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Abstract Landscape classification and mapping have raised
interest in Latin America. There is an increasing number
of studies conducted in this region; however, they show
marked differences in the establishment of the hierarchy
and subordination of landscape components within clas-
sification systems. The aim of this article is to propose a
multiscale integration method of the “differentiating lands-
cape components” — relief, vegetation, and land use — for
landscape classification and mapping at three levels: natural
region, geosystem, and geofacies. The landscape map was
constructed through three stages: 1) environmental analysis
and synthesis; 2) environmental integration and landscape
classification; and 3) classification validation. The method
was applied to the Tlalpan and Milpa Alta municipalities
(southern Mexico City), and resulted in a classification of
the landscape into three natural regions, six geosystems, and
113 geofacies, where each level was defined by the spatial-
temporal resolution and the relative weight of its differen-
tiating components. This methodological approach can be
adapted to various conditions and areas, and constitutes a
cartographic foundation of broad applicability in studies
focused on land-use planning.

Key words: landscape mapping, hierarchical-corological
method, geosystem, environmental integration, Mexico City

Resumen. La clasificacion y la cartografia del paisaje han
cobrado gran interés en el 4mbito latinoamericano, contan-
do con un creciente nimero de estudios que, sin embargo,
presentan amplias diferencias al momento de establecer la
jerarquia y subordinacién de los componentes del paisaje
dentro de los sistemas de clasificacién. El objetivo de este
articulo es proponer un método de integracién multiescalar
de los “componentes diferenciadores del paisaje” —relieve,
vegetacion y uso de suelo—, para la clasificacién y cartogra-
fia del paisaje en tres niveles: regién natural, geosistema y
geofacies. El mapa de paisajes se obtuvo en de tres etapas:
1) andlisis y sintesis ambiental; 2) integracién ambiental y
clasificacién del paisaje, y 3) validacién de la clasificacién.
El método fue aplicado a las alcaldias Tlalpan y Milpa Alta
(al sur de la Ciudad de México), y dio como resultado una
clasificacién del paisaje con tres regiones naturales, seis
geosistemas y 113 geofacies, donde cada nivel fue definido
por la resolucién espacio-temporal y el peso relativo de sus
componentes diferenciadores. Esta propuesta puede ser
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adaptada a distintas condiciones y 4reas, y constituye una
base cartogrifica de amplia aplicabilidad en estudios de
planificacién y ordenacién del territorio.

Palabras claves: cartografia del paisaje, método jerdrquico-
coroldgico, geosistema, integracién ambiental, Ciudad de
México.

INTRODUCTION

Since the late decades of the twentieth century,
environmental damage afflicting humanity has
raised growing interest in approaches focused on
the landscape, as it is considering a unifying con-
cept within environmental systems (Simensen ez
al., 2018). These approaches are highly synthetic
and informative, and with great visual qualities,
allowing it to be accessible and understandable to
awide public; therefore, they are highly significant
in terms of identity and appropriation of, and
awareness about, the transformations of the terri-
tory (Méndez-Méndez ez al., 2018). The different
approaches include those addressing landscape
classification and mapping as an instrument for the
protection, organization, and management of land
and its uses (Consejo de Europa, 2000; Swanwick,
2002; Jones, 2007; Mata, 2014; Simensen et al.,
2018).

In Mexico and several Latin American cou-
ntries, interest in landscape classification and
mapping reflects the predominant influence of
three European schools. On the one hand, the
Russian-Soviet school, which has had a wide impact
through the Geografia Fisica Compleja (Complex
Physical Geography) or Geografia de los Paisajes
(Landscape Geography) of José Manuel Mateo
Rodriguez (2002). Countries worth mentioning
are Cuba (Ramoén ez 2/, 2009; Salinas ez a/., 2013;
Garcia-Espino and Valdés, 2019), Mexico (Priego
et al., 2004; Herndndez-Trejo ez al., 2006; Carbajal
et al., 2010; Martinez, 2017; Valdés-Carrera and
Herndndez-Guerrero, 2018), Brazil (Amorim y
Olivera, 2008; Lima y Oliveira, 2018), and Argen-
tina (Mazzoni, 2015). On the other hand, there
is the French school of the Géographie Physique
Globale (Global Physical Geography) by Georges
Bertrand (1968, 1978), present in Mexico (Garcia-
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Romero ez 4l., 2005; Arredondo-Ledn ez al., 2008;
Méndez-Méndez ez al., 2018; Serrano-Giné ez al.,
2019) and Brazil (Estévez et al., 2011; Alves et al.,
2017; Santos ez al., 2019). Last, there is the British
school of Landscape Character Assessment by Carys
Swanwick (2002), which was recently applied in
Colombia (Mufoz and Gémez-Zotano, 2016;
Munoz, 2017).

