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Abstract

1,2,3,5

Climate-induced drought jeopardizes future access to sufficient energy sources for many people reliant on firewood, espe-
cially those underrepresented in forest management decision-making. To identify where interventions might be most effec-
tive in facilitating self-determination and sustained firewood harvest, we investigate the case of Diné firewood harvesters.
Using data from surveys, interviews and participant observations, we articulate who uses firewood and why, what the costs
of firewood are, and who imposes those costs. Reducing both the cost and need for firewood for the Diné and others would
support energy sovereignty by facilitating sustained access to firewood.

Keywords Firewood - Environmental justice - Sustainable harvest - Indigenous self-determination - Traditional ecological
knowledge - Diné - Navajo Nation - Utah - Arizona - North America

Introduction

Access to energy is a universal human need. This necessity
deeply embeds human actions towards harnessing energy for
human purposes in nearly all ecosystems on Earth, and impli-
cates human decisions in the global climate change crisis.
Today, the majority of the world's population uses energy for
heating, cooking, transport, and other tasks through global
supply chains embedded within complex socio-political
networks (Bilgen, 2014). This energy is generated through
a global industry of fossil fuel extraction, processing, pro-
duction, and distribution centered on hydrocarbon sources
(oil, gas and coal, Chen & Chen, 2011). Despite widespread
use of fossil fuels, nearly a third of the world's population
continues to rely on locally available biomass often in the
form of firewood or charcoal (carbonized biomass) produced
from nearby or regional forests (Bailis et al., 2015; Smith
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et al., 2014). Reliance on local biomass situates energy har-
vest and use among a suite of socio-economic and ecologi-
cal issues related to access and sustainability of the world's
arboreal ecosystems. Geographic variation in the distribution
and density of woodlands, forests, and their products cre-
ates scenarios where some individuals have easy access to
biomass fuels while others are excluded. As woody biomass
regenerates slowly, if at all, ecologists and policy makers
agree that it is likely unsustainable for a third of the world's
population to rely on biomass harvests for their primary fuel
source as both population growth and climate change will
increase ecological and socio-economic stress for the people
reliant on this resource (Bailis et al., 2012, 2015; Ceballos
et al., 2015; Morton, 2007; Venter et al., 2016). Systemic,
structural inequality affecting access to alternative forms of
energy renders Indigenous people — many of whom rely on
firewood harvest and use for economic and cultural purposes
— among the most vulnerable to these changes (International
Energy Agency, 2017; Macchi, 2008).

Over the last century, the development of a globalized
energy infrastructure has focused on fossil fuels. While
global measures of energy inequality have decreased in
recent decades due to increasing connectivity of infra-
structure (Lawrence et al., 2013), many people continue
to face substantial obstacles to obtaining sufficient energy
resources. In many rural parts of the world, distance from
distribution centers and infrastructure hubs results in low
rates of access to affordable energy, despite the fact that
hydrocarbon extraction primarily occurs in these areas
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(Ritchie & Roser, 2019). In reaction to this compounded
inequity, many are working to center the concept of energy
sovereignty in discussions about the future of the world’s
energy infrastructure (Timmerman & Noboa, 2022).
Although the concept of sovereignty, and energy sover-
eignty in particular, is not universally defined (see Curley &
Lister, 2020 for a critical examination of sovereignty), here
we use the concept of “energy sovereignty” to broadly refer
to scenarios where communities, as they define themselves,
are empowered to exercise self-determination over the
sources of energy they use, and are able to access the means
of production and consumption of that energy (Energy
Sovereignty Institute, 2023; Timmerman & Noboa, 2022).
The continued or renewed tradition of firewood harvest-
ing is one grassroots response to disenfranchisement from
energy infrastructure in many Indigenous communities
(Brewer II et al., 2018). Using locally harvested biomass
fuels can offset the lack of access to industrial energy infra-
structure in ways that align with cultural identity. The har-
vest and use of firewood, for example, is considered part of
a traditional subsistence practice that maintains local eco-
logical connections as well as a divestment from the same
industries that have caused a legacy of harm, especially
in Indigenous communities (Linthicum et al., 2021). Thus,
the practice can be simultaneously economic, cultural, and
political, though individual motivations may align more
strongly with one or another aspect. Regardless of the moti-
vation, access to local sources of firewood is an important
aspect of how individuals exercise self-determination, and
thus an important aspect of energy sovereignty.

While the harvest and use of firewood promotes local
energy sovereignty, reliance on local wood fuels is not free
from problems. Indigenous patterns of disenfranchisement
and divestment from hydrocarbon industries occur within
the context of a complex legacy of land tenure rights and
diminishment of the ecological health of arboreal ecosys-
tems. The world's forests and woodlands are part of eco-
logical systems with a legacy of land tenure by Indigenous
people (Hoffman et al., 2021). In many cases, utilization of
local ecological resources such as firewood by local commu-
nities contributes to biodiversity, an important indicator of
ecological health and sustainability (Bliege Bird et al., 2008;
Guadilla-Séez et al., 2019; Power et al., 2018). In many areas
of the world, however, diminished and diminishing access to
firewood affects the livelihoods of Indigenous people as well
as the ecological health of the arboreal ecosystems adapted
to Indigenous use. This diminished access can be from a
suite of causes, including overharvest and restrictive land
management policies. Climate-driven reductions of woody
biomass threaten the sustainability of harvest from
arboreal ecosystems. These dynamics influence the energy
sovereignty of Indigenous communities across the world
(e.g., Bharadwaj et al., 2021; Durkalec et al., 2015; Rahman
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& Alam, 2016) and work to erode other cultural practices
that rely on forest resources (e.g., Turner & Clifton, 2009).
The characteristics of the woodlands and forests themselves
are changing due to climate change, further complicating
the question of the future role of firewood in Indigenous
sovereignty and self-determination.

