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Abstract: Cities nowadays are the most significant source of environmental degradation threatening 
local and global ecosystems. Interestingly, many ancient settlements present excellent lessons and 
inspiration for addressing our current urban predicaments, given their environmental stewardship. 
This research explores how the ecologically embedded settlement patterns, building configurations, 
urban agriculture and home gardening, and water conservation of the Maya-built environment can 
offer insights about mitigating contemporary urban sustainability challenges. Mayans’ respect for 
nature not only guaranteed sustainable habitats but also engendered one of the most remarkable 
civilizations in a region that did not offer generous support for human accommodation. The Mayan 
world view promoted the idea of one spirit dwelling in all humans and other-than-human entities 
in an environment, making everything sacred and kin to everything else. The regional climate was 
kept under control by protecting the vegetation that also provided other ecological benefits. Land 
use was mixed, and residences were constructed with native and recyclable materials utilizing nat-
ural light and ventilation. The Mayan civilization inspires us to manage and protect plants, not cut 
them down; conserve water, not waste it; listen to the environmental feedback, not reject it; and, 
most importantly, it begs us to embrace nature as our own mother, not disown it as something 
dispensable. These principles have significant implications on urban land-use planning and policies 
today.  
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settlement pattern; urban agriculture; water conservation 
 

1. Introduction 
The literature strongly suggests that cities today are the major cause of adverse envi-

ronmental impacts globally, which negatively affect them and the wider landscapes [1–
4]. Cities are expected to account for 68% of the global population by 2050, with land con-
sumption outpacing population growth by as much as 50% [5]. This sprawling develop-
ment pattern has deleterious impacts on the ecosystem, especially biodiversity. The eco-
logical dis-embeddedness of cities, which has divorced people and their activities from 
the local and regional environments, is among the causes of environmental degradation 
[6–10]. This has left many societies without concrete guidance that could be drawn from 
the context of which they are a part. Many scholars have studied this grave situation re-
garding modern cities and proposed the idea of a different and a better kind of habitat 
[11–15]. It is now becoming evident that healthy habitats can only be reformulated 
through developing respect for nature, which can be accomplished by learning lessons 
from the ecological embeddedness of ancient settlements [16–18]. 
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To explore the past with an intention to seek inspiration for current and future cities, 
this paper surveys the Mayan built environment, investigating how the settlement pat-
tern, building configurations, urban agriculture and home gardening, and water conser-
vation were ecologically embedded. The paper then discusses some important lessons for 
contemporary-built environments to help mitigate their environmental sustainability 
challenges. Can we look at the past to reconceive our present and future cities? While 
some scholars, such as Campbell [13], argue that it would be less relevant, several others 
opine that exemplary instances of ecological embeddedness and sustainable practices re-
garding the built environment can be found in past civilizations for us to think about and 
possibly adapt for the benefit of the present and future generations [6,7,19,20]. 

Ecological embeddedness is the concept of identifying with the ecosystem of any 
given region and adhering to the principles of conservation, respect, and reciprocity im-
plemented for the betterment of all stakeholders [21]. The concept consists of an evolving 
knowledge that is “transgenerational, transcultural, trans-philosophical, and transdisci-
plinary”, gathered through experimentation with and monitoring of ecosystems [22]; it is 
much more than just a ‘know-how’ [17]. This understanding of the intricate relationships 
between the different components of an environment and their effects over longer periods 
is vital for taking effective sustainability decisions [23]. Turner et al. [24] enumerate six 
principles of ecological embeddedness: (a) interconnecting and rotating all entities in an 
environment; (b) environmental feedback and sustainable resource harvesting and reuse; 
(c) knowledge accumulation and transfer; (d) respectful and collaborative approaches to 
human activities; (e) associating oneself as a part of one’s ancestral land; and (f) acknowl-
edging spirituality in nature.  

Dis-embeddedness, on the other hand, is a short-term gains (mainly economic) over 
long-term benefits (sustainability) approach, discounting the multiplicity of perspectives, 
looking at humans and nature as a binary, and ignoring spirituality and the call for mean-
ing behind life [10]. The drive towards limitless material accumulation and the disregard 
for the environment is informed by the idea that humans and other-than-human stake-
holders do not need to co-evolve. This fact is exemplified by the current situation in which 
cities, which cover less than 2% of the earth’s surface, consume 78% of the energy gener-
ated and produce 60% of greenhouse gas (GHG) emissions [5]. Buildings alone consume 
over 40% of generated energy and contribute nearly one-third of GHG emissions in most 
countries [3]. Consequently, this situation has led not only to environmental degradation, 
but also to de-contextualization and ecological dis-embeddedness of contemporary cities. 
The following are among the major environmental sustainability challenges faced by con-
temporary cities. 

Air pollution and GHG emissions from buildings, the transportation sector, and in-
dustries are important factors undermining urban sustainability. The release of GHG 
emissions links directly to poor air quality with attendant health risks [3,5]. Likewise, 
over-dependence on unsustainable fossil-based energy and technologies contributes to 
environmental pollution. Burning fossil fuels releases carbon dioxide and other green-
house gases, contributing to global warming and climate change [2,14]. Urban heat is-
lands, formed due to increased energy consumption from buildings, hard structures, and 
concentrated pavements, threaten the sustainable development of urban communities. 
Moreover, the lack of blue-green infrastructure leads to higher temperatures and unde-
sired climate change [25,26].  

Similarly, sprawling development away from the city center leads to a serious chal-
lenge of increased mobility, congestion, environmental pollution, and accidents. In addi-
tion, the increasing scale of contemporary cities changes the dynamic of the carbon cycle 
and earth radiation and leads to high infrastructure demands and capital costs. Habitat 
fragmentation is another prominent issue of extensive urban development that weakens 
the ecosystem [4,15,25]. Furthermore, unsustainable resource consumption and lifestyles 
are increasingly exerting pressure on the environment, leading to the loss of prime agri-
cultural land, biodiversity, and water resources [1,9,27,28], and unsustainable solid and 
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liquid waste management practices and rising urbanization levels lead to water and land 
contamination [29,30]. Moreover, urban floods are triggered by ineffective land-use pat-
terns and rainfall management [31,32].  

Additionally, segregated and mono-functional land uses are sustainability chal-
lenges that encourage mobility to other zones for urban activities and discourage street-
level socioeconomic interactions due to a lack of diversity in land-use planning and over-
reliance on cars for mobility [11]. Moreover, inequality and poverty are widespread in 
contemporary cities. These socioeconomic challenges have arisen due to unemployment 
and spatial mismatch, because of the detachment of homes from workplaces [13,16]. 
Lastly, urban development in most cities is devoid of public participation, and cities lack 
public realm and a sense of community, which results in feelings of alienation from the 
land and community [31].  

A review of similar literature indicates that there is dearth of studies on lessons Ma-
yan settlements can offer to help with addressing these urban sustainability challenges. 
For example, Akbar et al. [16] investigated how the ecological wisdom of Asian traditional 
settlements can help foster environmental sustainability by addressing contemporary ur-
ban challenges ,such as disassociation with the land, overcrowding, over dependence on 
fossil-based energy and technology, GHG emissions, costly and resources-intensive pro-
jects, import of foreign ideas and materials, mono-functional urbanism, one-size-fits-all 
designs, flooding, and the urban heat island (UHI) effect. Possible solutions to these prob-
lems can be found in the ecological embeddedness of the Mayan-built environment. For 
instance, Ashmore [33] studied physically and spiritually meaningful site-planning con-
cepts and principles among the ancient Maya. Munson and Pinzón [34] researched the 
way early Mayans constructed environmentally sustainable buildings. Murtha [35] 
demonstrated how low-urban density fostered sustainability in the Mayan-built environ-
ment. While Davis-Salazar [36] studied the Mayan-built environment’s drainage and 
flood control, Dine et al. [37] explored the modern lessons of Mayan agriculture towards 
food security. So far, the present study is the first to extract the ecological embeddedness 
of Mayans and their settlements and apply their principles toward fostering environmen-
tal sustainability in contemporary cities.  

