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Abstract. An understanding of the interaction between 
deterioration of the environment and marginalization 
of communities is essential in order to formulate public 
policies that will combine social and environmental ob-
jectives. The aim of the present study was to explore the 
relationship between erosion and marginalization in the mu-
nicipality of Pahuatlán, Puebla, Mexico. The erosion was 
assessed by the methods developed by FAO and Ruiz et al. 
Marginalization was determined by the Consejo Nacional
de Población (CONAPO) method using Instituto Nacional de
Estadística, Geografía e Informática (INEGI) indicators. The 
relationship was established by a simple correspondence 

analysis and was confirmed by Pearson´s Chi-square test. 
Erosion could be assigned to one of three grades: moderate, 
severe and very severe. In the 32 towns that constitute the 
municipality, marginalization was moderate in 5, severe in 
14 and very severe in 13. The correspondence analysis and 
the Chi-square test showed a causal relationship between 
erosion and marginalization, although it was not possible 
to detect with certainty which is the cause and which the 
effect. However, the results can contribute to the design of 
sustainable strategies for the municipality.
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Erosión y marginación en el municipio de Pahuatlán, Puebla:
¿Un binomio de causalidad?
Resumen. Entender la interacción entre deterioro am-
biental y marginación es esencial para formular políticas 
públicas que combinen objetivos sociales y ambientales. 
Por lo que este trabajo tiene como objetivo contribuir al 
establecimiento del vínculo entre erosión y marginación 
en el municipio de Pahuatlán, Puebla. La erosión se evaluó 
según la metodología de la FAO y Ruiz y colaboradores; la 
marginación se determinó con la metodología del Consejo 
Nacional de Población (CONAPO) e indicadores del Instituto 
Nacional de Estadística, Geografía e Informática (INEGI). 
La relación se estableció con un análisis de correspondencia 
simple y se confirmó con la prueba chi cuadrada de Pearson. 
Los resultados demuestran que el municipio presenta tres 

grados de erosión: moderada, fuerte y muy fuerte; de las 32 
localidades que lo conforman, cinco presentan marginación 
media, 14 alta y 13 muy alta. El análisis de correspondencia 
y la chi cuadrada muestran la relación entre las variables; 
por lo que se concluye que existe relación de causalidad 
entre las variables erosión y marginación; no obstante, no 
es posible discernir de manera concreta cuál de ellas actúa 
como causa y cuál resulta ser el efecto; sin embargo, los 
resultados sirven como herramienta objetiva para el diseño 
de estrategias sustentables del municipio. 

Palabras clave: Erosión, marginación, causalidad.
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INTRODUCTION

Erosion is one of the most serious environmental 
problems at present confronting Mexico, above all 
in the mountainous zones whose soils are particu-
larly vulnerable and are transported by the runoff 
that affects various of their ecosystems (Maass, 
1998; Becerra, 1999; Carabias, 2001; SEMARNAT, 
2003). According to data supplied by the Ministry 
for the Environment and Natural Resources (SE-
MARNAT, 2004), 64% of the country’s soils show 
signs of this process, with Puebla being the third 
most affected State owing to its geographic position 
and characteristics. Within the State, the municipa-
lity of Pahuatlán in the Sierra Norte is particularly 
noteworthy for its severe erosion problems (Ruiz 
et al., 2001). Previous studies (Castelán, 2003 and 
2009) have shown that this process is favoured 
by a combination of natural factors including the 
mountainous relief, the high rate of precipitation 
and the introduction of traditional crops such as 
maize and beans without conservation measures, 
but also by the high marginalization of the popula-
tion and the social and economic inequality in the 
region, expressed by the inequitable distribution of 
land to the conspicuous disadvantage of the 49%

of the population who are indigenous peoples (INE-
GI, 2005). Despite this situation, there have been 
no studies to test the causality of this relationship. 
Hence, the principal objective of the present study 
was to establish the relationship between various 
grades of erosion and the degrees of marginalization 
in this municipality.

MATERIALS AND METHODS

Study area
The municipality of Pahuatlán is in the north-
western part of Puebla State (Figure 1), lying on a 
small plain on the slopes of Ahila Hill, at 20°13’12” 
to 20°21’98” N, and 98°04’18” to 98°12’12” W. 
It is bordered to the north by Tlacuilotepec and 
Hidalgo State, to the south by Naupan and Hidalgo 
State, to the east by Naupan and Tlacuilotepec, and 
to the west by Honey and Hidalgo State. With an 
area of 80.37 km2 it is the 140th largest municipa-
lity of the State, and has 32 towns or villages orga-
nized within ten local authorities (INEGI, 2000b).