Under such approaches, the production of
landscape classification studies, with local, regio-
nal, and national scopes, increased in Mexico and
Latin America to address environmental planning
issues (Abalakov and Sedykh, 2010; Serrano-Giné
etal., 2019); landscape assessment, protection, and
sustainable management (Mufoz and Gémez-
Zotano, 2016); assessment of potential uses of
landscapes (Acosta ez al., 2016), with emphasis on
tourism (Méndez-Méndez et al., 2018; Carbajal
et al., 2010); diagnosis of environmental stability
and fragility (Priego er al., 2003; Garcia-Romero
et al., 2005; Amorim and Oliveira, 2008), as well
as the impact of changes of land use on territorial
dynamics (Arredondo-Ledn ez al., 2008), among
others.

Most cases highlight the interest in the “lands-
cape type”, understood as an actual and objective
fact (Mufioz, 1998; Garcia-Romero and Munoz,
2002) that results from integrating natural, socio-
cultural, or visual elements, which are relevant to
define its inclusion into a given category (Bastian ez
al., 2002; Salinas ez 2/, 2019). In this sense, lands-
cape classification consists of setting a typology or
differentiation of the landscape types occurring in
agiven place (Munoz, 1998; Abalakov and Sedykh,
2010; De Montis, 2014). Classifications generally
adopt a multiscale structure, the aim of which is
to establish the taxonomy or division of landscape
types according to a vertical hierarchy or arran-
gement (Gémez-Zotano ez al., 2018), in which
low-rank (large-scale) landscapes are subordinated
to higher-rank (small-scale) landscapes (Swanwick,
2002; Gémez-Zotano et al., 2018).

Some Latin American countries, including
Mexico, have achieved significant advances in
landscape classification and mapping. However,
progress is required in the multiscale integration
of landscape components and attributes that are
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considered for the typological and spatial diffe-
rentiation of landscapes at various scales, giving
more weight to abiotic, biotic, and anthropic
components as landscape differentiators, especially
at the upper classification levels.

This work proposes a landscape classification
method including three taxonomic-hierarchical
levels, each of which is defined by the dimen-
sional scale, resolution, and relative weight of
abiotic (relief and climate), biotic (vegetation),
and anthropic (land use) components, hereafter
named “differentiating landscape components”,
which set the bases for the typological and spatial
differentiation of landscapes at the three levels.
The proposed method uses criteria that guarantee
the complete and effective multiscale integration
of landscape components, proving to be flexible
enough to allow customization to various environ-
mental conditions.

ON THIS PROPOSAL

Given the polysemic nature of landscape, the pre-
sent proposal for the classification of landscapes is
addressed from the “geosystem” perspective propo-
sed by Viktor B. Sochava in 1960 as a theoretical
model that allowed the landscape to be understood
as an open, dynamic, and hierarchically organized
system (Bollo, 2017). However, the method des-
cribed herein adopts the geosystem model devised
by Georges Bertrand (1968), which considers the
landscape as a spatial, holistic, and synthetic entity
in which physical, biological, and cultural compo-
nents converge in both their “phenosystemic” (or
visual) and “crypto-systemic” expressions, the latter
referring to the underlying contents and processes
that govern its dynamics (Bertrand, 1968, 1978;
Martinez de Pisén, 1998; Gonzalez-Bernaldez,
1981; Frolova, 2006; Arias, 2015).

In the geosystem, landscape components are
understood as subsystems that, as part of their
internal activity, produce materials, energy, and
information that are conveyed from one com-
ponent to another, causing alterations in their
composition, functioning, and products (Gragson,
1998; Garcia-Romero and Munoz, 2002). The rela-
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tionships and interdependence between landscape
components are so close that they confer strong
structural and dynamic cohesion to the landscape
(Bertrand, 1968; Mateo and Ortiz, 2001) — what
other authors have also referred to as the “character
of the landscape” (Swanwick, 2002; Tudor, 2014;
Gémez-Zotano et al., 2018).

