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Abstract: The provision of ecosystem services (ES) in a particular region is strongly related to land
use. In 2013, San José Chiapa, México, was selected as the new operations base for an automotive
company. The installation of the new automotive plant will encourage population growth from
8000 to 200,000 inhabitants by 2050. Consequently, the rise in the demand for land to urbanize will
increase at a rate expected to have a significant impact in terms of land-use change, affecting the
provision of ES in the region. This paper aims to characterize the ES provision that was present in the
region before industrialization and to evaluate the potential effect of land-use change on ES provision.
This study analyzed geographic and demographic information and involved a series of field trips
to characterize the services present in the area. The ES budget is positive regarding the production
of biomass, due to the rural nature of most of the study area. However, this picture is changing with
the continuous growth of urban areas due to economic development. This is a critical point for the
region regarding ES provision, and only a joint effort between municipalities and industry will make
it possible for the region to seize on development while maintaining ES provision.

Keywords: ecosystem services; industrial development; ecosystem services assessment; urbanization;
ecosystem services matrix; land use change

1. Introduction

There is much debate regarding ecosystem services (ES) [1–6]. Even though the environment
started to be considered as relevant to the global agenda as early as the 1970s [7], it was not until the
end of the 20th century that ES started to be studied and described [1,8,9]. Moreover, the most common
definition of ES—the benefits people obtain from ecosystems—was not declared until 2005 [10].
This definition establishes that there is a complex relationship between humans and the environment
that makes them interdependent [8,11,12]: Without human benefits, there would not be services but
merely ecosystem functions and structures [8].

Ecosystems are considered as complex systems: collections of components that are related to each
other through dynamic interactions [13,14]. These collections involve biotic and abiotic elements (in the
form of stocks and state variables), which, through their interactions, generate the dynamic processes
that result in ES. The statement that ES are emergent properties of system flows and processes reinforces
a couple of ideas: (1) Ecosystems account for more than merely the sum of their components; and (2)
The interaction between these components has additional, and sometimes hidden, consequences [2,15].
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The natural conditions needed for the provision of ES are affected by the possibility of them
flowing towards human communities, as well as by human demand. These source/sink relations are
frequently treated as the supply and demand sides of ES [16–20], and by comparing both it is possible
to quantify an ES budget [21] that provides additional information regarding the potential presence of
ES in any given location.

This paper is part of a larger study focused on analyzing the presence, use, and demand of ES
in the sub-basin that contains San José Chiapa, Mexico. In 2013, a German automotive company
announced a new assembly plant that is eventually expected to employ more than 20,000 people in the
vicinity of the town [22]. The industrialization plan involves the construction of a manufacturing hub
and a planned city, the so-called Ciudad Modelo, which is expected to house more than 200,000 people
by the year 2050. Such a population increase has never been seen in the region and, to our knowledge,
there is not enough data to document or analyze the effect of this population growth on ES provision.

The objective of this paper is to characterize the region based on the consideration
of environmental, social, and economic sustainability dimensions. This is achieved by compiling
information sources from different knowledge areas and expanding on the almost nonexistent literature
regarding the industrialization process in the San José Chiapa region. The environmental aspect
is analyzed using a basin approach (which will be further explored in Section 2.1) based on land
use/land cover (LULC) information, since this reflects the potential for the provision of ES in the
region [18,23–25]. For the social and economic components, demographic and industrial changes are
considered in terms of the effects that industrialization and urbanization have over small towns linking
economic and social aspects (e.g., [26–28]).

This paper is structured as follows: The materials and methods include the definition of the
study area and the description of data collection and assessment methods. The results section
presents demographic changes, as well as the outcomes of the matrix assessment; the discussion
introduces the change matrices and compares these assessments with observations and ES theory.
Finally, the conclusions provide insights and recommendations. Two research questions motivated
this work:

(1) How is the ES budget present in the sub-basin that includes San José Chiapa, Mexico?
(2) How relevant are demographic changes to the provision of ES?

2. Materials and Methods

2.1. Study Area

The municipality of San José Chiapa is located in the state of Puebla, in central Mexico, within the
RH18Ah Laguna de Totolcingo hydrographic subcatchment of the Río Atoyac watershed [29] in a wide
plain located between the Malintzin and Citlaltepetl volcanoes, as can be seen in Figure 1. The town
sits at an altitude of about 2350 MAMSL near the bottom of an endorheic drainage basin where water
transport occurs mainly due to the differences in the level of the water table [30]. To the south of
this locality is “el llano” (“the plain”), an area of about four hectares of halophytic pasture, which,
according to the Instituto Nacional de Estadística y Geografía (INEGI) (Spanish for National Institute
of Statistics and Geography in Mexico) [31], cannot be used for agriculture or animal husbandry
due to the high salinity of the soil. This patch of land located at the bottom of the sub-catchment is
of natural importance, since it gets flooded during the rainy season by surface runoff: This runoff
subsequently drains underground, making this location an important recharge point for groundwater
aquifers. The new automotive industrial park is located within el llano and will cover this recharge
area with concrete and warehouses.

