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Abstract
Climate change impacts on populations have increased the number of affected people and 
climate migrants worldwide. Although the nexus between climate change and migration is 
not monolithic, analyses of individual-level factors at the local scale that reveal the specific 
drivers of migration are lacking. Here, we show that people are motivated by individual 
calculations, prioritizing economic and social factors when deciding to migrate. We use 
data from 53 structured interviews to decompose the assessment of the decision-making 
process of people deciding to migrate from a region highly vulnerable to climate change, 
assessing the internal and external migratory potential. The assessment of migration poten-
tial evidenced that potential migrants react and make decisions based on perceptions and 
preferences among economic, social, environmental, and cultural factors when migrating 
and value these factors differently. Our spatial multi-criteria model reports disaggregation 
in that people prioritize economic factors, such as unemployment, job opportunities, and 
lack of income, over other migration-related factors, while environmental factors are gener-
ally considered underlying. Our results demonstrate that migration is not monolithic but 
a mixture and amalgam of multiple interacting factors, which causes people to migrate or 
stay in one place despite vulnerability and climate change impacts.

Keywords Climate migration · Climate change · Human mobility · Multi-criteria analysis · 
Migration · Decision-making process

1 Introduction

Climate change is considered one of the main drivers of temporary and permanent internal 
and cross-border migration (Ayales et al., 2019; Black et al., 2011; Casillas, 2020; Falco 
et al., 2019; Foresight, 2011; Wiegel et al., 2019). This is due to the impacts of changing 
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weather patterns, which can directly and indirectly affect food security, livelihoods, and 
the habitability of human landscapes. These climate change impacts exacerbate established 
challenges, especially for those already vulnerable due to poverty, poor access to services, 
and social exclusion (Birkmann et al., 2022; Campbell et al., 2016; Hermans & McLeman, 
2021). Recently, this connection has been demonstrated in West Africa, Latin America, 
and Central Asia, where the adverse effects of climate change have directly contributed to 
18.8 million displaced people in 2017 (IOM & UN-OHRLLS, 2019).

Additionally, climate refugees are receiving increasing international attention, and fore-
casts predict the diasporas of millions of climate migrants in the coming years (Hoffmann 
et al., 2020; IOM & UN-OHRLLS, 2019; Muttarak, 2021). Particularly nowadays, due to 
efforts to meet sustainable development agendas such as the 2030 Agenda, migration has 
been recognized as a complex and multifaceted phenomenon affecting all social, economic, 
and environmental spheres, which must be addressed to achieve the SDGs, ensuring that 
they are carried out in an inclusive and recognized manner. With national climate change 
mitigation commitments set to overshoot the goal of keeping global temperatures below an 
increase of 1.5 °C, the issue of climate-driven human migration is becoming an increas-
ingly pressing issue, both within and across national borders (IPCC, 2018).

Attempts to address connections between climate change and human migration have 
focused on identifying, first, how changes in one affect the other (Campbell et al., 2016; 
Casillas, 2020; Castelli, 2018; IOM & UN-OHRLLS, 2019). Second is this interaction’s 
magnitude (Boas et al., 2019; Chen & Mueller, 2019; Falco et al., 2019; Hoffmann et al., 
2021). This has yielded precise empirical knowledge on the so-called ‘nexus’ between 
human mobility and climate change, known as climate migration. For example, agricultural 
disasters associated with extreme climate phenomena have strongly affected migration in 
developing countries (Falco et al., 2019). However, these efforts have focused on quantify-
ing and estimating future environmental migrants and refugees rather than investigating 
why these people are moving. This reinforces assumptions about migration as a linear and 
massive process and further generalizes the idea that all those at risk in future will migrate 
(Chen & Mueller, 2019; Hoffmann et al., 2020).

Moreover, most research on climate phenomena, environmental change, and its impact 
on human migration focuses on national or international levels, and this often leads to pre-
dictions that do not consider local contexts and disaggregated factors affecting migration 
dynamics (Boas et al., 2019). Much research to date also assumes that all people at risk 
will migrate and disregards, in most cases, the possibility of climate change contributing 
to people’s immobility, i.e., people deciding to stay where they are. We also recognize that 
not migrating can be a choice or the result of constraints on people; some authors have 
identified place attachment, strong social bonds, and property over land or houses as pri-
mary factors for people’s decision of not to migrate (Blondin, 2021; Farbotko, 2018; Far-
botko et al., 2020; Mallick & Mallick, 2021; Mallick et al., 2022; Schewel, 2020; Wiegel 
et al., 2021).

Although we acknowledge that non-migration/immobility/non-mobility is a possibility, 
we chose to focus on which are the most relevant factors people consider the most influen-
tial in their decision-making process on migration. To predict, reduce, and otherwise man-
age human migration, we need to understand the individual decisions and personal driv-
ers behind migration: we need to investigate how climate change and human mobility are 
related from the point of view of individuals and communities. This points to the impor-
tance of understanding the decision-making of potential migrants on whether to migrate at 
the local scale, especially regarding the prevalence and significance of different environ-
mental, social, and economic factors intertwined in these decisions.
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There are numerous and diverse interactions between the impacts of climate change 
on communities’ economic, cultural, and political contexts that can influence migration, 
making this analysis a challenging task (Bernzen et al., 2019; Gray & Bilsborrow, 2014; 
Laczko & Aghazarm, 2010). For instance, Koubi et  al. (2016) conducted an economic-
demographic analysis of climate migration and environmental indicators through surveys 
in Africa, Asia, and the Americas. Their results indicated that although gradual ecologi-
cal and climatic events tend not to generate human migration, sudden and abrupt climatic 
events increase the likelihood of human displacement (Koubi et al., 2016). Moreover, Mas-
sey et al., 2010 examined the connections between environmental change and migration in 
Nepal using social and economic variables (Massey et al., 2010). They found that factors 
associated with low productivity of agricultural activities and land cover changes trigger 
migration trends in rural Nepal (Massey et al., 2010).

On the other hand, Gray and Bilsborrow (2014) conducted a survey-based analysis to 
address the potential impact of climate change on migration in three rural areas of Ecua-
dor. Their findings suggest differentiated responses to ecological and climatic effects that 
depend on the intrinsic adaptive capacity of rural households, and adverse environmental 
conditions do not necessarily increase internal migration from rural to urban environments 
(Gray & Bilsborrow, 2014). Moreover, Gray & Bilsborrow also show that when precipi-
tations increase, migration is reduced because water irrigates crops and allows people to 
escape poverty in rural Ecuador (Gray & Bilsborrow, 2014). These differing responses are 
based on the use of different options and resources available to rural households to cope 
with the effects of climate and weather, such as the use of government assistance, local 
migration in search of employment, the reliance on remittances, social capital, and techni-
cal skills (Jha et al., 2018).

These findings are consistent with several studies that demonstrate how responses to 
climate change vary across social categories, such as gender, which can impact an individ-
ual’s vulnerability or resilience (Detraz, 2017; Dillon et al., 2011; Gray & Mueller, 2012; 
Henry et al., 2004). For instance, some of these studies have found that men are more likely 
to migrate in the face of drought events, while women’ migration decreases in the face of 
the same phenomenon (Dillon et al., 2011; Gray & Mueller, 2012; Henry et al., 2004). This 
reveals the existence of disparities in how different groups—in this case, gender—cope 
with and respond to the effects of climate change and, as Detraz (2017) points out, the need 
to comprehend them as complex phenomena in which gender and other social structures, 
such as class, culture, and religion, play a direct role (Detraz, 2017).

While these efforts have started to decipher the nonlinearity of the climate–migration 
interaction, they do not capture the complexity of migration decision-making with the 
detail needed to disaggregate and individualize this information at the community scale. 
To understand the multidimensional nature of migration and its relationship with climate, 
it is necessary to investigate the rationale for different approaches to migration (Boas et al., 
2019; Wiegel et al., 2019). In addition, it is necessary to assess how climate change and 
migration affect each other and the socioeconomic, cultural, and political factors at the 
local scale. This requires examining choice priorities used by communities and individuals 
who decide to migrate and the conditions and combinations of factors under which they 
make this decision.

Therefore, we use a combined spatial and cognitive multi-criteria analysis to under-
stand the factors that impact the migrants’ decision-making regarding whether to migrate. 
Their internal and external migratory potential in the Central American Dry corridor is in 
Nacaome, Honduras. The cognitive model is composed of a multi-criteria evaluation of all 
the factors that intervene in the migration decision-making process.
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This research sheds light on the potential of both internal and external migration phe-
nomena in Nacaome from the individuals’ perspectives, the factors they consider as drivers 
of migration, their relative weight, and the ranking of all the factors involved in the deci-
sion-making process. This approach helps develop policies to address the underlying prob-
lems associated with climate migration and its effects on individuals (McLeman, 2017, 
p. 334). The following section describes the study area and the methodology used in this 
study. We then present the results of the application of the interviews, the multi-criteria 
analysis using the BWM method, and, ultimately, the results of the spatialization of the 
model. Finally, we discuss the findings and highlight how this research’s advances can help 
develop frameworks to better identify potential climate migrants.

2  Study area

We conducted this research in the municipality of Nacaome in the department of Valle, 
Honduras, which is in the Central American Dry Corridor. The Dry Corridor area com-
prises various ecosystems in the tropical dry forest ecoregion of Mesoamerica and spans 
from southern Mexico through Guatemala, El Salvador, Honduras, Nicaragua, and part of 
Costa Rica (van der Zee et al., 2012). Cyclical droughts and abnormal rainfall characterize 
the Dry Corridor during the rainy seasons, making the region prone to food insecurity due 
to crop failure (van der Zee et al., 2012).