It is part of the eastern Sierra Madre and belongs 
to the subprovince of Carso Huasteco (Consejo 
de Recursos Minerales, 1995); a small area in the 

México

Puebla

Pahuatlán

Figure 1. Pahuatlán municipality, 
Puebla.
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west has a temperate sub-humid climate with sum-
mer rains, but the bulk of the municipality has a 
temperate humid climate with abundant summer 
rain; mean annual precipitation varies between 
1500 and 2000 mm. The dominant vegetation is 
mesophyll mountain pine-oak woodland. It is a 
zone of mountains and low ranges (Figure 2) with 
pronounced gradients (Figure 3). The soils are 
cambisols, calcisols and leptosols (Fuentes, 1972; 
INEGI, 2000b).

Edaphic characteristics
An edaphic survey established 31 sampling sites. 
The description of the profiles, the setting and the 
degree of erosion followed the methods of FAO 
(1980) and Ruiz et al. (1999); the best conserved 
profiles, i.e. those that have suffered the least effects 

of erosion, were designated ‘Reference Profiles’ and 
were representative of the study area in terms of 
soil. A detailed knowledge of their morphological 
characteristics allowed them to be compared with 
the profiles of the sites described in order to identify 
the losses suffered. Erosion was then categorized 
according to the following classification: none, 
light, moderate, severe and very severe.

Defining the marginalization
At the same time as the soil sampling, there was 
a direct survey of 288 rural workers selected ran-
domly in the 32 towns of the municipality.

The survey was designed so that the individual 
responses could be compared by locality, and so
that a database could be created (Azorín and 
Sánchez, 1996; PRECESAM, 2002). The activities 
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Figure 2. Relief and height above sea level of the Pahuatlán municipality, Puebla.
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undertaken in the plots and/or units of production 
were identified in terms of deforestation, produc-
tive systems, agricultural practices and backyard 
practices, socio-economic status and the various 
means of earning income (León, 2002).

The information generated was analysed and 
compared with indicators supplied by INEGI 
(2000a) and CONAPO (2001). Marginalization in 
the 32 towns was then classified according to the 
following grades: low, medium, high and very high 
(CONAPO, 2001).

Relationship between the degrees of erosion 
and marginalization
Finally, the information collected was subjected to 
a simple correspondence analysis and a Pearson’s 
Chi-square test in the MINITAB 15 (Linares, 2006) 
statistical program.

RESULTS

Edaphic characteristics
The municipality includes various sectors with 
moderate, severe or very severe degrees of erosion, 
as follows (Figure 4).

Sectors with moderate erosion. These lie 
within the north-western, western and eastern parts 
of the municipality and are characterized by mar-
ked gradients that constitute a potential risk factor 
for erosion, since the gradients are about 25%. The 
vegetation is remains of pine-oak woodland with 
signs of secondary growth; years ago, an intense 
deforestation favoured the loss of a great quantity 
of soil, so that there is still moderate erosion in 
these sectors. However, the period of exploitation 
to which they were subjected lasted only a short 
while, and this allowed the rapid development of 
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Figure 3. Gradient percentages in the Pahuatlán municipality, Puebla.
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dense vegetation that is responsible for intercepting 
the drops of rain and decreasing the rate of flow of 
the runoff; other benefits that this vegetation has 
conferred on the system are the improvement of soil 
aggregation and porosity as a result of the action of 
the roots and plant remains, as well as enhancement 
of the water storage capacity by lowering the soil 
humidity through transpiration (Gliessman, 1998). 
It is even possible to see profiles that retain their 
upper horizon, although in most cases they have 
lost some of their original depth.

The representative profiles of these sectors are in 
the village of Acahuales, and in terms of their eda-
phic characteristics they are the most conserved soils 
in the study area, so they are considered as Reference 
Profiles. They have the following characteristics of 
soils developed under wooded conditions: horizon 
A with a depth equal to or greater than 50 cm,

a granular structure, friable consistency and sandy 
texture; and horizon B with root decomposition, a 
mean depth of 1.55 m and a clayey texture.

Sectors with severe erosion. These lie within 
the western and eastern parts of the study area. An 
aspect that has contributed to the erosion in these 
sectors is the steepness of the gradient, this being 
up to 50% in some areas. However, this factor 
would not be manifested in erosion if there were 
not almost complete deforestation of the land with 
the aim of using it for agricultural crops such as 
maize, beans and chili. These are sown intensively 
without any conservation practices, so that the par-
ticles are swept along by the rainwater and the 
erosive process accelerates (Porta et al., 1999).