The proposal of basing research on a basin approach to investigate the importance of
human–environmental relations in the region has been presented in other studies [33–35]. The main
elevations within the subcatchment are used as boundaries. Subsequently, the extension of the
study region is restricted by considering the political limits of the municipalities located within it.
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The considered region starts with San José Chiapa at the bottom of the valley and encompasses 13
additional municipalities that we propose will be affected by the industrial development focused in
San José Chiapa.Sustainability 2018, 10, x FOR PEER REVIEW 3 of 20 

 
Figure 1. Location of the study area (a) in relation to North America, (b) to the center of Mexico, and 
(c) as the bottom of a basin el llano in San José Chiapa. Prepared by the authors with information from 
INEGI [31] and Esri [32]. 
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San José Chiapa. 

Before the announcement of the industrialization project, the region was not particularly notable 
for its participation in state industry. Some large companies had been established in Rafael Lara 
Grajales for years, with two involved in packing canned food and another one in processing barley 
malt for an international beer company. The economic influence of such companies has been focused 
on Rafael Lara Grajales and Nopalucan, two municipalities next to San José Chiapa that are strongly 
interdependent due to the industry and connectivity between both. There are also two industrial 
animal farms in the region, one of cows and one of pigs, that use significant amounts of water and 
have been part of the local economy for more than 20 years. 

2.2. Data Collection 

Geographical information, such as topography and LULC maps, was mainly obtained from 
INEGI [31,36]. Using the topographic information published on their website, it was possible to 
determine the differences in altitude throughout the region, as can be seen in Figure 1. This 
information was used to define a basin that was determined as the working scale of the project. 
Additionally, surface water information was reviewed; however, since there are no relevant streams 
or rivers in the area, and there is no available information about groundwater for Puebla or Tlaxcala, 
hydrology was not considered in this research. 

Figure 1. Location of the study area (a) in relation to North America, (b) to the center of Mexico, and (c)
as the bottom of a basin el llano in San José Chiapa. Prepared by the authors with information from
INEGI [31] and Esri [32].

Before the announcement of the industrialization project, the region was not particularly notable
for its participation in state industry. Some large companies had been established in Rafael Lara
Grajales for years, with two involved in packing canned food and another one in processing barley
malt for an international beer company. The economic influence of such companies has been focused
on Rafael Lara Grajales and Nopalucan, two municipalities next to San José Chiapa that are strongly
interdependent due to the industry and connectivity between both. There are also two industrial
animal farms in the region, one of cows and one of pigs, that use significant amounts of water and
have been part of the local economy for more than 20 years.

2.2. Data Collection

Geographical information, such as topography and LULC maps, was mainly obtained from
INEGI [31,36]. Using the topographic information published on their website, it was possible
to determine the differences in altitude throughout the region, as can be seen in Figure 1.
This information was used to define a basin that was determined as the working scale of the project.
Additionally, surface water information was reviewed; however, since there are no relevant streams
or rivers in the area, and there is no available information about groundwater for Puebla or Tlaxcala,
hydrology was not considered in this research.
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The land cover map from INEGI was used to determine the diversity of LULC present in the region.
This information was compared to the Coordination of Information on the Environment (CORINE)
LULC classes to determine equivalences and was then processed using ArcGIS 10.3 (Environmental
Systems Research Institute, Inc. (Esri), Redlands, CA, USA) to develop Figure 2. The downloaded
information was then processed using ArcGIS 10.3 to determine the areas covered by each land-use
type and to extract the information to the project database. The equivalences between the CORINE
and INEGI land cover classes are presented in the Supplementary Material.
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To determine demographic changes in the region, the general population censuses [37]
were reviewed. This information has been collected every 10 years since 1930 by the government
through INEGI. This study considered data from 1960 to 2010, thus considering fifty years of changes
with information detailed at the municipality level. The information was downloaded from the INEGI
website and was subsequently processed using Microsoft Excel 2013 to determine trends regarding
population growth by fitting the data with different mathematical models.

