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RESUMEN

Los estudios para valorar la vulnerabilidad al cambio climático son una herramienta esencial para la adopción 
de estrategias de adaptación que permitan saber cuáles son las amenazas que enfrentan los sistemas y sus 
componentes (especies, recursos naturales, poblaciones y territorios, entre otros) en condiciones de cambio 
climático, qué acciones incrementan su vulnerabilidad y qué estrategias se han implementado para reducirla. 
La popularidad de este tipo de estudios a nivel internacional ha suscitado debates acerca de sus métodos, 
componentes y variables. ¿Cómo se ha valorado la vulnerabilidad al cambio climático en México? El objetivo 
de este estudio es presentar una revisión de los estudios en este ámbito, con especial atención a los sujetos 
de estudio, conceptos, componentes, metodologías, herramientas y aplicaciones. La metodología del estudio 
consistió en una búsqueda y revisión sistemáticas de artículos publicados en bases de datos internacionales 
(Scopus, Web of Science, Science Direct y Scielo). Se revisó un total de 57 artículos. Como resultado se 
identificaron lagunas de conocimiento en la investigación sobre este tema. Los resultados obtenidos pueden 
utilizarse como guía para entender el marco teórico y conceptual de la vulnerabilidad y en el futuro realizar 
investigaciones sobre los sujetos y áreas menos estudiados en México.

ABSTRACT

Vulnerability assessment studies on climate change are a substantial tool for the implementation of adapta-
tion strategies that allow us to know what threats systems and their components (species, natural resources, 
populations, territories, among others) do face on climate change conditions, what actions are caused by 
them that increase their own vulnerability, and what strategies are implemented to reduce this vulnerability. 
The popularity of this research at the international level has caused different discussions about methods, 
components, and variables. How does the vulnerability to climate change have been assessed in Mexico? 
The objective of this article is to present a review of vulnerability assessment studies on climate change 
in Mexico, paying particular attention to study subjects, concepts, components, methodologies, tools, and 
applications. The method consisted of a systematic search and review of articles published on international 
databases (Scopus, Web of Science, Science Direct, and Scielo). A total of 57 articles were reviewed. The 
results identify knowledge gaps in research of vulnerability on climate change in Mexico. The conclusions 
can be used as a guide to understand the theoretical-conceptual framework of vulnerability and to conduct 
future research on subjects and areas which are less studied in Mexico.

Keywords: adaptive capacity, global warming, vulnerability indicators, vulnerability evaluation.
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1.	 Introduction 
According to the Intergovernmental Panel on Climate 
Change (IPCC), climate change is the term used to 
refer to changes in climate that persist for an extended 
period. It is the result of climatic variability at differ-
ent scales in conjunction with anthropogenic actions 
that directly alter the climate, such as emissions of 
gases to the atmosphere and deforestation (IPCC, 
2007, 2014).

These changes in climate cause an endless num-
ber of transformations in natural systems, such as 
intensification of hydrometeorological phenomena, 
variations in the water and carbon cycle, and chang-
es in species’ behavior. These, in turn impact the 
socioeconomic system causing floods, freshwater 
shortages, food insecurity, diseases, poverty, and 
violence. Currently, the phenomena derived from 
climate change are considered as one of the main 
threats to human populations (IPCC, 2014).

One way to understand the effects of climate 
change is through vulnerability assessment studies. 
Vulnerability is defined as the propensity of a sys-
tem and its components (such as species, natural 
resources, cities, territories) to be damaged by a threat 
(e.g., processes, phenomena, or events) based on the 

system’s ability to overcome the damage (Moss et al., 
2001; Füssel and Klein, 2006). These studies focus 
on analyzing the threats faced by the systems and the 
characteristics that help these systems to deal with 
them, intending to propose strategies that reduce the 
system’s vulnerability (Füssel, 2007). 

As explained by Gallopín (2006), vulnerability 
is analyzed in three components: exposure (exposed 
elements of the system), sensitivity (processes or 
events that cause damage to the system), and a re-
sponse capacity component called adaptive capacity 
which consists of actions and habits of the system 
to overcome the damage (these are physical and so-
cioeconomic characteristics that help to reduce the 
system’s vulnerability).

To assess vulnerability, its components are in-
tegrated into a mathematical formula (exposure + 
sensitivity – adaptive capacity), and the result is 
interpreted as a vulnerability index (Gallopín, 2006). 
The function of vulnerability studies is to provide a 
sufficient context of information to guide adaptation 
strategies, which are designed to respond to damage 
at local level caused by climate change phenomena 
(Kelly and Adger, 2000; Gallopín, 2006; Füssel, 
2007) (Fig. 1).