This study can help cities mainstream ecological considerations into land-use plan-
ning and policymaking. It can also improve our knowledge of the evolving body of liter-
ature about the role of and lessons to be learned from the ecological wisdom of ancient-
built environment in addressing urban sustainability challenges facing cities today. 

2. Materials and Methods 
2.1. Maya Background 

The Maya occupied the region which is currently El Salvador, Belize, Guatemala, 
Honduras, and the southern part of Mexico [38]. This region lies in the tropics, 23.5 de-
grees north of the equator within the Meso-American region (Figure 1). The ecological 
understanding of the Maya is well documented. Their civilization faced many challenges, 
such as unpredictable drought, excessive rainfall, high humidity, a profusion of pests, a 
shortage of potable water, the inadequacy of irrigation systems, unfavorable karst land 
[39–41], and a lack of metals during the Classic era [42]. Despite these daunting challenges, 
the Maya still effectively utilized opportunities present in their land through close obser-
vation of and association with nature [43,44]. 

Large expanses of land occupied by the Maya comprised southern highlands, central 
tropical lowlands, and less-vegetated northern areas (Figure 1). These are noted by schol-
ars as centers of influence during the great Mayan eras. The highlands, lowlands, and 
northern areas correspond to the Pre-Classic (1200 BC–250 AD), Classic (250–950 AD), and 
Post-Classic (950–1500 AD) ages, respectively [45]. A considerable population settled in 
the Maya region during the Late Pre-Classic Period (400 BC–250 AD), requiring them to 
adapt to the topographic variation as well as the microclimate. Most of the populations 
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were employed in agriculture. By applying a trial-and-error method over years, people 
were able to modify the landscape to achieve exceptional agricultural production while 
enhancing the natural carrying capacity of their land at the same time.  

Time and its passage were significant for the Maya. The movement of heavenly bod-
ies over time indicated when farming and rituals should take place [46]. For this, city ele-
vations and vertical markers in the built environment played a key role. These aligned 
with certain movements and locations of various stars, which signified important turns in 
the temporal dimension. The observation of the heavens also designated proper time for 
crop plantation [47], failure to do so would affect agricultural yield. 

The Maya were a society with complex urban systems and activities, as signified by 
their house mounds, agricultural terraces, raised fields, home gardens, and water reser-
voirs. Their cities were also places for public gatherings, specialized labor, recreation, and 
water conservation (especially the lowland locations) for the benefit of urban and rural 
populations [48]. The kings controlled the water that was available in limited amounts 
[49]. The urbanites were supported by their rural neighbors, who supplied them with food 
and various natural resources. Due to this reciprocation, a top-down and bottom-up bal-
ance was achieved in decision making regarding resource management and environmen-
tal conservation [50,51]. 

Urbanism has not been thought of as a feature of the Pre-Columbian New World, 
which is a trend in need of reconsideration. This is attributed to the focus of research on 
religion, leaving out other factors such as economy, politics, environment, and settlement 
patterns. While Aztec settlements such as Teotihuacan and Tenochtitlan have been termed 
urban centers, it is surprising to see that smaller and dispersed Mayan settlements, such 
as Tikal, Chan Chan, Calakmul, Cahokia, Tiwanaku, and Paquime, are left out as not sat-
isfying the general definition of ‘urbanism’ according to some scholars. The Mayan-built 
environment can be considered as urban based on the social and spatial heterogeneity of 
its settlements, as well as its economic activities, not to mention its complex water conser-
vation systems [52,53]. Furthermore, a multidisciplinary, multivariable, comparative, and 
cross-cultural study may bring out the characteristics of urbanism in Mayan environments 
and society further [54]. 

The functionality of the Mayan-built environment conforms to the people’s religious 
thoughts. Even heavenly bodies and their spiritual and physical impacts on earth are part 
of this conformity. Mayans regarded the earth as a god where plants, animals, land, caves, 
and mountains were considered sacred and invaluable [55] That is why many Maya set-
tlements were placed around Cenotes (underground water bodies) and caves, providing a 
meaningful link between people, land, and water. This level of connectedness can provide 
rich lessons for contemporary settlements threatened by a lack of spirituality and varied 
sustainability challenges. The following are the main reasons for choosing to study Maya 
culture: first, Mayan-occupied land appears to be one of the most intriguing historical 
regions, with ecological wisdom that survives to the present; second, the Mayan-built en-
vironment has often been likened to the ‘Garden Cities’, which remain famous amongst 
the public, scholars, and planners today; and lastly, significant literature, published over 
several decades of research and archaeological works, is available to carry out this re-
search. 
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Figure 1. Location of the land occupied by the Maya (inside green boundary) within the Meso-American region [21] [Ak-
bar, 2021]. 

2.2. Data Collection and Analysis 
This study employs the desktop research method of reviewing relevant literature to 

achieve its aim. The method consists of three iterative phases: the problem definition, lit-
erature survey, and data analysis [16]. The first phase consisted of identifying and defin-
ing the research problem to be investigated. In this study, the focus is on how lessons from 
the ecological embeddedness of the Mayan-built environment can help to mitigate sus-
tainability challenges facing contemporary cities. The second phase consisted of survey-
ing and gathering relevant literature and secondary data. Using the Web of Science, Sco-
pus, and Google Scholar search engines (globally recognized comprehensive databases), 
literature related to the study domain were manually selected and downloaded. The iden-
tified relevant literature included published articles and books (academic literature) as 
well as official reports, statistics, urban plans, and maps (grey literature).  

Table 1 shows an example of search terms used to identify and download resources 
using Google Scholar on 10 November 2021. Documents that satisfied the following four 
inclusion criteria were used. It should be (a) written in the English language; (b) full text; 
(c) related to the objective of the study; and (d) published after 1990, which was the time 
when interest in the legacy of Mayan settlements became heightened. After removing du-
plicates, 86 documents met the criteria and were included in the study. 

The last phase of the analysis involved organizing the gathered documents based on 
similarity to the topics set out in Table 1, albeit with some document belonging to more 
than one group. After this, each document was thoroughly analyzed to extract themes 
related to the Mayan-built environment that satisfied at least one of the six principles of 
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ecological embeddedness identified earlier [24] or uncovered new ones. The extracted 
themes were finally collated, synthesized, and harmonized, which resulted in four cate-
gories: settlement pattern, building configuration, urban agriculture and home gardening, 
and water conservation. The analysis also involved extracting some quantitative data, 
such as building floor area and spacing, road width, and the ratio of the built-up areas to 
green areas from city maps. The quantitative data can help determine the environmental 
sustainability of settlement patterns. Literature review research has been employed in sev-
eral studies due to the availability of secondary data online, its low costs, and suitability 
in exploratory research [16,29]. 

Table 1. Result of manual search for relevant literature. 

Search Terms No. of Papers Iden-
tified 

No. of Papers 
Downloaded 

“Maya built environment” 170 32 
“Sustainable architecture in Maya” 7 5 

“Maya water management” 324 27 
“Maya ecology” 66 24 

“Maya home gardens” 66 13 
“Maya + forest”  73 8 

“ancient Maya settlement patterns”  245 52 
Maya urban form 7 2 

“Agriculture + Maya” 89 17 
“Maya home gardens” 11 6 
“Ancient Maya roads” 15 7 

3. Results and Discussion 
This section presents and discusses the study findings, divided along the ecological 

embeddedness of the Mayan-built environment according to the four themes that 
emerged from data analyses: (1) settlement pattern, (2) building configuration and con-
struction, (3) urban agriculture and home gardening, and (4) water conservation. The pa-
per then discusses some important lessons for contemporary-built environments to help 
alleviate their environmental sustainability challenges. 

