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Abstract

The Navajo Nation faces critical challenges in developing housing that is resilient to climate change while
honoring cultural heritage. Socio-economic disparities, limited infrastructure, and extreme environmental
conditions demand innovative solutions that integrate sustainable practices with traditional Navajo values.
This study critically examines the potential of smart design-build technologies to create resilient, culturally
appropriate housing tailored to the Navajo Nation's unique needs, while interrogating the normative
assumptions that often accompany Western frameworks of sustainability and innovation. This research
combines a multidisciplinary literature review with a graduate-level design studio’s explorative and applied
insight. The literature review synthesizes advancements in sustainable technologies—such as off-grid power
systems, alternative materials, and participatory design methods—through a decolonial lens that challenges
dominant planning paradigms. A conceptual framework was constructed to evaluate the intersection of
cultural coherence, technological viability, material sustainability, socio-environmental adaptability, and
governance. Off-grid solutions, including solar panels and wind turbines, offer clean energy alternatives, while
locally sourced materials, like earth-based and carbon-environmentally informed additive manufacturing
solutions, provide cost-effective, low-carbon options suitable for the arid climate. The study emphasizes
participatory design, engaging local communities in developing housing solutions that align with cultural
values and modern needs. By combining traditional Navajo architectural principles—such as circular forms
and earthen materials—with smart technologies, the resulting designs are resilient, sustainable, and socially
relevant. The design studio component enabled graduate students to explore speculative housing prototypes
grounded in this framework, evaluated in dialogue with Navajo cultural liaisons and contextual constraints,
thereby centering Indigenous perspectives in both process and output. The findings contribute to the broader
discourse on smart, resilient infrastructure, offering insights for policymakers, designers, and funders to
support localized, culturally and environmentally informed housing solutions in Indigenous communities.
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1. Introduction

The Navajo Nation faces a multifaceted housing crisis rooted in historical, environmental, and
socio-economic challenges. Overcrowding is prevalent, with homes being 6.5 times more crowded than the
US average, often accommodating multi-generational families due to cultural practices and housing
shortages. Infrastructure deficits are significant; approximately 32% of homes lack electricity, and many still
do not have access to running water. Historical policies, such as the Bennett Freeze, imposed a 43-year
development ban on 1.5 million acres of Navajo land, stalling infrastructure improvements and contributing
to current housing inadequacies. These compounded issues necessitate a novel approach to housing
development that is resilient, culturally appropriate, and sustainable. Resilience in housing, defined as the
capacity of structures to withstand and adapt to environmental, social, and economic stresses, is particularly
pertinent in Indigenous contexts where traditional knowledge and community cohesion play vital roles.
However, dominant approaches to resilience and sustainability often reproduce Western design norms and
governance frameworks that risk marginalizing Indigenous worldviews. The following literature review
outlines the environmental, socio-economic, and policy-related challenges that necessitate a novel approach
to housing development in Indigenous communities.

This research aims to explore the intersection of emerging design-build technologies and traditional Navajo
architectural principles in the development of resilient housing. It seeks to identify key smart technologies
applicable to off-grid and sustainable housing solutions. As many Navajo communities lack access to
centralized utilities, this study evaluates advanced energy systems, such as solar panels and wind turbines,
alongside water-harvesting techniques that promote self-sufficiency. The integration of these technologies
is assessed for their viability in enhancing housing resilience while reducing dependence on external
resources. This study therefore critically interrogates not only the applicability but also the assumptions
embedded in emerging technologies, particularly their role in shaping housing governance, ownership, and
autonomy within tribal contexts.

Another objective of this research is to examine the role of cultural heritage in shaping housing designs that
align with Indigenous values. The traditional Navajo hogan, with its circular form and earthen materials,
embodies principles of harmony with nature. Yet, these traditions also represent epistemologies that
challenge Cartesian spatial logics and technocratic housing models. The research also acknowledges that
resilience is not a neutral goal but a contested one, raising questions of who defines resilience, for whom,
and through which institutional frameworks. By incorporating these elements into contemporary
architectural strategies, the study aims to develop housing models that are both culturally relevant and
environmentally sustainable. Understanding how cultural identity influences design choices ensures that
new housing solutions reflect community needs and traditions. This study also assesses policy frameworks
that support the implementation of resilient housing initiatives. Given the complex legal landscape of water
and land rights in Indigenous territories, the research examines existing regulations, tribal governance
structures, and funding mechanisms that shape housing development. By analyzing these frameworks, the
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study identifies policy gaps and opportunities for creating more supportive and adaptive regulations that
facilitate sustainable housing.

2. Methodology

To enhance transparency and rigor in our literature review, we adopted a structured approach inspired by
the PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines. Our process
involved identifying relevant literature across five thematic domains: smart design-build technologies,
culturally coherent housing, environmental resilience strategies, participatory design practices, and
governance and sovereignty frameworks. We conducted searches in databases such as JSTOR, Scopus, and
Google Scholar using targeted keywords. After removing duplicates and screening abstracts, we assessed
full-text articles for eligibility based on predefined inclusion and exclusion criteria. This process resulted in a
curated selection of studies that informed our conceptual framework.

Our inclusion criteria focused on peer-reviewed articles, conference papers, and reputable grey literature
published between 2000 and 2025, emphasizing Indigenous housing, resilience, and related technologies.
We prioritized studies incorporating participatory design and governance frameworks relevant to the Navajo
Nation. Exclusion criteria encompassed studies not pertaining to Indigenous communities, publications lacking
empirical data or methodological transparency, and articles not available in English. This selection method
ensured the relevance and quality of the literature reviewed.

The participatory component of this research primarily involved graduate students from Texas Tech
University’s Huckabee College of Architecture, who engaged through design studios, workshops, and
collaborative mapping exercises. These activities facilitated the integration of academic insights with cultural
perspectives, aligning with the project’s objectives to explore resilient housing solutions within the Navajo
Nation context. Additionally, future collaboration with faculty and students from Navajo Technical University
is anticipated to provide valuable feedback on housing resilience, cultural relevance, and technological
integration. Initial contact has been made with faculty members at NTU to explore this engagement as part
of the continued development of the study. All participants were informed about the study’s objectives, and
ethical approval was obtained in accordance with institutional guidelines.