The goal of this article is to situate contemporary fire-
wood fuel harvest and use strategies within the broader polit-
ical and ecological contexts in which they occur. Specifi-
cally, we seek to address questions around how and for what
purposes firewood is used, when harvest takes place and by
whom, and what some of the costs of firewood harvest are.
The research presented here provides a case study for under-
standing these dynamics by situating firewood harvest and
use among members of Navajo Nation, located in portions of
Utah, Arizona and New Mexico in the southwestern United
States. We report on Diné (Navajo) 'wood hauling' — the
local term for the practice of harvesting firewood — in and
around Navajo Nation. By articulating these dimensions of
the use of a local biomass fuel source, we hope to facilitate
discussions about energy sovereignty and identify interven-
tions most likely to improve ecological and humanitarian
outcomes given both ongoing colonial legacies and the likely
impacts of climate change.

Cultural Context of the Study Area

All information presented here was provided by Diné Tribal
members living on Navajo Nation. The study area includes
Navajo Nation and surrounding lands where Diné Tribal
members harvest firewood. Although the particular details
are likely to vary in other cases where people are reliant on
locally harvested firewood, the implications discussed below
should apply broadly. This is especially true for Tribes neigh-
boring Navajo Nation and for whom the same regional forests
and woodlands are part of the traditional land base, such as
the Ute Mountain Ute Tribe, Hopi Tribe, Pueblo of Zuni, and
Ute Indian Tribe (Bears Ears Inter-Tribal Coalition, 2021).
While the specific history and cultural identity of each Tribe
is unique, a shared legacy of social, political, and economic
relationships exist among each other, and all experience
harmful and ongoing impacts from Euro-American colonists
and the United States federal government.

Firewood harvest began in the greater four-corners area
with the first people to inhabit the region, dating to at least
8500 BP and likely much farther back (Bennett et al., 2021;
Davis, 1989; Geib & Davidson, 1994; Vance, 2011). Use of
the landscape has been continuous since that time. By the
arrival of Spanish missionaries and settlers in the sixteenth
and seventeenth centuries, a complex political landscape
with deep ecological legacies had developed, including pat-
terns of land use and management ranging across foraging
and farming subsistence strategies (many details are offered
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in Ortiz 1979, 1983). Notable among the many changes
brought by successive waves of Euro-American expansion
into the region is the arrival of Mormon settlers in the
extreme southeastern parts of Utah in the late 19th century,
the establishment of Tribal reservation lands in the late
19th and early 20th centuries, and the subsuming of lands
not already privately held or reserved by federal land man-
agement agencies in the early 20th century (McPherson,
1995). Each of these events and many others hold in
common the violent disenfranchisement of Indigenous
people from the landscapes they traditionally inhabited
through capture, murder, and forced movements such as
the Long Walk (among the many detailed accounts are
Denetdale, 2015; Forrest, 2000; Iverson, 2002; Johnson,
1973; McCool, 2015; McNitt, 1964). A somewhat recent
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Fig. 1 A sample location and ecological context of wood hauling. A.
A view of the northern part of the study area via satellite, where the
Utah portion of Navajo Nation is situated south of the San Juan River
(line bisecting the image horizontally). B. The location of the view

example important to discussions of economic sovereignty
on Navajo Nation today is the Navajo Livestock Reduction
Program of the 1930's where a federal mandate to reduce
livestock holdings among Diné Tribal members dimin-
ished cash earning potential by 50% and severely disrupted
socio-cultural systems in the region (Kelly, 1974; Roessel
& Johnson, 1974). Although nearly a century has since
passed, the losses suffered through this program are still
acutely felt, as evidenced by the frequency of discussion
at Chapter House meetings and other community settings.
Such losses are compounded by the high cost of accessing
many needed resources, such as energy.

In many areas of Navajo Nation, the difference between
Tribal lands and nearby lands is stark. Figure 1 shows one
example of the difference between lands reserved for Native

in A. relative to current political boundaries. C. North of the river,
woody vegetation becomes increasingly abundant. D. South of the
river, vegetation is diminutive, with few trees
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people where the productivity of the land is low, and tra-
ditional lands nearby, where woodland resources are more
plentiful, but which is now under the administration of
federal land management agencies. Resource distributions
across the study region are heterogeneous, and often the
most abundant traditional energy sources (as well as water,
agricultural, and other resources) are distant from reserva-
tion lands. Diné and other Indigenous people living in the
region today navigate complex dynamics of maintaining a
distinct cultural identity while balancing participation in for-
mal and informal economies requiring travel over vast geo-
graphic distances to access opportunities (Gilbreath, 1973).
While many rural demographics face similar challenges, the
burden of this balancing act for Indigenous people is mag-
nified by poverty, lack of access to political systems, and a
long history of systemic disenfranchisement from culturally
and economically important natural resources (e.g., McCool
et al., 2007). Despite these challenges, the importance of
firewood to Diné people is fundamental to life in ways that
cannot be parsed between culture, economics, or politics.
The practice of being in relationship with fire through
supplying, starting, maintaining, and respecting hearths
and fireplaces in homes, hogans, and ceremony grounds has
been recorded by numerous ethnographic accounts. The list
of such published accounts is substantial, but Holiday and
McPherson (2005) and Thunder (2001) offer details about
the importance of fire in the words of practicing Diné medi-
cine people. An exhaustive list of the roles of fire (and hence
firewood) in Diné ceremonies is too extensive to cover here.
Examples of common ceremonial contexts noted frequently
by participants in this study that require substantial amounts
of firewood include tachééh (sweat lodge) ceremonies,
peyote ceremony, and Yei bi cheii (Night Chantway).