3.1. Settlement Patterns in Maya 
Mayan settlements are famous for their residential clusters, home gardens, ritual and 

regal centers, and socioeconomic and political activities. Based on this, a city acquired an 
identity according to its dominant features [56]. It took Maya continuous and intensive 
procedures of agronomy and landscape treatment to adapt various locations for habita-
tion [44]. As a result, adequate urban characteristics seem to emerge from these habitats 
such as refined construction, residential clusters [57], home gardens [38,58,59], land-use 
variation [60], neighborhoods, districts, complex institutions [15,61], market exchanges 
[62], and developed land and water resource management systems [63]. Often, even small 
settlements such as Joya de Ceren exhibited the civic and social order found in large set-
tlements [64].   

The Mayan world view was manifest in the design and arrangement of their habitat 
[65]. Their built environment was a patchwork of different and scattered agro-systems. 
Their land use included terraces, raised fields, kitchen gardens, orchids, slash-and-burn 
agriculture areas, and natural and created forests. Although land was cleared for urban 
developments, complete deforestation is not evidenced [43]. As shown in Table 2, only 
approximately 32% of central Tikkal was covered by buildings while the remaining 68% 
was open spaces and green areas. In contrast, central Chunchucmil is denser with 42% of 
the area occupied by buildings. In both settlements, building-floor areas ranged from 300–
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360 m2 with 0.27–1.38 dwelling units per hectare, while major roads were 60–70 m wide 
and minor roads measured around 20–40 m wide, which compares well with many con-
temporary cities. 

Mayan settlements did not display use of a grid, but this does not mean the dispersed 
layout was unplanned. Buildings were arranged to align with natural topography and 
contours, which enhanced the visual aesthetics of the landscape, increased access to sun-
light and ventilation, minimized the need for excavation and hence was cost saving, re-
duced the risk of erosion, and supported protection of biodiversity. Runoff was dammed 
by causeways and canals and diverted towards low-lying areas for irrigation purposes 
where the landscape was marked with all kinds of natural and human-made reservoirs 
[40].  

Table 2. Average road width, development density, and building floor area and spacing in central Tikal and Chunchucmil. 

Settlement 

Size (Hectare) Buildings Road Width (m) 

Devel-
oped 

Green and 
Open Areas 

Total Floor 
Area 

Spacing Total 
Units 

Density 
(Units/Total 

Area) 

Major 
Road 

Minor 
Road 

Tikal city cen-
ter 

(Figure 2b) 

240 ha 
(32%) 

510 ha 
(68%) 750 ha 360 m2 60–100 m 200 0.27 units/ha 60 m 20–30 m 

Chunchucmil 
center 

(Figure 3a) 

62 ha 
(42%) 

83 ha 
(58%) 145 ha 300 m2 40–60 m 187 1.38 units/ha 60–70 m 30–40 m 

(a) Spatial Logic of Mayan Settlements   
Urban form refers to the organization of all functional features of an urban area, in-

cluding streets, buildings, open spaces, and natural areas. The arrangement of these fea-
tures in Mayan-built areas was shaped by Mayan belief systems and daily activities that 
in turn transformed and influenced settlement structures [16]. According to Mayan cos-
mology, the earth is surrounded by supernatural worlds, which can be accessed through 
the mountains above (arboreal ecosystem), water bodies below the earth’s surface (aquatic 
ecosystem), and the land in between (terrestrial ecosystem). In this respect, the Maya spe-
cially regarded the Ceiba tree as symbolizing this 3-part division of the cosmos, represent-
ing the underworld, earth, and heavens through its deep roots, high trunk, and spread-
out branches, respectively, bringing these worlds together [46]. In other words, the Ceiba 
tree also represents the unity and interdependence of different ecological systems that 
make life possible.  

Given the importance of cardinal directions, buildings were oriented to maximize the 
use of sunlight and natural ventilation and sacred buildings were located in such a way 
as to be visible to the general public [66]. Since north is believed to be where the ancestors 
and their wisdom reside, important structures are found in the northern zone that was 
not only suitable for sustainable habitation but also most visible to the surrounding com-
moner residences [67]. A good example of this orientation is the Twin Pyramid Complex 
in Tikal (Figure 2a) where the structures are north-south oriented. Mayan settlements dis-
played the above-mentioned characteristics to create a built environment with the highest 
level of harmonized living, interconnectivity of all entities with the environment, and ac-
knowledgment of spirituality in nature. 

The forms of Maya settlements could be informal, but they largely display sensitive 
harmonization of patio groups (residential and home garden areas), agricultural terraces, 
raised fields, streets, open spaces, standardization of features according to the locale, 
mixed and diverse functions, shared interests, and communal uses of facilities which pro-
moted substantial face-to-face interactions [64]. The functional features of a settlement 
were incorporated into the public realm, including arenas, courts, and accessible markets, 
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thereby fostering inclusion, and increasing social cohesion [61]. In Sayil, for instance, the 
settlement pattern is more nucleated than some other Maya settlements. Agricultural ter-
races follow the existing topography while raised fields are an appropriate adaptation of 
the human habitat under the climatic and geological conditions. The neighborhood open 
spaces and streets nurture a great sense of community. Since most production, consump-
tion, and recycling took place within or close to the home, walkability is pronounced in 
Mayan-built environments. 

The Maya practiced living, working, trading, and gardening within the same locale, 
giving rise to a better empathy with the environment. Their work and social lives were 
intertwined with the surrounding nature. Based on the logic discussed above, settlements 
were modelled as multi-layered (the sky, the earth, and the underworld), connected 
through time (as represented by movement cycle of Venus, the moon, and the sun), sup-
ported by a vertical axis (axis mundi represented by the Ceiba tree-trunk), and divided 
into four cardinal parts (with an emphasis on a north-south orientation (Figure 2b).  

 

 
(a) 
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(b) 

Figure 2. (a) Twin Pyramid Complex (group 4E-4) at Tikal (Guatemala) having cardinal placement (adapted from Ash-
more, [33] (p. 201)); (b) Cardinal alignment of the city center acting as an axis mundi connecting spread-out residential 
units with the underworld as well as the heavens at Tikal, Guatemala (adapted from Ashmore [33] (p. 204)). 
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(a) 
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(b) 

Figure 3. (a) Sacbeob (marked as a colored grey area) in the center of Chunchucmil connecting house-lots (adapted from 
Hutson et al., 2007, [68] (p. 466)). (b) Sacbeob in Seibal (adapted from Ashmore & Sabloff [69] (p. 209)). 

(b) Street Networks   
Various buildings in a Mayan city were connected through Sacbeob which were ele-

vated streets constructed for many transportation-related and socio-economic purposes 
(Figure 4a,b). Three types of Sacbeob are commonly found: local, intra-site, and inter-site. 
Most Sacbeob were roughly between 500 m and 20 km long, indicating human-scale and 
enhanced walkability of a city [70]. Earlier designs did not include parapets, but they were 
later adopted in various Sacbeob. Their structure was similar to the foundation of any Ma-
yan building, comprising large stones on the edges and grading to smaller gravel towards 
the upper surface which was finished with powdered limestone. Depending on the loca-
tion and availability, the backfill for Sacbeob contained organic materials such as snail 
shells, which highlights waste recycling in Mayan societies. 
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(b) 

Figure 4. (a) Schematic drawings for three types of structure clusters in Mayan settlements; dots are house-lots surround-
ing the religious settlement center (axis mundi) (adapted from Smith [61] (p. 56)). (b) Mayan patio groups showing open 
patios within built up residences (adapted from Smith [61] (p. 56)). 