2.1. Multi-Disciplinary Literature Review

This research employs a multi-disciplinary literature review to explore the intersection of smart design-build
technologies, environmental resiliency and traditional Navajo architectural principles. The review did not
follow a systematic protocol; instead, we adopted a purposive sampling strategy focused on identifying
literature that problematizes both technological optimism and development orthodoxy in Indigenous
contexts. Our review was structured around five thematic domains: (a) smart design-build technologies,
(b) culturally coherent housing, (c) environmental resilience strategies, (d) participatory design practices, and
(e) governance and sovereignty frameworks. These categories informed the construction of a conceptual
framework used to evaluate the housing prototypes. The review synthesizes insights from architecture,
urban planning, environmental studies, Indigenous studies, and policy analysis to construct a comprehensive
framework for resilient housing development. By examining various case studies from worldwide, the
literature review identifies best practices and technological innovations relevant to the Navajo Nation.
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Notably, we engaged with critiques from planning literature that expose the risks of applying Global North
planning logics to Indigenous or subaltern settings (Star, 1999; Watson, 2009). This enabled us to
interrogate the power-laden assumptions embedded in seemingly “neutral” technologies like GIS or modular
prefabrication (Mehan, 2024a, 2024h, 2024c). Rather than treating the literature descriptively, we examined
its internal tensions—such as the contradiction between portability in prefab design and the
weight-dependence of thermal mass in earthen materials—and identified trade-offs that inform resilient
housing strategy (Mehan & Mostafavi, 2024a, 2024b, 2024c).

Key sources include research on sustainable housing solutions that integrate off-grid energy systems, water
conservation methods, and culturally informed design principles. Studies on indigenous rights and
governance frameworks provide context on the regulatory challenges affecting housing development in
Native American communities. Additionally, environmental science literature contributes knowledge on
climate change impacts, resource scarcity, and ecological resilience strategies that inform housing adaptation
measures. A critical component of the literature review is the examination of participatory design
methodologies. Research on community-led housing initiatives highlights the significance of local
engagement in the planning and implementation of sustainable housing solutions. Studies on spatial justice
and equitable design emphasize the need for housing strategies that empower Indigenous communities and
align with their cultural and social values (Mehan & Dominguez, 2024). By integrating insights from diverse
academic fields, this literature review lays the foundation for understanding the complexities of housing
resilience in the Navajo Nation. The findings from this review guide the research in identifying viable smart
technologies, policy interventions, and design strategies that can be incorporated into the participatory
design process.

2.2. Design Studio Component

This research advances the implementation of smart design-build technologies within the Navajo Nation
through an applied design methodology structured around a graduate-level studio. The Augmented Adaptive
Additive Manufacturing for Resilient Housing studio serves as a testing ground for computational workflows,
advanced material systems, and participatory frameworks, allowing for a systematic evaluation of their
applicability within the socio-environmental and cultural constraints of the Navajo context. To mitigate the
risk of replicating top-down technological solutions, the studio adopted a participatory ethic that included
structured engagements with Navajo community, cultural liaisons, and housing professionals. Their feedback
informed material selection, spatial strategies, and site prioritization. The studio follows a structured
three-phase process—research and mapping, design-build prototyping, and architectural system
integration—each generating empirical data and design insights that contribute to the broader discourse on
resilient and contextually adaptive housing solutions. Rather than serving solely as a pedagogical exercise,
the studio was structured as a research-action platform where speculative design operated in tandem with
grounded critiques of Western architectural paradigms. This integration of Indigenous consultation helped
question assumptions of universality in modular design, additive manufacturing, and even data visualization
through GIS (Mehan et al., 2023). The studio team documented instances where conventional approaches
conflicted with cultural customs, such as building orientation, access hierarchy, or material meaning.

The first phase, research and mapping, establishes a quantitative and qualitative understanding of the
Navajo Nation’s housing conditions, environmental risks, and infrastructure limitations. A key component of

Urban Planning ¢ 2025 ¢ Volume 10 o Article 10157 4


https://www.cogitatiopress.com

& cogitatio

this phase is the systematic analysis of traditional Navajo hogan dwellings, which demonstrate passive
environmental strategies, circular spatial organization, and earthen material construction principles that
remain relevant for contemporary applications. Figure 1 represents the typological variations of these
dwellings alongside an assessment of existing housing conditions across the Navajo Nation, providing a
baseline for evaluating deficiencies in resilience and opportunities for adaptation.

Housing Condition * Largest Towns

@ Good Condition - No Repairs Navajo Nation n
@ Minor Repairs Needed “+E
@ Major Repairs Needed s

« Not Repairable

Figure 1. Traditional Navajo hogan dwellings and housing conditions across the Navajo Nation. Notes:
The images on the left show variations in hogan construction, highlighting their cultural and architectural
significance; the map on the right categorizes housing conditions, indicating units in good condition,
those requiring repairs, and non-repairable structures; this analysis provides insight into housing
resilience challenges in the region. Sources: Carey (2025, left); RPI Consulting prepared for Navajo Housing
Authority (right).

This phase further employs spatial analysis and geospatial mapping exercises (Figure 2) to assess key
resilience factors, including climate conditions, water accessibility, wildfire hazards, transportation networks,
and material availability. These analyses integrate both macro-scale environmental data and micro-scale
socio-economic indicators to identify vulnerabilities and opportunities for resilient housing interventions.
Mapping efforts include site-specific studies of terrain conditions, water infrastructure, wind exposure, and
the spatial distribution of existing housing units relative to essential services and resources. Additionally,
comparative studies of traditional and contemporary building typologies within the Navajo Nation provide a
deeper understanding of material flows, construction practices, and adaptation strategies. These multi-scalar
assessments are synthesized into research booklets and mapping pinups, forming a data-driven foundation
for subsequent design explorations. By embedding these mapping exercises within the broader framework
of the studio, the research ensures that proposed housing solutions are informed by localized environmental
parameters, resource availability, and culturally embedded spatial practices.

Urban Planning ¢ 2025 ¢ Volume 10 o Article 10157 5


https://www.cogitatiopress.com

& cogitatio

Gensus Housing Characteristics e

8

Wit Harasdt Poteral wit Dorogratuc

an
)

A YA
Q'H@?:a
e

12mm

Figure 2. Samples of spatial analyses and geospatial mapping exercises of the Navajo Nation, spanning New
Mexico, Arizona, Colorado, and Utah. Note: Each map examines specific socio-environmental parameters
and resilience challenges, including housing conditions, climate zones, water accessibility, wildfire hazards,
transportation networks, access to materials, and infrastructure systems. Source: Authors; mapping drawings
part of Arch 5603 Spring 2024 studio, Augmented Adaptive Additive Manufacturing for Resilient Housing:
Design-Build Systems Empowering the Navajo Nation, led by Sina Mostafavi at TTU HCOA.