While the original G. Bertrand’s geosystem
model (1968, 1978) is maintained, conceptual
and methodological inputs are also proposed and
discussed in the following clauses:

a) With the aim of contributing to the necessary
systematization of the spatial scales that define the
landscape level (Simensen ez al., 2018), we started
by considering that the landscape occurs along a
spatial-temporal gradient that includes three of
Bertrand’s (1968, 1978) intermediate classification
levels: natural region, geosystem, and geofacies.
Hence, this is a taxonomic-hierarchical classi-
fication system where changes of scale between
landscape levels lead to differences in magnitude,
resolution, complication, and degree of control
and independence between components (Zonne-
veld, 1995; Mateo and Ortiz, 2001; Bertrand and
Bertrand, 2007; Garcia-Romero, 2014).

b) In G. Bertrand’s classification, the biotic and
anthropic aspects of the landscape are precisely
defined at the lower landscape levels: the geofacies
and the geosystem. In contrast, the natural region
corresponds to a higher landscape level, which is
spatially extensive and environmentally diverse,
defined by structural and climatic elements that
control the biotic and anthropic characters that are,
nonetheless, inaccurately defined. For this reason,
we propose including the “pattern of potential ve-
getation” and the “pattern of land-use systems” as
differentiators of potential vegetation clusters and
land-use systems that characterize the geosystems
contained within natural regions (Figure 1).

¢) To contribute to the complex environmental
integration in the landscape, a difference is made
between the components that allow delimiting it
in spatial and typological terms (differentiating
landscape components) and those that contri-
bute to describing it (supplementary landscape
components). The differentiating landscape
components are relief, vegetation, and land use

3  Investigaciones Geogrdficas ® elSSN: 2448-7279 * DOI: 10.14350/rig. 60539 * Num. 107 * April ® ARTICLES ® 2022 * ¢60539



1. D. Espinosa Pérez, A. Garcia Romero and L. E Cruz Fuentes

Proposal of Differentiating Components for the Multiscale. ..

Figure 1. Model for the multiscale
integration of differentiating

Land Use landscape components.

Pattern of land-use systems

Landscape level Differentiating landscape components
Relief Vegetation
GEOFACIES
1:25, 000 — )
1:5;)’000 Relief form Vegetation type
GEOSYSTEM
1:50,000 — Relief unit Potential vegetation
1: 100,000
NATURAL
REGION ) )
1:100,000 — Morphostructure Pattern of potential vegetation
1:250,000

Source: constructed from the
reinterpretation of the landscape
classification by G. Bertrand
(1968).

Land use

Spatial-temporal dimension

+

(Figure 1), since they summarize the contribution
of other environmental components, in addition
to having broad phenological qualities that allow
them to be accessible and comprehensible to the
different sectors of society (Méndez-Méndez et al.,
2018).

Additional environmental components such
as climate, groundwater, soil, fauna, land-use
history, and economic activities are considered
supplementary landscape components, since they
are not visually apparent in the landscape and,
hence, the spatial and typological delimitation of
landscape units does not depend on them. Howe-
ver, their importance as landscape elements must
be addressed when characterizing and explaining
landscapes. For instance, climate is a fundamental
component that provides caloric energy and water
for the development of biota; however, vegetation
is the differentiating component that indirectly,
but objectively and visually, expresses the influence
of climate in the landscape. Another example is
the case of terrain slopes, whose major effect on
processes such as erosion and water distribution,
is clearly expressed in the landscape through the
type of relief (Figures 1 and 3).

Considering the information outlined above,
the landscape classification proposed herein com-
prises the following three taxonomic levels.

Geofacies. Landscape of the smallest territorial
extension (up to hundreds of square meters), but
with the greatest resolution and detail, making it
visually homogeneous. It corresponds to the basic
unit of the landscape pattern within a geosystem.
It is characterized by the combination of a relief

form, a type of natural vegetation, and a particular
land use, i.e., the most dynamic and unstable diffe-
rentiating components of the landscape.