Maize is the principal crop sown in these 
sectors, since it is used not only for family con-
sumption but also for feeding cattle, birds and 
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Figure 4. Spatial distribution of the present degrees of erosion in the municipality of Pahuatlán, Puebla.
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other domestic animals. However, the continuous 
cultivation of maize without applying means of 
protection has accelerated the erosion even more 
and, given their requirements for light, water and 
nutrients, the plants are sown sparingly to avoid 
competition. In addition, weeds are removed 
and the resultant paucity of plant cover brings 
an increased susceptibility to erosion, increasing 
the loss of topsoil to the detriment of agriculture 
(Worthen and Aldrich, 1990). In the municipality, 
the monoculture of this species leads to the gradual 
impoverishment of the land, exacerbating even 
more the degradation of this resource. Hence, at 
present the soils of these areas have completely or 
at least partially lost their upper horizon and part 
of horizon B, leading to a decrease in harvest yields 
and favouring soil degradation and the poverty of 
the population.

The representative profile of this degree of 
erosion is on the way toTlaltengo and has the fo-
llowing characteristics: absence of litter layer, loss 
of horizon A, horizon B 30 cm thick, medium or 
large subangular blocks, lightly compacted and 
with a clayey texture.

Sectors with more severe erosion. These are in 
the north, south and west of the municipality and 
are characterized by the presence of extended slopes 
with a gradient that can exceed 70%, also by high 
rainfall (2500 mm), which under conditions of 
deforestation is considered to be a factor in erosion 
(Morgan, 1997; Becerra, 1999). There has been a 
drastic change in soil use in these sectors; gradual 
disappearance of the woodland has led to degrada-
tion, destroying the fragile equilibrium established 
over the course of centuries.

The elimination of this plant cover had as its 
objective the exploitation of the land with subsis-
tence crops such as maize, beans and chili; these 
have been sown in agricultural systems that are 
unsuitable for the slopes. The technological naivety 
of the agricultural workers has led them to apply 
the same concepts of sowing and working as those 
applicable to flat regions, where there is not a high 
danger of erosion; widespread among these workers 
is the practice of slash and burn, which in only 
a few years causes a severe mineralization of the 
organic matter and, added to the high rainfall and 

the steep slopes, unleashes destruction of the phy-
sical, chemical and biological properties of the soil
owing to erosion by water (Gleissman, 1998). 
Harvests start to decline and the farmer abandons 
the plot of land in order to use fallow land or to 
remove more trees; in some cases not only is there 
no fallow period but, on the contrary, the land 
continues to be exploited in an irrational manner 
until the resource is completely degraded, so that 
the soils of these sectors have now lost their horizon 
A. Another factor driving the erosion process has 
been the increase in population density, which
has exerted great pressure on the natural resources 
and impeded the natural regeneration of the system.

One of the representative profiles of these sec-
tors is in Atla. Its principal characteristics are as 
follows: absence of the litter layer, loss of horizon 
A, a 20 cm thickness of horizon B, subangular 
block structure, compact consistency and clay-
sand texture.

Of the whole area of the municipality, 19% has 
moderate erosion, 29% has severe erosion and 52% 
has very severe erosion (Figure 5).

Defining the marginalization
The information amassed from the surveys and 
complemented with the indicators given by INEG 
(2000a; 2005) and CONAPO (2001) shows that the 
population of the 32 localities in Pahuatlán in 2005 
was 18,287, concentrated in the administrative 
centre (Pahuatlán de Valle, 3050 inhabitants), San 
Pablito (2760 inhabitants), Xolotla (2390), Atla 
(1685) and Tlalcruz de Libres (1002); the other 

19%

29%

52%

Moderate Severe Very severe

Degree of erosion in Pahuatlán, Puebla 

Figure 5. Erosion of the municipality of Pahuatlán, Puebla. 
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localities had fewer than 1000 inhabitants each.
Its population grew by 1970 inhabitants bet-

ween 2000 and 2005, this being a 2.1% rate of 
annual growth. 32.8% of the inhabitats are illiterate 
and 49% (8987 inhabitants) speak an indigenous 
language (Náhuatl or Otomí). The large proportion 
of indigenous peoples in the municipality indicates 
that it is a place where the traditional cultural va-
lues have been transmitted and preserved. It is an 
environment where clothing, mystic and religious 
beliefs, crafts and use of plant medicines have for 
centuries resisted the powerful cultural influences 
from elsewhere (Valderrábano et al., 2004).

