14:00 and 17:00. 


(Common Denominators of Fire Behavior On Tragedy Fires | NWCG, 2021)


While fire behavior related to weather, fuels, and topographic 
characteristics do matter in tragedy fires and dangerous situations, we 
must remember the considerable impact of human factors. Human 
behavior is perhaps one of the least predictable and most variable factors 
out on the fire line, simultaneously leading to big successes and big 
dangers. In combination with fast-changing fire behavior, it makes it 
difficult to make objective predictions about what happens out on the 
fireline. 


(Sutton, 2011)
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Lessons learned from tragedy fires over the years have identified common 
denominators in fire behavior in the events that could signal danger. These 
denominators have been evangelized in the wildland fire management 
space in the Incident Response Pocket Guide (IRPG) and other policy, best 
practices, and standards documentation and are widely taught as lessons 
learned for safety and risk management.
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Exhausted firefighter image: 
https://www.nbcbayarea.com/news/national-international/firefighters-battle-exh
austion-along-with-wildfire-flames/2365770/

Many tragedy fires occur during the hours of 14:00 
to 17:00, making it a critical burn period that can be 
especially dangerous. During this time, it is 
recommended that a tactical pause is taken to 
re-evaluate situational awareness.


"The external  signs and warnings are important,  but the 
internal  state of the firefighter is also important in 
tragedy and near-miss fires.  Even well-trained 
firefighters are often unaware of a dangerous situation 
until  it is too late ."  


(Sutton, 2011)
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

<2 years or 13+ years of experience

transitions between initial and 
extended attack

Conflict on the fireline

Too many roles/ poorly-defined 
leadersHip

Those with under two years of experience are relatively new and 
depend on leadership to get through the fire. When personnel reach 
thirteen years of experience, they have a certain level of confidence to 
think they know the right answers. Sometimes, however, it is not 
enough experience to know when to recognize new or unfamiliar 
hazards. Confidence and complacency can be a risk. 

Transition periods can be especially dangerous as people try to 
implement a mix of strategies. Complexity, strategies, and tools are 
changing and it is difficult to keep everyone on the same page.

When people take on more than one role, it can be a challenge to 
process all the information necessary and lead to gaps in leadership 
and decision-making. The person is more likely to default to what they 
are most familiar with, which may not be the best course of action for 
the position they are filling.  

Conflict is natural where humans are involved, especially in stressful 
situations such as the fireline. Reducing conflict means being open to 
questions and challenges from others, communicating, and letting go 
of your ego and the need to be right.

Human Denominators

That being said, it is still possible to identify common factors of human 
behavior, just as it is possible to do so with fire behavior. We can 
recognize human vulnerabilities in pressurized environments and 
educate firefighters to be aware of risky situations when they arise. By 
analyzing and reporting human factors in tragedies and near-misses, 
we may prevent them from reoccurring.
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Earlier close calls or near misses 

Delivery of firefighters, return 
to safety, single escape routes

Continued attempts to achieve 
objectives that are flawed

Looking back on tragedy fires, there were close-calls and near-misses 
that preceded them - moments that felt wrong or were dangerous. 
These should signaled firefighters to identify and stop the risks before 
they escalated or led to tragedy. Close calls can be symptomatic of a 
larger issue that should be addressed immediately. It is important to 
not ignore things when they go wrong or feel wrong. Slow down and 
analyze the situation. 

Human factors are affected by the options that are available to the 
people in question, as people will default to what they already know 
and have trained in. In emergency situations or in trying to return to 
safety, personnel will try to flee according to pre-planned routes. This 
means that it is important to plan for more than one escape route, as 
the dynamic nature of the fire may no longer render that route safe.

Sometimes the situation changes so quickly that objectives that were 
achieveable earlier are no longer possible. Fire crews need to adapt 
with situations, but may persist to pursue the same objectives without 
realizing the need for change. This could be due to lack of situational 
awareness or simply a harmful determination to doggedly stick to a 
plan and make it succeed. The reluctance to admit failure, especially 
with leaders, can be disasterous in the face of changing conditions. 

Fatigue

Mental and physical fatigue can play a role in the ability to reassess 
and respond to situations, causing overlooking of important 
information.



(Common Denominators of Fire Behavior On Tragedy Fires | NWCG, 
2021; Holmstrom, 2018)
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Image credit: https://www.doi.gov/blog/10-tips-prevent-wildfires

Communication issues
Perhaps the most common and most important to 
consider, failure to communicate or errors in 
communication appear on almost every tragedy fire in 
some shape or form. While these can be physical or 
technological issues, more often than not, 
communication issues are due to human factors. 
People miscommunicate, misunderstand, make invalid 
assumptions, or fail to communicate at all. 



Factors contributing to communication issues include 
many of the human factors already mentioned. 
Situations change quickly, people may move between 
roles, or new crews may be brought on and not always 
briefed on the changes. The Incident Command System 
structure can make it intimidating to be the a dissident 
voice among your peers or to your supervisors. Fatigue 
and overload of information can hamper your ability to 
communicate information that you have to go out of 
your way for, or simply lead to misunderstandings and 
confusion. 

Effective communication is the responsibility of all 
firefighters. They must:

 Brief others as neede
 Debrief their action
 Communicate hazards to other
 Acknowledge message
 Ask if they don’t know



In addition, leaders are responsible for giving thorough 
briefings to those working for them and clearly 
communicating the purpose of their mission:

 Task - What is to be done
 Purpose - Why it is to be don
 End state - How it should look when done



(Common Denominators of Fire Behavior On Tragedy 
Fires | NWCG, 2021; Holmstrom, 2018; National 
Wildfire Coordinating Group, 2018)
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Research Objective

Initia
 How is critical information communicated across different roles 

and agencies during wildfire response?

Refine

 Identify current development of personnel tracking systems, 
implementation barriers, and how they can assist supervisors in 
making critical decisions on the fireground.

Initia
 Who is involved in communication of critical information
 What information is critical for effective wildfire response on the 

ground
 How is this information communicated, shared, and received
 What is the experience of those fighting wildfires?


Refine
 What tracking tools and systems are fire departments currently 

using
 How are fire personnel being located without a tracker
 What are the barriers and limitations to personnel tracking
 How can information about the location of a personnel be utilized 

for decision making
 What other types of information are critical, but haven’t been 

tracked yet?

research questions
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Methods

In the data collection phase, we have conducted competitive analysis, SME 
interviews and semi-structured interviews in addition to literature review to 
answer our research questions. In the data analysis and synthesis phase, we use 
thematic analysis and affinity diagramming to parse data.


thematic analysis affinity diagramming

Semi-structured InterviewCompetitive Analysis SME Interview
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competitive analysis

Avenza Maps
Description: A collection of digital maps that can be 
downloaded offline for navigating in outdoor activities  
like hiking, climbing, and camping. 


Relevance:  Some of our participants indicated that 
they used Avenza on the fireground to help them 
navigate, take notes, and track  their routes.

Caltopo
Description:  Caltopo is a backcountry mapping tool. It 
contains tools to plan backcountry adventures  
including offline topographic maps and aerial imagery, 
slope angle shading, viewshed analysis, realtime 
SNOTEL and weather data, and many more options.


Relevance: It was originally developed for search and 
rescue work in California and later for the entire US.

