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Abstract
In the period 2021‑ 2023, technical tours were conducted as part of the Local Ecological 
Management of Zinacantepec to carry out the environmental diagnosis of the territory, 
in which soil degradation is present in the sub‑  basin of the Tejalpa River while the forest 
ecosystem in the Zinacantépetl Formation is in a process of feedback according to the General 
System Theory (GST), that is, recovery with a positive trend in the forest cover. The purpose 
of this research is to analyze the characteristics of the physical‑  geographical subsystem 
in order to determine the environmental conditions in the study area. In order to achieve the 
specific objectives, a methodology based on the evaluation of the disturbances in the balance 
of the environmental system was proposed, for which thematic cartography was obtained, 
as well as the state of evolution of the relief by means of matrices applied in field work. 
On the other hand, through COMPROBIDES, training sessions and working groups have been 
held to present multidisciplinary proposals that promote environmental protection based 
on the results obtained, in which processes of land use change, water erosion, deforestation, 
greenhouse gas emissions, water pollution and urban location in agricultural areas have 
been identified. It should be noted that knowledge of the geodynamics of geographic space 
has contributed to social and public participation for the preservation of natural resources.
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Introduction

The analysis of the environmental conditions of the municipality of Zinacantepec 
is derived from the diagnostic phase corresponding to the Local Ecological 
Management Program where in accordance with the provisions of the General Law 
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of Ecological Balance and Environmental Protection in Article 8, which includes the 
formulation and issuance of the program, as well as monitoring the use and change 
of land use, Article 20 BIS 4, which defines the criteria for determining environ‑
mental conditions, regulating land use outside population centers and establishing 
criteria for ecological regulation. On the other hand, Article 20 BIS 5 establishes 
the bases for the elaboration of such program, where there must be congruence 
between programs, geographic extension, specifications on land use and in case 
of extending urban development, it is required to refer to what is established in the 
ordinance, incorporate previsions of existing programs in the study area, coordi‑
nate mechanisms and the collaboration with State and Federal Secretariats when 
the territory is located within a Natural Protected Area.

The methodology has a participatory approach where the theoretical founda‑
tions are applied to the inhabitants of Zinacantepec to learn about the environmen‑
tal conditions of the municipality from a theoretical and practical perspective. The 
difference that exists between case studies without cabinet work and multisectoral 
analysis applied to field tours is the validation of the characteristics, as well as the 
investigation of the transformation of the landscape from the scientific method 
and the influence that exerts between the human being on the existing ecosystems, 
with the goal of correcting the deficiencies of the public sector from the geographic 
investigation.

With the processing of data in the QGIS, ARCGIS and SNAP work packages, the 
results are represented graphically to know their distribution and changes in the 
landscape over time, since with these tools scenarios are created to perform a sam‑
pling to determine the diagnosis of environmental conditions, allowing multidis‑
ciplinary integration of remote sensing with other sciences in a direct way to col‑
laborate with the development of new products, methodologies and incorporation 
of sub‑  branches in other disciplines for the interpretation of natural, social and 
economic events in the world.

Problem

Contaminated and weakened forests are susceptible to diseases and pests, which 
are part of the panorama that reflects the fragility and impossibility of the environ‑
ment to recover its stability (Galicia et al., 2007). In this context, the localities lo‑
cated in the northwest and southwest of the municipality of Zinacantepec present 
a change in land use, that is, a transformation in the original vocation of the soil, 
since agricultural activity has expanded its zone of influence towards the conifer‑
ous forest, which reduces the environmental services provided by each forest spe‑
cies. Likewise, human settlements are a variable that has modified the cultivated 
area towards residential use. This transformation of the landscape causes erosion 
in crops and soil degradation due to the use of fertilizers, which leads to an accel‑
eration of climate variability in the territory due to the absence of vegetation in the 
forest.