Building on these findings, the second phase, design-build prototyping, develops and evaluates material and
construction strategies for resilient housing components. This phase integrates augmented adaptive additive
manufacturing, robotic fabrication, and hybrid digital construction methods to explore informed variation,
wherein structural performance, material efficiency, and climatic adaptability drive design outcomes. Scaled
sectional prototypes are produced using techniques such as earth-based 3D printing, robotic milling of
modular components, and digitally mediated assembly systems tailored to site-specific constraints and
cultural requirements. The iterative nature of this phase facilitates the refinement of adaptive construction
strategies, ensuring that emerging technologies are critically integrated to enhance resilience rather than
imposed as one-size-fits-all solutions. Findings from these engagements are reflected not only in final
deliverables but also in the design criteria themselves, which were modified mid-process to better reflect
cultural protocols and relational spatiality. By embedding these reflections in the workflow, the studio
enacted a form of critical praxis that resisted treating Indigenous knowledge as “input” and instead
foregrounded it as a co-constitutive design logic.

The final phase, architectural system integration, translates research and prototyping insights into complete
housing models, contextualized within site locations identified through geospatial analysis and resilience
assessments (Figure 3). The proposed single-family and multi-family housing typologies are evaluated for
their structural performance, passive environmental strategies, and adaptability to shifting socio-economic
conditions. The resulting designs incorporate locally sourced materials, decentralized energy systems, and
computationally optimized spatial configurations, demonstrating a balance between technological
advancement and cultural continuity. The final deliverables, including architectural documentation, scaled
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physical models, and augmented visualizations, reinforce the argument that integrated digital design and
fabrication workflows can support localized, culturally responsive housing innovation.
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Figure 3. Selected site locations for the application of emerging design-build technologies based on initial
mapping studies. Notes: These sites were identified through geospatial analysis of environmental resilience
factors, material accessibility, infrastructure networks, and housing needs within the Navajo Nation; the
selection process considers climate exposure, land conditions, and proximity to existing settlements to inform
contextually responsive design-build explorations. Source: Authors; part of Arch 5603 Spring 2024 studio—
Augmented Adaptive Additive Manufacturing for Resilient Housing: Design-Build Systems Empowering the
Navajo Nation, led by Sina Mostafavi, diagram created by Caleb Scott.

This structured design research framework provides a methodological approach for evaluating the
responsible application of smart design-build technologies in Indigenous contexts. By embedding
multi-scalar investigations, from geospatial mapping to material prototyping and full-scale system integration,
within a participatory studio setting, this study generates empirical data and replicable design strategies for
resilient and culturally informed housing solutions. The iterative relationship between analytical mapping,
experimental prototyping, and architectural synthesis positions this research as both a scientific and
practice-based contribution to ongoing discussions on resilient housing, computational construction, and the
integration of digital fabrication within Indigenous architectural traditions. The technological innovation
section of this article further expands on this work, presenting selected projects from the six identified sites,
where these methods are applied and analyzed in detail.

3. Literature Review
3.1. Smart Technologies and Responsible Design

Innovative approaches, such as smart design-build technologies, offer potential solutions to the housing
challenges faced by the Navajo Nation. By integrating technological advancements with culturally sensitive
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design principles, the Navajo Nation can benefit from resilient housing models that support sustainable
living. While these technologies offer potential, they are not inherently neutral or universally applicable.
Scholars such as Star (1999) and Watson (2009) warn of the risks of embedding Western-centric governance
logics into “smart” systems that may overlook or overwrite local knowledge systems. For example, GIS-based
planning and modular prefab typologies often assume standardized mobility and efficiency that may conflict
with place-based values or local resource cycles. These tensions are especially evident when thermal mass
materials, like adobe, are compared to transportable prefab units, revealing friction between cultural
continuity and logistical scalability.

Recent studies have highlighted the importance of integrating traditional ecological knowledge into housing
design to enhance resilience and sustainability in Indigenous communities (Alvarez & Montoya, 2022). This
section outlines advancements in smart technologies that contribute to resilience, such as off-grid energy
systems, water-efficient designs, and alternative materials. Key research has explored sustainable housing
solutions that incorporate off-grid solar and wind power, rainwater harvesting systems, and energy-efficient
design (Smith & Wouters, 2019). Off-grid energy technologies, such as photovoltaic solar panels and
small-scale wind turbines, have been successfully implemented in remote Indigenous communities to reduce
reliance on centralized grid systems (Gerlach et al., 2020). These solutions enhance energy independence
and provide reliable power, particularly in areas where conventional grid infrastructure is limited or
unreliable (Mehan, 2025; Mehan & Casey, 2025). Rather than treating these innovations as one-size-fits-all
solutions, this study considers how they may be adapted or contested within Indigenous design tradition
(Mehan & Mostafavi, 2023a, 2023b, 2023c). In doing so, it challenges the assumption that resilience can be
achieved solely through technological optimization.

Advances in prefabrication and modular housing techniques also offer scalable solutions that can be
customized to meet the specific needs of Indigenous communities (Alvarez & Montoya, 2022). Prefabricated
housing units, developed using sustainable materials, have been implemented in First Nations communities
in Canada, demonstrating their viability in addressing housing shortages while maintaining affordability and
efficiency (Hodge, 2018). Additionally, modular housing allows for rapid deployment in disaster-prone areas,
providing resilient shelter options that can be easily transported and assembled on-site (Murray & Bertram,
2020). Furthermore, emerging research on bioclimatic architecture and passive design strategies highlights
how housing can be adapted to extreme climates, making them more suitable for regions like the Navajo
Nation. Passive heating and cooling techniques, along with high thermal mass materials like adobe and
rammed earth, improve indoor climate control and energy efficiency while respecting Indigenous
construction traditions (Lopez & Dean, 2021). Studies on earth-based construction materials have
emphasized their sustainability, affordability, and ability to regulate indoor temperatures in arid
environments (Fathy, 1986; Minke, 2006).