Ecology of the Study Area

The ecology of the study area underpins the distribution
of woodland resources across Navajo Nation and the sur-
rounding region. Situated entirely within the semi-arid,
uplifted Colorado Plateau, geomorphological variation that
ranges across deeply incised canyons and laccolithic moun-
tain ranges produce extreme differences in elevation and
associated ecological gradients. Within the Navajo Nation,
elevations range from about 1500-3400 m (~5,000-11,000
feet) above sea level (Sisk, 1998). Lower elevations receive
an average of 18 cm (~7 inches) of precipitation annu-
ally, and higher elevations receive over 40 cm (~ 16 inches;
Navajo Nation Department of Water Resources, 2003).
Seasonal precipitation patterns are driven by the North
American monsoon in the summer months, and Pacific
teleconnections in the winter months (Tulley-Cordova
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et al., 2018). Lands surrounding Navajo Nation that hold
woodland and forest resources important to Tribal mem-
bers are similar. Woodlands where pinyon (called chd'ol
in Diné, Pinus edulis) and juniper (frequently called cedar
in English, or gdd in Diné, Juniperus spp.) mix to varying
degrees are the most common source of firewood in the
region. Pinyon-juniper woodlands tend to grow in eleva-
tions between 1200-1800 m (~4000-6000 feet). Covary-
ing differences in elevation and precipitation influence a
trade-off between which species is dominant, with pinyon
increasing in abundance at higher, wetter elevations.

As elevations increase, pinyon-juniper woodland eco-
systems give way to other arboreal systems, dominated by
oaks (chéch'il, Quercus spp.), ponderosa pines (nidischii’,
Pinus ponderosa), and aspen (t'iisbdi, Populus tremu-
loides). While these higher elevation arboreal systems are
also culturally and economically important to Diné people, they
are not as commonly utilized for firewood as pinyon and juni-
per, which are the focal species for the remainder of this article.

The dynamics of the pinyon-juniper ecosystem may
change significantly with climate change. Recent synthesis
of climate science suggests that the southwestern US has
among the highest potential in the world for future drought
(IPCC, 2021). Semi-arid arboreal systems such as the
pinyon-juniper forest relied upon for firewood by Diné peo-
ple are among the most susceptible to climate change, which
is likely to produce droughts of increasing intensity and
duration in the study area (Campbell et al., 2020; Gao et al.,
2012; Li et al., 2018; Park Williams et al., 2013). Mass
regional die-offs of pinyon (as well as other species) since
2000 are linked to increasing drought conditions induced
by climate change (Anderegg et al., 2013, 2019; Macalady
& Bugmann, 2014). Juniper are more drought tolerant and
tend to dominate in lower elevations where precipitation is
less (Linton et al., 1998; Padien & Lajtha, 1992; Woodbury,
1947). Most firewood gathered from arboreal ecosystems
is taken from dead trees. A preference among Diné wood
haulers for recently dead trees (prior to insect infestation or
utilization by birds) means that climate-driven tree mortal-
ity events may actually increase access to firewood in the
short term. At least two such mortality events occurred in
the past two decades in the pinyon-juniper woodlands of
southeastern Utah (Anderegg et al., 2015), contributing to
an abundance of harvestable wood in recent years. How-
ever, climate change will likely reduce the total amount of
this energy source in the long term, cause the distribution
of pinyon-juniper woodlands to change, and make it more
difficult for wood users to predict future energy outcomes
and maintain ecological relationships. In order to deal with
these issues, we need a baseline understanding of wood
use now to assess changes over time and mitigate the worst
effects where possible.
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Political Context of Firewood Harvest