Context of information to guide adaptation strategies, which are designed
to respond to damage at local level caused by climate change

Exposure Sensitivity
Adaptive
capacity

Exposed
elements

of the system

Processes of events
that cause damage

to the system 

Abilities, actions and habits
of the system to overcome

the damage
(physical and

socioeconomic
characteristics that help

to reduce the system´s vulnerability)

Components and formulation

Climate
change

Vulnerability
Propensity of a system

and its components

to be damaged by a threat

based on the system´s ability
to overcome the damage

(such as species, natural resources, cities, territories), 

(for example processes, phenomena, or events)

Fig. 1. Concepts and components of vulnerability assessment 
studies on climate change.
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The influence of theoretical origins plays a deter-
mining role in vulnerability assessment studies on 
climate change (Füssel and Klein, 2006). As stated 
by Coy (2010), in natural sciences and engineering 
the concept of vulnerability arises from risk theory, 
the concept is understood as the physical predisposi-
tion of a human community to be damaged by some 
external entity such as natural disasters (whether 
derived from climate change or not). Therefore, 
vulnerability assessment studies provide information 
to propose adaptation strategies that minimize the 
damage that might be caused by a specific natural 
disaster (Coy, 2010). 

On the other hand, in social sciences, it is con-
sidered that vulnerability does not depend only on 
physical conditions or location, but also depends on 
social, economic, and cultural factors. Therefore, 
vulnerability assessment studies provide information 
to propose adaptation strategies that reduce the vul-
nerability of human communities by strengthening 
certain socioeconomic characteristics (Coy, 2010). 

As an integrative point of view, the multidis-
ciplinary perspective, as a characteristic of geo-
graphical sciences, states that human communities 
cohabit in socio-environmental systems immersed in 
conditions of climate change. Thus, vulnerability as-
sessment studies are composed of a balance between 
physical predisposition and the socioeconomic and 
environmental characteristics of systems that increase 
or reduce their vulnerability, which leads to propose 
complex adaptation strategies (Füssel and Klein, 
2006; Gallopín, 2006).

Since 1995, different international organizations 
have declared that vulnerability assessment studies 
are a useful tool for decision-making and are essential 
to face future challenges in terms of climate change 
(IPCC, 1995; Kelly and Adger, 2000). This has 
increased the academic popularity of this research 
topic, causing a diversity of discussions, methods, 
components, and variables, according to the scientific 
areas and the challenges of each country (Füssel and 
Klein, 2006; Gallopín, 2006). What has been done in 
Mexico about it? How has the vulnerability to climate 
change been assessed in Mexico?

The objective of this article is to present the results 
of a literature review about the research conducted on 
vulnerability assessment studies on climate change in 
Mexico, paying particular attention to study subjects, 

concepts, components, methodologies, tools, and 
applications, in order to identify knowledge gaps.

2.	 Materials and methods
The method used for this work was a systematic 
search and review. As explained by Grant and Booth 
(2009), this type of review combines the strengths of 
a critical review with a comprehensive and system-
atic search process to result in the best synthesis of 
evidence on a topic. It is characterized by answering 
broad questions previously defined, presenting a clear 
and systematic scheme for the selection of papers, 
showing the obtained results according to each ques-
tion in narrative with tabular accompaniment, and 
discussing knowledge, recommendations for practice, 
and limitations. 
For the development of the review, we followed the 
three stages of the guide described by Pullin and 
Stewart (2006): questions formulation, selection of 
data, and report of results. 

2.1 Questions formulation
We defined four topics to answer seven specific 
questions (Fig. 2):

1.	 Timeline, institutional origin, and associated words. 
Since when the vulnerability to climate change 
in Mexico is assessed (timeline), who makes the 
assessment (institutions), and what are the main 
words associated with this research topic?

2.	 Study subject and spatial location. What are the 
study subjects on vulnerability assessment studies 
on climate change (for example biological species, 
towns, cities, natural resources), and where are 
they located in Mexico (spatial location)? 

3.	 Scientific area, theories, methods, variables, 
indicators, measurement units, and tools. What 
scientific areas and theories predominate, and 
what methods and formulas are used to assess 
vulnerability to climate change? How are the 
components of vulnerability (exposure, sensitiv-
ity, and adaptive capacity) conceptualized, and 
what variables are used for each one? What are 
the methods used to normalize and estimate the 
weight of indicators in each variable? What are 
the measurement units used to express the level 
of vulnerability, and what are the most used tools?
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4.	 Time scale. What time scale is used in vulnerabil-
ity assessment studies on climate change? (e.g., 
studies in the present, studies in the present and 
future, studies based on future simulations).

2.2 Selection of data 
The databases used for this work were Scopus, Web 
of Science (WOS), Science Direct, and Scielo. Only 
articles published until the day of the search (March 8, 
2019) were selected. Book chapters, reviews, confer-
ence articles, books, editorial material, or letters were 
excluded. The search details are described in Figure 3.