The relief form resulting from bioclimatic
modeling tends to be the most independent com-
ponent (Bertrand, 1968; Drdos, 1992; Garcia-
Romero and Mufoz, 2002), the stability of which
supports the development and conditions of the
soil and natural vegetation, either mature or under
a regeneration state. The latter reflects the impact
of anthropic actions on the biotic system of the
landscape and its regeneration potential. Land
use may or may not be consistent with the natural
potentials and constraints of the system; thus, the
strategies of land use and occupation and their
relationship with the natural environment should
be determined.

Geosystem. Medium-scale landscape (covering
hundreds of square kilometers) that results from the
combination of a relief unit, a potential vegetation
type, and a land-use system. It corresponds to the
clustering of geofacies that are functionally inte-
rrelated by sharing the same physical environment,
represented by a relief unit that is homogeneous
in origin, age, morphology, and lithology, and by
sharing a common type of mesoclimate or variant
of the regional climate.

The physical components provide the resources
and constraints that allow a certain natural biotic
load, which is expressed in the potential vegetation.
The land-use system (e.g., urban, forestry-tourism,
industrial) is made up of the existing uses in the
geofacies that integrate the geosystem. Occasio-
nally, the land-use system can exceed the intrinsic
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potential of the natural environment, resulting in
contradictions that jeopardize the sustainable de-
velopment of the system. Therefore, the historical
evolution of land uses and their cultural, economic,
and political components is key for an in-depth
understanding of the geosystem.

Natural region. Landscape of the largest terri-
torial extension (hundreds to thousands of square
kilometers), but with less resolution and detail.
It corresponds to a cluster of geosystems that are
functionally related for sharing a common physical
base, defined by regional morphostructure and
climate, which are components of a large spatial-
temporal dimension, being dynamically stable and
independent. Morphostructures are major features
of the relief, resulting from a common geological
history and the control of tectonics and geological
structure. Their orographic attributes impact on the
regional atmospheric dynamics (vertical zonation)
and the thermal and pluviometric characteristics
of climate.

Morphostructural and climatic organization
controls the abiotic natural resources and constra-
ints that support other components (hydrological,
geomorphological, biogeographical, and others),
including the pattern of potential vegetation, which
groups together different types of potential vege-
tation (e.g., different types of temperate forests).
Similarly, land use gives rise to patterns or clusters
of land-use systems that result from geosystemic
variants within a natural region.

MATERIALS AND METHODS

Study Area

The study area includes the municipalities of
Tlalpan and Milpa Alta (19°04°-19°19" N and
98°57°-99°19" W), located in southern Mexico
City (Figure 2). Both municipalities comprise an
area of 613 km? and are part of the Trans-Mexican
Volcanic Belt Province and the Lakes and Volcanoes
of the Anahuac Subprovince (Mooser, 1996; Lugo,
1984; Bloomfield 1975). The great variety of vol-
canic relief forms and steep bioclimatic gradients
give rise to a wide environmental and landscape
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diversity, which increases when considering that
the area has been profusely transformed throughout
the history of land uses. Today, the pressures and
dynamics of land use and occupation threaten the
potential of the area as a supplier of water resour-
ces, which are essential for the functioning of the
Mexico City urban system (Ruiz-Gomez, 2006;
SEDEMA, 2016), and for displaying great forest
richness and unique natural characteristics, with
important flora and fauna reserves of high lands-
cape value. However, the recent literature does not
report any cartography illustrating the diversity
of environments with different potential and that
limit development.

METHODOLOGY

The methodological procedure consists of three
sequential stages that are replicated for each lands-

cape level (Figure 3).

Stage 1. Environmental analysis and synthesis
It consists of the mapping of the differentiating
landscape components (relief, vegetation, and
land use) that are used for the characterization and
typological and spatial definition of landscapes,
as well as of the supplementary components that
support the characterization of both the differen-
tiating components and landscapes, at the various
taxonomic classification levels (Figure 3).

To avoid topological errors in the spatial deli-
mitation and overlap of units within and between
the three landscape levels, the cartographic series
is built at an intermediate scale (1:50 000) and
with the same degree of resolution (minimum
mapping area of 1 hectare) for all topics and clas-
sification levels. This requires designing processes
for the analysis and synthesis of the information
available in literature, statistical, and cartographic
sources at different spatial and temporal scales. In
other cases, automated procedures based on digital
models are used, as well as visual interpretations
based on satellite images and thematic cartography.
The cartographic results are validated through field
verification trips.
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Figure 2. Location of the study area. Source: Own elaboration.