Forests and woodlands in the four corners region range
across lands managed by Tribal, federal and state govern-
ment organizations: the Navajo Nation Division of Natural
Resources (NNDNR), Ute Mountain Ute Resource and Envi-
ronmental programs, the United States (US) Bureau of Land
Management (BLM), the US Forest Service (USFS), the US
National Park Service (NPS), Utah School and Institutional
Trust Lands (SITLA), Colorado State Trust Lands, Arizona
State Land Department, and New Mexico State Land Office.
Firewood harvest is prohibited on some NPS lands as deter-
mined by individual superintendents and on Arizona State
Trust Lands (Arizona State Land Code, 1915; National Park
Service Organic Act, 1916; Organic Act Amendment, 1978).
The remaining agencies are guided by mixed-use mandates
that navigate complex issues of public recreational and small-
scale harvest uses, commercial economic development, and
resource preservation. Each of these mixed-use land man-
agement entities provide for firewood harvest in their man-
agement plans, but differ in the level of oversight and rules
established around harvesting woodland resources (Bureau
of Indian Affairs, 2005; Bureau of Land Management
Monticello Field Office, 2008; Manti-La Sal National
Forest, 1986; National Indian Forest Resources Management
Act, 1990; Title R850 of Utah Administrative Code, 2019).
For example, the Bureau of Land Management Monticello
Resource Management Plan (2008: 41) specifically "allow([s]
for traditional Native American firewood harvesting oppor-
tunities within areasonable range of the Navajo Reserva-
tion, as well as for collection of cottonwood and willow for
ceremonial purposes,” while the neighboring Manti-La Sal
National Forest currently has no similar provisions (Manti-La
Sal National Forest, 1986). These differences emerge from
variation in the way each agency defines its management
goals and interprets those goals into rules pertaining to the
public harvest of forest products, as well as the pace each
agency updates their governing documents. Depending on
local political boundaries, wood haulers find themselves
under the jurisdiction of numerous government entities.
Information about guidance and regulations surrounding
wood harvest and hauling are generally only available at
centralized government offices. Private property and indi-
vidually-enforced prohibitions on harvesting trees near home
sites or in depleted areas on Navajo Nation further compli-
cate the task of acquiring wood. Two issues central to wood
hauling which are managed to varying degrees by the land
and resource management entities listed above are permitting
and access.

Permits are required by all land management agencies
that do not prohibit wood harvest. Permits are sold per
cord of wood. A cord is the amount of dry wood tightly

stacked that fits within an area of 3.62 m? (128 cubic feet).
Permits to harvest a cord of wood range between 4$-20$
per cord depending on the species of wood. Land manag-
ers estimate a full-sized pickup truck, stacked high, equals
one cord, and this method of estimating, coupled with a
displayed and dated permit, tends to be seen as sufficient
for assessing whether permit requirements are met. With
few exceptions, permit sales are dispensed at centralized
government offices that are frequently distant from wood-
haulers' homes or the areas where harvest occurs.

Access to woodland resources consists of a broad suite
of details relating to land management. Vehicle access to
woodland resources varies considerably across the region,
ranging across well maintained paved roads to minimally
maintained dirt paths (often called "two-tracks"). Large
areas of woodland are not currently accessible by vehicle,
often by design under land management plans. A mosaic
of land management zones, with associated rules about
wood harvest, adds another dimension to issues of access.
For example, some BLM and USFS lands are managed as
Wilderness Study Areas (WSAs). Wilderness study areas
consist of a portion of a land management unit that is
managed as if it were federally designated wilderness.
These areas are established by land managers because wil-
derness characteristics, such as roadlessness, have been
previously identified, qualifying the area as eligible for
wilderness designation under the Wilderness Act of 1964
(The Wilderness Act, 1964). The harvest of wood is not
permitted within WSAs in the study region. Printed maps
that identify areas where the harvest of wood is permit-
ted, as well as areas where it is expressly prohibited, like
in WSAs, is provided by some land management offices
when a permit for wood harvest is issued. On the ground,
signage indicating the boundaries of where wood harvest
is permitted are sometimes posted, but fencing or other
clearly identifiable boundaries are frequently absent.

Traditional wisdom learned through generations of lived
experience, sometimes referred to as Traditional Ecologi-
cal Knowledge (TEK), also guides the harvest of firewood.
These rules include prescriptions about which qualities,
which species, and which portions of a tree, are best for
a variety of domestic and ceremonial contexts. Diné wood
haulers avoid wood affected by lightning and wood that
clearly houses animals such as birds and insects. Diné peo-
ple also have strong taboos against visiting places with clear
evidence of ancient habitation. Many wood haulers report
avoiding areas with ancient architecture and the potential for
burial sites. Traditional norms and rules are taught starting at
a young age and frequently reinforced within communities.

A long legacy of disenfranchisement and variation in
ecological and political characteristics create a complex
landscape for people seeking to harvest and transport wood.
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Methods

To explore firewood harvest and use across the ecological,
social, and political landscape detailed above, we employ
a multi-method approach that couples socio-cultural,
economic, and ecological information. Data about home
energy use, firewood harvest, demographic, and economic
information was collected via paper survey at six regional
fairs in Navajo Nation. The fairs took place in 2018 and
2019 at Window Rock, Arizona, Shiprock, New Mexico,
and Tuba City, Arizona. Surveys were administered at a
table at a designated vendor area frequented by attend-
ees as they walked through the fair. This method of sur-
vey collection was chosen because the fairs are widely
attended and considered perhaps the most efficient in-
person method of contacting the most representative
variety of Diné Tribal members. This decision and the
administration of the surveys was done in collaboration
with the Indigenous-lead non-profit organization, Utah
Diné Bikéyah (UDB, https://utahdinebikeyah.org/). The
lead author (KM) attended the table in the vendor halls

Fig.2 Images show various
aspects of data collection and
stages of firewood harvest and
use. A. The table where surveys
were administered at the fair

in Window Rock, Arizona in
September 2019. Setups at the
other fairs were similar. B. A
family breaking apart a fallen
dead pinyon tree with axes prior
to loading into a truck to bring
home for use. C. Ceremonial
oak wood piled for storage. D.
Heating wood pile consisting
mostly of pinyon wood, stacked
and stored for winter use
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along with a Diné research assistant (SC), Diné collabora-
tor and native language speaker (JY), and alongside staff
and board members of UDB. People passing the table were
asked verbally if they would be interested in taking the
survey, and some were attracted to the table by a sign and
wood hauling display meant to communicate the topic of
the survey. Occasional translation into Diné by JY and
other UDB board members was available to assist in inter-
preting the questionnaire. Survey respondents were not
compensated. It should be noted that survey respondents
self-selected and this study does not attempt to quantita-
tively assess the representativeness of the survey results.
Figure 2A shows an example of the setting used to collect
survey responses at a fair on Navajo Nation.