2.3. Assessing Ecosystem Services

As a first approach for determining the presence of ES, the study area was visited monthly over
the course of a year to identify ecosystem functions and flows in the region. Prior to the first trip,
10 points distributed along the main highways in the region were selected and used as observation
sites to assess physical changes that would be visible from the road. Additionally, four landmarks
were selected to photograph and compare the development of the industrial complex and the local
community in San José Chiapa [38,39].
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The matrix assessment developed by Burkhard et al. [40] was used to identify the potential
provision of ES from different LULCs. The basis for these matrices was a consensus of several ES
experts (an expert is a person with extensive knowledge within a field of study acquired due to
experiences such as research, field work, or being a stakeholder, who can provide educated guesses
about the field about which they are being consulted [41]), who were asked to examine the list of LULC
types and set a value from 0 to 5 to represent the level of provision of any given ES type (out of those
listed in the MEA). The advantages of using Burkhard et al.’s method include the possibility of setting a
geographic reference for the provision and demand of ES. One debatable disadvantage is that the basic
matrix was created with a European landscape in mind, and as the provision of certain ES depends
on climate-determining factors such as latitude or altitude, the matrix is somewhat constrained by
that framework. However, the matrix approach has been applied to non-European countries such as
Nepal where Tamang [42] assessed the changes to the provision and demand of ES and Argentina,
and where Weyland et al. [43] developed matrices that show the importance of local conditions to the
provision of ES and compared them with the occurrence of ecosystem functions. The application of
the matrix method requires a match between the LULC types defined for the original study with those
used by INEGI. A comparison between the CORINE LULC types and the ones present on the INEGI
map are shown in Table 1 and expanded in the supplementary material.

One limitation of this approach is that matrices are static when referring to spatio-temporal
dynamics [40,44,45]. To alleviate this drawback for projects that deal with changes in land use, a new
set of matrices is proposed. Based on the Burkhard et al. [40] matrix model, the new matrices are
designed to compare the LULC that are present in the region and assess how supply and demand
could change when development transforms one type of land cover into another. After developing
the supply and demand matrices, the exercise was expanded by subtracting one from the other to
calculate a final balance matrix that indicates whether a change in LULC improves or deteriorates the
ES regime in a region (see Figure 3).
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Table 1. Assessment matrix for the potential supply of ecosystem services. The 0–5 scale stands for 0 being “Non-relevant participation on the supply of an ecosystem
service” and 5 being “Relevant participation on the supply of an ecosystem service”. Based on Burkhard et al. [13,23], after the ES list published by MEA [10].
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Discontinuous
urban fabric

ZONA
URBANA 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 3 2 2 2 2 0

Non-irrigated
arable land

AGRICULTURA
DE TEMPORAL

ANUAL
1 2 1 1 2 0 1 0 1 1 2 2 5 5 5 0 5 0 0 0 0 1 3 0 0 2 1 1 2 0 3 0

Permanently
irrigated land

AGRICULTURA
DE RIEGO
ANUAL Y

SEMIPERMANENTE

1 3 1 0 1 0 1 0 1 1 2 2 5 1 2 0 4 0 0 0 0 1 3 0 0 1 1 1 2 0 3 0

Annual and
permanent

crops

AGRICULTURA
DE TEMPORAL

ANUAL Y
PERMANENTE

1 2 1 1 1 0 1 2 1 1 2 2 4 2 4 1 5 0 0 0 0 1 1 0 0 2 1 1 2 0 3 0

Pastures PASTIZAL
INDUCIDO 2 1 0 1 1 0 1 1 1 0 2 4 0 1 5 5 0 0 0 0 0 2 0 0 0 5 2 2 2 0 3 1

Sclerophyllous
vegetation

PASTIZAL
HALÓFILO;
MATORRAL
DESERTICO

ROSETOFILO

2 2 1 1 1 1 2 1 1 2 2 3 0 1 1 1 1 2 2 0 0 1 3 0 0 1 2 3 4 1 2 4

Broad-leaved
forest

BOSQUE DE
ENCINO 5 5 5 2 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5
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Table 1. Cont.
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PINO; BOSQUE
DE TÁSCATE;
BOSQUE DE

OYAMEL
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Mixed forest

BOSQUE DE
ENCINO-PINO;

BOSQUE DE
PINO-ENCINO

5 5 5 2 3 5 5 5 4 4 5 5 0 1 1 0 2 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

Transitional
woodland

shrub

VEGETACIÓN
SECUNDARIA
ARBUSTIVA Y

ARBÓREA

2 2 1 0 1 1 2 1 1 2 2 3 0 2 1 1 1 1 2 0 0 1 1 0 0 1 2 3 4 1 2 2

Salt marshes
SIN

VEGETACIÓN
APARENTE

1 1 0 0 1 1 2 1 4 1 2 2 0 0 2 2 0 0 0 0 0 1 0 0 0 0 3 2 3 0 2 2

Water bodies CUERPO DE
AGUA 1 2 0 2 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3
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2.4. Data Analysis and Interpretation