The influence of the social and economic subsystem on the natural environ‑
ment directly affects the preservation of natural resources, so the towns of San Luis 
Mextepec, San Antonio Acahualco and San Juan de las Huertas are those that show 



[31]

traces of environmental degradation in the soil as a result of the increase in demo‑
graphic dynamics in a period from 2010 to 2023.

In terms of greenhouse gas monitoring, there is a shortage of updated informa‑
tion corresponding to the physical‑  geographic, economic and social characteris‑
tics in Zinacantepec, which requires the regionalization of priority areas and those 
areas with a high degree of environmental degradation. The weighting of attrib‑
utes is a non‑  structural tool for the inhabitants to identify their current conditions 
in the geographic space, which are generated through the correlation that exists 
between natural resources, economic activities and demographic dynamics in ru‑
ral or urban localities according to the aptitude of land use, as well as the public 
policies established for sustainable development in the study area.

Methodology

To fulfill the purpose of this research, three phases were carried out, which con‑
sisted of characterizing the natural, social and economic subsystem, updating the 
cartography, weighting the variables that influence the development of each sector 
in the territory and evaluating the conditions of the geographic space in a period 
from 2021 to 2023. This information was obtained through field visits, verification 
of cartographic units, meetings and workshops with the inhabitants, as well as the 
calculation of indicators for the knowledge of landscape transformation using QGIS 
3.32, SNAP 8.0 and ARCGIS 10.5 work packages.

Characterization of subsystems

The physical‑  geographical analysis of the municipality of Zinacantepec was carried 
out in accordance with the conditions of the territory explained by Bernal (2022) 
and the criteria postulated in Article 68 of the Regulations of the General Law 
of Ecological Balance and Environmental Protection, which establishes the mini‑
mum sections for the study of restoration zones in a Natural Protected Area, in this 
case, the Nevado de Toluca Flora and Fauna Protection Area.

This update of the variables involved in this study was accomplished through 
the verification of cartographic units in the field, supervised classification of sat‑
ellite images, Inverse Distance Weighting (IDW), TIN (Triangulated Irregular 
Network) interpolation, calculation of the slope of the terrain, as well as the 
representation of the order of fluvial currents. In the case of lithological and ge‑
omorphological units, the classification proposed by Mooser et al., (1996) was 
taken up again, as well as the regionalization of Espinosa et al, (2014) where he 
postulates that the Formación Zinacantépetl is a filling of fluvial valleys associat‑
ed with recent deposits of blue‑  gray ash, burning clouds and ash showers corre‑
sponding to the Quaternary with a dating of 60 kiloyears. It should be noted that 
for the explanation of the processes involved in the transformation of the relief, 
the General System Theory (GST) proposed in Germany by Carl Troll in 1949 (cit‑
ed in Espinosa, 2009), which establishes that the geographic space is composed 
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as a whole integrated by subsystems that allow its functioning, i.e., the input and 
output of energy in the system.

Environmental attributes workshop

In the first session of the Technical Body of the Zinacantepec Management 
Committee, a workshop was held for the weighting of the attributes that influence 
the environmental sphere with the objective of identifying the importance of the 
variables of the natural, social and economic subsystem in the sectors established 
in the local ecological management. These results allow the foundations for the 
regulation of the land and its vocation to be established.

To achieve these actions, the main authorities of the Zinacantepec city council, 
representatives of society, heads of state and federal departments, ejidatarios and 
inhabitants of the localities with environmental problems met. The meeting was 
divided into 4 tables corresponding to the agricultural, forestry, urban and tourism 
sectors; these tables graphically identified the areas with less sustainability in the 
study zone. It should be noted that the contributions generated in these multidis‑
ciplinary roundtables are part of the process established for the generation of en‑
vironmental management units, so that through this information the suitability 
of each sector is defined; the mapping and description of the scenarios in the ter‑
ritory as a tool for the consultation of subsequent research or related to the study 
area Derived from the above, the general conditions in the territory by sector are 
as follows:

Agriculture: The introduction of crops in the protected natural area has caused 
the substratum in the fluvial currents to fall, increased CO2 emissions, and loss 
of the forest’s environmental services, which indicates a transformation in the re‑
lief, as well as the contamination of the surface soil horizon, in this case, of forest 
vocation.