Nacaome is composed of a predominantly agricultural landscape and a primarily rural 
population. It has a land area of 528  km2 and consists of ten villages and 217 localities with 
60,647 people (INE—Instituto Nacional de Estadistica, 2018; Reyes, 2016). Nacaome’s 
economy depends mainly on the agricultural and fish farming sectors. The most prominent 
are the shrimp industry, artisanal fishing, and cereal and fruit agriculture, including corn, 
beans, melon, and watermelon. The municipality’s climate is warm, with marked rainy and 
dry seasons (INE - Instituto Nacional de Estadistica, 2018).

Nacaome and the Valle department are experiencing a high migration rate, marked 
drought impacts, land degradation, and environmental degradation (Acuña et  al. 2011; 
Hernández, 2016). Given its exposure, vulnerability, and capacity to respond to climate 
risk, Nacaome has been designated high risk due to climate change (INE—Instituto 
Nacional de Estadistica, 2018; Observatorio Demográfico Universitario & UNAH, 2016). 
Figure 1 shows the geographic location of the study area. Moreover, climatic forecasts and 
predictions indicate a decline in agricultural commodity production and potential national 
labor shortages (Prager et  al., 2020). The agricultural sector will face high risks to crop 
yields and overall economic performance of the agricultural sector due to its geographic 
location and high vulnerability to drought and tropical storm events (Prager et al., 2020).

3  Methods

To analyze and understand the migration decision-making process in the municipality and 
the migration potential of Nacaome, we divided the workflow into three steps (Fig. 2).

First, we conducted a literature review to inform the structured interview questions 
about factors that could contribute to the decision to migrate for Nacaome’s residents and 
help understand the reasoning within the migration decision-making process. The literature 
review had a descriptive rather than systematic approach. It is intended to show a general 
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Fig. 1  The geographic location of the study area. Own development. Made using QGIS

Fig. 2  Methodology workflow. Own development, based on Rezaei (Rezaei, 2015, 2016)
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picture of how migration has been studied concerning climate change and to get a sense of 
the relevant factors to have in mind for comprehending the relationship between climate 
and migration. Based on this literature review and the interviewees’ answers, we identified 
49 factors that impact migration related to climate change. We categorized these factors 

Table 1  Migration-related factors retrieved from the literature review and added by the participants

The symbol “^” at the end of the factors represents a factor that belonged to the initial literature review 
that the participants did not consider as influencing migration. The symbol “*” means that the participants 
added the factor

Categories Factors

1. Social factors 1.1 Marriage; 1.2 There are family/relatives in the 
new location; 1.3 I was facing discrimination; 
1.4 Insecurity (physical &/or sexual); 1.5 To seek 
health care (inadequate health care in the area); 
1.6 To seek schooling (e.g., no school in the area); 
1.7 Violence; 1.8 Gender violence/segregation^; 
1.9 Changes in disease vectors (malaria, dengue, 
etc.) or Covid 19^; 1.10 Educational level^; 1.11 
Vacation

2. Economic factors 2.1 Not enough income from livelihood sources; 2.2 
Unreliable harvest; 2.3 Crop failure; 2.4 No land 
available for farming/agriculture; 2.5 Unemploy-
ment in that location; 2.6 Job opportunity in a new 
place; 2.7 Higher income in a new place; 2.8 Lost 
land security; 2.9 Property sale 2.10 Living costs*; 
2.11 Fuel costs*

3. Political factors 3.1 There was a political conflict; 3.2 To seek politi-
cal freedom; 3.3 Government provided incentives 
for me to go^; 3.4 Government forced me to move. 
3.5 Corruption*

4. Environmental factors 4.1 Floods; 4.2 Droughts; 4.3 Temperature increase; 
4.4 Precipitation increases; 4.5 Strong winds/
Hurricanes/Tornadoes; 4.6 Erosion Process^; 
4.7 Water salinization^; 4.8 Soil salinization; 4.9 
Productive capacity (fertility); 4.10 Contamination 
by agricultural chemicals; 4.11 Few water sources 
and poor management; 4.12 Heavy rains/Storms; 
4.13 Landslide/avalanche^; 4.14 Water availability 
reduced; 4.15 Deforestation and forests fires; 4.16 
Cold waves; 4.17 Heatwaves; 4.18 Increase in the 
intensity of adverse weather phenomena

5. Demographic factors 5.1 Food supply/food security; 5.2 Starvation and 
malnutrition; 5.3 Age; 5.4 High mortality rate^; 
5.5 Increase in sexually transmitted diseases^; 
5.6 Increase in vector-borne diseases; 5.7 Low 
percentage of women, men, youth, and elderly in 
the community^

Literature review sources
Alfaro Martínez et al. (2018), Alpízar et al. (2020), Ayales et al. (2019), Black et al. (2011), Boas et al. 

(2019), Casillas (2020), Dodd et al. (2020), Espósito and Torres Camprubí (2011), Falco et al. (2019), 
Finch (2021), FAO (2019); Foresight (2011), IOM (2018); McCarney and Kent (2020); McLeman 
(2017) (McLeman, 2017), Narváez et al. (2009); Ortiz-Paniagua and Felipe Pérez (2017), The Nansen 
Initiative (2015); Vallejos (2020), van der Zee et al. (2012), Wrathall et al. (2014)
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into five clusters organically by our criteria: social (n = 11), environmental (n = 18), eco-
nomic (n = 9), demographic (n = 7), and political (n = 5) (Table 1).

Second, we collected field data through structured interviews to identify and rank all 
possible factors contributing to migration. Third, we conducted a multi-criteria analysis 
to choose the best alternatives based on the decision-maker’s objectives and preferences, 
avoiding cultural, economic, or environmental biases (Zarghami & Szidarovszky, 2011). 
The approach we followed for it was the Best–Worst method (BWM). This method uses 
pairwise comparisons to discern the relative preferences of one factor over the others 
(Rezaei, 2015) and determine each factor’s weight (level of importance). This method 
allowed us to understand and examine the multidimensional nature of migration, as well 
as to facilitate an assessment of the variety of perceptions, aspects, and patterns that demo-
graphic, economic, environmental, political, and social factors play in the decision-making 
process of potential internal (within Honduras) and external (outside Honduras) migrants 
(Rezaei, 2015).

Finally, we processed the related spatial information, developed spatial layers in a geo-
graphical information system, and undertook a cross-analysis of the spatial and cognitive 
data to produce a map of the likelihood of potential migration areas in Nacaome. By ena-
bling the identification of variables that lead people to migrate and areas of high poten-
tial migration, our model can aid policymakers in undertaking targeted, tailored actions 
to cope with climate change-related migration effectively. Moreover, it can be applied and 
replicated elsewhere in Honduras or any region vulnerable to climate change.

3.1  Systematic sampling and interview overview

To analyze the decision-making process of migrants in Nacaome, we used individual inter-
views as data collection instruments (Gill et al., 2008). The interview protocol was based 
on Koubi et al. (2016) and Warner (2011). It consisted of 28 semi-structured questions that 
collected information about the households’ composition, economic activity, livelihoods, 
demographic characteristics, and information associated with the historical migration 
dynamics of the people who compose it (including both internal (within Honduras) and 
external (international) migration).

Through the interview, we inquired about interviewees’ perceptions of climate change 
and how it has positively and negatively affected them in their current or previous loca-
tions. This was done by exploring the climatic phenomena in the last 5 years and their 
influence on migration to better understand how climate change has impacted each house-
hold. We tested the interview with researchers from the National Autonomous University 
of Honduras before using it at scale for research to simplify its understanding. Their feed-
back from this piloting stage resulted in various changes, including familiar words used 
in the municipality of Nacaome and adjustments to ensure that no questions were closed-
ended or prompted only yes or no answers.

Furthermore, to better understand their social context and adaptive capacity, we also 
inquired about the interviewees’ transportation methods, the networks of people who 
helped them migrate, their age, and their gender. We also asked about household members’ 
financial details, occupations, employment status, and primary sources of income.

Since our study area is entirely native Spanish-speaking, the interviews had to be trans-
lated into Spanish. Furthermore, our sample universe was geography-based and did not 
discriminate between migrants and non-migrants, i.e., who was interviewed depended on 
whether their household was selected. The interviews were conducted with residents of 
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the municipality of Nacaome to assess migration potential based on their current percep-
tions. Therefore, our interview lacked dependent or independent variables; instead, it was 
focused on the individual assessment of the possible factors that may impact a person’s 
decision-making process on migration.

We conducted 53 interviews (accounting for 53 different households) from Octo-
ber 8th to October 10th, 2021; each interview had an average duration of 30  min. The 
interviews were conducted with the head of the household or another adult. We followed 
our research’s (EDI) approach to ensure equity, diversity, and inclusion. All interviewed 
households were spatially registered using GPS. We used a systematic sampling method to 
minimize bias, wherein the first household interviewed was selected randomly within the 
municipality area, and interviews after that were conducted at a distance of six households 
from the first interviewed household. This six-household distance approach was applied to 
avoid possible judgments or biases due to the closeness or proximity of the inhabitants of 
each household, i.e., close relatives responding the same as any other home interviewed. 
Finally, based on Saunders et al. (2015) and to protect respondents’ identity and maintain 
data integrity, we conducted an anonymization process, avoiding inquiries about the name, 
religion, and race that would compromise anonymity.

During the interviews, we used the list of factors developed via the literature review 
to specifically ask respondents to identify all the factors they considered to be involved 
in the decision to migrate—see step 1.3 in the methodology workflow (Fig.  2). Moreo-
ver, we provided respondents space to contribute additional, unforeseen factors if they did 
not find them in our list. We decided to offer as many factors as possible and the option 
for respondents to propose their factors. This helped to avoid (1) leading questions that 
would reinforce the multidimensionality of migration and (2) asking only about the adverse 
effects of migration climate change. Instead, we provided many factors and read them sev-
eral times to choose which factors they considered crucial.