The first search was carried out with the terms 
“climate change” AND “vulnerability” located in 
keywords, abstract, or title. As suggested by Tonmoy 
et al. (2014), in order to capture as much of the rel-
evant literature as possible, in the second search we 
added terms related to climate change and vulnerabil-
ity such as (“climate change” OR “global warming” 

OR “climate variability”) AND (“vulnerability” OR 
“resilience”). 

The term “global warming” refers to the preva-
lence of warmer temperatures as a consequence of 
the excessive concentration of greenhouse gases that 
affects the Earth’s radiative balance. On the other 
hand, the term “climate variability” refers to fluctu-
ations in the mean state of different climate variables 
on spatial and temporal scales beyond individual 
weather events (it may be due to natural processes 
or anthropogenic forcing) (IPCC, 2014).

The term “resilience” refers to the ability of 
socio-environmental systems to cope with a danger-
ous event while maintaining their adaptive capacity 
(IPCC, 2014). Thus, resilience, as well as adaptive 
capacity, are part of the response capacity compo-
nent in the theoretical framework of vulnerability 
(Gallopín, 2006). Janssen and Ostrom (2006) state 
that both terms, resilience and vulnerability/adapt-

Vulnerability assessment studies on climate change:
a review from the research in Mexico

1) Timeline,
Institutional

origin and
associated terms

2) Study subject
and spatial

location

3) Scientific
area,

theories,
methods,
variables,

indicators,
measurement

units
and tools

4) Time
scale

What are the study subjects on
vulnerability assessment studies on climate change

(for example biological species, towns, cities, natural resources),
and where are they located in Mexico (spatial location)?

(Fig. 5)

What scientific areas
and theories predominate,

and what methods
and formulas are

used to assess vulnerability on
climate change?

(Fig. 6)

What are the methods used to
normalize and estimate
the weight of indicators

in each variable?
(Fig. 8)

What time scale is used in vulnerability assessment
studies on climate change

(for example studies in the present, studies in the present and
the future, studies based on future simulations)?

(Fig. 10)

How are the components of
vulnerability (exposure, sensitivity

and adaptive capacity) conceptualized,
and what variables are used for

each one?
(Fig. 7)

What are the measurement
units used to express

the level of vulnerability
and what are the most used tools?

(Fig. 9)

Since when the vulnerability to climate change in
Mexico is assessed (timeline), who makes the assessment 
(institutions), and what are the main terms associated with

this research topic?
(Fig. 4)

Fig. 2. Development of the review (specific questions and distribution of 
figures in results).
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ability, answer similar research questions, but remain 
on different research currents due to two different 
epistemologies. The concept of resilience arises from 
ecology analyzing human-environment interactions 
(specifically how humans affect ecosystems resil-
ience); on the other hand, vulnerability arises from 

geography analyzing how natural disasters affect 
humans. 

On the third search, the results were limited to 
studies in Mexico only, using (“climate change” OR 
“global warming” OR “climate variability”) AND 
(“vulnerability” OR “resilience”) AND “Mexico”. 

1st. Search.  Only articles that used "climate change" AND “vulnerability” word located in keywords, abstract and title were selected.
Book chapters, reviews, conference articles, books and editorial material or letters were excluded. 

2nd. Search.  To extend the search, the keywords related with climate chage were added;
(”climate change” OR “global warming” OR “climate variability”)

AND (”vulnerability” OR “resilience")

3rd. Search.  The results were only limited to studies in Mexico using
(”climate change” OR “global warming” OR

“climate variability”) AND (”vulnerability” OR “reilience”) AND “Mexico”.

4th. Search. For limiting the search to articles with the objetive of
assessing vulnerability, the term “assessment” was added to the syntax search

(”climate change” OR “global warming” OR “climate variability”) AND
(”vulnerability” OR “reilience”) AND “Mexico” AND “assess*”.

Filter:  Repeated articles among databases
were deleted

Final filter:  The abstract and
method section of the articles
were analyzed, identifying the intention
to assess among the objectives,
and the use of indicators in the
method. Besides, compliance with
the above search criteria
was verified.

Articles entered
manually n=2

SCOPUS n=12,102
WOS n=15,587

SCIENCE DIRECT n=3,488
SCIELO n=214

SCOPUS n=7,711
WOS n=10,092

SCIENCE DIRECT n=2,489
SCIELO n=101

SCOPUS n=241
WOS n=405

SCIENCE DIRECT n=65
SCIELO n=48

SCOPUS n=105
WOS n=141

SCIENCE DIRECT n=12
SCIELO n=12

SCOPUS n=105
WOS n=74

SCIENCE DIRECT
n=3

the SCIELO n=11

SCOPUS n=43
WOS n=10

SCIENCE DIRECT
n=1

SCIELO n=1

Fig. 3. Search process diagram and article selection.
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On the fourth search, the word “assess*” was added 
to obtain articles that resulted from an evaluation.