Sacbeob served many functions, such as transporting people, animals, and goods. 
They promoted commerce, multi-level interaction, and processions representing political, 
socio-economic, and religious significance [71] through the architectural spaces. Sacbeob 
also formed the water-retaining edges of reservoirs, directing runoff away from inhabited 
areas towards natural water collection ponds [70]. By virtue of these Sacbeob and their 
orientation, a city center acquired an axial position (axis mundi) symbolizing a World Tree 
connecting the underworld, earth, and heavens in seamless continuity. Collaborative 

(a) 
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maintenance of Sacbeob (based on green human labor) brought people together and re-
minded them of a shared memory, sense of place, and religious, political, and environ-
mental order. 

3.2. Building Configuration and Construction 
In several present-day cities, buildings have little regard for local climatic conditions, 

vernacular construction materials, and environmental sustainability [31]. However, 
among the hallmarks of Maya settlements is the embeddedness of environmental sustain-
ability in architecture and building arrangement through the appreciation of indigenous 
knowledge, local climates, and the ecosystem. This Mayan trademark was a result of the 
prolonged and deep observations and experiences of the society [72]. Climatic conditions 
and cardinal orientations determined building configuration, architectural form, identity, 
and functional efficacy, while indigenous building materials lowered building costs. 
Building construction was based on centuries-old, revered, and adopted techniques that 
were passed from the ancestors to the current and the future generations.  

Space available for housing differs in various Mayan settlements depending on land 
availability, climate, vegetation, topography, soil condition, and socioeconomic struc-
tures. Maya were outdoor people due to the nature of their locale. The resultant lifestyle, 
daily activities, and architecture, especially in the residential areas, are considered in de-
signing the open spaces within a house-lot and the immediate surroundings. These were 
important factors in building configuration [73]. Given the nature of a house-lot, a house-
hold functioned as a small social group that, in turn, was connected and contributed to 
the larger population it was a part of. In Tikal, for instance, house clusters are closely 
spaced but there are large amounts of space between clusters. Continuous causeways may 
not have been needed; instead, a raised pathway in the landscape might have sufficed for 
movement [35]. On the other hand, the city of Waka had a nucleated pattern of dense 
residential quarters, unlike other built environments that have surrounding dispersed set-
tlements.  

Various types of building clusters are found in the Classic Mayan settlements (Figure 
4a). It was initially thought that each one of them was a residence. However, scholars are 
now convinced that a certain number of structures were part of a house-lot (Figure 4b). 
For instance, 2280 structures were studied in Tikal that were later believed to be belonging 
to 691 groups, each group housing extended families comprising around 25 members [74]. 
Made of perishable materials and following vernacular style, these buildings fulfilled 
many purposes, such as sleeping, cooking, washing, processing, and storage [75]. One 
main difference between a Mayan house-lot and a modern residence today is the former 
had separate buildings, whereas the later holds all activities under one roof.  

The simplicity and sustainability of buildings acquired through vernacular design is 
reported by Abrams [76]. While discussing the city of Copan during the Classic Mayan 
Period, the author highlights that new structures were mostly built over the foundations 
of the old ones. Designs were tried and tested to save time and labor efforts. A structure 
could be constructed in 100 days or less if it were not elaborate, making sure there was no 
shortage of labor required for other tasks such as agricultural work. Construction was 
aligned with the climate; given this, the dry season was the time during which most con-
struction took place. Many other scholars found that construction was accretional, using 
old structures and available materials; water usage was kept to a minimum; basic design 
requirements, such as solar and wind movement, line of sight, and utility of the enclosure, 
fulfilled functional needs; construction details were well known, therefore, unskilled labor 
sufficed for building, reducing time and money [73,76,77]. This resulted in the energy sav-
ing required for material procurement.  

Religious structures were different in design and construction from the residences of 
the common people. These were highly symbolic, offering spiritual nourishment to the 
citizens [78]. As discussed above, the ecological and environmental understanding of the 
Maya was not limited to the earth only; it included the skies and the heavenly bodies. This 
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is corroborated by growing evidence that the orientation of religious buildings is astro-
nomical. Architectural elements used in certain sacred buildings were aligned with the 
movement of important stars that predicted initiation of certain rituals [67–79]. Apart from 
fulfilling symbolic and religious needs, these buildings, by virtue of their orientation, 
helped in measuring time and predicting weather, which was significant for agricultural 
purposes.  
(c) Examples of Ecological Embeddedness of Mayan Settlements 
• Coba: Coba was a large urban center during the Classic Mayan era, spread over 30 

miles2 with a population of approximately 50,000 [58]. Green human labor that com-
prised thinking and sensitive persons was adopted for all tasks that garnered pa-
tience and work ethics. Given this, it is believed that the great 120-foot-tall pyramid 
of Coba was built without using wheels, pulleys, and draft animals. Residential 
buildings were mainly pole and thatch construction; stone was used with care. Ter-
races marked the residential landscape as the soil was thin and could not retain mois-
ture and nutrients. Fish farming ponds diversified the food supply [80]. 

• Cuello: Cuello was a Late Pre-Classic settlement famous for its architectural charac-
teristics. For instance, discussing an excavated site in the city, Hammond and Ger-
hardt [81] found that it consisted of a group of buildings intentionally planned 
around a patio. Multiple activities are believed to have taken place there, ranging 
from sleeping, cooking, and storage to burials. This indicates that the site provided 
self-sufficiency in many respects without having the need to acquire more land to 
obtain life essentials. The buildings were simple and reparable as local recyclable ma-
terials, such as cobble stones, clay, and lime plaster were used for building and repair 
work. The importance of the patio is signified by the buildings that are oriented to-
wards it, meaningfully marrying the built with the open. 

• Caobal: Architecture and construction appear to have had a social and political effect 
on the population of Caobal, such as building a spirit of community and maintaining 
connections with past generations and their experiences. The amount of domestic 
refuse found at different sites hints at the collaborative aspect of construction that, 
among many other factors, encouraged social sustainability. It appears that involve-
ment in the construction process was as important as the output. The built environ-
ment also displays ecological knowledge and environmental stewardship. This is ev-
ident from practices such as adoption of reusing, recycling, and selecting earthen and 
local materials and keeping technology simple. Given the above, the built environ-
ment in Caobal became a container of social and environmental memory for future 
generations to follow [34]. 

• Chan Noohol: Located in the upland of the Mopan and Macal Rivers, this settlement 
comprises seven farmsteads that are 50–70 m apart. Every farmstead has a dedicated 
area for cultivation created on a non-orthogonal terrace. Both the terrace and the de-
limiting low-height retaining wall follow the existing topography that points to-
wards site familiarity and the respect that the residents had towards what was al-
ready present. Existing bedrock was used as the foundation for structures, reducing 
foundation work and material required. This also helped to raise the level of the 
structures naturally. Local materials were used, such as chert cobbles and unshaped 
stones. New landscape features were created where the previous inhabitants had in-
dicated they ought to be placed. This ensured cultural continuity and adherence to 
the site’s demands [82].  