Survey questions were developed in consultation with the
UDB board members. Both the University of Utah Insti-
tutional Review Board (IRB #00090654) and the Navajo
Nation Human Research Review board reviewed the study,
including sample questionnaires, and exempted the study
from specific oversight. A cultural resources investigation
permit was approved by the Navajo Nation Heritage and
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Historic Preservation Department (permit #C18024-E).
The Navajo Utah Commission also supported a resolution
in support of this research (resolution #NUCFEB-714-18).
An example of the questionnaire questions is provided as a
supplement to this article.

Semi-structured interviews were also conducted to further
investigate knowledge and attitudes about firewood access,
land management practices, and ecological change in the
northern region of Navajo Nation (Adams, 2015). These
interviews were conducted by KM and SC, with direction
in finding and communicating with potential interviewees
by JY. Interviews lasted between one and two hours and
involved open-ended questions that began with similar top-
ics found in the surveys. Interviews were recorded for future
review upon verbal consent with interviewees. Interviewees
were compensated for their time with a stipend from UDB.

A total of 137 survey respondents and 9 interviewees
provided information about topics related to firewood har-
vest and use. Survey responses were digitized into Excel
and interviews were reviewed and tabulated by SC. To con-
textualize the socioeconomic status of Diné wood haulers,
data from the US Census was compiled and associated anal-
yses were conducted in R software (R Core Team, 2019)
by KM and BC (U.S. Census Bureau, 2020). To assess the
costs of firewood harvest, MW digitized firewood harvest
and use locations from survey maps. KM produced a cost-
distance analysis using the sf (v 1.0-1) and gmapsdistance
(v 3.4) packages in R software (Azuero Melo et al., 2018;
Pebesma, 2018). Data collection via participant observa-
tion of wood hauling activities was also conducted in the
northern and central parts of Navajo Nation. Information
from informal discussions during participant observation
sessions is presented here.

Findings

A summary of findings in response to questions relevant to
energy sovereignty is provided below. For context, panels B-D
in Fig. 2 show different aspects of wood hauling and storage.

Why Firewood?

The harvest of firewood primarily follows a seasonal pattern,
with most harvest occurring as average temperatures begin to
drop after the summer peak (see Fig. 3). This seasonal pattern
suggests that firewood's primary role is to serve as a source of
warmth in both household and ceremonial contexts.

Survey respondents indicated that heating was the most
common use for firewood (86.9%). Ceremony (68%) and
cooking (56.9%) were also important. All other uses for har-
vested wood were small in comparison (11.7%).

100 e Montly mean temp (°F)

B Frequency of response

60 —

40 —

g2z
S
= -

5
<

<
8]
—
@
=

(]
c
>
-

—
@
S
()]
S

<

January
February
September
October
November
December

Fig.3 Teal bars show the frequency distribution of months when
survey respondents harvest firewood. Respondents reported multi-
ple months, and each report of each month where harvest occurred is
shown here. The month with the greatest number of respondents haul-
ing wood occurs in October, while the month with the lowest amount
of wood hauling activity occurs in June. The monthly mean tempera-
ture as measured by the Canyon De Chelly, AZ weather station (Vose
et al., 2014) during 2018 and 2019 is plotted in black. Although abso-
lute temperature averages vary considerably across the study region,
the relationship between temperature trends and firewood harvest fre-
quency should maintain

How Important is Firewood?

Many who participated in this study expressed that, without
firewood, their way of life would not be possible. Most sur-
vey respondents reported using firewood at home, often in
combination with other energy sources (see Fig. 4). Of the
119 respondents who reported using firewood at home as
part of the household energy budget (86.9% of all respond-
ents), 42 report using only firewood (30.6% of total respond-
ents) and another 19 respondents report using a combination
of firewood and coal (13.9% of all respondents). Other forms
of energy are propane (40%), electricity (34.3%), natural
gas (8%), pellet (2.1%), kerosene (1.5%), and solar (1.5%).

Interviewees reported needing as little as 2 truckloads
of wood per year, so long as they had access to another
energy source. In the northern part of Navajo Nation, that
other source is often coal. People reported lighting their
fires and stoking as needed with wood, but most heating
hours were actually spent burning coal. 32 respondents
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Fig.4 A histogram showing the frequencies of different types of
household energy sources as reported by survey respondents. Many
respondents use multiple types of energy and each report of an energy
source is counted

(30.5% of those who use firewood) reported using both
coal and firewood. Additionally, nobody using coal did so
without also using firewood. This info alone suggests that,
for the 95 respondents who reported using 2 or more truck-
loads of firewood annually (comprising 90.5% of those
who chose to respond to that question in the survey), fire-
wood constitutes an important aspect of the energy budget.