Stage 2. Environmental integration

and landscape classification

It consists of the integration and reinterpretation
of the cartography obtained for the differentiating
components (relief, vegetation, and land use), and
the spatial and typological classification of landsca-
pes. The use of a single scale (1:50 000) facilitates
the organic and spatial integration of landscape
units at the three classification levels, so that the
boundaries of a natural region coincide with those
of the pattern of geosystems within its area, while
the boundaries of a geosystem match those of the
geofacies within it.

The reinterpretation of thematic information
aims to identify environmentally homogeneous
units at the three classification levels, in accordance
with the resolution adopted by the differentiating
components. It is obtained from visual (deductive
and associative) interpretation techniques, which
require a broad knowledge of the study area and
experience by the interpreter, as well as a holistic

and inclusive approach for the delimitation of
landscape units.

In addition, consideration should be given to
the environmental variability of supplementary
components, and even of the original sources of
information, to avoid topological errors when
assigning categories. For instance, natural regions
result from the combination of a morphostructure,
a pattern of potential vegetation and a pattern of
land-use systems; in the case of Tlalpan and Milpa
Alta, reconsidering the geological history of the pat-
tern of relief units was useful for setting the spatial
boundaries and typology of landscapes (Figure 3).

The overlay of thematic layers is a procedure
that produces a high number of residual polygons
that do not meet the minimum mapping size re-
quired (one hectare); thus, it is necessary to make
a mapping adjustment to integrate these polygons
into units of greater representativeness or meaning.

Finally, landscape units are named according
to descriptive criteria that refer to the abiotic,
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biotic, and anthropic elements that best represent
unique landscape types. For the natural region
and geosystem categories, the names assigned refer
to the geographic environment of the landscape.
This possibility is reduced in the case of geofacies
because each category usually occurs in multiple

polygons.

Stage 3. Classification validation

It consists of a manual and qualitative revision of
the typology, distribution, and spatial boundaries
of the landscape units obtained. To this end, a stra-
tified random sampling is followed, which serves to
check the quality and consistency of the cartogra-
phy in relation to the actual characteristics obser-
ved in the field, aiming to make any adjustments
required. A good level of knowledge of the study
area is useful for performing this stage successfully.
The procedure is carried out in a similar way for
each taxonomic level.

RESULTS

The landscapes of the Tlalpan and Milpa Alta mu-
nicipalities are arranged according to three natural
regions, six geosystems, and 113 geofacies (Figure
4 and Table 1). Natural regions are shown in single
polygons and geosystems in one or two polygons,
while the degree of detail used to demarcate geofa-
cies identified more than 1200 polygons.

Natural Region of Sierra de Las Cruces and
Ajusco Volcano, with temperate forest and
forestry and tourism uses

It includes the Ajusco volcano and a southern por-
tion of Sierra de Las Cruces (25.86 km?), which are
part of the polygenetic volcanic mountain ranges of
the Trans-Mexican Volcanic Belt (Mooser, 1996).
These are volcanic morphostructures that formed
from late Pliocene to Pleistocene. Orography plays
a major role in the landscape, allowing a marked
transition of climates and a pattern of potential
vegetation characterized by various bioclimatic
layers of temperate forest. Deep ravines run along
the altitudinal gradient; however, the area is natu-
rally stable, according to a pattern of low-impact
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land-use systems that include forestry and tourism
activities. This landscape unit is organized into two
geosystems.

A) Geosystem of Sierra de Las Cruces and Ajusco
Volcano Slopes, with conifer forest and grassland, and
forestry and tourism uses (22.34 km?). The relief
unit comprises complex slopes (lava and pyro-
clastic material of andesitic-dacitic composition),
modeled by fluvial erosion. Its altitudinal location
(3200 to 3600 meters a.s.l.) corresponds to a
semi-cold subhumid mesoclimate, and a potential
vegetation of conifer forest, with pines and fir mi-
xed and pure communities. Notwithstanding the
limitations imposed by topography, the land-use
system includes agriculture, logging and forestry,
and tourism around the main accesses to the Ajusco
volcano.