Interviewees ranked the selected factors using a 1–9 scale according to their relevance 
for migration decision-making. (Further details are explained in the following section.) In 
this scale, the factor ranked number one corresponds to the factor that has the most signifi-
cant impact on the decision-making process of whether to migrate, while the factor ranked 
number nine corresponds to the factor with the lesser impact. To evaluate the rankings of 
the factors, we subdivided the ranks into three groups. Following our criteria, we organized 
the groups so that the first group corresponds to the factors ranked first, the second to those 
ranked 2nd–5th, and the third to the factors ranked 6–9th (Fig. 3). The factor groups were 
then analyzed according to their frequentist salience by the proportion of times each fac-
tor was selected in each group. For instance, suppose a factor x was not selected in the first 
position but was selected 9% of the time in positions 2–5 and 2% in positions 6–9.

Fig. 3  Grouping of the ranks into 
three groups. Own development
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Additionally, we examined the differences between the factors selected by men and 
women. Thus, we evaluated the proportion of factors selected by men and women, and the 
relevance and representativeness of each of the three factors groups, thereby reflecting the 
variation in prioritizing different factors when deciding to migrate.

Furthermore, we compared and evaluated whether there were significant differences 
between the responses of men and women concerning selecting factors that promote migra-
tion. For this, four samples were used. The first one included the total frequency of times 
the factors were selected and the three groups of classification of the factors (first group, 
second group, and third group). This indicated an analysis of eight samples, four for the 
women’s responses and four for the men’s responses.

We conducted Shapiro–Wilk tests to evaluate the distribution of the samples. However, 
none of the samples showed a normal distribution behavior. We also applied three types 
of transformations to the data, logarithmic transformation, square root transformation, and 
cube root transformation. Nevertheless, the data did not fit a normal distribution despite 
these transformations.

In this sense, we decided to employ the non-parametric Kruskal–Wallis test to compare 
the differences between two or more groups. It extends to the Mann–Whitney U test, which 
compares the medians of two groups and does it by not assuming a normal distribution for 
calculating test statistics and p values (Ostertagová et  al., 2014). All statistical analyses 
were conducted using R 4.1.0 (R Core Team, 2022).

Finally, we performed an epsilon-squared method of choice for effect size measurement. 
The method ranges from 0 to 1, as shown in the following scale displaying the strength of 
the effect or difference between two variables (Tomczak & Tomczak, 2014):

0.00 < 0.01—Negligible.
0.01 < 0.04—Weak.
0.04 < 0.16—Moderate.
0.16 < 0.36—Relatively strong.
0.64—Strong
0.64 < 1.00—Very strong.

3.2  Multi‑criteria analysis

We used the Best–Worst method (BWM) developed by Rezaei (2015) to identify the fac-
tors that have the most significant potential to influence people’s migration in the munici-
pality of Nacaome (Li et  al., 2020; Rezaei, 2015). The Best–Worst method (BWM) is a 
multi-criteria and individual decision-making approach that employs pairwise compari-
son to solve problems of discrete multi-attribute decision-making (MADM). We decided 
to apply the BWM because it captures the decision-maker’s preferences better than other 
methods. BWM has shown significantly better ordinal consistency, which means it pro-
vides better consistency in preserving the best-to-worst order. The BWM also produces 
a closer weighting relationship based on the Euclidean distance between the weights and 
their corresponding pairwise comparisons (Li et al., 2020; Rezaei, 2015).

We identified the main factors involved in the decision-making process of migration 
through the interviews’ ranking (step 1.3 in the methodology workflow); afterward, we 
assessed the priority of the factors in the migration process using a pairwise comparison 
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approach from the method Solver Linear BWM, developed by Rezaei (Rezaei, 2016).1 The 
five-step Best–Worst multi-criteria method (Rezaei, 2016) is explained below.

3.2.1  Step 1: identification of critical factors

We introduced the ranking of factors made by the interviewees in step 1.3 into the model {
f1, f2, f3, f4,… , fn

}
 (Table 2). This step focused on identifying the factors rather than clas-

sifying them or assessing their importance.

3.2.2  Step 2: determining the best and worst key factors

From the set of factors identified by the interviewees and presented in step 1, the interview-
ees chose the ‘best’ and ‘worst’ key factors. The ‘best’ key factor is the factor that most 
strongly influences the decision-making process on migration. The ‘worst’ key factor is the 
least influential factor in the decision to migrate (Table 3).

3.2.3  Step 3: determining the best factor over the other factors (Best‑to‑Others)

We asked the respondents to determine the preference values of the best factor over the 
other factors based on a one-to-nine Likert scale (Table 4). This results in the Best-to-Other 
(BO) vector, which is calculated as AB =

(
aB1, aB2, aB3,… , aBn

)
 where aBj shows the pref-

erence of the best criterion B over the other criterion j (Tables 4 and 5).

Table 2  An example of the 
identification of critical factors. 
Based on Rezaei (2015)

Interviewee Factors

Interviewee #1 Unemployment
Droughts
Job opportunity
Insecurity
Deforestation

Interviewee #2 Unreliable harvest
Sexual insecurity
Droughts
Political conflict
Age

Table 3  An example of 
identifying the best and worst 
factors

Interviewee Best factor Worst factor

Interviewee #1 Unemployment Deforestation
Interviewee #2 Sexual insecurity Droughts

1 https:// bestw orstm ethod. com/ softw are/.

https://bestworstmethod.com/software/
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3.2.4  Step 4: determining the preference of all factors over the worst factor 
(Others‑to‑Worst)

We asked the respondent to assess the preference value of the worst factor over the other fac-
tors. The ranking of all factors over the worst criterion is expressed using the same one-to-
nine Likert scale. This process results in the Other-to-Worst (OW) vector, which is written 
as AW = (a1W , a2W , a3W ,… , anW )

T where ajW shows the rank of the preference of the worst 
factor j over factor W (Table 6).

Table 4  BWM’s Likert scale

Based on Rezaei (2015)

Value Meaning

1st Equal importance
2nd Somewhat between equal and moderate
3rd Moderately more important than
4th Somewhat between moderate and strong
5th Strongly more important than
6th Somewhat between strong and very strong
7th Very strongly important than
8th Somewhat between very strong and absolute
9th Absolutely more important than

Table 5  An example of determining the best-to-others

Based on Rezaei (2015)

Interviewee Best factor Ranking by factors

Unemploy-
ment

Droughts Job oppor-
tunity

… [Other 
factors]

Interviewee #1 Unemployment 1 4 2 … 6
Interviewee #2 Sexual insecurity 8 9 6 … 7

Table 6  An example of determining the others-to-worst

Based on Rezaei (2015)

Interviewee Worst factor Ranking by factors

Unemploy-
ment

Droughts Job opportu-
nity

… [Other 
factors]

Interviewee #1 Deforestation 5 3 5 … 1
Interviewee #2 Droughts 4 2 6 … 2
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3.2.5  Step 5: determining the optimum weights

Finally, for the optimal weights 
(
w∗
1
,w∗

2
,w∗

3
,… ,w∗

n

)
 , the optimal weighting of the factors is 

the one in which, for each pair of wB/wj and wj/ww we have that wB/wj = aBj and wj/wW = ajW 
(Table 7).

It must be satisfied that, for all j, the solution must have been found where the absolute 
maximum differences 

||||
wB

wj

−aBj
||||
 and |||

wj

wW

−ajW
|||
 For all j is minimized.

The BWM allowed us to calculate the Consistency Ratio ∈ [0,1], which expresses the 
model’s consistency level. The lower the Consistency Ratio, the more robust the compari-
sons will be and, therefore, the more reliable the results. The Consistency Ratio checks the 
reliability of the optimal weights calculated with the BWM and expresses the level of accu-
racy between the pairwise input comparisons and the calculated weights.

Based on work by Mohammadi and Rezaei (2020), we employed the geometric mean to 
integrate the overall global weight preferences of the 53 respondents. To construct the final 
ranking of the global weights, we only selected factors with a frequency of at least one-fifth 
of the total. This process avoided the overestimation of the rankings by factors selected 
too infrequently. For example, suppose we would consider a factor x selected only once in 
the 53 interviews and ranked as the most critical factor. In that case, it could be ranked as 
the most critical factor overall for all 53 interviewees when calculating the global weights. 
Thus, by removing this factor x, we ensure that we include the factors with the greatest rep-
resentativeness and relevance for the respondents.