It is a young population structure, since 44.4% 
of the inhabitants are less than 15 years old, a fact 
that is related to emigration, since 10% of the 
population have left in search of a better quality 
of life. The municipality has a birth rate of 32.7%, 
a death rate of 6.6% and an infant mortality rate 
of 15.6%.

Of the 3877 dwellings in the municipality, 
69.7% have a supply of drinking water and 86.4% 
have electricity, but only 44.4% have drainage and 
41.3% have a laid floor; 67.5% of the dwellings 
are overcrowded.

The economy of Pahuatlán is based mainly on 
primary activities, with 84.3% of the economically 
active population being involved in this sector. 
There is a high subdivision of the land, with the 
data from the last two agricultural censuses (INEGI, 
1970 and 1991) showing an unequal size distri-
bution of the production units; in 1970, 90% of 
the workers were small producers and owned 26% 
of the productive land. In contrast, the owners 
of areas exceeding 5 ha represented 10% of the 
owners and owned 74% of the arable land. In 
1990, the number of smallholdings grew to 5% 
more than were recorded in 1970 (95% of the 
agricultural areas). The parcels of land exceeding 
5 ha at present are continuing to concentrate the 
greater percentage of cultivated land (64%) in few 
units (18%). The productive units have increased 
by 70% in the past decade at the expense of the 
forested area; this is considered to be a response 
to the pressures of population growth and to the 
conditions attendant on the struggling economy. 
If the process of land fragmentation continues it 

could contribute to a greater impoverishment of 
the population, since the parcels of land will not 
allow the family units to be self-sufficient. It will 
also encourage emigration and the spread of land 
exploitation which will lead to deforestation and 
deterioration of the environment.

In 30 of the 32 localities there is a critical 
situation in the consumption of wood, since the 
already high number of users of this resource for 
domestic purposes is increasing even more. The 
environmental effects of this activity can be im-
portant; however, the surveys show that clandestine 
felling for commercial gain causes more deterio-
ration of the forest resource, since the gathering 
of firewood concentrates on collecting branches, 
dead wood and oak species that can regenerate 
vegetatively from their stumps. The municipality 
has been characterized since the colonial era by a 
pattern of scattered settlements where most of the 
inhabitants are engaged in agriculture, a situation 
that in responding to economic and environmental 
conditions is also linked to the cultural patterns of 
the ethnic peoples (Rojo, 2007).

The conditions of marginalization in the mu-
nicipality are evident. There is a severe lack of ser-
vices that meet the basic needs of the population, 
so that marginalization is medium in five of the 
localities (1799.95 ha), high in 14 (2824.31 ha) 
and very high in 13 (5084.99 ha) (Figure 6). The 
spatial distribution of this social marginalization 
was mapped (Figure 7).

16%

32%

52%

Medium High Very high

Degree of marginalization in Pahuatlán, Puebla

Figure 6. Degrees of marginalization expressed as percentages 
of the municipality by area.
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STATISTICAL ANALYSIS OF THE 
RELATIONSHIP BETWEEN EROSION 
AND MARGINALIZATION

A cross-classification of the 32 localities (Table 1) 
investigates the relationship between the degrees 
of erosion and marginalization in the municipa-
lity; 31.3% of the localities with very high mar-
ginalization are in areas with very severe erosion, 
21.9% of those with high marginalization are in 
areas with severe erosion, and only 9.4% of those 
with medium marginalization are in areas with 
moderate erosion.

Figure 8 shows graphically the number of lo-
calities according to the degree of marginalization 
and erosion; when the erosion is very severe there 
is the highest number of localities with very high 

marginalization, in the areas with severe erosion 
the populations with high marginalization pre-
dominate, and with moderate erosion medium 
marginalization predominates.

Simple correspondence analysis (SCA) helps 
to establish more clearly the relationship between 
the variables evaluated, and to show the graphic 
representation of the phenomenon (Linares, 2006). 
The results of this statistical analysis are presented 
below.

Figure 9 shows the values of the row profiles and 
the strong association between moderate erosion 
(50%) and medium marginalization, between se-
vere erosion and high marginalization (63.6%) and 
between very severe erosion and very high margi-
nalization (66.6%). The column profiles (Figure 9) 
again show the link between the two phenomena, 

Figure 7. Degrees of marginalization in the municipality of Pahuatlán, Puebla
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since when marginalization is medium 60.2% of 
the erosion is moderate, when marginalization is 
high 53.8% of the erosion is severe, and when 
marginalization is very high 71.5% of the erosion 
is very severe.