The geographic information obtained from INEGI was used to determine the presence of ES
potential provision and demand. The matrix assessment developed by Burkhard et al. [40] estimates
these parameters on a scale ranging from 0 to 5, in which 0 stands for “no relevant potential
provision or demand”, and 5 stands for “very high relevant potential provision or demand”. It is
important to point out that this seemingly simple approach allows for a quick assessment that is easy
to interpret. Nevertheless, the information provided by these matrices is stored in a fixed timeframe,
which constitutes one of its shortcomings. The change matrices establish an extension of the easy-to-use
approach developed by Burkhard and his team by presenting the results of a LULC transformation at
a glance.

Demographic information was used to estimate natural growth rates in a “business as usual”
scenario that has been altered ever since the industrialization was announced. The census data
was projected for 30 years into the future with the purpose of comparing these numbers with
governmental declarations that estimate population figures for 2050. The combined figures for San
José Chiapa, Rafael Lara Grajales, and Nopalucan, the three municipalities that are embedded in the
industrialization process, account for half of the population expected to settle in this area. This increase
in population size will see a parallel growth in the number and extent of urban areas, which will result
in an increased demand for ES in the region.

3. Results

3.1. Population and Urban Growth

Population growth will be accompanied by a growth in the demand for ES, and it is therefore
important to assess how this parameter may change over time. The total population figures from
INEGI databases for 1960 to 2010 were adjusted based on the best fit and then projected over time,
as shown in the Supplementary Material. The populations of the different municipalities in the basin
were projected over time using models that produced the best adjustment for each one. The results
indicate heterogeneity in growth, a phenomenon which has been observed in Mexico by other studies,
for example those of Azuz and Rivera [46], Narro-Robles et al. [47], and Anzaldo and Barrón [48]. It is
important to consider that the fitting was performed to investigate the behavior of population growth
in the past, and that the reasons for such behavior are not known. However, the models may be useful
as a first approximation to estimate the total population increase that the industrialization process
will bring by the end of 2018 (45,000 people) and 2050 (200,000 people) [49,50]. These increases are
significantly higher than those expected before the announcement of the industrialization process.
The forthcoming change in the economic structure of the population will impact the appreciation and
demand for ES. To date, the primary sector has been the main work force in the region, but the current
trend is towards the tertiarization of local economies.

3.2. Presence of Ecosystem Services Due to Land-Use/Land-Cover Assessment

Using the data from the ES assessment matrix developed by Burkhard et al. [40], maps for
the supply, demand, and regime of ES were developed in order for the study to be spatially explicit.
To exemplify this, the maps for supply, demand, and the regimes of groundwater recharge
(i.e., a regulating service), crops (i.e., a provisioning service), and landscape aesthetics (i.e., a cultural
service) are presented in Figures 4–6.

In these figures, it is possible to discern the areas that concentrate a higher potential for the
supply of or demand for ES, as well as a comparison between areas with a net demand for ES next to
areas that could potentially provide them and cover their needs. For instance, in the “groundwater
recharge” map, demand (a) is concentrated in urban and irrigated agricultural areas, while supply (b)
is provided at a rather low level by temporal agricultural lands, such that the regime (c) is somewhat
balanced in terms of green and red areas. Conversely, the “landscape aesthetics and inspiration” map
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shows a concentration of demand (a) in urban areas while also providing (b) some inspiration at a
lower level, such that the regime map (c) presents demand at a lower level than that shown in the
demand map.
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Under the category of “Regulating Services”, the ES prevalent in the region was found to be local
climate regulation, according to the matrix. A study by Jenerette et al. [51] in conditions similar to
those of San José Chiapa found that large non-urbanized areas allow natural cycles to take place with
few or no interruptions, while rapid urbanization affects the microclimate due to loss of vegetation,
thus coinciding with values 2–5 in the first columns of the matrix assessment, which present the
contribution of undeveloped land to regulating services.

Regarding other services, such as “Water flow regulation” or “Erosion regulation”, Nedkov [20]
explains how the level of provision depends on regional characteristics, such as the type of runoff
present or the level of annual precipitation. In the case of San José Chiapa, there is virtually no
surface runoff, and precipitation is not abundant throughout the year, meaning that these types of
services are less relevant, and the value assigned in the matrix should be recalculated to reflect this
lower relevance.