3.3  Spatial analysis

Given the scale of the analysis and to better understand the context in which people 
live, we collected secondary information on environmental, biophysical, social, and 
economic factors of the municipality of Nacaome. We compiled the spatial data from 
OCHA: The Humanitarian Data Exchange,2 the Geoportal of the Forestry Sector of 
Honduras,3 the Geoportal of Demographic Indicators of the National Autonomous Uni-
versity of Honduras,4 and the Geoportal of Territories at Risk5 (Gobierno de la Repub-
lica de Honduras, 2021; Observatorio Demográfico Universitario & UNAH, 2016; 
OCHA Services, 2021; Universidad Nacional Autonoma de Honduras, 2021) (Table 8). 
We subsequently reprojected all spatial layers to the Coordinate Reference System 

Table 7  An example of optimum weights computation

Based on Rezaei (2015) and the data of this research

Unemployment Droughts Job opportunity Insecurity Deforestation

Weights 0,38,793,103 0,12,931,034 0,25,862,069 0,17,241,379 0,05,172,414
Consistency Ratio 0,12,931,034

2 https:// data. humda ta. org/ group/ hnd? ext_ geoda ta= 1& page= 2&q= & ext_ page_ size= 25# datas ets- secti on.
3 http:// geopo rtal. icf. gob. hn/ geopo rtal/ main.
4 https:// geopo rtal- odu. unah. edu. hn/.
5 https:// terri torio senri esgo. unah. edu. hn/.

https://data.humdata.org/group/hnd?ext_geodata=1&page=2&q=&ext_page_size=25#datasets-section
http://geoportal.icf.gob.hn/geoportal/main
https://geoportal-odu.unah.edu.hn/
https://territoriosenriesgo.unah.edu.hn/
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‘EPSG:32,616-WGS 84 coordinates system/UTM zone 16N’ in QGIS version 3.16 for 
integrating and harmonizing the data so that queries can result in the exact location on 
the earth’s surface (ESRI, 2021; QGIS.org, 2021). We used the ‘Correct geometries’ 
tool for cases where the layers had topographic errors (QGIS.org, 2021). GPS data for 
the interviewed households’ locations were imported using the QGIS plug-in ‘GPS 
Tool’ (QGIS.org, 2021).

Additionally, we created a spatial database containing all the reprojected spatial layers 
representing the factors identified by the respondents as influencing migration (Table  2) 
and the spatial location of the households interviewed. Each spatial layer was reclassified 
using QGIS 3.16 (QGIS.org, 2021) on a scale from 1 to 5, where one codes for “very low,” 
two for “low,” three for “medium,” four is “high” and five, “very high.” Thus, we produced 
layers with vector information for each factor involved in migration. For instance, we used 
the Unemployment layer and reclassified it according to the previously proposed scale, 
where a value of 5 pictures very high Unemployment rates, and areas with a value of one 
register low Unemployment rates.

Finally, we used the “Field Calculator” tool of QGIS to calculate the migration potential 
in the municipality. For this purpose, we used the reclassified factor values and the weight 
of each factor obtained through the BWM. Equation 1 shows the procedure for calculating 
the migration potential:

where K represents the migration’s potential value, ki is the reclassified value of each 
migration factor, and ni refers to the weight of each factor calculated with the BWM. 
Finally, to spatially represent the model, we conducted an inverse distance weighted (IDW) 
interpolation on QGIS using a pixel size of 30 m to estimate the spatial values of migration 
potential in the areas where no interviews were conducted based on the values of the fac-
tors’ weights of the 53 interviewees’ migration potential.

The zones with the greatest likelihood of migration in the municipality of Nacaome 
were generated by integrating 43 vector layers of the municipality’s biophysical, economic, 
and social factors. We constructed a Geodatabase that included all the factors identified 
by the interviewees as potentially influencing migration. The resulting vector layer was 

(1)
n∑

i=1

K = ki ⋅ ni

Table 8  Sources of spatial information used for this research

Data repositories Data used

The humanitarian data exchange Health indicators; Gender equality; Conflict events: 
Development indicators; climate change, Poverty; 
Environment, Agriculture, Displacement indicators, 
Population Density; Food insecurity; Flood vulnerabil-
ity, Drought vulnerability; Climate change vulner-
ability

Geoportal of the forestry sector of Honduras Vegetation Cover; Forest Fire; National, Departmental, 
and municipal boundaries; Livelihood zones; Hydrol-
ogy; Deforestation

Geoportal of demographic indicators of the 
national autonomous University of Honduras

Population structure; Migration rates; Poverty; Education

Geoportal of territories at risk Sub-villages administrative boundaries
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classified into five classes, namely: (i) very low potential, (ii) low potential, (iii) medium 
potential, (iv) high potential, and (v) very high potential.

4  Results

4.1  Overview of household‑level analysis and migration trends

From the 53 interviews conducted in the municipality of Nacaome, 73% percent of the peo-
ple interviewed were women, and the remaining 27% were men. The interviews were con-
ducted uniquely with the head of household (63%), while 20% included their partner and 
17% included their children. In general, respondents consider themselves to be in a situa-
tion of medium (42%), high (21%), and abysmal poverty (30%), the remaining percentage 
of interviewees did not respond. Moreover, our findings reveal low educational levels and 
high unemployment rates in the interviewed households.

The type and number of livelihood activities vary significantly across the interviewed 
households. On the one side, 45% are dedicated to activities associated with agriculture 
on a permanent and occasional basis, and 10% to artisanal mining. Also, 25% reported 
that they depend exclusively on remittances sent by their families, 15% stated they are 
engaged in non-agricultural sales, and 5% in construction. Across all the households, only 
6% reported traveling outside the municipality to work in agricultural and sales activities.

Our analysis reveals that most respondents (62%) had neither migrated nor considered 
it a possibility. However, the remaining 38% indicated that they had considered migrat-
ing. This was mainly due to economic factors such as Unemployment, Not enough income, 
and the search for opportunities and a better quality of life. Only 5% of those interviewed 
stated that they had known people who had migrated because of droughts, desertification, 
and hurricanes. Regarding the latter, they highlighted the role of Hurricane Mitch in 1998, 
which is considered a significant driver of migration in Honduras.

We found that 34% (n = 18) of the respondents had migrated. Of this total, 16% had 
moved abroad and returned to Nacaome, with the United States, El Salvador, and Guate-
mala being their main destinations abroad. They reported using family and friendship net-
works to facilitate settlement in their destinations and used illegal means of transportation 
to cross international borders. The main destinations of respondents who have emigrated 
internally (84% of the 34% who have migrated) are other municipalities within the Valle, 
southern Honduran departments such as Choluteca and Paraíso, and the country’s capital, 
Tegucigalpa. Like international migrants, internal migrants employed family networks to 
facilitate temporary and seasonal labor migration. Furthermore, they argued that the spe-
cific reasons for migration were motivated by economic and social factors associated with 
Unemployment, a better quality of life, Not enough income, and Job opportunities.

4.2  Ranking factors influencing internal and external migration

Based on the information collected, we determined 43 factors that could impact the deci-
sion-making process on the migration of people living in the municipality of Nacaome. 
Participants recognized 15 environmental, 11 economic, nine social, four political, and 
four demographic factors, meaning that out of the 49 factors retrieved from the literature, 
the participants removed and included various factors that influence and do not influence 
migration (see Table 1). From this selection, the economic factors were the most selected 
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by respondents, with a total frequency of 161 selections, followed by environmental factors 
(131 selections), social factors (93 selections), and demographic and political factors (10 
and 6 selections, respectively).

Similarly, economic and social factors were consistently and strongly represented in 
individual frequency selection. The factors most frequently identified by interviewees 
were Unemployment (n = 45), Job opportunity (n = 35), Higher Income (n = 33), Insecurity 
(n = 29), and Not enough income and Droughts (n = 26 for both) (please  to the top orange 
bars in Fig. 4).

We found that only ten factors in the first group were chosen at least once as the most 
critical factor for their potential influence on migration. The factor with the highest number 
of times selected in this position is Unemployment, with 70% (n = 37). It is followed by 
Job opportunity with 9% (n = 5), Not enough income with 6% (n = 3), Insecurity with 4% 
(n = 2), and the factors of Violence, Education, and Strong winds, hurricanes and tornados, 
No land available, Vacations, and Property sale with 2% each (n = 1).

Fig. 4  Frequencies of each factor by different groups (1rst position, 2–5 position, and 6–9 position). Full 
bar in orange displays the number of times the participants selected a factor. Purple bars display the per-
centage of times that a factor was selected in the first group (position 1), and Yellow and Green bars rep-
resent the percentage of times a particular factor was selected in the second (position 2–5) or third group 
(positions 6–9), respectively. Own development. Meaning of the abbreviations: No land availb. = No land 
available; Agricultural C. = Agricultural contamination; Deforestation & F-fir. = Deforestation and forests 
fires; Increase weather-p. = Increased adverse weather phenomena; Strong W–H–T. = Strong winds, hurri-
canes, and tornados; Forced by gov. = Forced by government
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Concerning the second group (factors in positions 2–5), we found a predominance 
of economic factors at 42% of the total factors identified, followed by environmental 
factors at 29% and social factors at 26%. Specifically, the top five factors with the high-
est frequency identified in this group were Job opportunity with 13% (n = 27), Insecu-
rity with 11% (n = 23), Higher income with 11% (n = 22), Not enough income with 9% 
(n = 19), as well as Droughts with 9% (n = 18).

Finally, the factors located in the third group (factors in positions 6–9)—with the 
minor influence on migration decision-making—presented more equitable patterns in 
the selection. For this group, environmental factors such as Heatwaves stand out is the 
one with the highest number of times selected with 9% (n = 13), followed by Heavy 
rains and storms 8% (n = 12), Higher income 8% (n = 11), and Floods 7% (n = 10) (for 
more detailed information see Fig. 4).

Additionally, the results show that 67% of the people who selected economic factors 
such as Unemployment, Job opportunities, and Not enough income as their first choice, 
also selected at least one environmental factor (67%) in positions 2–5, and 64% of the 
time at least one environmental factor was selected in positions 6–9. For a detailed 
explanation, see Table 9.

4.3  Factors analysis by gender

Findings reveal that both Women and Men identified Unemployment as the most criti-
cal factor (68%, n = 26, 73%, n = 11, respectively) in deciding to migrate. However, in 
the first group (position 1), women tend to select factors such as Not enough income 
(8%, n = 3), Job opportunity (8%, n = 3), Insecurity (5%, n = 2), and Strong winds, hur-
ricanes, and tornados (3%, n = 1), Education (3%, n = 1), and Not land available (3%, 
n = 1). In comparison, Men only selected Job Opportunity (13%, n = 2), Property sale 
(7%, n = 1), and Violence (7%, n = 1) as other factors in the same group (further detail in 
Table 10).