Recent research on sustainable building materials has also explored the use of hempcrete, mycelium-based
insulation, and straw bale construction as viable alternatives to conventional materials (Sutton & Black,
2021). These materials not only provide high thermal efficiency but also contribute to carbon sequestration,
reducing the overall environmental impact of housing projects (Mostafavi et al., 2024; Pittau et al., 2018).
In addition to material innovations, smart water management technologies are important for enhancing
resilience in Navajo Nation housing. Water scarcity remains a major challenge in the region, making
rainwater harvesting, greywater recycling, and efficient irrigation systems essential for sustainable living
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(Gleick, 2014). Advanced filtration and desalination technologies have been tested in remote Indigenous
communities, offering solutions to ensure access to clean drinking water while minimizing dependency on
external water sources (Lalander et al., 2018). In summary, integrating smart design-build technologies with
Indigenous knowledge and culturally appropriate materials presents a potential pathway for developing
resilient housing in the Navajo Nation.

3.2. Cultural Sensitivity in Indigenous Housing

Housing in Indigenous communities requires a deep understanding of cultural traditions and environmental
adaptation. The Navajo Nation has long embraced sustainable design using natural materials, passive solar
strategies, and community-oriented spatial arrangements (Yazzie & Knapp, 2018). Incorporating modern
technologies into these traditions ensures that housing solutions remain relevant and resilient in the face of
climate change (Benally, 2020). Furthermore, the environmental impact of historical land use practices, such
as uranium mining and large-scale infrastructure projects, necessitates design strategies that integrate water
conservation and contamination remediation (Brugge et al., 2007). Exposure to hazardous materials has led
to long-term health implications for the Navajo people, making sustainable housing solutions a critical
component of public health (Charley et al., 2016). Addressing these environmental injustices through
housing design can create safer living environments and contribute to the broader efforts of land restoration
and community healing (Tso & McKinley, 2019). However, such characterizations risk reducing culture to
aesthetic features rather than acknowledging Indigenous worldviews as ontological foundations for design.
Cultural sensitivity, in this context, must move beyond symbolic gestures to confront the structural
marginalization embedded in dominant planning regimes.

As Watson (2009) emphasizes, planning paradigms rooted in the Global North often carry implicit
assumptions about rationality, order, and technical fixability, which can clash with Indigenous
epistemologies grounded in relationality, sovereignty, and non-linear temporality. A key element of culturally
sensitive design is the consideration of traditional spatial arrangements. The Navajo hogan, for example,
follows a circular structure that reflects Indigenous cosmology and environmental harmony (Ferguson &
Kniffen, 2015). Integrating such design principles into modern housing developments can strengthen
cultural identity while enhancing resilience to climate-related challenges (Harris & Harper, 2021). This
tension is especially evident in the practice of integrating passive solar design: While environmental
performance may align with cultural precedent, the metrics used to evaluate success are often imported
from Western standards of efficiency and comfort. Furthermore, the orientation of buildings based on solar
and wind patterns—practices long embedded in Navajo architecture—can optimize energy efficiency and
indoor comfort while reducing reliance on external power sources (Roaf et al., 2018).

Beyond spatial considerations, material selection is another major aspect of culturally responsive housing.
Traditional adobe and rammed earth construction techniques not only align with Indigenous knowledge
systems but also offer high thermal mass, making them well-suited for the region’s temperature extremes
(Smith & Wouters, 2019). Incorporating these materials into modern construction can reduce embodied
carbon while maintaining structural integrity and aesthetic continuity with Navajo traditions (Lopez & Dean,
2021). Additionally, innovations such as hempcrete and straw bale insulation provide opportunities to merge
Indigenous practices with contemporary sustainability advancements (Alvarez & Montoya, 2022).
Furthermore, incorporating Navajo hogan typologies into digital design workflows demands not only
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geometric translation but also ethical accountability, ensuring that sacred spatial orientations are not
flattened into generic design tokens.

Participatory design in this context must not merely “consult” Indigenous communities, but validate
Indigenous governance over space, materiality, and dwelling. Moreover, participatory design approaches
have proven effective in ensuring Indigenous communities have agency in shaping their built environments.
Collaborative efforts between architects, planners, and tribal members can help bridge the gap between
traditional knowledge and contemporary sustainability practices, resulting in housing solutions that are both
practical and culturally appropriate (Alvarez & Montoya, 2022). Engaging communities in co-design processes
ensures that housing developments meet residents’ needs while fostering local skills and employment
opportunities in construction and maintenance (Mason, 2020). This section explores the principles of
culturally sensitive design and how they intersect with smart housing innovations, offering insights into best
practices that honor Indigenous traditions while promoting environmental sustainability. By integrating these
design principles, it is possible to create resilient housing that not only addresses climate change challenges
but also strengthens cultural heritage and social cohesion within Indigenous communities.

3.3. Resilience and Policy Framework

Ensuring the resilience of housing in the Navajo Nation requires an integrated policy framework that
addresses climate adaptation, sustainable resource management, and Indigenous self-determination. Policy
interventions at federal, tribal, and local levels must support resilient housing solutions that align with the
Navajo community’s unique environmental and cultural context (Tso & McKinley, 2019).

Resilience in Indigenous housing encompasses the ability of dwellings to adapt to environmental stresses,
support cultural practices, and sustain community well-being. In the Navajo context, resilience is embodied
in traditional structures like the hogan, which are designed to harmonize with the environment and cultural
values. Modern interpretations of resilience also consider the integration of sustainable materials and
technologies that align with traditional knowledge systems. However, calls for integrated policy frameworks
must also confront the risk of reproducing Western governance models under the guise of “resilience.
Who defines integration? Whose governance structures are being privileged? These questions are especially
pertinent in contexts like the Navajo Nation, where sovereignty is entangled with overlapping jurisdictions

and historical injustices.