Once the search process was finished, two fil-
ters were applied. The first filter deleted items that 
repeated among databases (67 articles from WOS 
were removed because they appeared on Scopus 
results, nine from Science Direct, and one from 
Scielo that appeared on WOS results). In the final 
filter, the abstract and methods section of the articles 
were analyzed, identifying the intention of assessing 
among the objectives and the use of indicators in the 
method. Besides, compliance with the above search 
criteria was verified. 

A total of 55 articles were obtained from the da-
tabase search (43 from Scopus, 10 from WOS, one 
from Science Direct, and one from Scielo). Addition-
ally, two articles were added manually. The selected 
articles were compiled in a database. Subsequently, 
each of these was carefully read paying particular 
attention to answering the specific questions previ-
ously defined.

2.3 Reporting the results
The results were organized according to the four 
topics described above and displayed in composite 
figures (Figs. 4-10). RStudio software was used to 
perform the cloud of word frequency in title, abstract, 
and keywords.

3.	 Results and discussion
3.1 Timeline, institutional origin, and associated 
terms
The total number of reviewed articles on studies 
evaluating vulnerability to climate change in Mexico 
was 57; 50 of them were in English and seven of them 
in Spanish. The oldest article is from 1990 (Fig. 4a), 
in which climate change is called climatic extremes, 
and it identifies drought as a threat (Liverman, 1990). 
Few and sporadic articles were registered between 
1990 and 2006. It was observed that the frequency 
begins to reverse from 2007, and the increase be-
comes exponential from 2014 (Fig. 4a). The same 
is true internationally; according to the review by 
Tonmoy et al. (2014), it could be due to the increase 
in public policies on climate change since the publi-
cation of the 2007 IPCC report (IPCC, 2007). In this 
report, the vulnerability study is incorporated as a 

transverse axis, specifying its concept and compo-
nents. This was reaffirmed later, in the 2014 IPCC 
report (IPCC, 2014).

A total of 177 different authors from 65 institu-
tions were found: 27 from Mexico, six from Latin 
America (Colombia, Chile, Ecuador, Brazil, and two 
from Argentina), 18 from the United States, two from 
Canada, 10 from Europe (Germany, Greece, six from 
the United Kingdom, and two from Spain), and two 
from Australia. Figure 4b shows the 10 institutions of 
origin with the highest percentage of authors; most of 
the authors are affiliated to the National Autonomous 
University of Mexico (20%). The participation of in-
ternational institutions is due to their collaboration in 
the research on territories on the United States-Mex-
ico border (Browning-Aiken et al., 2007; Eakin and 
Bojórquez-Tapia, 2008; Collins et al., 2013), water 
vulnerability (Martínez et al., 2015; Stathatou et al., 
2015; Lerner et al., 2018), and species vulnerability 
such as birds (Culp et al., 2017), bats (Zamora-Guti-
érrez et al., 2017), and crabs (Hossain et al., 2018).

Figure 4c shows the 50 most mentioned terms in 
the title and abstract of the reviewed articles. The 
associated terms with higher frequency (“vulner-
ability”, “climate”, “change”, and “Mexico”) are 
displayed in the center of the cloud. In the second 
group of frequencies, the term “water” represents a 
high number of studies on this topic (Navarrete et 
al., 2013; Martínez et al., 2015). The same happens 
for the term “risk”, which is a concept linked to the 
theoretical origins of vulnerability. Less frequently, 
terms associated with vulnerability components 
were observed, such as “exposure”, “sensitivity” and 
“adaptive capacity”. Also, some of the most used 
variables are “use” and “soil” (Galloza et al., 2017; 
Carranza-Ortiz et al., 2018), “economy” (Eakin and 
Bojórquez-Tapia, 2008) and “social” (Stathatou et 
al., 2015). The term “index” was also understood to 
be the way to quantify vulnerability, and the term 
“resilience” as a concept linked to vulnerability 
(Hernández-Montilla et al., 2016).

3.2 Study subject and spatial location 
Study subjects refer to systems that are vulnerable or 
exposed to a threat associated with climate change. 
Due to the complexity of the vulnerability concept, 
there are no limitations for the definition of study 
subjects (Füssel and Klein, 2006). We found 16 
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different types of study subjects. These were grouped 
into four categories: biological (species, ecosystems), 
socioeconomic (economic and cultural activities), 
territory (land area delimited under jurisdiction), and 
natural resources (water, soil) (Fig. 5a).