IamResponding.com
Description: IamResponding.com is a one-stop life and 
time saving solution for first responders and provides a 
complete emergency notification and response 
system.


Relevance: Millions of dispatches have been 
processed, and more than 2 billion messages have 
been delivered to subscribers worldwide.

responderx
Description: A tracking device that has self contained 
data transmission using hubs mounted to vehicles that 
can track personnel. Has a graphical interface to 
display the data.


Relevance: Physical tracking device made by 
firefighters for firefighters with corresponding software

Axon Respond
Description: Uses Axon products to passively feed 
location and data to software platform that displays 
everything on a map.


Relevance: Tangential to our space with situational 
awareness and real time tracking/

IRWIN/ IROC
Description: Wildland fire applications offered by the 
Office of Wildland Fire Service and the U.S. Forest 
service. IROC enables resource ordering and tracking 
and IRWIN integrates the exchange of information 
between multiple systems.


Relevance: Part of existing internal technology used by 
agencies in wildland fire management. 

ATAK
Description: An android situational awareness 
application that enables real-time collaboration 
among responders in the field and command centers. 


Relevance: Some of our participants said they utlized 
ATAK to develop situational awareness and felt that 
this tool should be implemented at a wider scale. 

F IRESPONSE
Description: FiResponse is an all-in-one wildland fire 
management system that supports operational 
activities associated with resource tracking, incident 
response, and dispatch.


Relevance: This product is specially made to address 
issues faced fighting forest fires. 



Rationale


Procedure

We gathered eight platforms that are recommended by our interviewees and evaluated them from three criteria 
that are most critical and relevant to personnel tracking: technology, situational awareness and communication & 
operational support. Under each criteria are five sub-criteria.
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There are a variety of existing products and services to address the needs for resource tracking and access to 
critical information. We found competitive analysis is particularly useful in answering the following three research 
questions

 What tracking tools and systems are fire departments currently using
 What are the barriers and limitations to personnel tracking
 What other types of information are critical, but haven’t been tracked yet?


Besides, by conducting competitive analysis, we can find out the gaps in the market and understand the pain 
points the users of these products are currently facing. All these will deepen our understanding of this problem 
space and guide us in finding design opportunities.



Communications in Wildland Fire



Pain points
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Across the eight personnel tracking platforms, three major pain points have been identified

 Unreliable connectivity. The connectivity issues are prevalent. Connectivity failure has largely restricted the 
functionality of the platforms we examined. For example, users have to download maps for a particular region 
or print the digital map out before going offline and data cannot be synced until connecting to Wi-Fi or the 
internet

 Low Interoperability. This happens both across products and within different platforms of the same product. 
We’ve noticed that firefighters in different departments use various products to track resources and manage 
information. However, Data can not be shared between different platforms, making it difficult to transfer 
accurate information

 Sharp Learning Curve. Most of the technologies being used are complex and user-hostile. Firefighters and 
related stakeholders in wildfire response need to go through a series of training before using them 
appropriately


For more detailed information, please refer to the Competitive Assessment Report.

Communications in Wildland Fire

https://drive.google.com/drive/folders/194GxbZTZdQQ_HYZIkbf6z5h7B042g3k5?usp=sharing
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Semi-structured Interview



Rationale


Procedure


Participant Profile


Recruitment


Due to the complexity of our problem space, we conducted two rounds of interviews. In the first round, we aimed 
to gain a comprehensive understanding of how critical information is communicated across different roles and 
agencies while in the second round we narrowed down our scope to identify the current development of resource 
tracking systems, their limitations, and how they can assist with decision making. 


Our ideal participants include first responders and agency workers involved in wildfire response. Specifically, we 
are looking for first responders with experience combating wildfires on the ground. These individuals may include 
firefighters, dispatchers, emergency services coordinators, paramedics, and police officers. 


In addition, we are looking for professionals in agencies that manage and oversee wildfire communication both 
within and between agencies. These individuals may include educators who train firefighters, officials at the 
management level, and emergency response experts from academia.



 Snowball recruiting through personal and professional network
 Contacting agencies involved in wildfire communication, logistics, and operation
 Contacting subject matter experts including academic researchers, professionals at management levels who 

oversee logistics and operations, and firefighter trainer
 Leveraging social media and online communities related to research and wildfire response for recruiting
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Communication in wildfire response is a complex and big problem space. The information we collected through 
secondary research is very limited. Besides, we were uncertain about whether what we have learned from 
secondary research truly reflects what has been done in real life and what people fighting wildfires think.


Therefore, we decided to conduct semi-structured interviews to collect more information for our research 
questions and validate and deepen our understanding of secondary research findings. Besides, we leveraged the 
critical incident technique in our interview to elicit information about firefighters’ experiences and observations of 
the communication issues in wildland fire response. 



Communications in Wildland Fire
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Recru iting to understand communications
See the Incident Command System (ICS) chart below to see that we had participants across the entire system to 
get a comprehensive understanding of how information travels up and down the chain of command and what 
information is important to each person during a complex fire.
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Operations Participants

David Zader

Sam Perkins

Dee Townsend

Richy Harrod

Blake Alheart

Leadership, Section Chief, Service Branch Logistics, Air 
Support, Planning, Firefighter

USDA Smokejumper

AirTac Supervisor

Type 2 Incident Commander, Instructor

Cal Fire Firefighter

“We’re using the firefighter-on-the ground’s brain as 
the computer for making all these decisions, and sadly 
they're over-taxed...and they make bad decisions or 
ill-informed ones, or sometimes they do a great job.”

“There is no standardized process for [personnel] 
tracking. Everyone has their own strategy.”

“Division group supervisor, me as an air attack, or even 
a crew boss, you have what you call a unit log...you're 
supposed to be jotting down anything major that 
happens.”

“As soon as you standardize anything, then you're going 
to get push back because you know they're like, ‘Oh, 
we use this and it works for us.’”

“We're always sending messages out. But everytime we 
have an issue and this is every disaster --is it verified, is 
it received?”

SME

SME
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SME

Planning & Logistics 
Participants

Rakesh Bharania

“B”

Royce Fontenot

Connor Spears

Cisco TacOps

Cal OES Emergency Service Coordinator

Incident Meteorologist (IMET)

Sr. Telecommunications Technician

“There's never going to be a one-stop shop for 
information sharing or anything. Software wise, there's 
never going to be one software program that's going to 
work for everyone, or work for every situation. The 
biggest thing is finding software programs that have a 
way of federating data between themselves, so you can 
share [information] from one type of platform to 
another.”

“It's multifaceted. They start from the beginning. It 
actually starts often with the National Weather Service. 
So the National Weather Service will be the ones that 
will talk about the weather, the wind conditions, the 
topography, is it dry or are we going to get rain soon...or 
is it something we're going to fight this because we have 
two weeks of dryness. So, it all starts with the weather.”

“Weather can change very rapidly and it could change 
the course of the fire.”

“The ability to have real-time infrared data in the hands 
of firefighters would be paramount. It would have a night 
and day difference in operational decisions if they could 
see it in real time.”
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SME

Support & Related 
Participants

Abby Browning

Royce Fontenot

Pete Giencke

Harry O’Laughlin

Rachel Simpson

Cal OES, Chief, Office of Private Sector / NGO Coordination

Incident Meterologist (IMET)

Google Crisis Response

CAL OES IT Security

Wildland Fire Dispatch

“Adopting new tech costs money for all levels of 
government.”