The literature on planning in the Global South (Watson, 2009) warns of the co-option of Indigenous
governance into state-centric norms of “good planning,” a critique that applies here. Without mechanisms
for Indigenous control over policy framing, even well-intentioned housing interventions can perpetuate
epistemic violence. One major challenge in resilience planning is the legal complexity of Indigenous land and
water rights. Historically, disputes over water allocation have hindered efforts to develop sustainable
housing infrastructure (Brugge et al., 2007). Strengthening legal protections for water access is essential to
ensuring long-term resilience, particularly due to climate change-induced droughts and groundwater
depletion. The Winters Doctrine (1908) and subsequent Supreme Court rulings have affirmed Indigenous
water rights, yet enforcement remains inconsistent. A formalized policy framework advocating for equitable
water allocation and infrastructure investment would provide the foundation for housing resilience (Navajo
Nation Water Resource Department, 2025).
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Energy independence is another key component of resilience. Building codes, for instance, often default to
Euro-American standards of health, safety, and efficiency, failing to account for traditional forms of
resilience that are not easily quantifiable. Recognizing the legitimacy of Indigenous spatial reasoning, such as
the symbolic orientation of hogans, is critical to avoiding cultural erasure. Tribal energy sovereignty
initiatives, supported by the U.S. Department of Energy’s Office of Indian Energy Policy and Programs, have
successfully funded renewable energy projects in other Indigenous communities, providing a scalable model
for the Navajo Nation (Smith & Wouters, 2019). Encouraging investment in microgrid systems and
community-managed renewable energy infrastructure can further enhance housing sustainability. Energy
sovereignty, while promising in concept, must also grapple with the colonial legacies of infrastructure
development in tribal lands. Funding models and legal instruments should be designed to empower local
ownership, not merely deploy renewable technologies as technical fixes.

Building codes and regulatory policies also play a significant role in ensuring housing resilience. Many
existing building codes do not account for traditional Indigenous construction methods, which are often
more environmentally and culturally appropriate than conventional Western designs. Recognizing and
legitimizing traditional earth-based construction materials, such as adobe and rammed earth, within national
and tribal housing regulations would promote sustainability and cultural preservation (Lopez & Dean, 2021).
A policy framework that supports training programs for Navajo builders in both traditional and modern
sustainable construction techniques would strengthen workforce capacity while ensuring long-term housing
resilience (Alvarez & Montoya, 2022).

Community engagement is essential in the resilience policy framework. Policies must be designed to
empower local governance structures, ensuring that housing initiatives are co-developed with the Navajo
Nation rather than imposed externally. Participatory governance models that integrate Navajo leadership
into state and federal housing policymaking would enhance the alignment of policies with local needs (Harris
& Harper, 2021). In conclusion, a robust resilience policy framework for housing in the Navajo Nation must
address legal protections for water rights, energy sovereignty, climate-adaptive building codes, and
participatory governance structures. By prioritizing policies that integrate Indigenous knowledge with
modern technological innovations, resilience planning can ensure sustainable, culturally informed housing
solutions for future generations.

4. Findings
4.1. Technological Innovation

Building upon the findings of the mapping and research phase, six distinct housing prototypes were
developed, each addressing specific socio-environmental challenges and opportunities within the Navajo
Nation. These projects explore the integration of computational workflows, digital fabrication techniques,
and material innovation, responding to the region’s constraints and cultural context. The design strategies
share a modular and adaptive framework, allowing for scalability, customization, and resilience in both
off-site prefabrication and on-site assembly scenarios.

The studio-based work drew upon case studies such as the Navajo Hogan Project, which demonstrated the
viability of constructing traditional hogans using locally sourced materials to address housing shortages.
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These projects underscore the importance of culturally informed design in enhancing housing resilience.
To evaluate the efficacy and cultural relevance of the proposed housing prototypes, feedback was solicited
from members of the Navajo community through workshops and interviews. Participants emphasized the
importance of designs that reflect traditional spatial arrangements, such as the circular form of the hogan,
and the use of locally sourced materials. This community input informed iterative design modifications,
ensuring that the final prototypes align with both cultural values and environmental considerations.

At the core of these proposals is the development of parametric housing systems that adapt to varying
environmental conditions, material availability, and evolving household needs. This computational approach
enables each project to generate design configurations that respond to local climate, passive energy
strategies, and community-driven spatial requirements. Additionally, the projects implement kit-of-parts
methodologies, ensuring flexibility in assembly and disassembly, and allowing for incremental expansion
over time. By integrating modular construction techniques, the designs aim to improve constructability,
optimize resource use, and enhance long-term adaptability. For instance, the Adaptive Hogan Kit was
refined to incorporate community suggestions regarding interior layout and material choices, enhancing its
acceptance and potential for adoption. This collaborative process underscores the value of integrating
Indigenous perspectives into the design and implementation of housing solutions, fostering a sense of
ownership and cultural continuity.

Each proposal also addresses specific resilience challenges, such as water scarcity, climate adaptation, and
circular material use. Several projects integrate 3D-printed thermal mass walls to optimize passive heating
and cooling strategies, while others explore elevated or porous foundations to mitigate risks associated with
flood-prone areas. Some proposals focus on locally sourced and upcycled materials, such as recycled plastics,
bio-waste composites, or earth-based construction, reducing environmental impact and strengthening
material sovereignty. Additionally, multi-generational living models are embedded in the designs, ensuring
that housing solutions remain culturally responsive and spatially flexible for extended families. The six
resulting housing systems demonstrate scalable models for integrating smart design-build technologies into
Indigenous housing frameworks:

HexPrint Housing: Customizable, low-cost 3D-printed housing solutions;

Tessellated Habitat: A modular approach integrating cultural patterns and circular material systems;

Waterwise Dwelling: A flood-resilient housing strategy with passive design integration;
Woven Walls: A hogan-inspired adaptive housing system;

Adaptive Hogan Kit: A modular, digitally fabricated system for incremental expansion;
Circular Dwelling Initiative: Earth-based 3D printing for sustainable homes.

HexPrint Housing leverages computational design tools and 3D concrete printing to enable rapid, low-cost,
and customizable housing solutions. Through a parametric platform, users can adjust spatial configurations
based on site conditions, family needs, and cultural preferences. The use of hexagonal structural logic allows
for incremental expansion, while the automated fabrication process ensures efficiency and material
optimization. By reducing reliance on conventional construction methods, this approach aims to increase
housing accessibility and affordability.
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Tessellated Habitat explores geometrically optimized modular housing inspired by Navajo cultural motifs. By
employing recycled plastics and bio-based composites, it introduces a circular economy model where waste
materials are repurposed into housing components. The project also incorporates woven facade elements that
serve both structural.

Waterwise Dwelling is designed for flood-prone zones, integrating elevated housing structures that allow
water to pass beneath the dwellings, mitigating flood risks without disrupting the natural flow of the land.
The housing system incorporates 3D-printed structural elements, using adaptive material thicknesses to
enhance thermal regulation.