A two-dimensional solution explains 100% 
of the variation (Table 2). The rates of inertia of 

Table 1. Contingency table with relative frequencies of degree of erosion and marginalization in the 32 localities of Pahuatlán

Degree of erosion
Degree of marginalization

Medium High Very high TOTAL

Moderate 3 
9.4%

2 
6.3%

1 
3.1%

6 
18.8%

Severe 1 
3.1%

7 
21.9%

3 
9.4%

11 
34.4%

Very severe 1 
3.1%

4 
12.5%

10 
31.3%

15 
46.9%

Total 5 
15.6%

13 
40.6%

13 
43.8%

32 
100%
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Figure 8. Degree of marginalization in relation to erosion 
in the municipality.

Figure 9. Values of the row and column profiles of the SCA.

the two dimensions are 67.81% and 32.19%, 
respectively.

Table 3 shows that in the row profiles moderate 
erosion contributes 65.9% of the inertia in the first 
dimension while very severe erosion contributes 
33.5%. Since its coordinates have opposite signs, 
this is interpreted as ‘moderate erosion is opposed 
to very severe erosion’. Similarly, severe erosion 
contributes 65% of the inertia of the second 
dimension while very severe erosion contributes 
19.6%. In this dimension, severe is opposed to very 
severe, since the coordinates have opposite signs. 
With regard to the quality of the representation, 
the first dimension represents very well the degrees 
of moderate and very severe erosion. In the second 
dimension there is an almost perfect representation 
of severe erosion, and their association with this 
is close, so that the interpretation of the second 
dimension is reduced to severe erosion.

Table 4 shows that in the column profiles the 
degree of medium marginalization contributes 
62.7% of the inertia of the first dimension while 
very high marginalization contributes 35.6%, and 
the two are opposed since their coordinates have 
opposite signs. High marginalization contributes 
57.7% of the inertia of the second dimension while 

Dimensions Inertia % Inertia Cumulative %

1 0.2401 67.81 67.81

2 0.1140 32.19 100

Total 0.3540 100 100

Table 2. Dimensions
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medium marginalization contributes 21.6%. With 
regard to the quality of the representation, the first 
dimension respresents medium marginalization 
with 85.9% and very high marginalization with 
78.4%, so that the two are associated with this 
dimension. In the second dimension high margina-
lization is associated almost perfectly with 94.3%.

A spatial representation of the information 
and results of Tables 4 and 5 yields a perceptual 
map (Figure 10) showing the relative proximities 
of the degrees of marginalization and the degrees 
of erosion. Medium marginalization is associated 
with moderate erosion, very high marginaliza-
tion with very severe erosion, and high marginali-
zation with severe erosion. 

In order to confirm the above interpretations, 
the Chi-square test of independence  (Infante and 

Zárate, 2000) took as decision rule the following: 
the null hypothesis of independence between 
erosion and marginalization is not rejected if the 
calculated Pearson Chi-square statistic is less than 
the value assigned by the tables, according to a 
significance value (α) of 0.05; in the opposite case, 
the hypothesis is rejected.

Table 5 shows the contributions of the Chi-
square test, establishing that the high values of the 
medium-moderate, high-severe and very high-very 
severe indicate the strong relationships in these 
pairs of variables. The value of the Chi-square total 
calculated is 11.29 and the value in tables with four 
degrees of freedom and significance level at 0.05 
is 9.4877, so that the Chi-square value calculated 
is greater; hence, according to the decision rule 
the null hypothesis is rejected and the alternative 