As for the second group of factors (position 2–5), whereas both men and women 
showed a more diverse and broader selection of factors, emphasizing economic and social 
factors, women differed by including Family in the new location (5%, n = 7), Health care 
(4%, n = 6), Marriage (1%, n = 2), Discrimination (1%, n = 2), and Corruption (1%, n = 1). 
In contrast, men selected Living costs (2%, n = 1) and Fuel costs (2%, n = 1) as factors that 
women did not select. Furthermore, factors of the third group (position 6–9) reflect several 
similarities as having selected an appropriate portion of environmental and social factors.

Table 9  Frequency of environmental factors in the second group 2 (factors in positions 2–5)and in the 
third group (factors in positions 6–9)when Unemployment, Job Opportunity, and Not enough income were 
ranked in the first position (first group)

Factors Frequency of economic fac-
tors in position 1

Environmental factors in 
positions 2–5

Environmental 
factors in positions 
6–9

Unemployment 37 25 24
Job opportunity 5 4 4
Not enough income 3 1 1
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However, the statistical analysis showed significant differences between all four sam-
ples assessed, revealing that the factors determining the decision to migrate among men 
and women are different, as shown in Table 11.

Table 10  Factors analysis by gender

Own development. The values in the Women and Men columns denote the frequency with which they 
selected a factor in a given position. The percentage represents the proportion of Women and Men who 
selected a specified factor at any given position out of the number of times that factor could be chosen

Factor Women Percentage 
of women

Men Percent-
age of 
men

First group Unemployment 26 68% 11 73%
Not enough income 3 8% – –
Job opportunity 3 8% 2 13%
Insecurity 2 5% – –
Strong winds, hurricanes, and tornados 1 3% – –
No land available 1 3% – –
Education 1 3% – –
Vacations 1 3% – –
Property sale – – 1 7%
Violence – – 1 7%

Second group Unemployment 30 21% 2 3%
Job opportunity 19 13% 8 14%
Insecurity 16 11% 7 12%
Higher income 14 10% 8 14%
Not enough income 12 8% 6 10%
Droughts 10 7% 5 9%
Family in the new location 7 5%

Third group Floods 12 10% 1 2%
Heatwaves 12 10% 4 9%
Higher income 7 8% 4 9%
Temperature increase 6 6% 3 7%
Violence 6 6% 2 3%
Heavy rains and storms 6 6% 6 13%
Droughts – – 4 9%

Table 11  Results of the Kruskal–Wallis statistical test

Women Total and Men Total refer to the number of times a factor was selected among the three groups. 1G, 
2G, and 3G indicate the factors groups: first group, second group, and third group

Samples assessed Kruskal–Wallis Chi-squared and p value Epsilon-squared

Women total–Men total chi-squared = 28.819, df = 10, p value = 0.001333 0.686
Women 1G–Men 1G chi-squared = 12.137, df = 3, p value = 0.00693 0.289
Women 2G–Men 2G chi-squared = 19.484, df = 7, p value = 0.006798 0.464
Women 3G–Men 3G chi-squared = 18.764, df = 5, p value = 0.002126 0.447
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4.4  Determining factor weights using BWM

The analysis of the factors pairwise comparison of the BWM method indicates that the 
factor that was most frequently identified in the "Best" position (factor with the highest 
potential for leading to migration) is the factor Unemployment (n = 34). On the contrary, 
the factor that the interviewees most frequently identified as “Worst” (factor with the low-
est overall migration potential) is the factor Heatwaves (n = 8) (Table 12).

The BWM results indicate that the factor with the highest weight value of all the fac-
tors corresponds to Vacations (weight: 0.255), followed by Property Sales (weight: 0.243), 
while Unemployment (weight: 0.225) appears in third place (Table 11).

However, many factors did not pass the threshold of one-fifth, indicating a frequency 
of selection greater than n ≥ 11 = and yet appear with substantial weights, such as Vaca-
tion. Based on this threshold, in descending order, are the factors with the highest level of 
importance given their weight within the BWM. Following Unemployment, we found Job 
opportunity (weight: 0.167), followed by the factor Higher income (weight: 0.159), in the 
fourth position is located Not enough income (weight: 0.143). In position number five is 

Table 12  Global weight factors influencing migration

The higher the value, the greater the importance of a given factor in deciding whether to migrate for 
Nacaome’s residents. The factors with ‘*’ passed the minimum one-fifth threshold, the ‘n’ values represent 
the frequency

Factor Global weight Factor Global weight

Vacations (n = 1) 0,255,681,818 Cold waves (n = 1) 0,096,256,684
Property sale (n = 1) 0,24,380,805 Discrimination (n = 2) 0,095,395,192
Unemployment* (n = 44) 0,22,566,673 Violence* (n = 18) 0,095,090,401
Crop failure (n = 5) 0,175,434,977 Deforestation (n = 9) 0,094,797,619
Job opportunity* (n = 32) 0,167,978,851 Insecurity* (n = 31) 0,092,354,593
Higher income* (n = 30) 0,159,819,265 Health care (n = 9) 0,081,419,434
Water availability (n = 6) 0,14,883,082 Heatwaves* (n = 19) 0,078,685,091
Not enough income* (n = 26) 0,14,359,652 Heavy rains-storms* (n = 15) 0,0,768,603
Productive capacity (soil) (n = 3) 0,141,030,644 Temperature increase* (n = 13) 0,074,098,558
Few water sources (n = 4) 0,139,543,221 Increase extreme weather phenomena 

(n = 2)
0,073,328,814

Unreliable harvest (n = 3) 0,138,507,508 Forced by government (n = 2) 0,063,043,985
No land available (n = 7) 0,135,382,794 Family in the new location* (n = 13) 0,056,492,999
Soil salinization (n = 1) 0,129,032,258 Political conflict (n = 2) 0,052,825,007
Strong winds, hurricanes, and 

tornados (n = 8)
0,117,139,927 Agricultural contamination (n = 1) 0,045,045,045

Marriage (n = 4) 0,116,844,582 Food security (n = 2) 0,041,792,534
Education (n = 9) 0,114,718,651 Vector-borne diseases (n = 6) 0,035,020,483
Floods* (n = 17) 0,112,120,209 Age (n = 1) 0,034,090,909
Land security (n = 2) 0,111,496,896 Corruption (n = 1) 0,032,051,282
Droughts* (n = 26) 0,110,052,552 Fuel costs (n = 1) 0,027,472,527
Malnutrition (n = 1) 0,102,564,103 Political freedom (n =) 0,026,062,138
Living costs (n = 1) 0,098,901,099 Relative’s search (n = 1) 0,01,843,318
Precipitation increases (n = 7) 0,098,585,363
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the factor Floods (weight: 0.112), then the sixth factor with the highest potential to induce 
migration is Droughts (weight: 0.110), followed by Violence (weight: 0.095), and finally, 
Insecurity (weight: 0.092) and Heat waves (weight: 0.078) (Table 12).

Considering that the Consistency Ratio ranges from 0 to 1, where 0 represents maxi-
mum consistency, the overall performance of the models assessed through this ratio 
showed a high level of reliability and very high consistency with an overall average value 
of 0.09, a maximum value of 0.45 and a minimum value of 0.03. This indicates that the 
model notably captures the decision-making process of individuals, reflecting the excellent 
performance of the BWM for the evaluation and calculation of the factors weights.

Fig. 5  Map of the likelihood of potential migration in Nacaome, Honduras. The five-color scale represents 
the likelihood of migration potential. Own development
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4.5  Likelihood of internal and external potential migration in Nacaome

The likelihood map presents a color scale from blue to red, where red represents very high 
migration potential values. Conversely, green gives medium values of potential migra-
tion, and blue displays low potential. Thus, the map shows that within the municipality of 
Nacaome, there are various levels of migratory potential. Despite this, certain zones tend 
to be relatively evenly distributed. For instance, the eastern region of the municipality has 
high levels of migration potential that overlap with the predominant agricultural production 
areas. In contrast, lower levels of migration potential characterize the western part, which 
is distinguished by having fewer cultivated areas and more forest cover (Fig. 5).

The likelihood map of potential migration in Nacaome using the Best–Worst method 
(BWM) and a combined spatial-cognitive individual decision-making model displays find-
ings on individual-level factors’ preferences to help us understand and assess what cur-
rently and potentially promotes human migration in areas highly vulnerable to climate 
change. The data reveal the spatial disaggregation of different responses to the myriad of 
factors involved in the migration decision-making process and reveal that not all individu-
als or communities at risk tend to migrate, even at the municipal scale.

5  Discussion

We analyzed the key factors driving internal and external migration decision-making in 
Nacaome, thus displaying the potential that people can migrate from Nacaome internally 
(to other parts of Honduras) and externally (to outside of Honduras). The findings point 
to economic and social factors as key determinants of migration. Conversely, environmen-
tal and climate change-related effects are only considered tertiary elements in the decision 
process. These findings indicate that, for Nacaome, climate change and migration do not 
appear to have a cause-and-effect relationship in which climate generates vulnerability and 
people move to avoid and cope with these impacts. On the contrary, the complexity of 
climate change-related migration means that approaches looking for causality and correla-
tions alone cannot unravel and explain this nexus. Hence, approaches like ours are needed 
to capture the different factors influencing migration, determine their influence, and cap-
ture the diversity of people’s decision-making processes considering whether to migrate. 
Our work contributes a novel approach to understanding the drivers of migration and the 
relative roles of climate and environmental change and social-economic development fac-
tors in migration decision-making.