These findings highlight two important insights. The
first is that a substantial number of people rely on fire-
wood as their primary source of energy at home for cook-
ing and heating. An increase in the cost of accessing fire-
wood, or restrictions to access would likely impact this
demographic the most. The second insight is that firewood
serves as an important supplement to other energy
sources. Firewood is a relatively inexpensive and accessi-
ble resource that mediates the need for materials like coal
used in dual fuel stoves. Firewood also provides energy
security in conditions where poor infrastructure limits the
reliability of access to other energy sources, such as elec-
tricity. For example, some study participants described a
weeks-long power outage that forced people to either rely
entirely on firewood for heat and increased reliance for
cooking, or caused them to disrupt their daily lives to stay
with relatives in larger cities and towns.
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The frequency of firewood use reported by survey
respondents underscores the importance of firewood on
Navajo Nation and reflects both the reliability and afford-
ability of firewood relative to other energy sources, as well
as firewood's cultural importance.

Who Harvests Firewood?

Acquiring firewood is largely dependent on an individual's
time availability, access to vehicles, and tools for harvesting
(e.g., chainsaws). Slightly over half of the respondents har-
vest firewood themselves (52.6%), 11.6% receive firewood
from others, and 24.3% purchase firewood.

Wood haulers ranged between the ages of 11-86, with a
mean age of 45.5 years old. Men and women harvested fire-
wood in equal proportion. Wood hauler groups are diverse.
Some harvest sessions are conducted by one person or a
small group of people, often men headed out for a day trip to
harvest wood and return to home sites by the evening. Other
harvest groups consist of multi-generational family groups
that combine firewood harvest with family bonding activi-
ties like camping and cookouts. Since survey respondents
were self-selected, young children are not represented in the
survey data. However, interviewees and interlocutors— as
well as co-authors on this article (SC, JY) — report wood
hauling at a very young age. Some informants indicated that
infants in cradle boards and toddlers are sometimes part of
wood hauling groups.

What is the Current Socio-economic Status
of Wood Haulers?

Among surveyed Diné households, those who use firewood
at home have lower median household incomes than that of
all households in the same counties (U.S. Census Bureau,
2020, Fig. 5). The median household income of individuals
who harvest and use firewood is similar to American Indian
households on or near Navajo Nation, but range lower. Those
individuals whose households earn less than $20,000 annu-
ally make up 89.8% of survey respondents, and 85.2% of
those households rely on firewood.

What Are the Costs of Firewood Harvest?

Although lower income households are more reliant on fire-
wood, the ability to acquire firewood is also dependent on
the ability to afford the cost in both time and money. Some
wood haulers report having nearby access to woodlands
or forests where firewood is available (43.6% live within
20 km, or 12.4 miles of woodlands where firewood can
be harvested). Many must travel distances of over 20 km
(12.4 miles), and some over 80 km (50 miles) to arboreal
ecosystems (Fig. 6).
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US Counties that Intersect
with Navajo Nation
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Fig.5 Box plots comparing the median household income in coun-
ties intersecting Navajo Nation. The grey boxes represent census data,
and the teal box represents survey data from this study. The median
household income for all households is just under $45,000/year. The
median household income for both American Indian and firewood-
using households is about $30,000/year, however the income level of
those households who use firewood has both a lower first quartile and
minimum income level

Semi-structured interviews and informal conversations
reveal that, in addition to travel times, there are numerous
challenges faced by wood haulers that are harder to quan-
tify, yet influence decisions around firewood harvest and
use. One category of such challenges involves social and
psychological stresses imposed on wood haulers following
from uncertainty around the rules imposed by land manag-
ers. Communication from government offices about the laws
and policies around wood hauling, along with legible justifi-
cation of these regulations, is severely limited throughout the
region. Many wood haulers reported fear about being cited
for violations of legal codes governing firewood harvest,
regardless of whether actual violations occurred. The result
is that the act of harvesting firewood is approached as clan-
destine by many wood haulers. This dynamic can result in
an adversarial relationship between local land managers and
wood haulers, undermining efforts to sustain traditional cul-
tural and ecological relationships with the local woodlands.

Even in cases where the process for following wood har-
vest codes 1s well-known, wood haulers often face a suite
of challenges in meeting the requirements. For example,
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Fig.6 The one-way driving distance between the home site (i.e., the
location where firewood is used) and where firewood is available for
harvest varies substantially across Navajo Nation. About a quarter of
survey respondents (24.6%) report living where firewood resources
are available (travel distance=0 km). 76.3% of survey respondents
report living 40 km or less from a place where they harvest firewood.
23.7% report needing to travel more than 60 km to harvest firewood

the acquisition of the permit required for each truckload
of wood often requires substantial additional travel. In
Utah, wood haulers whose local woodlands are on BLM
lands in southern Utah must travel to BLM offices during
business hours to purchase permits. The location of these
offices requires a roughly two-hour drive from many Diné
home sites. Embarking on such a trip significantly adds
to the travel costs of wood harvest. In many cases, travel
for acquiring permits and harvesting wood required leav-
ing Navajo Nation lands, which comes at the additional
cost of the risk of exposure to racially motivated hostil-
ity (McCool, 2015). Many Diné wood haulers reported
encountering discrimination when wood hauling activi-
ties required off-reservation travel. This combination of
added travel time, uncertainty about whether the offices
will be open when they arrive, and anxiety about harass-
ment add layers of financial and psychological burden to
wood haulers. Although interactions between law enforce-
ment and wood haulers are rare, wood haulers potentially
face citation and seizure of property if caught removing
firewood from managed lands without a permit. Aware of
this problem, BLM agents in Utah are engaged in ongo-
ing efforts to arrange for the sale of firewood permits on
Navajo Nation, however a stable long-term solution is yet
to be achieved. Similar obstacles to obtaining firewood
permits exist throughout Navajo Nation.
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Discussion and Conclusions
Our research results highlight four main conclusions.