Conversely, groundwater recharge is a topic of the utmost importance in the studied communities.
Most of the water used by the inhabitants of towns comes from public wells built and administered
by local governments, while private companies have their own wells to cover their need for larger
volumes of water. The assessment values the provision of this service as lowly relevant to relevant
(i.e., 1–2), and as there is not a compromise between private and public water usage, there have
been reports of recent shortages in public wells [52,53] being attributed to the industrial overuse
of groundwater.

“Provisioning services” are determinant when analyzing the ES regime in the region given that
the predominant types of land use to date have been several types of arable land (i.e., with a high to
very high capacity for crops), mixed with pasture plots used for animal husbandry (i.e., with a high
capacity for livestock), which are used either for profit or self-consumption. The rural setting also
allows for the extraction of wood as a fuel for home use.
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A reduction in the quality of the natural environment is being observed by the inhabitants of the
study region, mainly because of the large number of construction trucks and the increasing amount of
concrete where before there was sand, cacti, and tall grasses. These changes have deeper effects, as the
use of water will be dramatically increased in the region. While water is a vital resource that should
be available to everyone, the fact is that it is not equally distributed between residential, agricultural,
and industrial use, which interferes with the adequate provision of ES to the public [52,54–56].

In the matrix assessment, the presence of cultural services was found to be strongly related to the
natural landscape, which makes up the least abundant land cover types. During the field trips, it was
detected that there are few places that are considered as either aesthetically or recreationally attractive
by local people [57] (N. Sánchez, 2015 Personal communication). Considering natural diversity,
there are three axolotl species (Ambystoma taylori, A. velasci, and A. leorae) endemic to the region, and it
has been reported by Alcocer et al. [56] and Yanes et al. [58] that these have been negatively impacted by
the introduction of invasive species, and their use as ingredients in cooking and traditional medicine.

After deriving the supply, demand, and regime matrices and maps, a new set of matrices was
developed by comparing potential supply and demand for the different LULC classes present in the
study region. The trends are not surprising: natural areas that have been transformed into managed
areas lose ES provision, whereas the demand for ES increases. Conversely, cultural areas that might be
converted into natural areas (e.g., by abandonment or reforestation) increase their potential provision of
ES as the demand decreases. However, most of the study area is composed of managed landscape (i.e.,
annual agriculture) that will become urbanized, due to population increase. As a result, the potential
changes in ES provision are a decrease in the supply of provisioning services, especially those related
to agricultural land use, and a decrease in the supply of regulating services, given that these are closely
related to the effects of having continuous vegetation cover. Figure 7 shows the LULC change matrices
for two services. A review of the other ES changes is given in the Supplementary Material.



Sustainability 2018, 10, 3355 12 of 20

Sustainability 2018, 10, x FOR PEER REVIEW 12 of 20 

 
Figure 7. LULC change matrices for two ecosystem services. On the left side “Local climate 
regulation” and on the right side “Crops”. The matrix is to be read as a comparison between an initial 
LULC (on the first column) towards a final LULC (on the first row), and thus the number in which 
they cross represents the amount of change in supply, demand, or final balance for the chosen service 
at different LULC changes. 

Local climate regulation / 
Supply Di

sc
on

tin
uo

us
 u

rb
an

 fa
br

ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Crops / Supply Di
sc

on
tin

uo
us

 u
rb

an
 fa

br
ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Discontinuous urban fabric 0 2 3 2 1 2 5 5 5 2 2 Discontinuous urban fabric 0 4 4 3 -1 -1 -1 -1 -1 -1 -1
Non-irrigated arable land -2 0 1 0 -1 0 3 3 3 0 0 Non-irrigated arable land -4 0 0 -1 -5 -5 -5 -5 -5 -5 -5
Permanently irrigated land -3 -1 0 -1 -2 -1 2 2 2 -1 -1 Permanently irrigated land -4 0 0 -1 -5 -5 -5 -5 -5 -5 -5
Annual and permanent crops -2 0 1 0 -1 0 3 3 3 0 0 Annual and permanent crops -3 1 1 0 -4 -4 -4 -4 -4 -4 -4
Pastures -1 1 2 1 0 1 4 4 4 1 1 Pastures 1 5 5 4 0 0 0 0 0 0 0
Sclerophyllous vegetation -2 0 1 0 -1 0 3 3 3 0 0 Sclerophyllous vegetation 1 5 5 4 0 0 0 0 0 0 0
Broad-leaved forest -5 -3 -2 -3 -4 -3 0 0 0 -3 -3 Broad-leaved forest 1 5 5 4 0 0 0 0 0 0 0
Coniferous forest -5 -3 -2 -3 -4 -3 0 0 0 -3 -3 Coniferous forest 1 5 5 4 0 0 0 0 0 0 0
Mixed forest -5 -3 -2 -3 -4 -3 0 0 0 -3 -3 Mixed forest 1 5 5 4 0 0 0 0 0 0 0
Transitional woodland shrub -2 0 1 0 -1 0 3 3 3 0 0 Transitional woodland shrub 1 5 5 4 0 0 0 0 0 0 0
Water bodies -2 0 1 0 -1 0 3 3 3 0 0 Water bodies 1 5 5 4 0 0 0 0 0 0 0