Our analysis encountered high poverty levels, low education rates, and unemployment. 
Family networks and social capital motivated by economic factors mainly supported inter-
national and domestic migration patterns. Similarly, studies suggest that the preponderance 
of social and economic factors mainly affects and delimits migration patterns in the Dry 
Corridor (Reichman, 2022). These results are consistent with studies suggesting that social 
and economic factors’ preponderance mainly affects and delimits Dry Corridor’s migration 
patterns (Reichman, 2022). The Corridor has been negatively affected by the development 
and implementation of large agricultural and shrimp enterprises that have affected rural 
land use and household decision-making (Reichman, 2022). Analyses indicate that changes 
in rural livelihoods and the loss of land security and tenure, together with these agribusi-
nesses’ appropriation of land and natural resources, pushed poor farmers and villagers into 
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landlessness or marginal lands (Quijada & Sierra, 2019). Exacerbating structural inequali-
ties leading to more precarious living situations and living with high economic, social, and 
environmental vulnerability possess incentives to migrate since they have limited capacity 
to employ in situ adaptation capacities (Delazeri et al., 2022).

Our study points to heterogeneous responses between climate and migration, demon-
strating no linearities in the nexus but rather a loop of multiple interactions that underlie 
it. The influence of economic and social factors such as unemployment, low income, and 
insecurity on migration is far less novel (de Haas, 2011; Haas, 2021a, 2021b). However, 
our case study in Nacaome contributes by illustrating how environmental factors are not 
considered essential and can be classified as underlying the influence of migration. One 
reason could be that economic asset deterioration due to environmental changes is not per-
ceived as detrimental but beneficial. For instance, increased rainfall can improve crops, 
promote yield generation and induce water stress due to excess rainfall (Gray & Bilsbor-
row, 2014).

Our results have important implications for migration and non-migration associated with 
climate change studies. They highlight the significance of economic factors in the decision 
to migrate due to the “feedback loop of capital accumulation, impoverishment, and envi-
ronmental degradation” (Biel, 2006). We illustrate the need to understand the process and 
ranking of the factors involved in the decision to migrate to climate change; expanding 
the analysis to factors beyond environmental ones is necessary, considering local realities, 
their relationship with their natural environment, and the process of how people make deci-
sions (Mallick & Mallick, 2021; Mallick et al., 2022; Wiegel et al., 2019, 2021).

Our analysis also reported significant differences in the factors that may promote migra-
tion between men and women. Studies indicate that women migrate more for environmen-
tal factors than men (Awiti, 2022; Bleeker et al., 2021; Evertsen & van der Geest, 2020). It 
has also been found that the effect of crop failure tends to reduce household mobility, and 
indirect exposure increases it in women. Birk and Rasmussen (2014) argue that women 
are more likely to use their family networks and other social capital coping strategies to 
mitigate their exit from poverty to reduce climate vulnerability. The main differences in the 
decision to migrate between these groups are due to a lack of property rights and domestic 
and reproductive roles that impose time constraints on women’s participation in non-agri-
cultural employment. Women often lack equitable access to land, credit, financial assets, 
information, and agricultural technologies, and their ability to diversify options to cope 
with the adverse impacts of climate change (Ratha et al., 2011). Therefore, our results can 
contribute to the debate and formulate connections between the dynamics of climate risks 
and gender-differentiated impacts and the development of gender-differentiated asset or 
capital poverty traps that may affect women more and thus promote differentiated ideas of 
migration factors (Awiti, 2022; Farbotko et al., 2020; Parsons, 2019; Parsons & Nielsen, 
2021).

This research provides the first multi-criteria analysis of the decision-making process 
of potential migrants at the local scale in an area highly vulnerable to the effects of 
climate change, thus allowing us to deepen the debate and understand the link between 
climate change and migration. The model’s main advantage is that it allows a spatially 
explicit representation of the variation in migration potential within the municipality. It 
also demonstrates that there is no single driver of migration but rather a myriad of mul-
tiplicative and interacting factors that can influence the cause of migration, challenging 
the dichotomous understanding of climate migration and non-migration in areas highly 
vulnerable to this phenomenon. Stressing the multiplicity and diversity of responses and 
perceptions to climate impacts by local communities and how people experience these 
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impacts at the individual level and make decisions to cope with them. While the preva-
lence of one factor over another is relative and depends on each individual’s assessment 
and preference, migration is always the result of a complex combination of macro- and 
micro-factors acting on each other at different scales and processes (Castelli, 2018; Par-
sons & Nielsen, 2021; Till et al., 2018).

Our spatially explicit model reveals that high migration potential is consistent with areas 
with a more significant presence of crop and fish farming activities and where agricultural 
activity is a critical economic activity for household sustenance in the municipality (Birk 
& Rasmussen, 2014; Black et  al., 2011). The use of multi-criteria analysis in assessing 
climate change mitigation policies has shown that it is a tool that can potentially support 
community participation and transparency in climate change adaptation policy (Konidari 
& Mavrakis, 2007; Malczewski & Rinner, 2015). More generally, our results are consistent 
with suggestions made in previous studies, based on different gravity models, of the effects 
that specific economic, social, climatic, or other factors may have on future migration. It 
thus leaves implicit that people are motivated by individual cost–benefit calculations to 
maximize income or utility and will therefore react instinctively and predictably to external 
stimuli or factors. They operate through perceptions and preferences and choose between 
different options. Furthermore, our research addresses how people’s perceptions of eco-
nomic, social, and cultural resources determine their ability to move or stay (de Haas, 
2021a, 2021b; Streimikiene & Balezentis, 2013).

6  Conclusion

Migration decision-making dynamics are characterized by social, economic, environmen-
tal, political, and demographic factors. This study assessed how various factors affect and 
influence the decision-making process of potential migrants due to climate change, as well 
as how people prioritize and value them when deciding whether to move. In order to do 
this, we designed a spatially explicit multi-criteria model that enabled us to assess the var-
iables that impact an individual’s choice to move and to spatialize the regions with the 
most significant potential for migration. Our findings and model also clarified this link at 
the local scale and individual level, potentially offering launching pads for creating public 
policies on social, economic, and environmental vulnerability and aiding in achieving the 
SDGs. The knowledge gathered using this method can help with program creation, prior-
ity setting, and policy formulation to lessen the underlying vulnerabilities of local popula-
tions. Furthermore, we contend that it is essential to encourage academics and decision-
makers to concentrate on identifying the elements that influence climate migration at the 
local scale in order to prevent the loss of specificity of indicators assessed at the regional 
or national level, such as personal circumstances, local networks, mobility capacity, and 
resources. Hence, our research highlights that local characterization of potential climate 
migrants and resulting nodes of changing vulnerability can inform the development of tar-
geted policy interventions to reduce climate-induced migration.

Acknowledgements The authors disclosed receipt of the following financial support for the research and 
authorship of this article. This work was supported by The Stockholm Environment Institute Project 100315 
Honduras Climate & Migration: Unravelling decision-making that leads to climate migrations. We thank Dr. 
Farah Hegazi from the Stockholm International Peace Research Institute (SIPRI) for comments that signifi-
cantly improved the manuscript.



6803A combined cognitive and spatial model to map and understand…

1 3

Author contributions  MC-V was involved in conceptualization, methodology, and formal analysis and 
investigation; MC-V, JCBJ, and JB contributed to writing—original draft preparation;  MC-V, JB, JCBJ, 
EH-O, DM-M, IL-A were involved in writing—review and editing; IL-A contributed to funding acquisition; 
IL-A, MC-V was involved in supervision.

Data availability The data that support the findings of this study are available from the corresponding 
author, upon reasonable request.

Declarations 

Conflict of interest The authors declare no competing nor potential financial conflicts of interest regarding 
this article’s research, authorship, and publication.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Acuña, G., Herra, E., Voorend, O. I. para las M. (OIM) como la C. E. y C. C. (CECC/SICA)oen. (2011). 
Informe de honduras. http:// www. ilo. org/ wcmsp5/ groups/ publi c/--- ameri cas/--- ro- lima/--- sro- san_ 
jose/ docum ents/ publi cation/ wcms_ 205970. pdf

Alfaro Martínez, E. J., Hidalgo León, H., & Pérez Briceño, P. (2018). Mapping environmental and socioeco-
nomic impacts of hydrometeorological hazards across Central America. study case: Honduras. Política 
Económica Para El Desarrollo Sostenible, 3(1), 20. https:// doi. org/ 10. 15359/ peds.3- 1.2

Alpizar, F., Carlsson, F., Lanza, G., Carney, B., Daniels, R. C., Jaime, M., Ho, T., Nie, Z., Salazar, C., 
Tibesigwa, B., & Wahdera, S. (2020). A framework for selecting and designing policies to reduce 
marine plastic pollution in developing countries. Environmental Science & Policy, 109, 25–35. https:// 
doi. org/ 10. 1016/j. envsci. 2020. 04. 007

Awiti, A. O. (2022). Climate change and gender in Africa: A review of impact and gender-responsive solu-
tions. Frontiers in Climate. https:// doi. org/ 10. 3389/ fclim. 2022. 895950

Ayales, I., Blomstrom, E., Solis Rivera, V., Pedraza, D., & Perez Briceño, P. M. (2019). Migraciones 
climáticas en el Corredor Seco Centroamericano.