The territory category was the most frequent 
(between eight and 10 articles); this could mean that 
the theory of vulnerability on climate change is more 
suitable for assessing territories, and this is possibly 

associated with the ease of obtaining information and 
reference studies. This coincides with the fact that 
the objective of assessing vulnerability is to design 
adaptation strategies, and the execution of these 
strategies in terms of decision-makers is facilitated 
when the study subject is a political-territorial con-
struction (Coy, 2010). It should be noted that although 
it is not possible to assess the vulnerability of the 
territory itself, it is possible to assess the different 
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Fig. 5. (a) Number of articles by subject study, and (b) number of vul-
nerability assessment studies on climate change in Mexico by spatial 
location according to the states of the country.
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factors that interact in it (physical, biotic, human, 
and cultural factors) from a territorial perspective 
(Rodríguez, 2010).

Vulnerability studies in which the territory is 
the study subject evaluate the vulnerability of the 
different territory factors as a whole, unlike the 
studies that assess the vulnerability of other study 
subjects which are located in a particular territory. 
In this category, towns and ejidos (a type of tenancy 
system that only exists in Mexico and refers to land 
farmed communally) were the ones that registered 
the highest number of articles, followed by research 
on territories defined by the author. With a lower 
frequency we found studies on cities (Sánchez and 
Morales, 2018; Soto-Montes-de-Oca and Alfie-Co-
hen, 2018), municipalities (Monterroso and Conde, 
2017; Pérez-Maqueo et al., 2018) and at country 
level (Calil et al., 2017; Zúñiga and Magaña, 2018). 

With a notable frequency (between six and seven 
articles) we found study subjects in the socio-eco-
nomic category (e.g., agricultural vulnerability) 
(Groot et al., 2016; Monterroso et al., 2018). A similar 
frequency was shown by the biological category, with 
bats (Zamora-Gutiérrez et al., 2017), migratory birds 
(Culp et al., 2017), and trees (Esperón-Rodríguez 
and Barradas, 2015). The least frequent were the 
natural resources category with studies of water and 
hydrological vulnerability (Navarrete et al., 2013; 
Martínez et al., 2015; Stathatou et al., 2015). 

Regarding spatial location, at least one vulnerabil-
ity study was found in each state of Mexico (Fig. 5b). 
For example, the study presented by Monterroso and 
Conde (2017) includes each state of the country in 
their analysis. The state of Veracruz registered the 
majority of articles, followed by Sonora and Mexico 
City. Other regions with notable frequency were the 
Baja Californian peninsula (González-Baheza and 
Arizpe, 2017) and the Gulf and Caribbean regions 
of Mexico (Rosete et al., 2013; Baca et al., 2014; 
Núñez et al., 2016).

3.3 Scientific areas, theories, methods, variables, 
indicators, measurement units, and tools
The predominant scientific area was the multidisci-
plinary perspective (45%), followed by the natural 
sciences and engineering (38%), and in the lowest 
percentage the social sciences (17%). Most of the 
articles were based on the vulnerability theory (53%), 

followed by the risk theory (32%), and in a lower 
percentage, other theories such as resilience (15%) 
(Hernández-Montilla et al., 2016). 

The results showed 21 different methods used to 
assess vulnerability to climate change (Fig. 6). The 
vulnerability formula method described by Gallopín 
(2006), which is represented by exposure + sensi-
tivity – adaptive capacity, was the most used (21%), 
followed by the qualitative method based on the 
literature and social opinion (14%), the risk method 
(10%), the analysis of exposure to climate (9%), and 
the coastal vulnerability index (CVI) (5%). The rest 
of the percentage was determined by methods with a 

a b c d e Other

Natural Sciences
and engineering

Scientific areas

Theories

Methods

Principal component analysis

Multicriteria evaluation
Statistical analysis of specialized database
Specific experimentation method

Specific method

VRIM (Vulnerability-Resilience Indicators Model)

Groundwater Hydraulic Confinement-overlying
Strata-depth to Water Table (GOD) method

CCVAs (climate change vulnerability assessment)
CONANP-GIZ

Resilience method
Modified risk method

MVI (Multidimensional Vulnerability Index)

Methodological proposal
AHP (Analytic Hierarchy Process)

Relative vulnerability assessment

VCA (vulnerability and adaptive capacity assessment)

Risk Vulnerability

Vulnerability

Formulas
formula

0% 20% 40% 60% 80% 100%

Similar formula Other

Other

Social 
sciences Multidisciplinary

Fig. 6. Scientific areas, theories, methods and formulas 
used on vulnerability assessment studies on climate 
change in Mexico: (a) for vulnerability formula; (b) for 
risk method; (c) based on observation, literature and social 
opinion; (d) for analysis of exposure to climate, and (e) 
for coastal vulnerability index. In bold, the methods that 
use formulas similar to the vulnerability formula, where 
the three components are indicated: exposure, sensitivity, 
and adaptive capacity.
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frequency of one. In general, the results showed that 
less than half (45%) of the methods implemented to 
assess vulnerability to climate change use the vul-
nerability formula described by Gallopín (2006) or a 
similar one considering the vulnerability components. 
However, the majority of methods use their own for-
mulas or do not use formulas (as qualitative studies). 