1) Firewood is a key economic and cultural resource on Navajo
Nation. Access to firewood mediates disenfranchisement
from other systems of energy production and distribution.

2) The costs associated with acquiring firewood vary greatly
across Navajo Nation and in many cases the highest costs
are incurred by those least able to afford them.

3) Diné who harvest firewood usually use it within their
own households or share it amongst their personal social
networks for heating and ceremony.

4) Those who rely most on firewood are individuals whose
household income levels range below other American Indian
households and are significantly lower than all households
in the counties that include portions of Navajo Nation.

Individual procurement, exchange, and use of wood
from the region's woodlands and forests is an activity
rich in economic, cultural, and ecological value. While
some large-scale commercialization of harvested wood has
emerged in the region, most acquisition and trade remain
a part of what Diné people identify as a traditional prac-
tice. The harvest and use of firewood are an important
part of Diné identity, strongly embedded in many social
and ceremonial practices and an important aspect of main-
taining relationships with traditional lands. As with many
aspects of day-to-day subsistence, wood, and in particular
firewood, is part of an informal economy that provides
security against disenfranchisement from formal economic
systems. Although acquiring firewood can be costly in
some areas, access to firewood as an energy resource gives
individuals agency over how to meet energy needs in a
way that aligns with their cultural identity. An important
aspect of this identity involves spending time in forests
and woodlands with family, where ecological and social
connections are reinforced. The option to utilize firewood
enhances energy sovereignty. In many parts of Navajo
Nation, people have limited access to the broader market
economy. However, access to social and economic capital
is also an important aspect of successful wood hauling. A
vehicle able to haul wood, tools such as axes and chain-
saws, as well as gas and maintenance of equipment are all
necessary for wood hauling.

Such high levels of reliance on fuelwood is not exclusive
to this region, occurring even elsewhere in North America
(such as rural parts of Mexico as described by Serrano-
Medrano et al., 2014). Given the ubiquity of this issue, we
highlight some general solutions and future concerns that we
hope will contribute to the future of wood hauling on Navajo
Nation and can be adapted to other local circumstances.

@ Springer

Opportunities for Interventions

New actions or interventions in the system of firewood
harvest and use should promote the dual goals of fostering
energy sovereignty of Tribes and the sustainable management
of woodlands. Rather than focusing simply on energy secu-
rity, a focus on Indigenous sovereignty in managing energy
resources will benefit both the future development of Indig-
enous communities and foster ecological resilience through
land management decisions aligned with long legacies of
human-ecological relationships (Berkes et al., 2000; United
Nations Declaration on the Rights of Indigenous Peoples,
2007). As applied in other parts of the world (e.g., Gongalves
et al., 2021), hydrocarbon subsidies would increase energy
security, but may undermine sovereignty given the strong
preference for traditional firewood use and the varied level
of access to hydrocarbon energy infrastructure. Increasing
the efficiency of wood stoves may be a more enduring solu-
tion, though long-term studies indicate that even seemingly
innocuous interventions like distributing high energy cook-
stoves may fail due to incompatibilities with the organization
of social and task spaces in rural and Indigenous households
(e.g., Catalan-Vazquez et al., 2018). These cases further
highlight the necessity for any intervention to be developed
with local communities, rather than imposed from outside,
in order to improve energy sovereignty.

Interventions, then, may most productively and sustain-
ably take the form of enhanced opportunities to participate
in political processes wherein the needs of- and knowledge
held by- individuals may translate into policies that address
both humanitarian and ecological issues. In the study case,
the energy sovereignty of Diné (as well as Ute, Zuni, and
Hopi) people could be advanced by increasing decision-
making power over both the arboreal ecosystems (the local
sources of energy in the form of firewood) as well as the
interface with global-industrial energy infrastructure. Such
a shift in political participation and power would serve as
a beginning to rectifying the long history of inequitable
resource extraction and export from Navajo Nation (Powell,
2018). Incorporating traditional firewood harvest practices,
such as selectively harvesting recently fallen and standing
dead wood, has the potential to lead to innovative adap-
tive forest and woodland management policies focused on
aligning local needs with the national mandates frequently
associated with conventional land management (Ludwig &
Macnaghten, 2020).