Bernzen, A., Jenkins, J. C., & Braun, B. (2019). Climate change-induced migration in coastal Bangladesh? 
A critical assessment of migration drivers in rural households under economic and environmental 
stress. Geosciences (switzerland). https:// doi. org/ 10. 3390/ geosc ience s9010 051

Biel, R. (2006). The interplay between social and environmental degradation in the development of the 
international political economy*. Journal of World-Systems Research. https:// doi. org/ 10. 5195/ jwsr. 
2006. 373

Birk, T., & Rasmussen, K. (2014). Migration from atolls as climate change adaptation: Current practices, 
barriers and options in Solomon Islands. Natural Resources Forum, 38(1), 1–13. https:// doi. org/ 10. 
1111/ 1477- 8947. 12038

Birkmann, J., Jamshed, A., McMillan, J. M., Feldmeyer, D., Totin, E., Solecki, W., Ibrahim, Z. Z., Roberts, 
D., Kerr, R. B., Poertner, H.-O., Pelling, M., Djalante, R., Garschagen, M., Leal Filho, W., Guha-Sapir, 
D., & Alegría, A. (2022). Understanding human vulnerability to climate change: A global perspective 
on index validation for adaptation planning. Science of the Total Environment, 803, 150065. https:// doi. 
org/ 10. 1016/j. scito tenv. 2021. 150065

Black, R., Stephen, R., Bennett, G., Thomas, S. M., & Beddington, J. R. (2011). Mobility as adaptation. 
Nature, 478, 447–449.

Bleeker, A., Escribano, P., Gonzales, C., Liberati, C., Mawby, B., & Economic Commission for Latin Amer-
ica and the Caribbean (ECLAC). (2021). Advancing gender equality in environmental migration and 
disaster displacement in the Caribbean. www. cepal. org/ apps

http://creativecommons.org/licenses/by/4.0/
http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---sro-san_jose/documents/publication/wcms_205970.pdf
http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---sro-san_jose/documents/publication/wcms_205970.pdf
https://doi.org/10.15359/peds.3-1.2
https://doi.org/10.1016/j.envsci.2020.04.007
https://doi.org/10.1016/j.envsci.2020.04.007
https://doi.org/10.3389/fclim.2022.895950
https://doi.org/10.3390/geosciences9010051
https://doi.org/10.5195/jwsr.2006.373
https://doi.org/10.5195/jwsr.2006.373
https://doi.org/10.1111/1477-8947.12038
https://doi.org/10.1111/1477-8947.12038
https://doi.org/10.1016/j.scitotenv.2021.150065
https://doi.org/10.1016/j.scitotenv.2021.150065
http://www.cepal.org/apps


6804 M. Cárdenas-Vélez et al.

1 3

Blondin, S. (2021). Staying despite disaster risks: Place attachment, voluntary immobility and adaptation in 
Tajikistan’s Pamir Mountains. Geoforum, 126, 290–301.

Boas, I., Farbotko, C., Adams, H., Sterly, H., Bush, S., van der Geest, K., Wiegel, H., Ashraf, H., Baldwin, 
A., Bettini, G., Blondin, S., de Bruijn, M., Durand-Delacre, D., Fröhlich, C., Gioli, G., Guaita, L., 
Hut, E., Jarawura, F. X., Lamers, M., & Hulme, M. (2019). Climate migration myths. Nature Climate 
Change, 9(12), 901–903. https:// doi. org/ 10. 1038/ s41558- 019- 0633-3

Campbell, B. M., Vermeulen, S. J., Aggarwal, P. K., Corner-Dolloff, C., Girvetz, E., Loboguerrero, A. M., 
Ramirez-Villegas, J., Rosenstock, T., Sebastian, L., Thornton, P. K., & Wollenberg, E. (2016). Reduc-
ing risks to food security from climate change. Global Food Security, 11, 34–43. https:// doi. org/ 10. 
1016/j. gfs. 2016. 06. 002

Casillas, R. (2020). Migración internacional y cambio climático: conexiones y desconexiones entre 
México y Centroamérica. URVIO Revista Latinoamericana de Estudios de Seguridad, 4299(26), 
73–92. https:// doi. org/ 10. 17141/ urvio. 26. 2020. 4038

Castelli, F. (2018). Drivers of migration: Why do people move? Journal of Travel Medicine, 25(1), 1–7. 
https:// doi. org/ 10. 1093/ jtm/ tay040

Chen, J., & Mueller, V. (2019). Climate-induced cross-border migration and change in demo-
graphic structure. Population and Environment, 41(2), 98–125. https:// doi. org/ 10. 1007/ 
s11111- 019- 00328-3

de Haas, H. (2021a). A theory of migration: The aspirations-capabilities framework. Comparative 
Migration Studies, 9(1), 8. https:// doi. org/ 10. 1186/ s40878- 020- 00210-4

De Haas, H. (2021b). A theory of migration: the aspirations—capabilities framework. Comparative 
Migration Studies, 9(1), 1–35.

Delazeri, L. M. M., Da Cunha, D. A., & Oliveira, L. R. (2022). Climate change and rural–urban migra-
tion in the Brazilian Northeast region. GeoJournal, 87(3), 2159–2179. https:// doi. org/ 10. 1007/ 
s10708- 020- 10349-3

Detraz, N. (2017). Gender and environmental (in)security: from climate conflict to ecosystem instability. 
In S. MacGregor (Ed.), Routledge Handbook of Gender and Environment (pp. 202–215). Rout-
ledge. https:// doi. org/ 10. 1080/ 14688 417. 2019. 16143 31

Dillon, A., Mueller, V., & Salau, S. (2011). Migratory responses to agricultural risk in Northern Nigeria. 
American Journal of Agricultural Economics, 93(4), 1048–1061. https:// doi. org/ 10. 1093/ ajae/ aar033

Dodd, W., Gómez Cerna, M., Orellana, P., Humphries, S., Kipp, A., & Cole, D. C. (2020). Interrogating 
the dimensions of human security within the context of migration and rural livelihoods in Hondu-
ras. Migration and Development, 9(2), 152–172. https:// doi. org/ 10. 1080/ 21632 324. 2019. 15863 42

Espósito, C., & Torres Camprubí, A. (2011). Cambio climático y derechos humanos: El desafío de los 
“nuevos refugiados”|climate change and human rights: The challenge of the “New Refugees.” 
Revista de Derecho Ambiental de La Universidad de Palermo, 1(1), 7–32.

ESRI. (2021). Spatial references. ArcMap. https:// deskt op. arcgis. com/ en/ arcmap/ latest/ manage- data/ 
geoda tabas es/ an- overv iew- of- spati al- refer ences. htm

Evertsen, K. F., & van der Geest, K. (2020). Gender, environment and migration in Bangladesh. Climate 
and Development, 12(1), 12–22. https:// doi. org/ 10. 1080/ 17565 529. 2019. 15960 59

Falco, C., Galeotti, M., & Olper, A. (2019). Climate change and migration: Is agriculture the main chan-
nel? Global Environmental Change, 59, 101995. https:// doi. org/ 10. 1016/j. gloen vcha. 2019. 101995

FAOSTAT. (2019). Honduras. http:// www. fao. org/ faost at/ en/# count ry/ 95
Farbotko, C. (2018). Voluntary immobility: Indigenous voices in the Pacific. Forced Migration Reviews, 

57, 81–83.
Farbotko, C., Dun, O., Thornton, F., McNamara, K., & McMichael, C. (2020). Relocation planning must 

address voluntary immobility. Nature Climate Change, 10(8), 702–704.
Finch, M. (2021). Climate-induced Migartion from Central America [Salem state university]. https:// 

digit alcom mons. salem state. edu/ honors_ theses/ 323
Foresight. (2011). Migration and global environmental change: future challenges and opportunities.
Gill, P., Stewart, K., Treasure, E., & Chadwick, B. (2008). Methods of data collection in qualitative 

research: Interviews and focus groups. British Dental Journal, 204(6), 291–295. https:// doi. org/ 10. 
1038/ bdj. 2008. 192

Gobierno de la Republica de Honduras. (2021). Geo-Portal del SINAP. https:// geopo rtal. sinap. hn/ geopo 
rtal/ main

Gray, C., & Bilsborrow, R. (2014). Environmental influences on human migration in rural ecuador. NIH, 
23(1), 1–7. https:// doi. org/ 10. 1007/ s13524- 012- 0192-y. Envir onmen tal

Gray, C., & Mueller, V. (2012). Drought and population mobility in rural Ethiopia. World Development, 
40(1), 134–145. https:// doi. org/ 10. 1016/j. world dev. 2011. 05. 023

https://doi.org/10.1038/s41558-019-0633-3
https://doi.org/10.1016/j.gfs.2016.06.002
https://doi.org/10.1016/j.gfs.2016.06.002
https://doi.org/10.17141/urvio.26.2020.4038
https://doi.org/10.1093/jtm/tay040
https://doi.org/10.1007/s11111-019-00328-3
https://doi.org/10.1007/s11111-019-00328-3
https://doi.org/10.1186/s40878-020-00210-4
https://doi.org/10.1007/s10708-020-10349-3
https://doi.org/10.1007/s10708-020-10349-3
https://doi.org/10.1080/14688417.2019.1614331
https://doi.org/10.1093/ajae/aar033
https://doi.org/10.1080/21632324.2019.1586342
https://desktop.arcgis.com/en/arcmap/latest/manage-data/geodatabases/an-overview-of-spatial-references.htm
https://desktop.arcgis.com/en/arcmap/latest/manage-data/geodatabases/an-overview-of-spatial-references.htm
https://doi.org/10.1080/17565529.2019.1596059
https://doi.org/10.1016/j.gloenvcha.2019.101995
http://www.fao.org/faostat/en/#country/95
https://digitalcommons.salemstate.edu/honors_theses/323
https://digitalcommons.salemstate.edu/honors_theses/323
https://doi.org/10.1038/bdj.2008.192
https://doi.org/10.1038/bdj.2008.192
https://geoportal.sinap.hn/geoportal/main
https://geoportal.sinap.hn/geoportal/main
https://doi.org/10.1007/s13524-012-0192-y.Environmental
https://doi.org/10.1016/j.worlddev.2011.05.023