While analyzing articles that used the vulnerabil-
ity formula or similar, we discovered that there are 
differences in the way of conceptualizing the com-
ponents of vulnerability (exposure, sensitivity, and 
adaptive capacity) (Fig. 7). The conceptualization of 
the components is related to the choice of variables 
and indicators, and these are related to the study 
subject. To show these differences and connections, 
the articles were grouped into two groups named A 
(16 articles) and B (nine articles).

In the articles of group A (Fig. 7a) the exposure 
component was defined as the threat that can cause 
damage to the system (considering that the threat is an 
entity external to the system); therefore, the variables 
were mostly natural disasters associated with climate 
change (floods, droughts, tropical cyclones, and hur-
ricanes), and future consequences (climate change 
scenarios, sea-level rise). The sensitivity component 
was defined as the processes, phenomena, events, or 
conditions of the system that increase or decrease its 
vulnerability to the threat. The variables of the sensi-
tivity component depend on the particular threat that 
is being analyzed. The most frequent variables were 
population, health, public services, and economy 
as socioeconomic characteristics, and topographic 
slope, hydrology, erosion, and land use and cover 
change as physical characteristics. The adaptive 
capacity component was defined as the system’s 
ability, actions, and habits to overcome the damage, 
also considering the physical and socioeconomic 
characteristics of the system which help to address 
the vulnerability. The most used variables were a set 
of indicators called capital and its components were 
natural capital, financial capital, physical capital, so-
cial capital, and human capital. These variables arise 
from the sustainable livelihood methodology (Krantz, 
2001). Other mentioned variables were technologies, 
institutional capacities, environmental sustainability, 
and social perception.

In the articles of group B (Fig. 7b), the exposure 
component was defined as the exposed system (it 

refers to exposed elements of the system), so the 
variables are related to the study subject. The most 
mentioned variables were water, agriculture, and 
ecosystems. The sensitivity component was defined 
as the processes, phenomena, events, or conditions of 
the system that cause damage. This group of articles 
does not consider an external threat but, instead, it 
assimilates that certain conditions, characteristics, 
and phenomena that occur inside the system compose 
its own vulnerability (they consider climate change 
as part of the system). The most used variables were 
climate variability, land use, land cover change, 
hydrology, and climate change scenarios. These 
same variables are among the most mentioned in 
the exposure component of group A. The definition 
of the adaptive capacity component was the same as 
in group A. It considers abilities, actions, and habits 
of the system to overcome the damage and includes 
characteristics of physical and socio-economic 
aspects. The most frequent variables were also the 
capitals from sustainable livelihood methodology 
(financial, human, and natural) (Krantz, 2001) and 
other variables as legal capital, institutional capaci-
ties, social perception, information, and governance.

These differences in the conceptualization of 
vulnerability components are a constant discussion 
between different authors because there is no defined 
agreement. According to Gallopín (2006), the ex-
posure component is an attribute of the relationship 
between the system and the threat, therefore it can 
be interpreted from two approaches:

1.	 The system is vulnerable only when it is exposed 
to a threat, considering the threat as external to the 
system. If the threat does not exist, or the system 
is not exposed to the threat, then the system is not 
vulnerable. In this sense, the exposure component 
analyzes the frequency and intensity with which 
the threat can impact the system. The sensitivity 
component analyzes the existence of conditions 
in the system that may aggravate or reduce the 
impacts of the threat, and the adaptive capacity 
component is the response variable.

2.	 The system is always vulnerable (to a greater or 
lesser extent) because threats are perceived as part 
of the system. Threats may or may not appear in 
specific periods, but they will always exist in the 
system. In this sense, the exposure component is 
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Fig. 7. Definition of vulnerability components and variables.
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externalized from the equation in the vulnerabil-
ity formula, but it is taken as a basis, because it 
analyzes the elements of the system under study. 
Therefore, the vulnerability is evaluated with the 
sensitivity component, which analyzes the exist-
ing threats in the system (historically, including 
frequency and intensity), and the adaptive capac-
ity component as a response variable.

The first approach is the case of the articles of 
group A, and the second approach is the case of the 
articles of group B.

The choice between one approach or another has 
consequences (Gallopín, 2006). From the observations 
of Cárdenas and Tobón (2016), it can be distinguished 
that the choice of one approach or another can lead to 
different types of vulnerability assessment studies and, 
consequently, different adaptation strategies. The first 
approach considers studies focused on assessing the 
impacts of threats that lead to adaptation strategies to 
minimize the effects. And the second approach makes 
studies focused on assessing the system’s interactions 
that lead to comprehensive adaptation strategies. 