Row
Coordenates

Mass Quality  Relative 
inertia

Inertia Quality of 
representation

Dim. 1 Dim. 2 Dim. 1 Dim. 2 Dim. 1 Dim. 2

Moderate 0.918 0.306 0.188 1 0.496 0.659 0.154 0.900 0.100

Severe 0.064 -0.464 0.344 1 0.213 0.006 0.650 0.019 0.981

Very severe -0.414 0.218 0.469 1 0.290 0.335 0.196 0.783 0.217

Table 3. Contributions of the degree of erosion as a function of marginalization

Row
Coordenates

Mass Quality Relative 
inertia

Inertia Quality of 
representation

Dim. 1 Dim. 2 Dim. 1 Dim. 2 Dim. 1 Dim. 2

Medium 0.982 0.397 0.156 1 0.495 0.627 0.216 0.859 0.141

High 0.099 -0.402 0.406 1 0.197 0.016 0.577 0.057 0.943

Very high -0.442 0.232 0.438 1 0.308 0.356 0.206 0.784 0.216

Table 4. Contributions of the degree of marginalization as a function of erosion

Degree of erosion
Degree of marginalization

Medium High Very high Total

Moderate 4.53 0.07 1.00 5.60

Severe 0.30 1.43 0.68 2.41

Very severe 0.77 0.71 1.80 3.28

Total 5.6 2.21 3.48 11.29

Chi-square in tables (α= 0.05)= 9.4877

Tabla 5. Contributions of Chi-square
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hypothesis is accepted. This proposes that there 
is a statistical relationship between the degree of 
erosion and the degree of marginalization in the 
municipality of Pahuatlán, Puebla.

CONCLUSIONS

On the basis of these results it is concluded that 
the municipality shows evidence of various degrees 
of erosion owing, among other things, to the poor 
management to which the soils have been subjected 
for decades, added to the mountainous conditions 
of the region and the intense deforestation promp-
ted by the clandestine sale of timber, the collecting 
of firewood and the introduction of agricultural 
activities. Some zones originally deforested have 
developed secondary vegetation that decreases the 
erosion process. The principal limiting factors for 
agricultural use of the soils and the ecosystem of 
the municipality are the marked gradient, the great 
extent of deforestation, the high rainfall, the pre-
sent erosion and the use of methods of exploitation 
that are unsuitable for slope ecosystems, as well 
as the increase in population density, since this 
increases the pressure for physical space, forcing 

the rural workers to use lands that are unsuitable 
for agricultural use and to overwork them in order 
to obtain the greatest possible returns, accelera-
ting even more the erosion process. Under these 
conditions there are diminished returns, greater 
marginalization and more migration, since they 
undermine the existing way of life and the future 
opportunities for subsistence for a significant part 
of the population that lives in the study area; the 
soil degradation constitutes a leading obstacle to 
the increase of agricultural productivity that should 
represent the foundation of the subsistence of the 
rural workers in the region and the corner-stone 
of the strategies of reduction of poverty and mar-
ginalization of any population.

Of the 32 localities of the municipality of 
Pahuatlán, 30 are considered to be rural, and 41% 
of these have very high marginalization, 44% high 
and 15% medium. 47% are in zones with very seve-
re erosion, 34% with severe erosion and19% with 
moderate erosion. 65.75% of the economically ac-
tive inhabitants receive less than the minimum sa-
lary, a fact that has encouraged emigration from the 
municipality. The marginalization that prevails in 
the region is associated with a fragile environment 
under constant erosion, which exacerbates their 
socio-economic vulnerability. The main crops are 
maize, beans and chili, and these are sown without 
the use of soil conservation measures even though 
43% of the persons surveyed were aware of these.

The statistical analysis reveals a relationship 
between the degree of erosion and the degree of 
marginalization in the municipality. It is also shown 
by the nearness of the points of the variables in the 
graphic representation of the simple correspon-
dence analysis and this is confirmed by Pearson’s 
Chi-square. Nevertheless, a causal relationship can 
not necessarily be assumed, since a correlation must 
not be confused with causality. This is not to say 
that causality does not exist, since fundamentally 
there are many cases in which marginalization cau-
ses erosion and vice versa; they are cause and effect 
at the same time, making it difficult to discern 
which of these phenomena acts as cause and which 
as effect. The key is that, in fact, there is no one 
unequivocal relationship between marginalization 
and erosion; there are many factors that intervene, 
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Figure 10. Perceptual map of SCA between degree of 
marginalization and degree of erosion in Pahuatlán, Puebla.
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such as the cultural traditions, the system of access 
to the land, the population density and, most parti-
cularly, production methods that are inappropriate 
for the mountainous ecosystem of the region. For 
this reason, these factors should be analysed from 
a holistic point of view.

In addition, the lack of public policies appro-
priate for the conditions of the population and 
the region impedes investment in works of soil 
conservation and improvement, accentuating this 
vicious circle in Pahuatlán, where the deterioration 
of the natural resources generates more margina-
lization and this in its turn further degrades the 
environment. Hence, once this relationship has 
been demonstrated, it is imperative that effective 
strategies be designed that generate a real impact 
on the environment and on the quality of life of 
the population, in order to achieve the sustainable 
use of the resources of the region.
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