Anthropic geofacies are concentrated in small
alluvial plains (3.3% of the area), being one of
the best-conserved geosystems, with a high plant
regeneration capacity that gives rise to a moderately
diverse landscape pattern. It comprises 16 types of
geofacies distributed in 35 polygons that include
complex slopes with conifer forest (80% of the
area) and domes and ravines with a diverse forest
cover (Figure 5 and Table 2).

B) Geosystem of Ajusco Volcano Peak, with
highland pine forest and alpine grassland, and tourism
use (3.52 km?2). The relief unit consists of an ex-
tensive area of peaks that range between 3600 and
4000 m a.s.l. (Cruz del Marqués). It was formed
in the Pleistocene by the accumulation of andesitic
and dacitic lavas and comprises a series of rocky
ridges that are emblematic of the Ajusco volcano.
The cold and subhumid mesoclimate corresponds
to a potential vegetation of highland pine (Pinus
hartwegii) open forest. Thermal limitations and
poor accessibility restrain the land-use system,
characterized by low-scale conservation and tou-
rism activities.

The landscape pattern is defined by the simpli-
city of its internal organization, with only 4 types
of geofacies distributed in seven polygons, mainly
highland natural landscapes that include open
grasslands growing on complex slopes, domes, and
ravines (99% of the area) and scarce pine forest
patches on complex slopes (Figure 5 and Table 2).
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Natural Region

Geosystem

Fluvial-lacustrine plateau of Mexico’s Basin lowlands, with urban use

G1. Marginal Fluvial-lacustrine plateau, with urban development

Chichinautzin Volcanic Field, with temperate forest, agriculture and
forestry uses, and human settlements

G2. Low slope of the Chichinautzin Volcanic Field, with oak forest,
agriculture and forestry uses, and urban development

G3. High slope of the Chichinautzin Volcanic Field, with mixed forest,
agriculture and forestry uses, and human settlements

G4. Peak of the Chichinautzin Volcanic Field, with conifer forest and
agriculture, forestry and tourism uses

Sierra de Las Cruces and Ajusco Volcano, with temperate forest and
forestry and tourism uses

GS. Sierra de Las Cruces and Ajusco Volcano Slopes, with conifer forest
and grassland, and forestry and tourism uses

G6. Ajusco Volcano Peak, with highland pine forest and alpine grassland,

and tourism use

Figure 4. Organization of the landscape into Natural Regions (a) and Geosystems (b); Tlalpan and Milpa Alta municipalities,

Mexico City. Source: Own elaboration.

Natural Region of Chichinautzin Volcanic
Field, with temperate forest, agriculture and
forestry uses, and human settlements

This natural region (568.72 km?) is located on the
morphostructure of the Chichinautzin Volcanic
Field, which developed during the Quaternary
from strombolian vulcanism, leading to one of the
highest concentrations of monogenetic volcanoes
in central Mexico. Its morphology is characterized
by an extensive area of mountain peaks and slopes
that reach a level of ~500 m relative to the Mexico’s
Basin lowlands. It comprises 73 volcanic cones
separated by lava spills and depressions covered
with pyroclastic material and alluvial deposits,
with gentle to moderate slopes (3°-15°). The local
orography favors a temperate subhumid climate at
the base of the mountain range and semi-humid
at the summits, as well as a pattern of potential

vegetation characterized by different bioclimatic
layers of temperate forest.

The pattern of land-use systems reflects the
influence of the distribution of lavas and alluvial
deposits on the develop of forests, agriculture,
and urban areas. In this region, the landscape is
organized into three geosystems:

A) Geosystem of Peak of the Chichinautzin Volca-
nic Field, with conifer forest and agriculture, forestry,
and tourism wuses (282.01 km?). It is distributed
in two extensive mountain peak areas separated
by the vast Acopiaxco volcano agricultural area.
The relief unit consists of the most extensive tefra
and shield volcanic cones of the mountain range,
including the Pelado volcano in Tlalpan, and the
Chichinautzin, Tlaloc, and Cuatzin volcanoes
in Milpa Alta. The altitudinal range of 3100 to

3600 m a.s.l. gives rise to a cold and subhumid
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Figure 5. Map of landscape geofacies of the Tlalpan and Milpa Alta municipalities. Boxes illustrate details of the pattern
of landscapes in various gesystems. Source: Own elaboration.
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mesoclimate, with a potential vegetation of conifer
forest growing on poorly developed soils. The land-
use system is forestry, with agricultural activities on
floodplains with suitable soil.