“Weather can change very rapidly and it could change 
the course of the fire.”

“How can you get these like drones swarms potentially 
that could do a much better job of mapping, you know 
what's happening. And then drones can also be fitted 
with repeaters so like that could also help these folks on 
the ground share what they're seeing.”

“Depending on whose forest it is, if it's a US federal 
national forest versus a state forest, there would be 
different responsibilities as far as who's in charge of 
responding to those.”

“....your national Interagency coordination Center they 
oversee the national process of dispatch and they're kind 
of the chess masters, they are the ones that are going to 
be moving things around the country...based on the 
needs...”
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

subject matter expert interview



Rationale


Participant Profile


Procedure


Participant


The SMEs we define are firefighter trainers, regulation creators, incident commanders, and experienced 
firefighters who have been working in the field for a long time.


As mentioned in the semi-structured interview session, we have conducted two rounds of interviews. In each 
round, we have identified different SMEs to serve our research objectives. We customized research questions for 
each SME based on their roles, domains, and expertise.

Please refer to the participant section of semi-structured interview.
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Subjective matter experts (SMEs) are invaluable to us for our highly complex and technical domain. Their long 
experience and in-depth knowledge can help us quickly be on board with our problem space, gather information 
on industry best practices and complex regulations, and guide us in our research along the way. 



Communications in Wildland Fire
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

tHEmatic analysis



tHEmatic analysis
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After transcribing all the interviews, we closely examine the data to identify common themes. A list of 13 themes 
was generated and we systematically coded the interview transcripts with these themes in addition to our 
research questions. We then queried the data together by the codes across all the interviews and started looking 
for patterns. 

Thirteen themes generated

Transcripts coding

Communications in Wildland Fire
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Affinity diagramming



Affinity diagramming
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After transcribing all the interviews, we closely examine the data to identify common themes. A list of 13 themes 
was generated and we systematically coded the interview transcripts with these themes in addition to our 
research questions. We then queried the data together by the codes across all the interviews and started looking 
for patterns. 

Communications in Wildland Fire
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Results

After conducting primary and secondary research, we analyzed the data by 
pulling out data that specifically addressed our research questions. In the 
following, we synethsized the data into insights to help us gain a better 
understanding of the communication in wildland fire space. 

Communication tools

Experience Pain Points Personnel tracking

Roles InvolvedICS Structure Critical Info

46
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Research Question: Roles Involved in 
communication of wildland fire

Incident Command System (ICS)

Incident command team (imt)

All wildland fire operations are organized and 
coordinated through the Incident Command System 
(ICS) that defines standard procedures and guidelines 
to manage any national emergency incidents. This 
provides an efficient and safe standardardized 
approach to allocate resources for multiple agencies 
collaborating towards a common goal. The ICS 
provides an organizational structure that specifies the 
hierarchy of authority and the formal procedures for 
communication channels. Depending on the type and 
severity of the fire, the ICS can vary and adapt to each 

incident as required (i.e. adding additional 
components or not using every component).  However, 
the overall concept of the ICS as a model for managing 
hazardous incidents remains the same. 


An incident command team consist of the Incident 
Commander, Command Staff, and the General Staff. 
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Incident Commander

At the top of the ICS structure is the Incident 
Commander (IC) who is responsible for managing the 
entire fire incident, setting the objective, and 
coordinating staff and resources. 


There are two forms of command depending on 
jurisdictional authority: single and unified command.


Single command occurs in smaller incidents that occur 
in one jurisdiction or when there are no overlapping 
responsibilities among agencies that are involved. In 
these scenarios, a single Incident Commander who is 
the first to arrive on the scene is identified and 
designated with the overall incident management 
responsibilities. 


Unified command occurs when there are multiple 
jurisdictions and the agencies involved have 
overlapping responsibilities. Representatives of all the 
different agencies work together to coordinate 
operations and share command authority. During an 
incident, both single and unified command can be 
transferred to other qualifying personnel or 
representatives. 

Command Staff

The Command Staff report directly to the Incident 
Commander which may include a Public Information 
Officer who develop, maintain, and release 
information, a Safety Officer who identifies and 


 

mitigates hazardous situations, a Liaison Officer who 
sets up and coordinates interagency contacts, and any 
other positions required and assigned by the Incident 
Commander. 

General Staff

The General Staff consists of four primary sections 
including operations, planning, logistics, finance, and 
administration sections that are responsible for the 
functional aspects of the ICS. 


Once the Incident Commander or the Unified 
Command sets an objective for the incident, the 
planning section facilitates the development of an 
Incident Action Plan (IAP) along with the operation 
section. The IAP documents the overall response 
strategy to accomplish objectives set by the command 
and is sent to the Incident Commander or Unified 
Command for approval. 


Once approved, the operation section carries out the 
tactical operations of the IAP and directs resources 
from the logistics section to support the incident 
including supplies, equipment, transportation, 
facilities, etc. 


Throughout the incident, the planning section collects 
and manages all incident-relevant operational data. 
while the finance and administration section manages 
all financial aspects of the incident and provides policy 
assistance. 




 

Results
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https://www.watfordobserver.co.uk/news/18745939.hertfordshire-firefighters-called-non-fire-incidents/

https://www.nps.gov/orgs/1965/incident-management-team-participation.htm

Incident 
Commander (IC)
“The first person who gets there assumes 
command of the incident. So... you have all the 
resources that are coming in [who are] basically 
going to come to you with questions and 
assignments...You're talking to the incoming 
resources and telling them what they need to do in 
order to mitigate the hazard and try their best to 
put this fire out.” -Wildland Firefighter


Incident Command 
System (IMT)
“ICS is a very scalable structure from like a single 
car accident in your local neighborhood, all the 
way up to a very large regional emergency. Now, 
when it gets to a large wildfire, you will have 
what's called an IMT [Incident Management 
Team] running that fire. And the lead person who 
ultimately runs it is the incident commander, and if 
you were to plot this all out on a chart, all the 
resources all go to the incident commander right 
now, as part of that support.” 

-Cisco TacOps Technician

Results



https://hostsafetytraining.com.au/product/emergency-commander-ec-incident-commander-training-ict/
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https://nmindepth.com/2020/05/12/covid-19-pandemic-complicates-2020-wildfire-season/

General staff: 
planning
“We have the plan section. The plans will end up 
informing what is our medical plan if someone 
gets injured, what's our communication plan, 
what's our ICS structure, who's the commander, 
and how they've delegated the card. So there's a 
lot of entities.” -Liason Officer


Command Staff: 
Liason Officer
“My job is to be the eyes and ears of the state for 
the county.” -Liason Officer 


Results
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https://democratherald.com/news/local/gallery-interagency-fire-training-in-sweet-home/collection_a9b5a2a9-078a-530c-80b9-8fd1119b14fc.html#3

http://iffmag.mdmpublishing.com/fast-and-accurate-environmental-information-is-critical-to-firefighters/

General staff: 
operations
“There are engines, there are hand crews, there 
are aerial resources [who are] people that use 
helicopters [and they’re] are called helitack 
firefighters. There are smokejumpers which are 
the folks that fly [and] jump into the fires”. 
-Smokejumper


General Staff: 
Logistics
“The Communications Unit Leader....is responsible 
for design, teardown, set-up, maintenance, [or] 
anything to do with communication systems on a 
fire. Everything from our radio repeater caches 
that we bring in from NIFC in Bois to bringing in 
phone lines and data from commercial providers , 
satellite providers. We also maintain mobile 
communication centers for the different agencies 
that respond to the fires. Really, anything that has 
to do with anything technical.”