Local climate regulation / 
Demand Di

sc
on

tin
uo

us
 u

rb
an

 fa
br

ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Crops / Demand Di
sc

on
tin

uo
us

 u
rb

an
 fa

br
ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Discontinuous urban fabric 0 -3 -3 -4 -4 -5 -5 -5 -5 -5 -5 Discontinuous urban fabric 0 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4
Non-irrigated arable land 3 0 0 -1 -1 -2 -2 -2 -2 -2 -2 Non-irrigated arable land 4 0 0 0 0 0 0 0 0 0 0
Permanently irrigated land 3 0 0 -1 -1 -2 -2 -2 -2 -2 -2 Permanently irrigated land 4 0 0 0 0 0 0 0 0 0 0
Annual and permanent crops 4 1 1 0 0 -1 -1 -1 -1 -1 -1 Annual and permanent crops 4 0 0 0 0 0 0 0 0 0 0
Pastures 4 1 1 0 0 -1 -1 -1 -1 -1 -1 Pastures 4 0 0 0 0 0 0 0 0 0 0
Sclerophyllous vegetation 5 2 2 1 1 0 0 0 0 0 0 Sclerophyllous vegetation 4 0 0 0 0 0 0 0 0 0 0
Broad-leaved forest 5 2 2 1 1 0 0 0 0 0 0 Broad-leaved forest 4 0 0 0 0 0 0 0 0 0 0
Coniferous forest 5 2 2 1 1 0 0 0 0 0 0 Coniferous forest 4 0 0 0 0 0 0 0 0 0 0
Mixed forest 5 2 2 1 1 0 0 0 0 0 0 Mixed forest 4 0 0 0 0 0 0 0 0 0 0
Transitional woodland shrub 5 2 2 1 1 0 0 0 0 0 0 Transitional woodland shrub 4 0 0 0 0 0 0 0 0 0 0
Water bodies 5 2 2 1 1 0 0 0 0 0 0 Water bodies 4 0 0 0 0 0 0 0 0 0 0

Local climate regulation / 
Balance Di

sc
on

tin
uo

us
 u

rb
an

 fa
br

ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Crops / Balance Di
sc

on
tin

uo
us

 u
rb

an
 fa

br
ic

No
n-

irr
ig

at
ed

 a
ra

bl
e 

la
nd

Pe
rm

an
en

tly
 ir

rig
at

ed
 la

nd

An
nu

al
 a

nd
 p

er
m

an
en

t c
ro

ps

Pa
st

ur
es

Sc
le

ro
ph

yl
lo

us
 v

eg
et

at
io

n

Br
oa

d-
le

av
ed

 fo
re

st

Co
ni

fe
ro

us
 fo

re
st

M
ix

ed
 fo

re
st

Tr
an

sit
io

na
l w

oo
dl

an
d 

sh
ru

b

W
at

er
 b

od
ie

s

Discontinuous urban fabric 0 5 6 6 5 7 10 10 10 7 7 Discontinuous urban fabric 0 8 8 7 3 3 3 3 3 3 3
Non-irrigated arable land -5 0 1 1 0 2 5 5 5 2 2 Non-irrigated arable land -8 0 0 -1 -5 -5 -5 -5 -5 -5 -5
Permanently irrigated land -6 -1 0 0 -1 1 4 4 4 1 1 Permanently irrigated land -8 0 0 -1 -5 -5 -5 -5 -5 -5 -5
Annual and permanent crops -6 -1 0 0 -1 1 4 4 4 1 1 Annual and permanent crops -7 1 1 0 -4 -4 -4 -4 -4 -4 -4
Pastures -5 0 1 1 0 2 5 5 5 2 2 Pastures -3 5 5 4 0 0 0 0 0 0 0
Sclerophyllous vegetation -7 -2 -1 -1 -2 0 3 3 3 0 0 Sclerophyllous vegetation -3 5 5 4 0 0 0 0 0 0 0
Broad-leaved forest -10 -5 -4 -4 -5 -3 0 0 0 -3 -3 Broad-leaved forest -3 5 5 4 0 0 0 0 0 0 0
Coniferous forest -10 -5 -4 -4 -5 -3 0 0 0 -3 -3 Coniferous forest -3 5 5 4 0 0 0 0 0 0 0
Mixed forest -10 -5 -4 -4 -5 -3 0 0 0 -3 -3 Mixed forest -3 5 5 4 0 0 0 0 0 0 0
Transitional woodland shrub -7 -2 -1 -1 -2 0 3 3 3 0 0 Transitional woodland shrub -3 5 5 4 0 0 0 0 0 0 0
Water bodies -7 -2 -1 -1 -2 0 3 3 3 0 0 Water bodies -3 5 5 4 0 0 0 0 0 0 0