The landscape pattern is diverse and fragmen-
ted, with 74 geofacies types distributed in 617
polygons. It is the best-conserved geosystem of the
mountain range, with abundant forest geofacies,
mostly pine forest patches growing over steep lava
spills (23.8% of the area) and shield volcanoes
(13.2%). However, the constraints imposed by the
lava environment, forestry, and fires promote geofa-
cies of open pine forest, alnus forest, grassland,
shrubland, and bare soil. Agriculture is restricted
to the interior of craters and small alluvial plains,
while human settlements are located in geofacies
of ancient lava spills (Figure 5 and Table 2).

b) Geosystem of High Slope of the Chichinautzin
Volcanic Field, with mixed forest, agriculture and
forestry uses, and human settlements (173.20 km?).
It is distributed around mountain peaks, where
the relief unit consists of gentle to steep lava slo-
pes alternating with scattered shield volcanoes,
domes, and volcanic cones. The altitude ranges
from 2700 to 3100 m a.s.l. and corresponds to a
semi-cold and subhumid mesoclimate with mixed
pine-oak forest as potential vegetation. This context
is characterized by plains of pyroclastic material
and alluvial sediments, which were favorable for
the historical development of small agricultural
villages. In the second half of the 20th century,
the growth of Mexico City and the construction
of railroads and motorways that run across the
study area favored the transformation of the
land-use system as a result of population growth
and urbanization of the old rural villages in both
municipalities.

The diversity of environments and the anthropi-
zation of rural areas have led to a complex landscape
pattern, with 76 geofacies types distributed in 512
polygons. The dominant geofacies comprise an
array of crops and human settlements over lava
spills (33.0% and 11.3%, respectively), while na-
tive pine-oak forest geofacies have been fragmented
and transformed into open pine and alnus forests
and shrubland due to fires and forestry (Figure 5
and Table 2).

Proposal of Differentiating Components for the Multiscale. ..

¢) Geosystem of Low Slope of the Chichinautzin
Volcanic Field, with oak forest, agriculture and fo-
restry uses, and urban development (113.50 km?).
It comprises the base of the northern slope of the
Chichinautzin mountain range, where the relief
unit is defined by the lava spills located in the
most remote areas within the mountain range,
with few volcanic cones and remains of the ancient
Xochitepec mountain range located in the Tlalpan
municipality. The altitude of 2300 to 2700 meters
allows a temperate and subhumid mesoclimate
and a potential vegetation of oak forest. While in
Milpa Alta the predominant land-use system is
agriculture, along with larger human settlements
concentrated in villages and high deforestation le-
vels, the expansion of the Mexico City urban areas
in Tlalpan completely displaced agricultural land
uses; consequently, only a few natural geofacies
have managed to survive in protected zones.

Heavy deforestation and urbanization processes
in Tlalpan translate into a relative homogeneous
landscape pattern, with only 27 geofacies types
distributed in 114 polygons. The largest geofacies
are human settlements on recent lava spills (35.8%
of the area, concentrated in Tlalpan) and a mosaic
of crops on recent lava spills (24.5% in Milpa Alta).
In contrast, forest geofacies are restricted to a few
fragments of oak and alnus forests, shrubland and
grassland on recent lava spills, volcanic cones,
craters, and the Teuthli shield volcano (Figure 5

and Table 2).