-Senior Telecommunications Technician


Results
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https://www.nytimes.com/2020/09/10/climate/wildfires-climate-policy.html

General Staff: Finance 
& administration 
“When you leave a fire, you have to go through finance, ...Because the 
fire with the local agencies paying every single firefighter, so you have 
to turn in your time, like the the shift tickets, the amount of hours you 
work to get that signed off and documented” - Smokejumper


Results
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Research Question: 

critical information 


Situational Awareness

Critical information

Responders need an accurate representation of the 
fire incident in what to respond to effectively so that 
they can make informed decisions and anticipate the 
Responders need an accurate representation of the 
fire incident in what to respond effectively so that they 
can anticipate the outcomes of those decisions. This is 
known as “situational awareness,” which is when 
responders are making conscious observations about 
their environment and assessing how changes in the 
environment affect the incident objectives and goals. 

emergency including calls for evacuation, shelter, 
responder injuries, and locations. The second priority  
of information concerns the fire situation itself 
including the weather, topography, and fire behavior. 


The third priority of information involves logistics and 
allocating resources to needed areas like delivering a 
hose to a drop point. 



No Real Time Information
Information gets outdated quickly throughout the day 
due to the dynamic nature of fire behaviors. However, 
there is a lack of real-time information sharing, so 
oftentimes, responders won’t gain a comprehensive 
situational awareness until they are on the scene. The first priority of information is about the state of 

Results



Image: http://iffmag.mdmpublishing.com/fast-and-accurate-environmental-information-is-critical-to-firefighters/
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Information on 
Fire behavior
“Even if it's not on a large fire, you always need to 
know expected fire behavior. There's a fire 
behavior analyst who's...working with a fire 
weather meteorologist. You always need to know 
fire weather, fire behavior predictions, especially 
critical things like the wind is supposed to change 
a 180 degrees at 1400 this afternoon, and that's 
critical, especially if you're digging line and now all 
of a sudden fire has been burning away from you 
and is not going to start burning towards you.” 
-AirTac Supervisor

Image: https://www.kendallgilbert.com/wildfires

Topography 
information
“A lot of the fires we're going on are areas we've 
never even seen before, and probably where 
people have never even walked on before. The 
topography maps and the land maps and all that 
stuff is really needed for the most part.” 

-Wildland Firefighter

Results
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Infrared images of fire below smoke and clouds. Credit: https://www.pbs.org/newshour/nation/its-time-to-fight-forest-fires-with-satellite-technology-argues-report

need for real 
time data
“The ability to have real-time infrared data in the 
hands of firefighters would be paramount. It 
would have a night and day difference in 
operational decisions if they could see it in real 
time.” -Senior Telecommunications Technician

Image: https://www.thedenverchannel.com/news/local-news/eastbound-i-70-closed-at-silverthorne-for-wildfire

outdated 
information
“It is a very dynamic environment. The maps that 
you get in the morning [are] totally different in 
two hours anyways... You have to use your own 
situational awareness and experience to 
determine what is actually going on the ground.” 
-Smokejumper

Results



https://yukonorienteeringteam.wordpress.com/2011/04/30/linear-features-trainin/
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linear features
“If we had a layer that identified every single 
linear feature on the planet, I think, would be 
super  informative and helpful. It doesn't exist. 
Most of that stuff has to be done manually and 
sadly what it ends up being as most firefighters 
show up and have to build that plan out and find 
those features by scouting.”-Operation Section 
Chief, Division Supervisor, Fire Management 
Officer, Firefighter


Image: https://data.rgj.com/fires/incident/photograph/6906/79/100467/

Size-up 
information
“There's certain aspects of this sizeup that they 
want to know [like] is there truly an emergency...if 
it's progressing, how it's progressing, if there's an 
immediate life threat, stuff like that. So it's all 
based on really what you see when you get there 
that's” -Wildland Firefighter

Results
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Research Question: 

methods of communication


Radio Communication Other technologies

Two-way portable radios are the primary form of 
communication for all types of information including 
emergency, situational, and logistical information. Each 
agency must use radios that are approved for 
firefighter use by the NIFC and the NWCG and all 
agencies involved in the incident must coordinate 
assigned frequencies. 


According to the communication guideline from the 
National Agency Fire Center (NIFC)  Redbook that 
governs federal policies and standards for fire 
operations, other forms of communication like cellular, 
smartphone, and satellite telephones can only be used 
if there are no other means. However, other 
technologies are currently used alongside radios 
especially with the rise in mobile applications. 


Results



Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310
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Radios as 
primary method
“There’s a lot of radio usage because radios simply 
work...there will always be a place for radios in the 
mix.” -Cisco TacOps Technician

Image: https://geo-matching.com/gis-software/avenza-maps

Personal 
Tracking APP
“We utilize Avenza maps a lot which has been key 
for us, and we can track our location, we can track 
where we've been and stuff like that.” 

-Wildland Firefighter

Results
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Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Paper maps and 
digital maps
“The best thing we can do right now is voice radio, 
and we mostly carry paper maps. At least the 
paper maps are somewhat becoming a redundant 
backup source at this point, people are starting to 
have more data on their phone or maps or their 
phone, but you know it's only so big.” -Operation 
Section Chief, Division Supervisor, Fire 
Management Officer, Firefighter 

A-TAK image: From reserach participant.

A-Tak Platform
“Instead of just seeing yourself on the map, you 
can [also] see everybody that's on the network 
with you. You see all your compatriots out there 
on the map moving around as an icon. If I draw on 
the map like, ‘Hey I want to put a fire line on this 
side of the map’, and I can explain to people 
graphically what I want to do rather than getting 
on a radio and trying to explain that over a radio 
and potentially messing that up.” -Operation 
Section Chief, Division Supervisor, Fire 
Management Officer, Firefighter 

Results
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https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california

Research Question: 

Experience of fighting wildland fires


Physical & Mental exertion Flexibility to adapt
Responders work in high-heat and oxygen-deficient 
environments and perform activities that require high 
levels of endurance such as carrying and operating 
heavy equipment, which all significantly tax their 
physical bodies. In addition to the physical exertion 
required, responders are also under heavy mental 
loads that can affect their observation skills, capacity 
to respond to changing situations, and their 
decision-making capabilities. 



Responders are constantly bombarded with 
information on the radio and from their surroundings. 
Sometimes they have to take on multiple roles. As a 
result, responders need to be resilient and adapt to 
the changing circumstances while under physical and 
mental pressure. 