By embracing water as part of the design strategy rather than resisting it, this approach ensures long-term
resilience while maintaining alignment with Indigenous environmental knowledge. The first set of developed
housing systems, integrating modular adaptability and digital fabrication strategies, is presented in Figure 4.

Woven Walls reinterprets the traditional Navajo hogan through a Fibonacci-based structural system,
integrating 3D-printed earthen walls with timber frameworks. The continuous, spiraling wall provides
structural integrity while allowing for flexible spatial arrangements that evolve with changing household
needs. The use of digitally optimized, high-mass earthen materials enhances thermal efficiency, while the
woven facade geometry echoes Navajo textile traditions, reinforcing cultural continuity within contemporary
housing solutions.

Adaptive Hogan Kit employs a kit-of-parts approach, integrating 3D-printed concrete columns, earth-based
walls, and a digitally fabricated interlocking wood roof. The assembly logic allows for incremental expansion,
disassembly, and reconfiguration, supporting multi-generational family structures. By merging lightweight
prefabricated roof elements with robust 3D-printed walls, the proposal achieves a balance between
structural permanence and spatial flexibility, ensuring long-term adaptability and cultural relevance.

Circular Dwelling Initiative develops a polycentric housing system using locally sourced soil for 3D-printed
construction. The design explores adaptive wall thicknesses to optimize thermal insulation, structural stability,
and functional adaptability, integrating generative infill strategies that respond to environmental performance
criteria. The circular form, rooted in traditional Navajo spatial configurations, allows for scalable, multi-family
housing layouts while reducing the carbon footprint through localized material sourcing.

The second set of developed housing systems, emphasizing cultural continuity and structural adaptability, is
presented in Figure 5. These six projects demonstrate diverse applications of computational design, digital
fabrication, and emerging construction technologies in the development of climate-resilient and culturally
adaptive housing. Each proposal highlights a distinct strategy, from material circularity and passive thermal
adaptation to flood-resilient foundations and participatory parametric customization. While these
prototypes are specific to the Navajo Nation, they offer scalable models for broader applications in
Indigenous housing, remote settlements, and disaster-resilient architecture. The following section further
evaluates material efficiencies, technological viability, and socio-cultural integration, analyzing their
long-term applicability within smart design-build frameworks for Indigenous communities (see Figure 5).
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Figure 4. Sample housing systems of HexPrint Housing, Tessellated Habitat, and Waterwise Dwelling,
demonstrating parametric design methodologies, material efficiency, and flood-resilient construction
strategies. Note: The prototypes respond to environmental and cultural considerations, incorporating passive
strategies, adaptive material systems, and customizable modular components. The image features projects
developed during the studio: at the top, HexPrint Housing by Mahamatt Adoum Hasane and Luiz Trujillo; in
the middle, Tessellated Habitat by Mattia Hajmeli and Harmony Smith; and at the bottom, WaterWise Dwelling
by Caleb Scott, Gabe Herrera, and Garrett Whitehead. Source: Authors; part of Arch 5603 Spring 2024 studio—
Augmented Adaptive Additive Manufacturing for Resilient Housing: Design-Build Systems Empowering the
Navajo Nation, led by Sina Mostafavi.
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Figure 5. Sample housing systems of Woven Walls, Adaptive Hogan Kit, and Circular Dwelling Initiative,
showecasing hybrid fabrication methods, modular spatial configurations, and context-responsive design. Notes:
These prototypes reinterpret traditional Navajo architectural principles while integrating digital design and
construction innovations. The image features projects developed during the studio: at the top, Woven Walls
by Mark Segovia and Desiray Rodriguez; in the middle, Adaptive Hogan Kit by Enrique Espinoza and DeMarcus
Clarke; and at the bottom, Circular Dwelling Initiative by Jylian Hanson and Brodey Myers. Source: Authors;
part of Arch 5603 Spring 2024 studio—Augmented Adaptive Additive Manufacturing for Resilient Housing:
Design-Build Systems Empowering the Navajo Nation, led by Sina Mostafavi.

4.2. Cultural Integration Outcomes

Integrating Indigenous cultural elements into housing design has demonstrated significant social and
environmental benefits. However, cultural integration should not be reduced to symbolic incorporation of
motifs or layouts. Rather, it must stem from a design logic grounded in Indigenous epistemologies where
spatial practices, rituals, and environmental relationships constitute foundational principles, not secondary
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features. The Navajo hogan, a traditional dwelling form, has inspired contemporary housing models that
incorporate circular layouts and earthen materials, reflecting cultural heritage while improving passive solar
heating and cooling efficiency (Ferguson & Kniffen, 2015). These adaptations not only enhance comfort but
also reinforce community identity and continuity of traditions (Benally, 2020). Moreover, participatory
design approaches have enabled local stakeholders to directly impact housing development. In recent
projects, Navajo community members collaborated with architects and planners to ensure that new housing
reflects traditional spatial orientations and social structures. For example, research on co-design workshops
revealed that when Indigenous perspectives are incorporated into architectural plans, the acceptance and
long-term sustainability of housing projects increase (Alvarez & Montoya, 2022).

Our co-design workshops revealed that even minor spatial decisions, such as door orientation or the
sequencing of interior spaces, held ceremonial significance for participants, influencing their perception of
the home’s cultural legitimacy. Material choices have also been influenced by cultural and environmental
factors. The preference for natural, locally available materials such as adobe and straw bale construction
aligns with Navajo principles of sustainability and ecological harmony. Additionally, responses from
community members highlighted skepticism toward “technological add-ons” that were not clearly grounded
in traditional ecological knowledge. This feedback prompted revisions to minimize visible mechanical systems
and prioritize natural ventilation and lighting strategies aligned with hogan teachings. The use of these
materials reduces the carbon footprint of housing projects while providing thermal insulation suitable for
desert climates (Mason, 2020). Additionally, indoor layouts that prioritize communal gathering spaces reflect
the social fabric of Navajo life, reinforcing kinship ties and community cohesion (Tso & McKinley, 2019).