In the study region, disenfranchisement of Indigenous peo-
ple from forested lands began with the arrival of Euro-American
colonists and continued through a sequence of events outlined
above. In a reversal of these historic trends, Tribes whose
traditional lands include what is now southeastern Utah
organized a coalition to preserve the area against extractive
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industries and codify traditional uses into land management
policy. After a series of failed negotiations with county and
state leaders, the coalition and their allies successfully peti-
tioned President Obama to designate the Bears Ears National
Monument in 2016. The presidential proclamation defining
the monument included provisions for co-management with
Tribes and federal land management agencies, as well as spe-
cifically protected continued access to firewood and other
resources (Bears Ears National Monument, 2021). The Bears
Ears Intertribal Coalition was formed as an extension of the
sovereign authority of the Hopi Tribe, Navajo Nation, Ute
Mountain Ute Tribe, Pueblo of Zuni, and Ute Indian Tribe
in the interest of the preservation of the Bears Ears region
utilizing "Traditional Ecological Knowledge to improve man-
agement of this sacred place in a manner that promotes its
resilience for all to enjoy" (Bears Ears Inter-Tribal Coalition,
2021). This recent action restores codified Tribal involvement
in the processes of land management, creating a pathway for
Indigenous voices — and the cultural legacy and ongoing
relationship between Indigenous people and these ecosys-
tems — to be represented in the future governance of the
landscapes of southeastern Utah that hold important cultural
and economic resources for Indigenous people, including
firewood. The results of this process in practice are currently
playing out and remain to be seen. However, access to fire-
wood only addresses the supply side of the issue of energy
sovereignty. Demand is partly driven by how access to fire-
wood is coupled with other energy resources.

As mentioned above, firewood is frequently coupled with
other sources of energy in households on Navajo Nation.
Access to coal and electricity (and occasionally other energy
sources) drive how much firewood is needed. For example,
many households use firewood to start a fire in a cold wood
stove, but coal is then burned throughout the bulk of the time
the stove is in operation. Since coal is more energy dense than
firewood, less cost and effort are required to acquire enough
to heat a household for a season. Interviewees reported in
2018 and 2019 that one or two truckloads of coal per year,
supplemented by one or two truckloads of firewood per year,
can meet home heating needs. Without coal, the amount of
firewood needed to sufficiently heat a home increases substan-
tially. In the Utah and N. Arizona portions of Navajo Nation,
many people acquired coal from a public coal field associ-
ated with the Kayenta Mine, run by Peabody Energy. The
mine's closure in 2019 (soon after the cessation of fieldwork
reported here) left many Diné and Hopi people without ade-
quate access to energy for heating. Local organizations acted,
providing firewood as well as reducing the demand for fire-
wood by adding winterization technology to housing (Sevigny,
2020). While these local organizations play an important role,
limited resources mean their ability to help is also limited.
Much broader investments of capital into both making homes
more heat and energy efficient, as well as building political

structures to empower people to access the types of energy
they choose are needed. New investments by the Navajo
Nation government in renewable energy development, par-
ticularly solar energy, is one example of how regional-level
decision-making is able to invest economic and political capi-
tal into building more resilient industrial energy infrastructure
(Navajo Power, 2020; Yurth, 2020), although many people
remain skeptical about the ability of centralized power pro-
jects to meet localized energy needs (Kirsst, 2020). Grassroots
efforts to create small-scale, decentralized energy sources will
also play an important role (Yurth, 2021). Bottom-up efforts
would also allow related issues to be addressed in tandem,
such as the prevalent concern about indoor air pollution cre-
ated by household burning of wood and coal (US EPA, 2018).
The need to build resilient, adaptive strategies for energy sov-
ereignty is only heightened by climate change.

Climate Change and Sustainability

As droughts continue and new woody biomass growth slows
due to related stresses, eventually the need for firewood may
outpace the rate of natural replenishment. This has likely
already happened in some areas where survey respond-
ents and interviewees expressed concern over deforesta-
tion caused by the harvest of live wood. While some live
wood uses may be part of cultural practices (such as live
branches as part of ceremonial structures, or the need for
live juniper trunks in the construction of traditional Hogans),
some of this live wood harvest may be the result of a lack of
more desirable deadwood for heating. In these regions, the
combined ecological impact of lack of access to alternative
energy sources and climate change may already be leading to
deforestation. Future research is needed to further articulate
the causes of reported deforestation. To mitigate this effect
of climate change, the adaptive approaches suggested above
should include consideration of how to decrease the need
for firewood over decadal timeframes, as wood is likely to
become more costly to acquire, and pressure on remaining
woodlands may exacerbate deforestation.

Conclusions

In many parts of the world, industrialization has replaced
local resource utilization with engagement in globalized
systems of production and distribution. In possibly no
realm of resources has this been more the case than with
energy resources. Despite widespread reliance on indus-
trialized energy networks, firewood remains an economi-
cally, ecologically, and culturally important component of
localized energy economies. Additional work is needed to
determine the sustainability of traditional firewood harvest
like that on Navajo Nation—especially under future climate

@ Springer



508

Human Ecology (2023) 51:497-511

regimes. This work should parallel the study of the trade-
offs and conflicts of interest faced by those currently uti-
lizing firewood for a substantial portion of their household
energy budget. The potential to align traditional forestry
strategies, including firewood harvest, with land manage-
ment goals, such as wildland fuels reduction can produce
a "win-win" for Indigenous communities and forest man-
agers as has been suggested elsewhere in the world (e.g.,
Sterling, 2021; Syampungani et al., 2017). We need more
high resolution case studies that examine how ecological,
cultural, and economic factors couple and how those sys-
tems contain specific tradeoffs that individuals face in local
contexts relative to larger political structures. In the case of
Diné wood haulers, there are many opportunities for inter-
ventions that will enhance such potentialities, scaling from
simple home improvements for individuals to national-level
land management and energy economy policies. Our hope
is that the information and analyses offered here will sup-
port such efforts and lead to enhanced energy equity and
sovereignty for Tribal members and nations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10745-023-00411-2.
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