• Copan: Abrams [76] shares interesting information about the construction of a reli-
gious site and its structures in Copan. The construction work appears to be a single 
event requiring less labor and time because it was completed via the communal ef-
forts of both men and women. The capability of the residents made them efficient if 
not highly skilled laborers. The author estimated that the construction was most 
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probably completed with a special workforce of 40 persons employed on a yearly or 
half-yearly cycle, and about 370 non-specialized workers for about 60 days 

• Chunchucmil: Located in north-western Yucatan, Chunchucmil had a population of 
about 35,000 spread over 20–25 km2 during the Classic Period. Dense house-lots de-
limited by albarradas (shared boundary walls) and chichbes (winding causeways) were 
distinguishing features here (Figure 5). The average house-lot size was approxi-
mately 4,200 m2 containing open spaces of approximately 3,595 m2. Although the 
city’s location does not support intensive agriculture, the open house-lots still con-
tained areas for climatically and geologically suitable cultivation that needed little 
tending. The trees in the house-lots imitated regional forests and provided economic 
benefits. Apart from residences, open spaces within house-lots were also used for 
other activities, including handicrafts, animal keeping, apiaries, processing, corn 
storage, rituals, burial, washing, toilets, and dumping organic waste (Figure 6b). The 
low height of the albarradas suggests strong social networks and sustainability. Exist-
ing materials and past platforms were used for the foundations, whereas the super-
structures were made from perishable materials [68,83]. 

 
Figure 5. Schematic drawing showing homes, clear area, intermediate area, and garden area in Chunchucmil (adapted 
from Hutson et al. [68] (p. 444)). 
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(a) 

Figure 6. (a) Forest garden and the Maya House: Mesoamerican Research Center today following ancient Maya house 
garden techniques with a variety of plants and trees offering shade and nutrition (adapted from Ford, [84]). (b) Map 
showing residential groups in Chunchucmil with home gardens and other miscellaneous functions (adapted from 
Halperin and Foias [85] (p. 13). 

• El Palmar: The abundant presence of the Golden Section in nature and its recognition 
and application by the Maya points towards their connection with nature and all its 
constituent ecosystems. One of the examples of this fact is given by Doyle [86] who, 
after studying selected buildings in El Palmar, makes the case of the use of the Golden 
Section by the Maya in urban and architectural works. The author contends that, even 

(b) 
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though historical continuity and cardinal alignments were factors in determining the 
spread of the group under discussion, the usage of 48.5 m by 78.5 m Golden Section 
squares is also evident while sizing the building plans. The Golden Section is also 
applied to work out platforms for other buildings and open spaces; for instance, the 
size of the Triadic Group in El Palmar is 100 m by 160 m which, again, is a Golden 
Section square. Interestingly, the Golden Section was also used to determine lot sizes 
for Milpa farming. 

• Joya de Ceren: Living in sustainable houses constructed with wattle-daub walls and 
thatch roof, the residents of this village also exhibited remarkable knowledge of the 
climate, soil, and plant biology. Intensively cultivated gardens surrounding the 
houses contained a variety of plants and trees, which provided food as well as shade 
and demarcation for the house-lots. The agricultural yield from the house gardens as 
well as the infield maize crop not only ensured self-sufficiency, but also provided 
enough surpluses to be exchanged for valuable goods [64].  

3.3. Urban Agriculture and Home Gardening 
The basic unit of Mayan settlements comprised not only residential compounds and 

neighborhoods, but also autonomously managed gardens, along with their surrounding 
farmlands. The amount of tree cover helped control soil erosion, while urban green areas 
connected the civic and ceremonial functional zones that linked to the residential areas 
[87]. Urban agriculture depended on diverse farming practices based on the local ecolog-
ical, socioeconomic, and political situations. The fact that the agricultural landscape was 
a part of the Mayan-built environment is archaeologically evidenced by the variations in 
the identity of settlements and the people that lived in various regions.  

For instance, even though infield agriculture is quite a common feature, nuances exit 
in the way it is made part of the built environment in different communities [88]. This 
distinction is a result of adaption required for the semitropical climate, varying terrain, 
and soil conditions [50], and the presence of diverse species [89]. Environmental feedback 
was instrumental in the decision-making process regarding how to modify the land for 
agriculture, habitation, and gardening. In this respect, terraces embedded in the landscape 
were particularly helpful in retaining moisture in the ground as well as preventing erosion 
of soil that was already thin [51]. For example, in Tikal, agricultural terraces were present 
in almost every household that had access to two to four acres of land [35].  

Apart from water retention, terracing also provided a suitable flat surface for culti-
vation, nutrient penetration, and residential structures. As evidenced in Tikal, sometimes 
berms were also constructed to delimit terraces, provide raised surfaces for walking if 
needed, divert water to low-lying bajos (seasonal wetlands), and prevent silting [46]. Since 
the maintenance of these terraces required collaborative intensive labor, population 
growth supplied an essential human resource [90]. Thus, settlement patterns integrated 
with the agricultural land became a strong norm unifying the Maya in their common so-
cial and economic undertakings. 

The favorable climate encouraged outfield agriculture in settlements such as Coba, 
therefore, house-lots relied less on home gardens. In comparison, Chunchucmil was de-
pendent on infield agriculture as demonstrated by the presence of larger house-lots that 
had rejolladas and sascaberas (laterally dug chambers on the dry side of a sinkhole in the 
karst ground within the lot boundary) [91]. The combination of infield and outfield areas is 
another land-use pattern found in Mayan settlements. This assisted the Maya in dealing 
with unpredictable weather and crop yield. Infield areas were close to home and occupied 
by households as a primary base. Distant outfield areas, on the other hand, complimented 
the infield by becoming secondary cultivation and residential areas in case there was a 
need, depending upon the weather conditions [44].  

Milpa farming is another instance of sustainable agricultural practice where the land-
scape setting within a built environment was purposefully and periodically changed to 
ensure sustainable agricultural yield while maintaining forest cover. This is a method 
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where certain crops are grown on a rotating basis through transitional stages, providing 
control and soil enrichment. The Milpa cycle, shown in Figure 7a has three main phases: 
• Looking for forest clearance mainly caused by cyclones and preparing the land for 

cultivation. 
• Introducing crops that are rotational, diverse, and receive enough organic fertilizer 

as well as soil nutrients. This gives rise to a landscape which is a mix of varied crops, 
wild plants, and carefully selected trees. 

• Leaving the land fallow for several years after a fixed cycle of cultivation to regain its 
original vegetation and nutrients. This is conducted by replanting seeds from the ma-
ture neighboring trees and crops. 
In short, the Milpa cycle is moving from forest to Milpa, followed by Milpa to forest 

garden, and finally, from forest garden back to the original forest (Figure 7b). Given these 
ecologically thought-out rotations, the built environment retained what already existed in 
the form of landscape [90]. Furthermore, diverse interactions with their given locales 
helped the Maya to spread out risks through house gardens, infields/outfields, Milpa 
farming, and forest management [90]. 

 

 

 

(a) 
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Figure 7. (a) Schematic drawing for Milpa cycle showing mature forest to agricultural field (labels 6, 1, 2, and 3 counter-
clockwise) to long perennial/ecological succession (labels 3, 4, and 5) and back to forest again (labels 5 and 6) (adapted 
from Ford & Nigh, [63] (p. 185). (b) Landscape defined by Milpa cycle (adapted from Bates [92]). 

Home gardens were also significant green infrastructure that enlivened workplaces 
and residences. These lent meaning to such spaces and stored memories for future gener-
ations to relate and add to. Given the collaborative nature of the work required through 
human labor, home gardens advanced social sustainability [82]. Apart from being a sym-
bol, home gardens were also utilitarian in nature, providing food and medicinal herbs, 
functioning as sunshades and windbreaks, and capturing and storing carbon [60–82]. Ac-
cording to the ethnographic research, lot sizes for intensively maintained home gardens 
were approximately 2.28 ha [50]. This diverse and environmentally responsive land use 
was complemented by less intensive outfields cultivated by the same family. Sayil, located 
in the Puuc, region presents a classic example of a garden city, owing to favorable soil 
conditions [93]. These gardens were dedicated to growing domestic, edible, and cover 
crops such as palms and cocoa plants requiring frequent and intensive tending [94]. Other 
plants were nitrogen-fixing and ornamental-shading legumes.  