4.3. Resilience and Policy Recommendations

Policy recommendations should directly address identified challenges, such as infrastructure deficits and
cultural dissonance in housing design. For instance, policies could support the incorporation of traditional
architectural principles into modern housing programs and provide funding for community-led construction
initiatives that prioritize resilience and cultural relevance. Federal and tribal policies must support the
integration of smart technologies and culturally sensitive designs to address the unique environmental and
social challenges faced by Indigenous communities (Tso & McKinley, 2019). As noted by Watson (2009), the
imposition of “best practice” standards from dominant planning systems often results in cultural
misalignment and institutional friction. A truly resilient policy framework must originate within the
governance logics of the Navajo Nation and uphold its epistemic sovereignty. Existing policies such as the
Indian Housing Block Grant program provide financial resources for housing development, but additional
funding mechanisms and regulatory frameworks are needed to support resilient housing models (Navajo
Nation Water Resource Department, 2025).

One critical policy recommendation is the expansion of water rights protections to ensure adequate access
to clean drinking water. Legal disputes over water allocation have hindered infrastructure projects, making it
essential for policymakers to prioritize Indigenous water rights in state and federal negotiations (Brugge
et al., 2007). Additionally, incentivizing the adoption of sustainable building materials and renewable energy
systems through tax credits and grant programs can accelerate the transition to climate-resilient housing
(Harris & Harper, 2021). Furthermore, efforts to promote renewable energy should prioritize tribal
ownership models and reinvestment in local workforce development—not merely infrastructure deployment
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(Mostafavi & Mehan, 2024). Housing policy must move from transactional funding streams to regenerative
governance partnerships.

5. Discussion: Resilient Housing Strategies for the Navajo Nation

Ensuring the resilience of housing in the Navajo Nation requires an integrated policy framework that
addresses climate adaptation, sustainable resource management, and Indigenous self-determination. Policy
interventions at federal, tribal, and local levels must support resilient housing solutions that align with the
Navajo community’s unique environmental and cultural context (Tso & McKinley, 2019). This discussion
reframes the Navajo Nation not simply as a recipient of resilience policy, but as an epistemic site from which
dominant narratives of smart housing and sustainability can be challenged. One major challenge in resilience
planning is the legal complexity of Indigenous land and water rights. Historically, disputes over water
allocation have hindered efforts to develop sustainable housing infrastructure (Brugge et al., 2007).
Strengthening legal protections for water access is essential to ensuring long-term resilience, particularly
due to climate change-induced droughts and groundwater depletion. The Winters Doctrine (1908) and
subsequent Supreme Court rulings have affirmed Indigenous water rights, yet enforcement remains
inconsistent. A formalized policy framework advocating for equitable water allocation and infrastructure
investment would provide the foundation for housing resilience (Navajo Nation Water Resource
Department, 2025).

While comparative frameworks with colonias help identify shared infrastructural and economic
vulnerabilities, it is essential not to conflate the two. The Navajo Nation's unique governance structure,
cultural systems, and legal history require not just tailored but co-produced policy interventions. Indigenous
sovereignty, in this context, should be understood not only in legal or administrative terms but as a design
principle (Mehan & Casey, 2024). This means resisting the normalization of Western spatial paradigms and
instead privileging Indigenous logics of dwelling, stewardship, and kinship. The comparative analysis with
colonias also underscores the risks of state-driven housing interventions that fail to embed local knowledge.
Policy success in the Navajo Nation depends on redistributing decision-making authority, recognizing
Indigenous expertise, and embedding design within relational land ethics rather than development efficiency.

Although the Navajo Nation benefits from a degree of tribal sovereignty that enables localized
decision-making and policy development, both communities share challenges such as limited access to basic
infrastructure, including potable water, sewage systems, and electricity (Esparza, 2010; Ward, 2018). This
comparison highlights that while colonias struggle with fragmented service provision due to a lack of formal
governance, the Navajo Nation’s established self-governance can be leveraged to enact tailored resilience
policies. By examining the vulnerabilities faced by colonias, such as inadequate drainage leading to severe
flooding in Hidalgo County, Texas (Pezzoli et al., 2019), we gain insight into the critical importance of
integrated infrastructure planning and community engagement for the Navajo Nation. These distinctions are
summarized in Table 1, which provides a comparative analysis of housing resilience challenges between
the Navajo Nation and colonies. Table1 synthesizes these contrasts, emphasizing how governance,
infrastructure access, environmental risks, and social capital inform divergent resilience strategies.
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Table 1. Comparative analysis of housing resilience challenges between the Navajo Nation and colonias.

Category

Navajo Nation

Colonias

Governance structure

Access to infrastructure

Housing types

Environmental challenges

Energy solutions

Social capital and resilience

Tribal sovereignty with
self-governance

Limited potable water, electricity, and
sewage systems

Traditional hogans and Western-style
homes

Climate-induced drought,
groundwater depletion

Off-grid solar and wind initiatives

Strong kinship networks, Indigenous
governance

Unincorporated communities with
limited governance

Poor infrastructure with fragmented
service provision

Informal housing developments,
often unregulated

Flood risks, inadequate drainage
systems

Potential for decentralized energy
solutions

Informal economies, mutual aid
networks

Historical case studies further illuminate these vulnerabilities. For instance, the legacy of uranium mining in
the Navajo Nation has left many homes contaminated with radioactive materials, leading to severe health
risks and compounding housing insecurity (Brugge & Goble, 2002). Acknowledging these challenges
through comparative analysis underscores the necessity of adopting culturally appropriate, sustainable, and
climate-resilient housing solutions.

In the Navajo Nation, traditional housing structures such as hogans, constructed with natural, locally sourced
materials, offer inherent climate adaptability (Lopez & Dean, 2021). However, modern housing policies that
favor Western-style construction may not suit the region’s environmental or cultural context. Similarly,
informal housing developments in colonias often lack regulatory oversight, resulting in substandard living
conditions (Pezzoli et al., 2019). By comparing these situations, policymakers can identify the best practices,
such as incorporating traditional earth-based construction techniques (Alvarez & Montoya, 2022) and
supporting training programs for local builders, to enhance resilience in the Navajo Nation (See Table 1).
Moreover, both communities underscore the vital role of social capital (Fathi et al., 2024). In the Navajo
Nation, strong kinship networks and cultural traditions promote collective resource management and
grassroots mobilization (Begay, 2017). While colonias build social capital through informal economies and
mutual aid networks (Ward & Carew, 2020), the lack of institutional recognition for these systems limits
their scalability (Varis Husar et al., 2023). Recognizing these dynamics reinforces the need for participatory
governance models that empower Navajo leadership to co-develop resilient housing policies (Harris &
Harper, 2021). Figure 6 presents a visual synthesis of the comparative housing resilience dynamics across
the Navajo Nation and colonias, highlighting key factors like governance, infrastructure access, social capital,
energy solutions, and environmental risks.