Figure 7. LULC change matrices for two ecosystem services. On the left side “Local climate regulation”
and on the right side “Crops”. The matrix is to be read as a comparison between an initial LULC (on
the first column) towards a final LULC (on the first row), and thus the number in which they cross
represents the amount of change in supply, demand, or final balance for the chosen service at different
LULC changes.
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4. Discussion

The new matrices can be considered as tools to demonstrate the potential effects that changes in
land use can have on the functioning of the natural ecosystem. By examining the rows and columns, it
is clear that there is a trend of red cells in the matrix when changing anything to urban space, as well
as how changing anything towards a forest would potentially cause a positive effect of green cells
in the matrix. It is then necessary to consider landscape ecology in order to determine the better
option for a community that is planning to adjust and transform its physical space. In some cases,
it may be important to have industrial development followed by economic growth. However, it is
worth considering the balance between what is being lost by favoring the economy: climate regulation,
the production of food for people who are not able to work in the nascent industrial sector, and the
reduced possibility of hiking in the open air because a nearby mountain was excavated to obtain
materials for the basement of the industrial polygon.

The use of the ES-matrix has been tested and validated in several studies that confirm the
assumption that the LULC conditions determine the capacity of an area to provide ES [23,24].
Nonetheless, this assumption has to be carefully considered given that there is a level of uncertainty that
needs to be addressed while using this method. Authors such as Maes et al. [38], Rounsevell et al. [59],
and van Zanten et al. [60] state that the ES-matrix should be used only to assess relatively large areas
for which detailed information is not available. However, the matrix has been replicated successfully in
several contexts in different countries such as Germany [21], Italy [61], Bulgaria [62], Bangladesh [39],
and Argentina [43]. It will be necessary to test and validate these new matrices with more studies in
order for them to gain the same validity as the original matrix assessment.

Figure 8 shows demographic and economic changes that can be discerned in the region
surrounding San José Chiapa from 1960 to 2010. These are: (1) a reduction in the population
participating in the primary sector caused either by migration or displacement, as observed by
Lopez et al. [63], which is related to the growth of urban areas as was observed in the aforementioned
studies and Tobias [64]; (2) the fact that participation in secondary sector activities has been growing
and will continue to grow as foreigners keep moving to the region to work in the newly established
manufacturing companies as has been reported in the news [65–67]; and (3) the fact that the
tertiary sector is growing and will incorporate local people who are not working in automotive
enterprises [68–70] given that it does not require either land productivity or specialized education.
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The expected change in the structure and size of the population will result in a shift in the way
people perceive and use the available ES, moving towards what Rees [71] defines as a society of
industrial and urban characteristics: “the one which uses more resources than those available and produces
more waste than what can be naturally processed within its own area”. The knowledge systems of the
population are disconnected from natural spaces and cycles and, as stated by Mayer et al. [72],
Tobias [64], and Burkhard et al. [40], urbanization marks a stronger dependence on the import of
natural resources and services from surrounding regions that, as the urban space expands, will be
located further away from its center.

The observed change in LULC suggests another reason for the reduction in ES provision. On the
one hand, a large portion of el llano is being covered by the main installations of the manufacturing plant.
On the other hand, many more areas that were formerly agricultural land are being bought by
individuals and private companies for either industrial or residential purposes [73–75]. The absence of
planning and long-term vision can exclude these lands from potential ES provision, just as it increases
the demand for ES, in a situation similar to that which Mayer et al. [72] described as the need for a
compromise between natural and developed areas; the desire to have both types of area puts additional
pressure on a different and more distant area, because ES will still be required [71,73].

The development of new residential and industrial urban areas that replace the agricultural
lands and pastures that existed previously in the region will decrease the groundwater recharge rate
and increase the surface runoff rate, as described by Tang et al. [76]. Similarly, the model used by
Bhaduri et al. [77] estimates large increases in surface runoff and a decrease in nutrient loads due to
the loss of agricultural land. These results agree with those of the matrix assessment and the empirical
evidence reported in academic studies and news reports [52,53,55,56,78].