This discussion seems to be related to the objec-
tive of the vulnerability assessment study; it aims at 
determining if the objective is to design adaptation 
strategies to mitigate the impacts of climate change or 
to adapt and coexist with them. Cárdenas and Tobón 
(2016) point out that certain adaptation strategies 
designed to mitigate the impacts of climate change 
in the short-term cause new long-term threats, par-
ticularly when territories are studied without taking 
into account human-nature interactions.

To integrate the indicators in each variable, the 
variables in each vulnerability component, and each 
vulnerability component in a vulnerability index, it is 
necessary to follow a process of indicator treatment 
that consists of two steps which are indicator weight 
estimation and normalization. Estimating the indica-
tors’ weights is a way to display the importance of 
each indicator as an individual concerning the set of 
indicators. After establishing weights, the indicators 
must be normalized to the same scale and, after that, 
they can be added. This process is decisive to obtain 
the final value of the vulnerability index; for that rea-
son, it must be clearly described in the methodologies 
of vulnerability assessment studies on climate change 
(Tonmoy et al., 2014). 

Following the categories described in the review 
by Tonmoy et al. (2014), we found seven different 
methods to estimate indicators’ weights (Fig. 8a), and 
eight methods to normalize (Fig. 8b).

The most popular methods to estimate indicators’ 
weights were estimation according to references 
(24.5%), assigning the same weight for all variables 
(9%), and determination by statistical models (9%). 
In 44% of the articles, the method was not specified. 
According to Tonmoy et al. (2014), it is a general 
recurrent practice in assessment vulnerability studies, 
possibly related to the diversity of methods and the 
lack of strict parameters. 

The most popular methods to normalize were 
normalizing to 1 and percentage (21%), a couple of 
formulas that include maximums, minimums, and 
standard division (16%), and two methodological 
proposals. However, articles continue to predominate 
without a specific standardization method (44%), or 
without any standardization (16%) (Hossain et al., 
2018). Compared with the results of the Tonmoy et 
al. (2014) the trend is similar, which indicates that it 
is possibly caused by the large number of qualitative 
vulnerability assessments which do not group the 
indicators or use the vulnerability formula. 

For measurement units, an index was used in 
most of the articles (53%) to show the final result 
of the vulnerability assessment. The indices with 
ranges from 1 to 5 and from 0 to 100 were the most 
frequent (Fig. 9a). In most of these articles, a traffic 
light signal was used to express the level of the vul-
nerability index; green or light colors correspond to 
low vulnerability and red or dark colors to the highest 
levels (Villers-Ruiz and Trejo-Vázquez, 1998; Ahu-
mada-Cervantes et al., 2015). However, in 23% of the 
articles, the range was not specified, and the informa-
tion was presented in a graphical form (Sisto et al., 
2015), or the articles did not use an index (24%) and 
the results were presented as a described explanation 
(Browning-Aiken et al., 2007; Santos-Lacueva and 
Saldié, 2016). The existence of different ranges in the 
vulnerability indexes can cause difficulties to make 
comparisons between studies (Tonmoy et al., 2014).

The most used tools in the articles (56%) were 
geographic information systems (GIS), which are 
useful for the cartographic representation of vulner-
ability in the territories (Ramos et al., 2016; Mon-
terroso et al., 2018). With less frequency, 17.5% of 
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the articles were identified by the use of survey and 
interview instruments to obtain information about 
the adaptive capacity component (Eakin, 2005; Le-
rner et al., 2018), and only six articles (12 %) used 
both GIS and surveys or interviews (Sánchez and 
Morales, 2018) (Fig. 9b). We found other types of 
tools including specialized databases on climate and 
birds (Culp et al., 2017), statistical software (Sisto 
et al., 2015; Stathatou et al., 2015), participatory 
GIS (Krishnamurthy et al., 2011), and specialized 
software such as FarmDesign (Groot et al., 2016).

3.4 Time scale 
Four types of time scales were identified in the review 
(Fig. 10). Vulnerability assessment in the present 
refers to studies carried out with information in the 
present, taking information from preceding periods 
as a reference to compare the level of vulnerability. 
Vulnerability assessment in the present and future 
(hybrid) refers to studies that are similar to the previ-
ous ones, which additionally make a future projection 
based on the reference information in the present and 
preceding periods. Vulnerability assessment based on 
future simulations refers to studies that assess vul-
nerability considering only future climate scenarios. 