Home gardens are a noticeable feature of the Mayan settlements that exist even today 
[37,88,95–99]. In this respect, archaeological site 272–025 (also known as Tzunu’un) in the 
Mayan city of El Pilar presents an illuminating example of recreating a Mayan home gar-
den in the present time. Maya forest gardening was interpreted by inviting traditional 
Mayan farmers and gardeners to implement their practices on site. Figure 6a shows the 
nature, profile, and location of vegetation on this site that provides food, climate control, 
and soil conservation.  

  

  (b) 
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(d) Examples of Home Gardens in Maya 
• Guijarral: Home gardens that are close to the residences formed one component of 

the settlement pattern in Guijarral. This kind of garden is complemented by distant 
infields and outfields where major crops were cultivated. This purposefully embed-
ded the population spatially, environmentally, economically, and spiritually in the 
built environment [87].  

• Papaloapan River: This urban settlement was dispersed over large area. Engagement 
in intensive and extensive home gardens and contiguous infields made this settle-
ment look like a ‘Garden City’. Extensive distant outfields were cultivated rotation-
ally and added resilience and risk mitigation [60].   

• Sayil: The population in Sayil practiced intensive home gardening within city’s 
bounds, making it another precedent of a ‘Garden City’. Agricultural input was pro-
vided through green human labor that was essentially collaborative. Organic refuse, 
mulch, and human and animal waste were used as fertilizer that did not damage the 
soil. The presence of small garden lots indicates autonomy at the lower social levels. 

3.4. Water Conservation 
Water and its conservation were critical to the Maya given its scarcity, especially dur-

ing the dry season. Its conservation and safe discharge to other areas throughout the year 
hints at their advanced knowledge [43]. As such, features such as aguadas (natural or hu-
man-made land depressions), bajos, chultans (underground water storage tanks in residen-
tial lots), berms, and dams formed essential elements of the Mayan-built environment [43], 
providing enough water for household and agricultural functions over the course of the 
year, especially the long annual drought [89]. Water ponds were multifunctional, offering 
ecological, spiritual, social, and economic benefits. 

During the Late Pre-Classic Period (400 B.C-250 A.D.), some settlements were located 
close to existing natural depressions that were carefully reformed to collect the runoff 
from natural watersheds. For instance, in Sayil, underground water tanks known as chul-
tunes form a noticeable feature of the built environment. The ensuing Classic Period (250 
A.D.–950 A.D.), on the other hand, marks a change in water conservation in many sites 
such as Calakmul and Tikal. At those sites, important buildings and reservoirs were 
placed on higher altitudes, for instance hill summits. The water conservation profile dur-
ing that period was convex, contrasting with the concave one adopted in the Late Pre-
Classic Period (Figure 8). The impermeable pavement around sacred buildings on the 
summit guided rainwater towards large reservoirs. Canals from these reservoirs then 
transferred water to the dispersed farmsteads and their peripheral bajo reservoirs. How-
ever, this strategy differed for locations where there was abundant rainfall [40,89,100]. For 
instance, in settlements such as Copan and Palenque, water was not collected at the sum-
mit but diverted away to avoid damage due to flooding [36]. 
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Figure 8. A change from concave micro-watershed (top: Late Pre-Classic Period) to convex micro-watershed (bottom: Late 
Classic Period) (adapted from Scarborough, [101] (p. 140)). 

(e) Examples of Water Conservation by the Maya 
• Tikal: The central district in Tikal was placed on the summit of hills where watersheds 

were artificially modified to manage runoff. Six catchment reservoirs are located on this 
summit on an area of 6 to 9 ha that eventually led the runoff to the low-lying bajo and 
aguada reservoirs. The summit reservoirs could store approximately 900,000 m3 of wa-
ter, which was adequate for daily needs as well as replenishing the bajos (Figure 9). 
These reservoirs had raised causeways on their edges to dam water and direct it to-
wards naturally occurring swamps [48] (p. 6). Floodgates were provided under the 
causeways to release water into the bajo-margin reservoirs for irrigation and drinking 
purposes. Pozas are another form of small-sized ponds within house-lots that were filled 
by the central water reservoirs [90]. 

• Yanxohcah: Located in the Central Uplands of the Yucatan Peninsula, this city is an-
other example of skillful water conservation by the Maya. Here, many land depressions 
of around 20 m3 have been identified through LiDar analysis [102] (p. 293). Since the 
soil was porous, the local reservoirs were lined with lime plaster to prevent water seep-
ing into the ground. Water was received in these reservoirs through runoff flow under 
gravity and used for religious and agricultural purposes [100].  

• Cayo: Apart from storing water for domestic purposes, the dam in Cayo also appears 
to have been used for breeding freshwater invertebrates that were a source of protein. 
This fact is confirmed by the presence of snail shells. The dam was strategically placed 
between converging hills and has a capacity of around 300 m3. The retaining wall for 
the dam is well anchored to the bottom by being thick at the lower end while tapering 
to a slimmer section towards the top side [103] (p. 151). This indicates the developed 
understanding of the Maya about the way water exerts pressure on the enclosing sur-
faces of a dam. 

• Copan: It was ecologically challenging for people to live in Copan due to the high rate 
of rainfall. Given this, water collection and dispersal were equally important to avoid 
flooding and soil erosion. To address this challenge, exceptional familiarity with the 
climate and hydrology played a key role. Water conservation undertaken at Copan fur-
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ther considered local hydrology, population density, site planning and architecture. Ef-
fective water dispersal was thus achieved through the design and implementation of 
causeways, splashboards, roof drains, paved patios, stucco channels, substructure, and 
subterranean conduits [36]. 
 

 
Figure 9. Water management in Tikal: The image shows the flow of water under gravity from the watershed created on 
the hill’s summit. The water is then stored in the low-lying bajos (natural and human-made water reservoirs) that dot the 
landscape for use by the common people especially during the dry season. This shows an increased understanding by the 
Maya of their climate and terrain (adapted from Lucero & Gonzalez Cruz [48] (p. 6)). 

4. Discussion: Lessons toward Mitigating Current Urban Sustainability Challenges 
This study of the Classic Mayan-built environment highlights the ecological under-

standing and sustainable practices of the people that shaped their settlements and helped 
them survive for many millennia. Table 3 demonstrates that the environmental sustaina-
bility practices of the Maya are strongly related to the six principles of ecological embed-
dedness identified by Turner et al. [24]. The next sub-section discuses some key lessons 
that can be drawn from the ecological wisdom of the Maya that can improve the planning 
and building of contemporary cities. 
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Table 3. The extent to which the six principles of ecological embeddedness were met by the Mayan-built environment. 

# 
Six Principles of Ecological 

Embeddedness [24] Examples of Ecological Embeddedness of the Mayan-Built Environment 

1 Interconnecting and rotating 
all entities in an environment 

• Ceiba tree symbolizes connection of all entities present in an area. Therefore, 
interdependence of different ecological systems is recognized. Another instance of 
this is the cosmic interconnections with earthly undertakings, such as the begin-
nings of rituals and cultivation periods. These connections are of demonstrated 
practical value. One more interesting example of interconnectivity of different ele-
ments is purification of water to make it drinkable. This is conducted through the 
interdependent working of algae, lime mortar, fish, and water lilies living together 
in a water reservoir. 
• Time is perceived as cyclical/rotational. Phases in personal and practical life 
are predicted based on this perception, preparing one for future events. In every-
day life, this is reflected by the rotation of crops and forested areas through Milpa 
farming, ensuring reliable subsistence. Another instance is basing the urban land-
use concept of infield and outfield areas on rotation of intensive and extensive crop 
cultivation that provides sufficient agricultural yield. This also helps spread out 
risks and develop resilience in the built environment. 