Results
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Photo by Chris Boyer on Unsplash

Dynamic Environment 
Requires adaptation
"It's one of the most dynamic things you will ever be involved with. If 
you can't be changing and if you don't have the ability to change and 
be flexible with what's changing, it's a very difficult profession from 
that standpoint. You've got to be able to change and assess. 
Communicating is key because you've got to be able to communicate 
via radio a lot about what's going on on the fireground...to dispatch. 
Sometimes you're communicating it back to other resources that are 
en route to the fire or you could be communicating with an Incident 
Commander that's already there as you are driving or flying to the fire. 
It's really important to be able to communicate what you are seeing 
and not get too rattled about what's going on especially with homes 
burning or people fleeing. You are trying to coordinate the chaos to be 
really effective." -AirTac Supervisor


Results



Image credit: https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2021/05/20/california-lacks-federal-firefighters-as-dangerous-season-looms
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arduous 
Environment
People don't realize this, but visibility in a fire, 
even in broad daylight is very poor because of 
smoke and haze ...When you're in some of these 
fires, broad daylight could be like nighttime...So 
imagine that you are a fire crew and you're facing 
the head of the fire, but from the air, nobody can 
find you nobody can see you on the ground.” 
-Cisco TacOps Technician 


Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Mental 
overload
“That’s what we are doing. We’re using the 
firefighter-on-the ground’s brain as the computer 
for making all these decisions, and sadly they're 
over-taxed...and they make bad decisions or 
ill-informed ones, or sometimes they do a great 
job.” -Operation Section Chief, Division Supervisor, 
Fire Management Officer, Firefighter


Results



and funding. Additionally, there is a lack of 
interoperability among platforms and tools. Lastly, 
connectivity is unreliable in remote and rural areas. 
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Research Question: 

Pain points AND Challenges


Adoption, interoperability, 
connectivity

Some challenges involved in wildland fire 
communication include resistance to adopting new 
technologies due to culture, technology unfamiliarity,


Results
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https://nmindepth.com/2020/05/12/covid-19-pandemic-complicates-2020-wildfire-season/

Adoption
Many of the methods and tools used to fight wildland fires have 
remained the same within the last 70 years. This is due to several 
factors including the fire culture, the lack of awareness around existing 
technologies, and the costs of adopting new technologies.

Inherent from the ICS, the fire organization is managed by a top-down 
hierarchical structure where much of the authority and decision 
making is placed at the top of the chain. This structure encourages 
traditions and preserves the status quo. However, there is also a 
strong sense of camaraderie among fire members that fosters a 
brotherhood mentality. While this builds trust and friendship among 
teams, it also fosters a “us versus them” mentality that is very hard to 
convince to adopt for any type of change. Oftentimes, change is often 
confronted with pushback because teams believe that their current 
tools and methods are sufficient enough to do their jobs.

In addition, responders are not aware of the technologies that exist or 
if they do, they lack the understanding of how they work. In order for 
change to occur, responders have to believe that the change provides 
value to their job and that the value outweighs the necessary effort to 
make that change happen. 


Lastly, the fire service is associated with the government which has a 
lot of rules, formalities, and regulations that any change must be 
funneled through. This makes adopting technologies slow and 
complicated. Additionally, it costs money to adopt and implement 
changes and governments are conservative when it comes to 
spending taxpayer dollars. 


Culture

Technology unfamiliarity

Government funding

Results
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https://nmindepth.com/2020/05/12/covid-19-pandemic-complicates-2020-wildfire-season/

Interoperability

Connectivity

There is a lot of information available but the lack of 
interoperability makes it difficult to transfer accurate 
information between different platforms to different groups of 
people. Interoperability is the ability of systems and platforms 
to communicate, exchange, and use the information without 
any type of restrictions.



Some responders are using other technologies like consumer 
applications on smartphones to help them navigate the 
fireground. However, these are unable to communicate with 
other information systems. Additionally, some fire departments 
may have more advanced radios and technologies, but cannot 
be used on a large-scale fire because they’re not interoperable 
with the tools that other agencies have. 

Connectivity in forest and rural areas is limited and unreliable, 
making it difficult to utilize technologies without Wi-Fi or 
internet. It’s the primary barrier that has prevented many of 
the advanced technologies to be used in the fire service. But 
connectivity is important to allow people to communicate with 
each other and data to be shared among different groups.



There are current ways to boost the coverage. For example, 
radio repeaters are often set up to expand the range a two-way 
radio signal could cover. Other methods include employing 
Cellular On Wheels (C.O.W.), which is a mobile cell site 
transported on a vehicle to provide a cellular network in 
restricted areas. In addition, the command team will partner 
with private telecommunication companies to provide internet, 
WiFi, and satellite services. Despite these temporary solutions, 
the challenge of connectivity in rural and forest areas remains. 

Results



https://politicsandwar.fandom.com/wiki/Government_Type
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Slow to change
“We are California. We have Silicon Valley. We 
have access to whatever you could think of. We 
have it here. But we are a government, and that 
means red tape and that means it is slow and it is 
like pulling teeth to get anybody to change 
anything. That is the way it is across the board, no 
matter which government you're talking about. 
The reason is because we are spending taxpayer 
dollars, and so you don't just go spend them willy 
nilly, you think about it for a long time before you 
spend it. But that doesn't help much when it 
comes to advancement so most of our advances 
technology wise comes from a disaster.” 

-Chief, Office of Private Sector / NGO Coordination 



https://wildlandfirefighter.com/2016/12/02/brotherhood-connects-internationally-at-israeli-wildfires/#gref

Pushback from 
the community
“As soon as you standardize anything, then you're 
going to get push back because you know they're 
like, ‘Oh, we use this and it works for us.’” 

-Type 2 Incident Commander

Results
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https://abcnews.go.com/Politics/climate-change-make-wildfires-spread-factor/story?id=56937704

No Centralized 
system
“There's never going to be a one-stop shop for 
information sharing or anything. Software wise, 
there's never going to be one software program 
that's going to work for everyone, or work for 
every situation. The biggest thing is finding 
software programs that have a way of federating 
data between themselves, so you can share 
[information] from one type of platform to 
another.” -Cisco TacOps Technician


https://www.alaskapublic.org/2018/04/30/before-the-flames-alaska-firefighters-prep-for-wildfire-season/

Traditional 
ways of doing
“I don't need a smartphone... I don't need this 
technology, and we've been fighting fires for 
decades so they're [firefighters are] rooted in the 
old way of doing things.” -Operation Section Chief, 
Division Supervisor, Fire Management Officer, 
Firefighter


Results



https://www.youtube.com/watch?v=Timrq1lxsW4 
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https://www.gislounge.com/using-gis-fire-season/

Need Uniformed 
data formats
“So however you collect a map, whether that be 
an event or some other way that has to be 
imported into GIS and then upload it to the ftp 
sites, so that everyone can see it in a uniform 
way.” -Type 2 Incident Commander

Lowest common 
denominator
“Because there's so many of them [different types 
of radios]. ...it's like a lowest common 
denominator problem. It's not necessarily 
technical but it's really like this intersection of 
money and resources so... I'm going to hand out 
these lowest common denominator radios to 
everybody, so that we are all able to talk to each 
other, but then I lose some of the advanced 
features.” -Cisco TacOps Technician



Results
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https://nmindepth.com/2020/05/12/covid-19-pandemic-complicates-2020-wildfire-season/

Connectivity 
challenge remains
“They've done their best to try to meet that need 
[connectivity] by things like the cellular on wheels 
system or satellite cellular over LTE...They roll 
these things up to an incident and drop them off 
at base camp they're like, ‘Look we gave 
everybody on the wildfire cellular coverage.’ And 
like well, ‘You gave camp cellular coverage, but I 
still have nothing out on the line because we're 30 
miles from camp.’” -D4



Image: https://inciweb.nwcg.gov/incident/photograph/6387/63/93310

Connectivity is 
essential
“I can do so much digitally, but I have to be able to 
talk to you, you know. I have to be able to make 
that link.” -Type 2 Incident Commander

Results
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Refined research question: 

Personnel Tracking 


Importance of personnel 
tracking - Personal Safety


As established in the guiding principles of 
wildland firefighting, personal safety is the top 
priority during fire incidents, and it often 
depends on accurate and precise personnel 
tracking. You have to know where your people 
are to keep them safe. 