Most of the articles were assessments of vulner-
ability in the present (51%) (Pérez-Maqueo et al., 
2018; Gran and Ramos, 2019); the vulnerability as-
sessments in the present and future (hybrid) were less 
frequent (29%) (Rivas and Montero, 2014; Galloza et 
al., 2017). Regarding vulnerability assessments based 
on future simulations, only two articles were identi-
fied (Villers-Ruiz and Trejo-Vázquez, 1998; Ahmed 
et al., 2009). In general, vulnerability assessments in 
the present prevail, which differs from what has been 
reported internationally. As Tonmoy et al. (2014) 

explain, vulnerability assessment in the present and 
future (hybrid) predominate in international research 
because climate change is an observable phenome-
non over time. Therefore, it is necessary to have a 
present parameter and future scenarios to compare 
and control the efficiency of adaptation strategies.

4.	 Conclusions
Research on vulnerability to climate change in Mexico 
continues to be developed. The first investigations date 
back to 1990 and it was until 2007 that the popularity 
of this research topic increased. The years 2014, 2016, 
and 2018 registered the highest number of articles. Re-
garding the academic origin of the authors, we found 
the collaboration of 27 Mexican institutions and 34 
international institutions. The National Autonomous 
University of Mexico was the institution with the 
greatest contribution. In addition to the terms “vulner-
ability”, “climate” and “change”, the most frequently 
mentioned terms in the selected articles were “water”, 
“risk” and the vulnerability components “exposure”, 
“sensitivity” and “adaptive capacity”.

In Mexico, 16 types of study subjects have been 
studied; the category territory registered the highest 
number of articles, specifically towns and ejidos, and 
territories defined by the author, followed by studies 
of agriculture vulnerability and water vulnerability. 
We found at least one vulnerability assessment study 
in each state of the country. The states of Veracruz, 
Sonora, and Mexico City presented the highest fre-
quency (between six and 10 articles).

The predominant scientific area in the research 
on vulnerability to climate change in Mexico is the 
multidisciplinary perspective, through vulnerability 
theory. This indicates that most of the research in the 

Fig. 10. Number of articles by time scale.
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country is complex and integrates different analyses 
of the physical, socioeconomic, and environmental 
characteristics of the study subjects. 

For the assessment of vulnerability, we found 21 
different methods including methodological propos-
als, multi-criteria evaluation, risk theory method, 
coastal vulnerability index, and qualitative methods 
based on observation, literature, and social opinion. 
However, the most used method was the vulnerability 
formula (exposure + sensitivity – adaptive capacity) 
or similar with respect to vulnerability components. 

While analyzing the articles that use the vulner-
ability formula or similar, some differences were 
identified in the conceptualization of the exposure and 
sensitivity component. In the first group of articles, 
the exposure component refers to the threat concept 
as an entity that is external to the system (climate 
change is a threat external to the studied system), and 
the sensitivity component refers to the conditions of 
the system that increase or decrease its vulnerability 
to the threat. On the other hand, in the second group 
of articles, the exposure component refers to the 
study subjects (exposed system), and the sensitivity 
component refers to the threats that are recognized as 
part of the system to which the study subjects belong 
(climate change is part of the studied system). 

This discussion about the conceptualization of 
the exposure component is recurrent in the academ-
ic community and has been presented by different 
authors. Some of them point out that it is important 
to pay attention to this for future research because 
choosing one conceptualization or another can lead to 
different results of the vulnerability assessment and, 
therefore, to different adaptation strategies. 

In the case of the first group, it can lead to design 
immediate adaptation strategies focused on mini-
mizing the impacts of the external threat, ignoring 
that these may become repercussions or create new 
threats in the long term (especially in those studies 
in which the subject maintains clear human-nature 
relationships such as ecosystems, natural resources, 
and some territories). In the case of the second group, 
by recognizing that the threat is not going to disap-
pear, it can lead to the design of comprehensive and 
articulated adaptation strategies, which may not stop 
the impacts of the threat immediately, but might be 
functional in the long term, leading to sustainable 
development. 

The choice depends on the objective of the 
vulnerability assessment and the study subject. To 
contribute to the discussion, we suggest conducting a 
literature review to analyze the relationship between 
vulnerability assessment studies and the adaptation 
strategies derived from these. 

The methods to estimate indicators’ weights and 
the methods to normalize are not specified in most 
of the articles; this may be related to the number of 
qualitative vulnerability assessment articles where 
the vulnerability formula is not used. For measure-
ment units, a vulnerability index accompanied by 
traffic light signage was used in most of the articles 
(53%) to express the vulnerability level obtained 
as a result of the assessment. GIS tools were the 
most popular. 

Finally, regarding the time scale, we found that 
vulnerability assessment studies in the present and 
vulnerability assessment studies in the present and 
future (hybrid) were those with the highest number 
of articles (51 and 32%, respectively). 

Considering the reduced number of articles that 
we found, some areas of opportunity for future re-
search in Mexico are study subjects in some catego-
ries like natural resources (e.g., soil), socioeconomic 
activities (e.g., tourism and the health sector), biolog-
ical (e.g., ecosystems and vegetation), and territory 
(e.g., protected natural areas). 
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