2 
Environmental feedback and 
sustainable resource harvest-

ing and reuse 

• The degree to which foreign plants can be cultivated is based on environmen-
tal feedback. This fact is also visible in the settlement patterns that reflect the sur-
rounding landscape. Carrying capacity is increased, working in collaboration with 
all elements present in an environment and their response to human intervention. 
Another example of this principle is that complete deforestation is not observed. 
The local climate is controlled through maintaining forest cover. Information for its 
success or failure is competently received through environmental feedback and re-
sponded to on time. 
• Water conservation through thoughtful management is vital and a permanent 
feature of the built environment. The same thought is applied to waste that is re-
used or recycled; for instance, human and animal waste is reused as fertilizer, bro-
ken pots and other items help in backfilling foundations for residences and sacbeob. 
Sustainable use of resources is also evidenced in houses for commoners that are 
made from perishable and recyclable materials. 

3 
Knowledge accumulation and 

transfer 

• Occurrence of environmental feedback ranges from a few weeks to centuries. 
Therefore, knowledge acquired by the previous generations is extremely important, 
as it contains information about previous feedback and their cycles. Given this, 
knowledge is accretional and not only enriches the present generation, but also be-
comes a valuable source for future generations. 
• Human labor allows for a direct and effective knowledge transfer. 

4 
Respectful and collaborative 
approaches to human activi-

ties 

• The Mayan-built environment is an anthropogenic landscape located in its 
geography. However, this is far from colonization of nature; the resultant Mayan 
habitat is a collaboration between humans and nature marked by reciprocity and 
respect. 
• Since environmental feedback is received by the common people present on 
ground, their role is crucial if the society is to survive. This results in the promotion 
of bottom-up policy decision making. Therefore, creation of the built environment 
is based on green human labor, which brings people together and encourages so-
cial sustainability. 

5 Associating oneself as a part 
of their ancestral land 

• There is one spirit that dwells in all human and other-than-human entities. 
This means the land and its inhabitants share one soul that bind them together. 
Given this, culture develops from the local physical environment, its constraints, 
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and opportunities, as all share one soul. Meaningfulness found in the built environ-
ment is due to Mayans’ association with their context. 
• Ecological knowledge varies from region to region. Migrating to a different 
land would mean reinvesting centuries to acquire new knowledge. Therefore, sur-
vival in the ancestral land, even during the worst environmental events such as 
droughts is more likely than elsewhere, given the Mayans’ association with their 
land. Amongst other factors, burials provided a strong emotional and spiritual tie 
to the land. The Mayans gathered around the graves to seek inspiration and guid-
ance from the spirits of the deceased.  

6 
Acknowledging spirituality in 

nature 

• The way an environment and all its constituents come together to make life 
possible was awe-inspiring for Mayans. The spirituality derived from this is that 
there is a supreme soul that oversees and guides life. One example of this is the 
pronounced visibility of religious centers in the Mayan-built environment. 
• The idea that there is one supreme spirit that powers all human and other-
than-human entities lends reverence and sanctity to everything present in a physi-
cal environment. For instance, unnecessarily cutting down trees is killing oneself as 
the soul that dwells in both the human and the tree is the same. The same idea of a 
shared soul converts the built environment from anthropocentric to cosmos-centric. 
This encourages environmental sustainability. 

4.1. Settlement Patterns 
The Maya understood well environmental components, their interdependencies, and 

how to work with them for mutual benefit. The results of this are manifest at all levels, 
such as laying out buildings and connecting various areas within a city. The societies iden-
tified with and were embedded in the land they occupied, coevolving with all the compo-
nents of their context. The people lived, traded, worked, farmed, played, and socially in-
teracted in the same place. These activities, plus the culture and history, sustainably func-
tioned and coexisted with the various components of the ecosystem, including the land, 
plants, animals, and sustainable lifestyle. The Mayan-built environment comprising resi-
dences, agricultural terraces, and managed forests was much more than just a means of 
getting food, clothing, and shelter. It was a concentration of diverse activities such as oc-
cupational specialization, production in surplus, individual and community interdepend-
ence, and art and culture. Settlement patterns in many Classic Mayan settlements corre-
sponded with diverse activities that were ecologically friendly: the density fostered walk-
ability, causeways are multi-functional, and site development was incremental, ensuring 
reuse of existing structural elements. 

A residential unit was a place of habitation as well as work. In other words, home 
was where a possibility of sustenance could be created through interaction with nature. 
In this regard, terracing was adopted that corresponded to the terrain, provided levelled 
ground for residences, and prevented soil erosion and nutrient loss. Terrain informed the 
settlement style, which is non-orthogonal, spread out, and interspersed with areas for ur-
ban agriculture [12]. Common houses were made of local building materials, including 
perishable materials. Agricultural by-products and organic materials were used in layers 
for the ground floor construction. Mayan landscapes were lively, resulting from the inter-
actions between social organization and the ecology of the surrounding locale, mutually 
benefitting all stakeholders living in an environment.  

4.2. Urban Agriculture 
The notion that urban living can be detached from rural still exists in some contem-

porary urban studies. The Maya, however, present a different case. Their settlements pro-
mote organic food production and ensure food security. Urban agriculture ensured crop 
yield while, at the same time, it did not rely on artificial fertilizer or pesticides. Human 
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and animal waste was recycled and used as fertilizer that provided natural phosphorus 
to crops [48]. Taking environmental feedback into consideration, farming retained the nat-
ural features of the land without disturbing the local ecology. Given the rotation of crops, 
forest locations, and fallow land, the Mayan-built environment was dynamic, perfectly 
responding to the climate and the ecological allowances of a locale. Introduction of new 
plants was performed carefully, which, together with sustainable soil management, ena-
bled native and new plants to thrive. There were primary and secondary locations for 
farming and living to be occupied for the purpose of acquiring additional production 
when needed. 

Through maintaining native plants and domesticating foreign plants, the Maya were 
able to create an environment that offered shade and fruits. This, along with terrace con-
struction and raised fields in certain built environments, resulted in a unique landscape 
pattern that is distinct from the deforestation and mono-cropping of the present time 
[104]. an increase in soil fertility is noted in these aggraded Mayan landscapes. It appears 
that the Mayans’ impact on ecological systems helped many plant species to thrive, for 
instance cacao and pine groves in the northern Yucatan and Peten, respectively. Cultiva-
tion method, crop selection, and rotation did not deplete the soil of naturally occurring 
nutrients.  

The Maya possessed highly developed ecological knowledge acquired over genera-
tions [41]. The knowledge of plant biology and soil type converted the less fertile lands 
into productive ones. For instance, maize was successfully grown in large quantities on 
land that was mostly unfavorable. This ability of the Maya formed anthropogenic land-
scapes, which were full of life and extended benefits, even on infertile terrain [50]. Crop 
cultivation was climate determined and frequently conducted near homes to facilitate har-
vesting and conservation, which proved successful as it imitated the way the ecosystems 
of the area functioned [101]. In the event of dry season, there was a shift from extensive to 
intensive cropping, swidden agriculture was reduced, and appropriate crops were se-
lected to grow well in dry weather. In addition, mulching was introduced to retain mois-
ture in the ground [43]. Moreover, protecting the forest cover controls the climate and 
provides other ecological benefits. Ancient forests that were cared for by the Maya survive 
even today, presenting another instance of the Mayan ecological legacy [43]. 