Forestry: The forestry regionalization in Nevado de Toluca is an area that has 
an environmental policy of sustainable use of timber and non‑  timber resources, 
so there is a shortage of monitoring of extraction, deficiency in the management 
plan, illegal logging, as well as corn, potato, bean and oat crops.

Urban: The change of land use in the agricultural sector developed in the towns 
of San Juan de las Huertas, San Antonio Acahualco and San Pedro Tejalpa at the be‑
ginning of the sanitary emergency derived from SARS‑  COV‑2 in April 2020, where 
the inhabitants began to build houses on their land as a consequence of the con‑
tingency and the scarcity of activities in the economic sector. The growth of pop‑
ulation centers, and the development of economic activities in the secondary and 
tertiary sectors are factors that require an increase in the demand for services and 
coverage in the localities so that the connection between the territory increases the 
susceptibility to erosion in agricultural trails.

Once the workshop is over, the information obtained is presented, in which 
the areas with environmental problems are located as well as those that are a pri‑
ority for the preservation of natural resources. These zones are represented in car‑
tographic form for the generation of a preliminary map that allows regionalizing 
the evolution of the landscape and urban development on forest vocation soils; 
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in this case, the municipality presents irregular settlements in the Tejalpa and San 
Pedro rivers, increase of carbon and methane emissions in urban localities, water 
contamination as well as disturbances in the natural soil conditions in San Juan de 
las Huertas, San José Contadero and San Pedro Tejalpa.

Variables Analysis

The next stage, after the desk work, begins with the validation of the environmen‑
tal attributes through technical tours with the participants of the environmental 
attributes workshop to identify the evidence of each sector in the geographic space 
by means of observation, sample collection, measurement of morphometric pa‑
rameters and data collection with the population attached to the verified sites.

The Integrated Waste Center located in the northern zone of Zinacantepec has 
a system that uses the emission of pollutants to transform them into biogas, al‑
though cell 8 specifically requires maintenance due to leachate leakage through 
gravity. As part of the activities carried out to mitigate soil degradation, vermi‑
compost is produced and distributed to the towns of San Luis Mextepec and San 
Miguel Zinacantepec, where the consumption of fertilizers in the hazardous waste 
category has been reduced.

The flood plain is located under irregular settlements with housing in me‑
dium to very high levels of marginalization in San Pedro Tejalpa, El Cerro del 
Murciélago and San Antonio Acahualco, which have modified the course of the 
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riverbed by means of structural measures to prevent the river from overflowing 
and in a negative way as a channel that carries solid waste, as well as part of the 
local drainage system in an autonomous manner in the aforementioned localities.

The Consejo Municipal de Protección a la Biodiversidad y Desarrollo Sostenible 
(COMPROBIDES) has carried out actions and proposals for environmental protec‑
tion such as environmental education workshops, sessions to address problems 
in the forest area, reforestations, expeditions to land with soil degradation and 
collaboration with the Greenhouse Gas Inventory as part of the Municipal Climate 
Change Action Program, where thematic cartography was generated that regional‑
izes the zones (industries, agriculture, energy and waste) that have increased their 
emissions in Zinacantepec, as well as the creation of living barriers that mitigate 
atmospheric contamination in the medium term in the municipal capital.

Results

Based on the thematic mapping, social participation and field verifications, as well 
as the technical tours corresponding to the Local Ecological Management Program, 
the following results were obtained:

The southern zone of San Juan de las Huertas shows a process of land use 
change where the pine‑  oak forest is occupied by corn, potato and bean crops, while 
the agricultural areas are used for housing. One of the causes of the deterioration 
of the forest ecosystem is due to anthropic intervention because the degradation 
of the surface soil horizon affects the geodynamics of fluvial erosion, so these mor‑
phological conditions condition the suitability of the soil due to the concentration 
of surface runoff and the exploitation of timber resources that increases the natural 
fragility of the soil and the geological substrate.