Above-ground vegetation cover is relevant for the provision of regulating services including
the generation of microclimates, carbon capture, and water retention, as described in Appendix 2
of Petter et al. [79]. Although the environmental standards of the assembly plant would suggest a
responsible renovation of the vegetation that is being removed, it remains to be seen how they will
offset other environmental impacts across the region. Additionally, urbanization and suburbanization
are likely to allow the occurrence of the “luxury-effect”, described by Hope et al. [80]. This refers to the
arrival of new plant and animal species that will fill or create ecological niches, thus threatening local
biodiversity and interfering with the natural dynamics of the local ecosystem.

Nowadays, sustainability is a relevant issue for cities, and it will continue to be so in the future.
The 8th and 11th objectives in the Global Goals for Sustainable Development are good jobs and
economic growth, and the development of sustainable cities and communities, which are focused on
socioeconomic factors. It is necessary to find a compromise between these and environment-focused
goals such as clean water, climate action, or life on land (i.e., the 6th, 13th, and 15th objectives),
which are intertwined with the flow of ES. It is important to develop tools that provide accurate
and punctual information that is easy to understand and that can help decision makers to realize
the consequences of not considering every factor in development plans. By placing the focus of
development on one or two sustainability dimensions, it is possible to neglect unintended consequences
that could possibly endanger the future lives of the communities being planned.

After getting decision-makers to understand the potential consequences of the plans they develop,
it is advisable to present them with examples from cities in which urbanization has led to undesired
transformations, as well as how have they dealt with those unintended consequences. The inclusion
of ideas for mitigation during the planning phase can save new urban developments the necessity
of patching or implementing ex-post solutions that can be more expensive or difficult to establish.
Some of these ideas are presented in Table 2, which also indicates towards which ES these ideas
are focused.
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Table 2. Examples of infrastructure that has been developed in urban settings to enhance ES provision.

Possible Solution Ecosystem Services Examples/References

Afforestation of the streets

Local-climate regulation
Air-quality regulation
Water-flow regulation
Groundwater recharge

Vailshery et al., 2013 [81];
Armson et al., 2013 [82];
Berland et al., 2017 [83]

Green belts or urban forests Carbon storage
Local-climate regulation

Strohbach and Haase, 2012, [84];
Zhao and Sander, 2015 [85]

Patches dedicated to urban
agriculture Crops Rosol and Schweizer, 2012 [86];

Opitz et al., 2016 [87]

Urban park network
Local-climate regulation

Recreation
Landscape aesthetics

Toparlar et al., 2018 [88];
Lovell and Taylor, 2013 [89];

Buchel and Frantzeskaki, 2015 [90]

Re-establishment of surface
water channels

Water-flow regulation
Water purification

Recreation and tourism

Jujnovsky et al., 2010 [91];
García et al., 2016 [92];
Olguín, et al., 2017 [93]

5. Conclusions

To answer the research questions, it can be concluded that the overall provision of ES in the
region of San José Chiapa will change abruptly, since most of the plots surrounding urban areas
contain agriculture that provides very specific ES (i.e., crops and fodder) and imposes particular
demands for other ES (e.g., groundwater for irrigated agriculture). As these areas change to urban and
industrial areas, the demand for ES will be higher, with less provisioning areas available to supply
them. Both local people and incomers attracted by the new industrial development will have to adapt
to such conditions, while population increase will result in an ever-growing demand for services.
Decision-makers are urged to start working on these issues to prevent hardships in the near future.

It is advisable that neighboring municipalities coordinate efforts to plan and implement
afforestation strategies. On the one hand, vegetation cover will greatly improve regulating services
and help to compensate for the impacts that industrialization will have on a local scale. A coordinated
effort will have an enhanced effect that will impact ES provision on a larger scale, thus improving the
wellbeing of the larger population. Investigating the effect that the partitioning of landscape units
will have on the provision of ES is a required follow-up to this research. Given that ES depend on the
functioning of natural structures and functions, the shrinkage of providing areas-either agricultural,
pastoral, or non-cultured- in the wake of new urban and industrial areas will cause interruptions
in the flows of material and energy that maintain the functioning of ES. It is necessary to foster the
development of tools that can provide adequate descriptions of the ES regime, for example, the design
and application of mathematical models that compare present conditions with those predicted to
occur once the industrialization project in the region becomes fully operational. Such tools can
deliver punctual information that would be relevant and useful for decision-makers to set the tone of
development in the region.
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