4.3. Water Conservation 
Water conservation was essential during the Classic Maya Period. Water supply un-

der gravity, construction of a variety of artificial channels and reservoirs, and capitalizing 
on naturally occurring water bodies made the Mayan-built environment contextual, cli-
matically responsive, and resilient, especially during the dry months. The way the natural 
wetland biosphere functioned was mimicked to keep water clean in various reservoirs 
[41]. The blue-green infrastructure constructed by the Maya was sustainable. This in-
cluded terrace walls that retained moisture and nutrients, artificial reservoirs, and modi-
fied natural reservoirs. The green infrastructure consisted of systematized green areas 
providing various ecosystem services such as gardening, leisure, flood protection, im-
proving air quality, and reducing UHI effect.  

Given the scarcity of water during the dry season, familiarity with the terrain, drain-
age routes, and moisture absorption of the soil, the Maya utilized natural and human-
made water reservoirs. Potable water was obtained through imitating the wetland bio-
sphere functions. Terrace walls retained moisture and prevented soil erosion. These also 
provided space for human residences that were made from perishable and recyclable ma-
terials. Through multiplicity of green cover and water reservoirs, the Maya were able to 
build resilience into their built environment and prevent flood risks. 

4.4. Summary of Lessons for Addressing Contemporary Urban Sustainability Challenges 
A summary of how the Mayans’ ecological awareness can help mitigate the contem-

porary urban sustainability challenges is given in Table 4 by comparing the challenges 
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[Column A] with lessons drawn from the Classic Mayan Period [Column B]. Briefly, emis-
sions of GHG can be reduced if both production and consumption are localized. Emissions 
will further come down if production is linked with the carrying capacity of a region not 
overshooting the ecosystems. Connected to this is the provision of urban agriculture that 
will not only control UHI effect but, along with forestation, also function as a sponge to 
absorb torrential rains. If they are based on human labor, urban agriculture and its asso-
ciated professions can provide self-sufficiency leading to availability of work and control-
ling the outflow of the local population looking for work. It will also cut down imports. 
Recycling is yet another lesson that can be learned from the Classic Mayan Period. When 
coupled with downscaled production and green human labor, recycling can significantly 
control all kinds of pollution. The end result of all of these actions is a built environment 
where the ecosystems are respected, where the natural setting of a locale is not altered and 
retain its identity, and where humans are part of their surroundings, all giving rise to a 
built environment that is ecologically embedded. 

The principle of mixed land uses in the Mayan-built environment can help contem-
porary cities reduce urban sprawl and rising temperatures by minimizing the need to 
travel long distances. Building configuration that allows the use of natural lighting and 
ventilation is another lesson for creating more sustainable settlements. As in the Mayan-
built environment, there is the need to promote indigenous building materials because 
they are low cost, reusable and recyclable, thus lowering energy use and increasing hous-
ing affordability. Participatory maintenance of the built environment is yet another Ma-
yan feature than can bring humans and their environment together through interactions 
on multiple levels. This can strike a balance between top-down and bottom-up decisions 
and ensure timely reception of environmental feedback.  

Table 4. Summary of lessons the Mayan-built environments can offer toward addressing current urban sustainability 
challenges. 

Urban Sustainability Challenges Solutions from the Ecological Embeddedness of the Mayan-built Environment 
High rate of GHG emissions and air pollu-

tion [3,5]  
There is no mass scale production and consumption. This situation lowers emissions 

and maintains a normal climate [21]. 
Extensive transportation infrastructure ad-
versely affects the natural landscape [16] 

Both production and consumption are localized, and land-use is mixed, significantly 
reducing mobility and other infrastructure needs [64,105] 

Mass production and unsustainable con-
sumption lifestyle [27] 

Role played by ‘intense market’ is limited. There is a communal and symbiotic way of 
life [41,43]. Conservation is a religious duty [48]. 

High levels of air, land, and water pollution 
[4,30] 

Settlement density is appropriate and coupled with downscaled production, the envi-
ronment is clean [35,58,61]. All waste is recyclable and biodegradable [106]. 

Alienation from one’s land and food inse-
curity [107] 

People are embedded in their locale. Food security is a high priority achieved through 
urban agriculture and gardening [44,50]. 

Cities overly dependent on unsustainable 
energy and technologies [2,14,108] 

Green human labor defines the work style. Society respects the ecological allowances 
and ensured a fair outcome [109]. Buildings utilize natural lighting and ventilation 

[66]. 
Urban areas depend on imports that are 

susceptible to disruptions and have enor-
mous carbon footprints [4] 

Production areas lie within the built environment, imports are limited to mainly non-
essential items, and risks are spread out [40,93,110]. This makes availability of life es-

sentials predictable without any significant carbon footprint. 

Urban flooding [31,32] 
Maya settlements act as sponge cities. Blue-green infrastructure absorbs run-off and 

significantly reduces flooding [36,40,77,89,102]. 
Urban heat islands and sprawl 

[15,25,26,111] 
Towns are medium to low density, mixed uses. Landscaping, water reservoirs, and ur-

ban agriculture are widespread, which capture carbon and absorb heat [12,105,112]. 

Inequality and unemployment [13,29] 
There is fair guarantee of production [113]. Due to intensive labor requirement, indi-

viduals are not without work [107]. 
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5. Concluding Remarks 
The Mayan civilization is one of those eras of human history known for its environ-

mental legacy and ecological wisdom. In the face of growing environmental and societal 
challenges, taking inspiration from Mayan culture may help us, in part at least, to shed 
light on possible solutions regarding contemporary urban sustainability issues. This civi-
lization inspires us to achieve environmental sustainability through settlement patterns 
that promote mixed land use, walkability, native and recyclable construction materials, 
natural light and ventilation in buildings, and complete waste recycling. Urban agricul-
ture and gardening capture carbon improve air quality, serve as windbreaks, reduce soil 
erosion, and ensure food security via organic food production. Water conservation 
through canals and reservoirs provides sufficient water for household and agricultural 
purposes, even during droughts. Water reservoirs are multifunctional, offering ecological, 
spiritual, and socioeconomic benefits, including food production, recreation, and curbing 
UHI effect and floods.  

Mayans conducted their socioeconomic activities within the ecological allowances of 
a given locality and listened to and addressed the environmental feedback. All compo-
nents of the ecosystem, such as land, vegetation, water, air, and animals, were revered 
and protected. Human activities harmoniously co-existed with the ecosystem and were 
linked to the culture and history of the society. As a result, the Mayans lived with and 
adapted to the favorable and unfavorable environmental changes within their context. 
These inspirations of Maya culture and their relevance are a significant and ethical frame 
worthy of adoption today, especially in the face of increasing urban sustainability chal-
lenges.  

This study has some important implications for towns and cities in developing coun-
tries, which are the future of global urbanization because of their rapid population growth 
and expansion. The present study contributed to the recent search for sustainable urban 
solutions to the existing environmental problems using the values of Mayans’ ecological 
wisdom accumulated through long historical experience. The study applied a holistic ap-
proach to improving land-use planning of contemporary cities based on the principles of 
the Mayans’ settlement patterns, building configuration and construction, urban agricul-
ture, home gardening, and water conservation. In addition, the heritage left by the ancient 
Maya civilization provides remarkable inspiration for this and future generations. 

This study raises a fundamental question for the scholarship on contemporary cities. 
What are the challenges to theoretically and practically interpret the ecological wisdom of 
ancient civilizations when planning and managing overpopulated cities with the enor-
mously increased complexity of interactions, high resource consumption, climate change, 
and pollution? From a strategic urban policy and planning perspective, future studies are 
needed to further operationalize the idea of ecological embeddedness. The ecological em-
beddedness of this ancient civilization proffers invaluable inspirations for addressing the 
environmental challenges of contemporary cities towards developing more sustainable 
built environments. 
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