“...I'm talking about being able to track a 
person's GPS location on a fire, so if something 
were to happen to that person, and they're no 
longer answering the radio, instead of 
randomly starting a search pattern to try and 
find them, we can go to their last marked 
location on a map and be within a couple

hundred meters of where they are...I know the Forest 
Service...has a mandate that by 2024 they have to be 
able to track all individual people on a fire. I have no 
idea how they ever plan on accomplishing that, just 
with the cost associated with satellite data right now 
and being able to do that, but I think it's just going to 
push that issue of trying to come up with a better 
resource and a better means of tracking people. ” - Sr. 
Telecommunications Technician


“The safety of firefighters and the public is the number 
one priority when planning and implementing 
projects/treatments.” -NIFC Redbook


“We track aircrafts already, we track vehicles already, 
we don’t track people and that’s obviously the most 
critical thing to track [because]...we can’t replace 
people.” - Sr. Telecommunications Technician





Results
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Who needs to know the 
locations of personnel


Existing tools and systems 
for resource and personnel 
tracking


Critical information that 
hasn’t been tracked


environment. Different crews and teams will use the 
tools, systems, and applications that are available or 
familiar to them. 


In our interviews and competitive analysis, we did 
identify existing tools that help with resource and 
personnel tracking and management, amongst other 
features. 


For more detailed information, please refer to the 
Competitive Assessment Report.


The need-to-know details of personnel tracking differ 
depending on the complexity and type of the fire, and 
the role of the people involved. On larger fires (Type 1 
and 2), it is cognitively impossible for the Incident 
Commander to account for every single person on the 
fire, given that there are thousands of people on the 
response at once. As a Type 1 or Type 2 Incident 
Commander, they need to know the number of 
divisions in the area (the landscape is broken up into 
divisions) and the number of people within each 
division, but they do not need to know the exact 
coordinates of those firefighters. Each division has a 
Division Supervisor, who does need to know the 
specific locations of their crew and is responsible for 
them. The Division Supervisor regularly surveys and 
connects with the people in their division, reporting 
this information back to the Incident Commander. The 
chain of information sharing about where personnel is 
and how they are doing follows the general principles 
of the Incident Command System: everyone takes care 
of their part and relays relevant information about 
personnel up the ladder to whoever they report to. 
Fireline supervisors report to Operation Supervisors, 
who report to the Incident Commander.


On smaller incidents, the Incident Commander may 
need to know more detail if they provide hands-on 
supervision. The smaller the incident, the more likely 
that supervisors are taking on multiple roles, and need 
to know more detail about where people are. The 
requirements for this information shift with the 
adaptable structure of the Incident Command System. 
The flexibility and dynamic nature of roles and 
informational needs should be taken into account 
when considering systems for personnel tracking.

There is currently no standardized way to track and 
manage personnel to the degree that is necessary. 
Tracking occurs broadly as part of resource 
management, or in a haphazard fashion out in the 
field. As we heard from one participant, “There is no 
standardized process for [personnel] tracking. 
Everyone has their own strategy.” This patchwork 
approach to personnel tracking is in line with 
everything else in the wildland fire management 

Tracking critical information is crucial in fighting 
wildland fires. The lack of critical information and its 
untimely delivery can lead to decision mistakes where 
wildfire response efforts are misplaced and wasted. 
Making sound and timely decisions based on all 
information needed is particularly important in this 
highly dynamic environment of fighting fires. 


“So, having a system that helps do not only resource 
tracking but resource, you know logistical resource 
tracking so that we can deploy resources more 
efficiently so that's something I think that you know, 
trying to think of like a you know, a process, You know, 
a more application driven solution, but that you guys 
seem to be kind of focused on. That would be 
something I would think about you know and 
essentially it's just like you know, think about how you 
look at Amazon when your package is coming, you 
know you can.” - Operation Section Chief, Division 
Supervisor, Fire Management Officer, Firefighter


Results

https://drive.google.com/drive/folders/194GxbZTZdQQ_HYZIkbf6z5h7B042g3k5?usp=sharing
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

Discussion

In synthesizing our research, we came up with a how might we statement to 
narrow our focus in the wildland fire communications space, design principles to 
guide us in the design process, design opportunities, and our next steps.

Next StepsDesign PrinciplesHow Might We Design Opportunities

72
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Image: https://news.usni.org/2020/10/26/marines-sailors-put-stamp-on-marine-corps-support-for-wildland-fire-missions-in-california 

How Might we (HMW)
Considering all of our insights, we came to this how 
might we statement: 


How might we improve the personal safety of 
firefighters by providing real-time location data at 
different levels of the incident command system?


We know that location data is critical and we know 
that different people need different levels of data and 
can provide different types of data. This is because the 
structure of the Incident Command System (ICS) (see 
visual on page 48) is hierarchical and each person has 

someone they report to above them and the people 
they are held accountable for below them.


For example, an incident commander would need to 
know the status of each division, but not specifically 
where everyone is. However, a crew boss would want 
to know exactly where each member of the team is, 
and a division supervisor would want to know exactly 
where each of their crews was. So, our next challenge 
would be to understand what level of data each type 
of personnel needs and where the data comes from.
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Design principles
Our design principles are our priorities and values for 
the design of our product that stem from our research 
insights. They include (1) Easy Adoption, (2) 
Consideration of Human Factors, (3) Must-Have 
Interoperability, and (4) Be Redundant.

We believe that these design principles are key to 
keeping true to our insights and are important to 
follow in order to be able to appropriately integrate 
into wildland fire’s uniquely dynamic and hierarchical 
structure in emergency response.

#1 Easy Adoption #2 Consider the

Human Factors

#3 Must-Have 
Interoperability

#4 Be Redundant



https://www.capradio.org/news/insight/2019/05/08/new-cal-fire-director-thom-porter-on-how-to-prepare-for-wildfires/
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#1 Easy Adoption

Blend Into the work

Align with the Culture

First, the design would need to be easy to implement 
and seamlessly blend into the work that firefighters 
already do to provide enough value to warrant 
adoption. Firefighters are already mentally and 
physically overtaxed and for a product to be adopted, 
it would need to make something much easier. For 
example, Avenza (mapping app with GPS) has replaced 
paper maps and compass because it’s much faster and 
easier.

Since there is such a hierarchical structure and people 
take 30 to 50 years to “climb the wildland fire ladder” 
because there’s so much experience and knowledge 
needed, people at the top in charge of adoption are 
likely to be 50 to 70 years old and anything that they 
sanction would need to be a no-brainer, be 
cost-effective, potentially lower-tech, and easier to 
support without fancy IT people. 


Adoption would also need support from the top down 
with official training that would be funded on a local, 
state, or federal level. If there was a technology opt-in, 
like smartphones or wearable technology, the cost may 
even be passed down to each firefighter.