Natural Region of the Fluvial-Lacustrine
Plateau of Mexico’s Basin Lowlands, with
urban use

Mexico’s Basin is an extensive morphostructure
(32.02 km?) of flat and multi-layer morphology
that was formed in the Plio-Quaternary from the
accumulation of volcanic, alluvial, and lacustrine
sediments carried from the volcanic mountain
ranges that border it (Mooser, 1996). The subhu-
mid and temperate climate, combined with the
endorreic basin hydrology, favor a pattern of
potential vegetation represented by different ty-
pes of temperate forest. The large extension and
heterogeneity of the basin translate into a complex
pattern of land-use systems, which, however, is not
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apparent in the small area of the basin represented
in the study area, where only a single geosystem
is recorded.

a) Geosystem of Marginal Fluvial-lacustrine
Plateau, with urban development (17.66 km?). The
edges of the plateau in the Mexico’s Basin penetrate
the territory studied in two areas: one north of Tlal-
pan (14.42 km?) and another north of Milpa Alta
(3.24 km?). The relief unit consists of sloped plains
formed in the Holocene from the accumulation of
volcanic material and alluvial sediments from the
Las Cruces (Tlalpan) and Chichinautzin mountain
ranges. Its altitudinal range, between 2200 and
2300 m a.s.l., is suitable for a potential vegetation
of oak forest, currently inexistent. The availability
of stable land, soil, and water resources allowed the
development of agriculture until the second half of
the 20th century, when the expansion of Mexico
City urban area transformed the land-use system,
currently dominated by urban uses.

The small surface area and environmental
homogeneity translates into the simplest lands-
cape pattern of the whole study area, with seven
geofacies types distributed in 14 polygons. While
in Tlalpan the largest geofacies corresponds to
the Mexico City urban area on the alluvial plain
(77.4% of the area), a rural environment predomi-
nates in Milpa Alta, with a mosaic of crops (7.4%)
and human settlements (5.3%).

The map of landscape types in Figure 5 shows
113 types of geofacies distributed in the six geosys-
tems that make up the municipalities of Tlalpan
and Milpa Alta. While geofacies is a landscape
resolution level that integrates three components
(relief form, vegetation type, and land use), to
facilitate reading the map, the 113 geofacies types
were pooled into five groups and 28 classes based
on the most distinctive differentiating component
(relief form, vegetation type, or particular land use).

CONCLUSIONS

The study outlines the conceptual and methodo-
logical bases of an original proposal for landscape
classification and mapping. In contrast with other
methodologies that consider that the differentiating

Proposal of Differentiating Components for the Multiscale. ..

landscape components change according to the
scale, the present proposal supports the idea that
the landscape is a geographic entity defined and
distinguished by being of a prominently integral
character. Therefore, while the resolution of the
environmental components changes according to
the geographic scale, they nonetheless play a role at
the different levels of the spatial-temporal gradient
of the landscape.

Given the complexity intrinsic to the integra-
tion of environmental (physical, biological, and
anthropological) components into the landscape,
the method outlined herein proposes “differentia-
ting landscape components”: relief, vegetation, and
land use, with broad phenological qualities that
facilitate comprehension by society. In addition,
their consideration in the landscape summarizes
the role played by “supplementary components”,
which are useful in characterizing and explaining
landscapes, although the typological and spatial
definition of landscapes does not depend on them.

To facilitate the multi-scale understanding
of the spatial relationships between landscape
components and the landscape reality of the site
under study, a taxonomic-corological classification
was proposed, which includes three levels: natural
region, geosystem, and geofacies. In the natural
region, the differentiating landscape components
adopt the broadest spatial-temporal resolution:
morphostructure (relief), pattern of potential
vegetation (vegetation), and pattern of land-use
systems (land use); these components adopt an
intermediate resolution in the geosystem: relief
unit, potential vegetation, and land-use system;
and geofacies have the finest-scale resolution: relief
form, vegetation type, and particular land use.

The application of the method described herein
yielded satisfactory results in the case of the Mexico
City municipalities of Tlalpan and Milpa Alta,
an area of great environmental and socio-cultural
interest, although heavily transformed, for which
there are no records of landscape classification or
mapping. The landscape classification system for
this area reveals three types of natural regions, six
geosystems, and 113 geofacies. Natural regions are
shown in single polygons; geosystems, in one or
two polygons; the degree of detail used to delimit
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geofacies allowed the identification of more than
1200 polygons.

The landscape map constructed from the
present study should be understood as a valuable
tool for environmental and land-use planning and
management, as documented in multiple works
where these types of products have been used
under different environmental settings and appli-
cation objectives. These include mainly European
studies focused on the valuation, management,
and protection of the landscape as a resource and
heritage. In our case, future studies should assess
the effectiveness of this landscape map in the
diagnosis of various environmental, ecological, and
sociocultural issues that are priorities in the south

of Mexico City.
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