The Área de Protección de Flora y Fauna Nevado de Toluca has a recovery pro‑
cess west of Santa Maria del Monte (approximation to the original conditions of the 
territory) after the landslide occurred in 2011, so the functioning of the services 
of the vegetation cover (infiltration, soil retention and resistance to cutting in the 
geological substrate) is maintained through reforestation and natural extension 
of the oyamel forest.

In the western zone of San Antonio Acahualco, there is flooding from waste‑
water from the overflow of the Tejalpa River, which causes contamination and 
soil degradation in the crops located in the floodplain. These processes are caused 
by agricultural activity, fluvial erosion and lateral scour present in the fluvial val‑
leys, since the evidence of these factors in the natural subsystem allows us to ob‑
serve the stratigraphic cut (pumice and tuff) and the soil profile with a depth of 6 
meters in the accumulative piedmont ramp.

During the rainy season (June to September), the main roads in the munici‑
pality of Zinacantepec have more than 75 mm of precipitation. On the other hand, 
the slope of the terrain is less than 3° with little possibility of infiltration due to the 
asphalt covering. The water flow is composed of precipitation of fluvial origin (sur‑
face streams to the northeast of the municipality) and rainfall, which has occasion‑
ally knocked down trees in an extraordinary way as shown in the Figure where this 
specimen caused damage to surrounding vehicles.
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Finally, it should be noted that the northern zone of Nevado de Toluca corre‑
sponding to the municipality of Zinacantepec shows fluvial erosion and weathering 
of the predominant rock as a result of the loss of vegetation cover, weakness of the 
substrate and temperature variability. It is also recognized that land use change 
is a conditioning factor for flood hazards because the urban location towards agri‑
cultural areas increases susceptibility to hydro‑  meteorological events and the loss 
of environmental services provided by the forest ecosystem. The advance of agri‑
culture into the forest has caused fluvial flooding in the flood beds of the San Pedro 
and Tejalpa rivers, such as in the case of El Capulín, as well as the water reservoir 
in the towns of San Antonio Acahualco and San Pedro Tejalpa, which were affected 
in 2021.

Conclusions

It should be noted that knowledge of the natural, social and economic subsystem 
makes it possible to identify and determine the current conditions of the territory, 
so it is important to disseminate information on environmental problems and hu‑
man intervention in the degradation of natural resources to the inhabitants of the 
study area in order to implement medium‑  term mitigation measures against cli‑
mate variability in Zinacantepec.

In general, land cover change is a consequence of the interaction of human ac‑
tivities with the natural environment. Such changes indicate the impact of econom‑
ic activities and the development of human communities on the territory and its 
resources, and make it possible to identify problems related to the sustainability 
of human activities. Spatial zoning and quantification of changes contribute to the 
characterization of the territory and the location of priority areas for attention, 
as well as to the establishment of corrective policies and the formulation of respec‑
tive action plans for resource management.
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Collaboration between institutions and the inhabitants allows social partici‑
pation in the care, conservation, preservation, remediation, rehabilitation, and 
restoration in accordance with the provisions of Article 2.9 Section XXXIII of the 
Code for Biodiversity of the Estado de México. The follow‑  up of phases in the elab‑
oration of programs is one of the purposes that contribute to the analysis of the 
environment from its processes and human activities that have deteriorated the 
natural resources. In this context, the interpretation of the origin or causes that 
transform the geographic space is fundamental for the evaluation of the municipal‑
ity of Zinacantepec and the determination of the environmental conditions.

To conclude, the multidisciplinary proposals for environmental protection put 
forward by localities, city council members and professionals are part of the mu‑
nicipality’s feedback for the execution of programs with trend scenarios that allow 
us to know the economic and social impact that environmental pollution has on the 
specific activities of the political‑  administrative demarcation.
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