Energy independence also plays a key role in resilience. The Navajo Nation can leverage tribal energy
sovereignty initiatives, such as off-grid solar and wind power installations supported by the U.S. Department
of Energy’s Office of Indian Energy Policy and Programs, to reduce reliance on an overstressed grid
(Smith & Wouters, 2019). While colonias might similarly benefit from decentralized energy solutions (Pezzoli
et al., 2019), the Navajo Nation’s sovereignty provides a unique platform for implementing and scaling
these innovations.
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Figure 6. Comparative analysis of housing challenges in the Navajo Nation and colonias.

Recent legal developments have further complicated the landscape of housing resilience in the Navajo Nation.
The 2023 U.S. Supreme Court decision in Arizona v. Navajo Nation (599 U.S. 555) determined that the federal
government is not obligated to secure water for the tribe under the 1868 Treaty with the Navajo Tribe of
Indians, despite the Treaty’s provision establishing the reservation as a “permanent home” (Treaty with the
Navajo Tribe of Indians, 1868). This ruling underscore the challenges the Navajo Nation faces in asserting their
water rights—rights that are foundational to sustainable housing development. The decision has significant
implications for infrastructure planning and resource allocation, as access to water is fundamental to both the
construction and habitability of resilient housing. Addressing these legal and policy challenges is essential for
advancing housing resilience strategies that are both culturally appropriate and environmentally sustainable.

Another contributing factor in housing resilience is the economic framework that supports construction and
maintenance. In the Navajo Nation, limited access to financial capital and credit restricts the ability of
residents to build and sustain resilient housing. Federal and tribal housing assistance programs, such as the
Indian Housing Block Grant Program, have played a significant role in funding housing initiatives, but
challenges persist in accessing these resources efficiently. Similarly, in colonias, economic marginalization
and bureaucratic hurdles prevent residents from improving their housing conditions. Addressing these
financial barriers requires the development of innovative lending programs tailored to Indigenous and
underserved communities, incorporating microfinance solutions and cooperative housing models.
Additionally, policy frameworks must integrate climate adaptation measures that are region-specific.
The Navajo Nation’s exposure to extreme temperatures, water scarcity, and land degradation necessitates
adaptive housing strategies that focus on insulation, water-efficient designs, and sustainable land
management practices. In colonias, addressing flood risks and improving drainage infrastructure must be
prioritized to enhance housing resilience. Investing in green infrastructure, such as permeable pavements
and rainwater harvesting systems, can provide long-term solutions to these challenges while fostering
environmental sustainability (see Figure 6). In conclusion, while the primary focus remains on strengthening
housing resilience in the Navajo Nation, a comparative analysis with colonias illuminates critical insights. This
comparison helps us understand how integrated infrastructure investments, legal protections for water
rights, culturally informed housing practices, and robust community engagement can be combined to
formulate more holistic approaches to address existing vulnerabilities. By incorporating lessons from both
contexts, policymakers can craft resilient housing solutions that not only preserve Indigenous cultural
identity but also ensure long-term sustainability and self-sufficiency for the Navajo Nation. In contrast to
dominant resilience frameworks that prioritize adaptability in material and performance metrics, we argue
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that true resilience in Indigenous contexts is relational, ceremonial, and historically situated. This reframing
opens space for a more critical and culturally grounded understanding of how design, governance, and
infrastructure intersect in the pursuit of housing justice.

6. Conclusion

This study has explored the intersection of emerging design-build technologies and Indigenous architectural
traditions to develop resilient, culturally informed housing solutions for the Navajo Nation. Rather than
presenting conclusive solutions, this study offers a situated inquiry into how emerging technologies can be
recontextualized within Indigenous design frameworks. While the housing prototypes explored demonstrate
potential, they remain speculative and iterative intended as design provocations rather than finalized
models. Their value lies in testing boundaries between technological advancement and cultural continuity.
By integrating smart technologies, sustainable materials, and participatory design approaches, this research
presents viable pathways to enhance housing resilience in remote Indigenous communities facing climate
change, infrastructure limitations, and socio-economic challenges.

Key findings demonstrate that off-grid energy systems, alternative construction methods, and digital
fabrication techniques, such as earth-based 3D printing and modular prefabrication, can provide
cost-effective, low-carbon housing solutions while respecting cultural identity and environmental
adaptation. The research underscores the importance of participatory design in ensuring that housing
developments align with the lived experiences and traditions of the Navajo people, reinforcing community
resilience and self-determination.

This research underscores that resilience, when defined through Indigenous worldviews, is not merely an
outcome of material optimization but a process rooted in kinship, relational ecologies, and governance
autonomy. The comparative analysis with colonias highlights shared vulnerabilities and underscores policy
opportunities for strengthening housing governance, water rights, and infrastructure investment in
marginalized communities. The integration of traditional spatial configurations, passive energy strategies,
and sustainable materials presents a scalable model that can be adapted across other Indigenous and
underserved regions.

The study’s contribution is therefore conceptual and methodological: It presents a framework for aligning
digital fabrication and sustainable innovation with Indigenous spatial practices, and it models participatory
design processes that redistribute authorship to local communities. Moving forward, policy interventions
must support the implementation of smart housing strategies by prioritizing Indigenous self-governance,
sustainable development funding, and climate-adaptive building codes. Further research should focus on
expanding digital fabrication capabilities, developing localized material supply chains, and testing full-scale
housing prototypes in real-world conditions. Ultimately, this study contributes to the broader discourse
on resilient housing design, equitable development, and Indigenous sovereignty by proposing a
forward-thinking, contextually adaptive framework that merges technological innovation with cultural
preservation. Future work must engage in longitudinal collaboration with Navajo partners to evaluate built
outcomes, co-develop building codes that recognize traditional practices, and advocate for funding models
that support sovereign-led housing development. By advancing collaborative design, environmental
stewardship, and self-sufficiency, this research provides practical insights for architects, planners,
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policymakers, and community stakeholders committed to building a sustainable future for the Navajo Nation
and beyond.
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