In wildland fire, there are a lot of rules, regulations, 
training, traditions, and hierarchy already in place. Any 
design would need to understand the different 
nuances in wildland fire’s culture, personnel structure, 
and how technology is adopted.
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#2 Consideration of Human Factors

People in wildland fire put their lives at risk and don’t 
get paid much even as they progress up the ladder. 
Everyone needs to go through the ranks and start as a 
level one firefighter doing hard manual labor, do their 
time, get the training they need, and then progress, 
but most people drop out because it’s just too intense, 
you don’t get paid enough, and you don’t get to see 
your family for six months out of the year. The reason 
people do this is because of the camaraderie that 
wildland fire provides, being able to work outside, 
pushing yourself to your physical and mental limits, 
knowing that you’re doing a good thing, and wanting 

to get the job done quickly. Having a good idea of the 
mental space of the wildland fire personnel is 
extremely important to understand what they would 
value in a product.


Also, we need to be considerate of each category of 
personnel and understand their particular situations. 
Being considerate of the things each category of 
personnel is dealing with and understanding their 
particular situations is key to building something that 
everyone can use.

Image: Hand Crew  ready to dig fireline. http://calag.ucanr.edu/Archive/?article=ca.v069n03p164
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Division supervisor 
Perspective

Hand Crew Perspective

A division supervisor is in charge of several crews each 
of whom has crew bosses or other supervisory 
personnel. It could be a mile or even ten-mile stretch 
of the fireline that they are covering, and they need to 
stay accountable for everyone under their jurisdiction 
until they leave their jurisdiction or the division 
supervisor gets word that they are safely back at camp.


Until then, the division supervisor keeps accounts of 
everyone under them in their heads in addition to 
keeping track of the weather, fire behavior, upwards of 
10 radio channels, and more. 

From a hand crew perspective, they hike for 16 hours a 
day performing heavy manual labor cutting and 
burning away brush, trees, and grasses next to really 
hot, smokey fires while carrying 40+ lbs of equipment 
to create firelines. A hand crew member will work 16 
hours a day for two weeks straight before getting a 
three-day break and then having to come back and do 
it again. 


A hand crew member in addition to doing all this still 
needs to keep situational awareness and understand 
where the escape routes are and what the warning 
signs are when things start to go bad. They are on the 
bottom of Mazlow’s hierarchy of needs with being 
overtaxed mentally and physically as well as not having 
clean air to breathe.


So, you don’t want to give someone on a hand crew 
anything that will distract them from their job, 
because they need to be in the moment and present 
to stay safe. We think about applications like Google 
Maps where your main job is keeping your eyes on the 
road and driving, and the application is something you 
reference from time to time to stay on track.

H2 Spacing Between Paragraph Sections (24px)

Image: Supervisory Personnel gather for the morning briefing. Charlton County, GA, May 18, 2007 -- The morning briefing at the Incident Command Post for the Big Turnaround Fire. The U.S. Department of Homeland Security's Federal 
Emergency Management Agency (FEMA) has authorized four Fire Management Assistance Grants between April 18 and May 10, 2007, to help Georgia fight fires in four counties. Mark Wolfe/FEMA 
https://commons.wikimedia.org/wiki/File:FEMA_-_30107_-_Fire_Incident_Command_Post_Morning_Briefing_in_Georgia.jpg 
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Image: Within 24 to 48 hours of a wildland fire breaking out, a miniature city is built, populated and exists for a singular purpose: Contain that fire. https://www.wildfirex.com/incident-command-post/

#3 Must-Have 
Interoperability

Interoperability is critical especially with the 
wildland-urban interface expanding and 
firefighters needing to fight fire in more forested 
spaces because there are homes there to 
defend and they can’t just let it burn. Also, with 
climate change, there is drought which makes 
things more prone to catching fire. So with both 
of those things combined, we have more fires 
which means more opportunities for fires to get 
very large, for example, the most complex type 
one and type two fires.


These type one fires, the largest fires (see page 
13 for details) have 3000+ firefighters showing 
up at camp from all different agencies on a 
local, state, and federal level. They usually have 
to revert to the lowest common denominator to 
communicate with each other. So, for anything 
to work, everyone needs to be able to have 
access to it for everyone to be able to use it and 
communicate and share information in order to 
work together effectively. Any technology needs 
to be able to bridge teams and their data 
together for cross-collaboration.


This means the solution needs to be able to 
accept a lot of different types of data in 
different formats and be able to export a lot of 
different types of data in different formats as 
well as work across all different kinds of devices  
to be easily accessible and work with what 
people already have.
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Image: https://www.stateforesters.org/2020/05/05/why-inform-is-your-solution-to-wildfire-reporting/ 

#4 Be Redundant

Any design for wildland fire needs to have 
contingency plans especially because it is 
an emergency response situation with risks 
involved. Something unexpected is always 
going to happen and being prepared for it 
with redundancies is one of the core 
tenants of wildland fire and should be a 
design principle as well. 


Any design needs to have contingency 
plans if it fails: primary, secondary, 
contingency, and emergency.

The redundancy doesn’t necessarily mean 
you will have real-time information all the 
time, but it may mean that you see when 
a particular point of data was last 
updated. It means there’s a contingency 
plan if the data system fails, maybe you 
revert to paper and radio. If you lose 
contact with someone or if you don’t see 
their point of data for a long enough time, 
the last resort would be an in-person 
check-in.



80

Research Report Discussion

Communications in Wildland Fire

Tactical image: https://inciweb.nwcg.gov/incident/photograph/6964/216/106490

Design Opportunities
We found the majority of design opportunities for our 
problem statement: “How might we improve the 
personal safety of firefighters by providing real-time 
location data at different levels of the incident 
command system?” to be within the areas of (1) 
Promoting Safety & Well Being, (2) Supporting 
Logistics, and (3) Providing Tactical Support. We 
believe that the communication of real-time data is 
what wildland fire personnel are missing out there in 
the wilderness because of low connectivity and no 
infrastructure in place to disseminate information to 
the people that need it. 

They have the data, but they have too much data to 
communicate with just radios and they are using the 
wrong format. Figuring out all the different types of 
data they are communicating over the radio (including 
coordinates, locations, fire behavior, etc.) and the most 
effective ways of displaying them will be a potential 
design opportunity within all the following design 
opportunities. 


Tactical image: https://inciweb.nwcg.gov/incident/photograph/6964/216/106490

#2 Provide Tactical 
Support

Our third opportunity is to create useful 
information for IC’s, incident management teams, 
and supervisors to support operations. It could be 
helping to create the infrastructure to easily and 
quickly communicate and disseminate tactical 
support information like if the fireline is 
completed if it was successful, where the fire is 
going, how the weather is doing, where personnel 
and teams are, what air tac is doing, where there 
are indigeonous burials or endangered species 
that need to be protected, etc. With IC’s having 
more useful information sooner, it should 
promote more safety overall for the firefighters.
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Logistics image: https://inciweb.nwcg.gov/incident/photograph/6964/181/108497

#2 Support Logistics

Using real-time data to support logistics would 
take some pressure off the minds of supervisory 
personnel in wildland fire. There’s a lot of things 
to keep in mind when you have a crew in the 
middle of the wilderness to support. They are 
doing a lot of work, so you need to keep them in 
top physical condition in order to keep their 
performance high to keep building the firelines.


 This means always having water and Gatorade on 
tap, food and other nutrition, gas and batteries for 
their equipment, making sure they get adequate 
sleep, making sure they are only working the 
number of days they are allowed, making sure you 
have more people coming to replace them, 
keeping track of people checking-in and 
checking-out, and then how to transition all the 
information when someone comes to replace you.


Safety and well-being image: https://inciweb.nwcg.gov/incident/photograph/6964/214/106493

#3 PromotE Safety & 
WellBeing

A potential direction we could focus on is 
promoting the safety and well-being of wildland 
fire personnel which could include highlighting 
mental and physical well-being and building in 
safety measures. Being able to understand where 
a firefighter is mentally can benefit the team 
because they are always under so much time 
pressure. Physical well-being is being tracked with 
different wearables already on the market and it 
could be an interesting alternative for individual 
firefighters that would be too distracted by a 
smartphone. We could build in safety measures in 
also mapping fire behavior and where the fire is in 
proximity to the firefighters. There is also a 
database of “snags” that could be imported which 
could let firefighters know where dangerous areas 
that should be avoided are.
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Image: SpaceX’s somewhat controversial Starlink satellite constellation aims to bring high-speed Internet to places that traditional cables and radio waves don’t always reach. // 
https://www.slashgear.com/spacex-wants-to-put-starlink-satellite-dishes-on-large-vehicles-08662662/ 

Next Steps

Limitations & 
Constraints

For next steps, we’re going to be starting the design 
phase of the project (June 22nd through August 20th) 
which includes ideation, prototyping, testing with 
participants, iterations, and creating the final design.


We know the issue is that there is too much 
information during a larger type 1 or 2 complex fire to 
be communicated over radio, so we will spend 
summer quarter improving the transfer of information.


We’d also love to have a design workshop with 
participants to co-design with people in the wildland 
fire space in order to have a genuine insider’s 
perspective on our design and facilitate their ideas as 
designers. This would increase the probability of 
adoption as well as usability.


Experiencing a complex fire camp in person, fire 
training, going to a forest service regional office, 
wildland fire dispatch center, or EOS center would be 
ideal to get experience in context as well as continuing 
to expanding our wildland fire network to keep 
deepening our perspectives and knowledge.

Costs (including upfront costs, training/time costs, 
maintenance costs, costs at the local, state, and federal 
levels, etc.) are the main limitation and making the 
argument that our product is worth the potential cost 
savings that it would provide in the future and that the 
upfront cost is worth it. We can evaluate our design 
solutions by how much it could improve the bottom 
line.


Connectivity is another potential constraint as there 
currently is no standard for getting internet to the 
entire fireline. They can get connectivity and internet 
in camp, currently, but not everywhere they need it. 
We can assume in a few more years they’ll have more 
standards in MANET repeaters, have an enclosed 
system, or have Starlink mounted to every fire engine. 
Our design would have to assume one of the above if 
we decide to create something digital.
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Artifacts from our research process.
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Appendices

Miro Board

Competitive Analysis

Interview Guides and 
Notes

Research Plan

Expert Interview Guide

Research Presentation

Interview Analysis

16th International 
WIldland Safety SUmmit

Since we have so many things captured, we’ve created 
descriptions of all of the artifacts from our research 
and linked them below.

We used Miro to analyze and synthesize our research 
findings at a higher level, after transcription and 
coding.

https://miro.com/app/board/o9J_lTkjQz4=/

Our competitive analysis takes a deeper look at the 
some of the existing products, tools, and systems for 
resource management and personnel tracking.

https://drive.google.com/file/d/1KFuFUsAcN9SNoXSW
fya7pdqud1oLLDug/view?usp=sharing

See our folder of interview guides and notes.

https://drive.google.com/drive/folders/1pZOyGrilBUKP
q9tYGmlZfyiBf3_VDf-f?usp=sharing

The research plan was created at the beginning of 
Spring quarter to have a roadmap for the semester.

https://docs.google.com/document/d/1LBrODvMcAXb
kgbqxjMY2EA7shl-6DCvgq8jX7lM5jJ8/edit?usp=sharing

Our interview guide for SME experts

https://docs.google.com/document/d/1qeU1Z-2SyV8
W4r-ZP0yntg5Bh1gyVhKxhUkupOL5v7w/edit?usp=sha
ring

Our final research presentation of these findings to our 
Capstone industry advisors, research participants, and 
other interested designers and wildland fire personnel.

Recording: 
https://drive.google.com/file/d/1kq2s43YnE8BqUMRk
NQRySQaD1OtBK7ei/view?usp=sharing

Presentation Deck: 

https://drive.google.com/file/d/1aWfogb365z6ThtvP4-
Ap5micnwO1dWkK/view?usp=sharing

Here is our interview analysis:

https://docs.google.com/spreadsheets/d/1QgKhWH3x
Y2i-MkLapX_T6gJGF2Kgl3i_GnHY1l52bhA/edit?usp=sh
aring 

We attended the safety summit to better immerse 
ourselves in the wildland fire problem space with a 
specific focus on safety.

https://firesafety-humandimensions2021.com

https://miro.com/app/board/o9J_lTkjQz4=/
https://drive.google.com/file/d/1KFuFUsAcN9SNoXSWfya7pdqud1oLLDug/view?usp=sharing
https://drive.google.com/file/d/1KFuFUsAcN9SNoXSWfya7pdqud1oLLDug/view?usp=sharing
https://drive.google.com/drive/folders/1pZOyGrilBUKPq9tYGmlZfyiBf3_VDf-f?usp=sharing
https://drive.google.com/drive/folders/1pZOyGrilBUKPq9tYGmlZfyiBf3_VDf-f?usp=sharing
https://docs.google.com/document/d/1LBrODvMcAXbkgbqxjMY2EA7shl-6DCvgq8jX7lM5jJ8/edit?usp=sharing
https://docs.google.com/document/d/1LBrODvMcAXbkgbqxjMY2EA7shl-6DCvgq8jX7lM5jJ8/edit?usp=sharing
https://docs.google.com/document/d/1qeU1Z-2SyV8W4r-ZP0yntg5Bh1gyVhKxhUkupOL5v7w/edit?usp=sharing
https://docs.google.com/document/d/1qeU1Z-2SyV8W4r-ZP0yntg5Bh1gyVhKxhUkupOL5v7w/edit?usp=sharing
https://docs.google.com/document/d/1qeU1Z-2SyV8W4r-ZP0yntg5Bh1gyVhKxhUkupOL5v7w/edit?usp=sharing
https://drive.google.com/file/d/1kq2s43YnE8BqUMRkNQRySQaD1OtBK7ei/view?usp=sharing
https://drive.google.com/file/d/1kq2s43YnE8BqUMRkNQRySQaD1OtBK7ei/view?usp=sharing
https://drive.google.com/file/d/1aWfogb365z6ThtvP4-Ap5micnwO1dWkK/view?usp=sharing
https://drive.google.com/file/d/1aWfogb365z6ThtvP4-Ap5micnwO1dWkK/view?usp=sharing
https://docs.google.com/spreadsheets/d/1QgKhWH3xY2i-MkLapX_T6gJGF2Kgl3i_GnHY1l52bhA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QgKhWH3xY2i-MkLapX_T6gJGF2Kgl3i_GnHY1l52bhA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QgKhWH3xY2i-MkLapX_T6gJGF2Kgl3i_GnHY1l52bhA/edit?usp=sharing
https://firesafety-humandimensions2021.com