6805A combined cognitive and spatial model to map and understand…

1 3

de Haas, H. (2011). The determinants of international migration: Conceptualising policy, origin and des-
tination effects. IMI Working Paper Series, 32(April 2011), 35. https:// www. imi. ox. ac. uk/ publi catio 
ns/ wp- 32- 11

Henry, S., Schoumaker, B., & Beauchemin, C. (2004). The impact of rainfall on the first out-migration: 
A multi-level event-history analysis in Burkina Faso. Population and Environment, 25(5), 423–460. 
https:// doi. org/ 10. 1023/B: POEN. 00000 36928. 17696. e8

Hermans, K., & McLeman, R. (2021). Climate change, drought, land degradation and migration: explor-
ing the linkages. Current Opinion in Environmental Sustainability, 50, 236–244. https:// doi. org/ 10. 
1016/j. cosust. 2021. 04. 013

Hernández, A. (2016). Cambio climático en Honduras. In La infancia en peligro. https:// www. unicef. 
org/ hondu ras/ media/ 501/ file/ El- Cambio- climático- en- Hondu ras- estud io- 2016. pdf

Hoffmann, R., Dimitrova, A., Muttarak, R., Crespo Cuaresma, J., & Peisker, J. (2020). A meta-analysis 
of country-level studies on environmental change and migration. Nature Climate Change, 10(10), 
904–912. https:// doi. org/ 10. 1038/ s41558- 020- 0898-6

Hoffmann, R., Šedová, B., & Vinke, K. (2021). Improving the evidence base: A methodological review 
of the quantitative climate migration literature. Global Environmental Change, 71, 102367. https:// 
doi. org/ 10. 1016/j. gloen vcha. 2021. 102367

INE: Instituto Nacional de Estadistica. (2018). No Title.
IOM, & UN-OHRLLS. (2019). Climate Change and Migration in Vulnerable Countries. In International 

Organization for Migration. https:// www. un. org/ susta inabl edeve lopme nt/ blog/ 2019/ 09/ clima te- 
change- and- migra tion- in- vulne rable- count ries/

IPCC. (2018). An IPCC special report on the impacts of global warming of 1.5 °C above pre-industrial 
levels and related global greenhouse gas emission pathways, in the context of strengthening the 
global response to the threat of climate change, sustainable development,. In Ipcc: Sr15 (Vol. 2, 
Issue October). www. envir onmen talgr aphiti. org

Jha, C. K., Gupta, V., Chattopadhyay, U., & Amarayil Sreeraman, B. (2018). Migration as adaptation 
strategy to cope with climate change: A study of farmers’ migration in rural India. International 
Journal of Climate Change Strategies and Management, 10(1), 121–141. https:// doi. org/ 10. 1108/ 
IJCCSM- 03- 2017- 0059

Konidari, P., & Mavrakis, D. (2007). A multi-criteria evaluation method for climate change mitigation 
policy instruments. Energy Policy, 35(12), 6235–6257. https:// doi. org/ 10. 1016/j. enpol. 2007. 07. 007

Koubi, V., Spilker, G., Schaffer, L., & Böhmelt, T. (2016). The role of environmental percep-
tions in migration decision-making: Evidence from both migrants and non-migrants in five 
developing countries. Population and Environment, 38(2), 134–163. https:// doi. org/ 10. 1007/ 
s11111- 016- 0258-7

Laczko, F., & Aghazarm, C. (2010). Migration, environment and climate change: Assessing the evi-
dence. In O. Sheean (Ed.), Green energy: Technology, economics and policy (IOM). https:// doi. org/ 
10. 1201/ b10163

Li, L., Wang, X., & Rezaei, J. (2020). A bayesian best-worst method-based multi-criteria competence 
analysis of crowdsourcing delivery personnel. Complexity, 2020, 4250417. https:// doi. org/ 10. 1155/ 
2020/ 42504 17

Malczewski, J., & Rinner, C. (2015). Multi-criteria decision analysis in geographic information science. 
In Analysis methods (Issue Massam 1993). http:// www. amazon. com/ Multi crite ria- Decis ion- Analy 
sis- Geogr aphic- Infor mation/ dp/ 35407 47567/ ref= sr_1_ 1? ie= UTF8& qid= 14308 64854 & sr=8- 1& 
keywo rds= Multi crite ria+ decis ion+ analy sis+ in+ geogr aphic+ infor mation+ scien ce

Mallick, A., & Mallick, B. (2021). Staying despite riverbank erosion: Evidence of coastal Bangladesh. 
SN Social Sciences, 1(6), 155.

Mallick, B., Rogers, K., & Sultana, Z. (2022). In harm’s way: Non-migration decisions of people at risk 
of slow-onset coastal hazards in Bangladesh. Ambio, 51(1), 114–134.

Massey, D., Axinn, W., & Ghimire, D. (2010). Environmental change and out-migration: Evidence from 
Nepal. Bone, 32(1), 1–7. https:// doi. org/ 10. 1007/ s11111- 010- 0119-8

McCarney, R., & Kent, J. (2020). Forced displacement and climate change: Time for global governance. 
International Journal, 75(4), 652–661. https:// doi. org/ 10. 1177/ 00207 02020 968944

McLeman, R. (2017). Thresholds in climate migration. Population and Environment, 39(4), 319–338. 
https:// doi. org/ 10. 1007/ S11111- 017- 0290-2

Mohammadi, M., & Rezaei, J. (2020). Bayesian best-worst method: A probabilistic group decision making 
model. Omega, 96, 102075. https:// doi. org/ 10. 1016/j. omega. 2019. 06. 001

Muttarak, R. (2021). Applying concepts and tools in demography for estimating, analyzing, and fore-
casting forced migration. Journal on Migration and Human Security, 9(3), 182–196. https:// doi. 
org/ 10. 1177/ 23315 02421 10428 50

https://www.imi.ox.ac.uk/publications/wp-32-11
https://www.imi.ox.ac.uk/publications/wp-32-11
https://doi.org/10.1023/B:POEN.0000036928.17696.e8
https://doi.org/10.1016/j.cosust.2021.04.013
https://doi.org/10.1016/j.cosust.2021.04.013
https://www.unicef.org/honduras/media/501/file/El-Cambio-climático-en-Honduras-estudio-2016.pdf
https://www.unicef.org/honduras/media/501/file/El-Cambio-climático-en-Honduras-estudio-2016.pdf
https://doi.org/10.1038/s41558-020-0898-6
https://doi.org/10.1016/j.gloenvcha.2021.102367
https://doi.org/10.1016/j.gloenvcha.2021.102367
https://www.un.org/sustainabledevelopment/blog/2019/09/climate-change-and-migration-in-vulnerable-countries/
https://www.un.org/sustainabledevelopment/blog/2019/09/climate-change-and-migration-in-vulnerable-countries/
http://www.environmentalgraphiti.org
https://doi.org/10.1108/IJCCSM-03-2017-0059
https://doi.org/10.1108/IJCCSM-03-2017-0059
https://doi.org/10.1016/j.enpol.2007.07.007
https://doi.org/10.1007/s11111-016-0258-7
https://doi.org/10.1007/s11111-016-0258-7
https://doi.org/10.1201/b10163
https://doi.org/10.1201/b10163
https://doi.org/10.1155/2020/4250417
https://doi.org/10.1155/2020/4250417
http://www.amazon.com/Multicriteria-Decision-Analysis-Geographic-Information/dp/3540747567/ref=sr_1_1?ie=UTF8&qid=1430864854&sr=8-1&keywords=Multicriteria+decision+analysis+in+geographic+information+science
http://www.amazon.com/Multicriteria-Decision-Analysis-Geographic-Information/dp/3540747567/ref=sr_1_1?ie=UTF8&qid=1430864854&sr=8-1&keywords=Multicriteria+decision+analysis+in+geographic+information+science
http://www.amazon.com/Multicriteria-Decision-Analysis-Geographic-Information/dp/3540747567/ref=sr_1_1?ie=UTF8&qid=1430864854&sr=8-1&keywords=Multicriteria+decision+analysis+in+geographic+information+science
https://doi.org/10.1007/s11111-010-0119-8
https://doi.org/10.1177/0020702020968944
https://doi.org/10.1007/S11111-017-0290-2
https://doi.org/10.1016/j.omega.2019.06.001
https://doi.org/10.1177/23315024211042850
https://doi.org/10.1177/23315024211042850


6806 M. Cárdenas-Vélez et al.

1 3

Narváez, L., Lavell, A., & Pérez, G. (2009). La Gestión del Riesgo un enfoque basado en procesos. 
www. comun idada ndina. org

Observatorio Demográfico Universitario, & UNAH. (2016). Geoportal indicadores demográficos. 
https:// geopo rtal- odu. unah. edu. hn/

OCHA Services. (2021). The Humanitarian DAta Exchange. https:// data. humda ta. org/
OIM. (2018). Informe anual.
Ortiz-Paniagua, C. F., & Felipe Pérez, B. I. (2017). Migración, deterioro ambiental y cambio climático: 

hacia un modelo bajo la perspectiva del análisis regional. Acta Universitaria, 27, 46–58. https:// doi. 
org/ 10. 15174/ au. 2017. 1474

Ostertagová, E., Ostertag, O., & Kováč, J. (2014). Methodology and application of the Kruskal–Wallis 
test. Applied Mechanics and Materials, 611(January), 115–120. https:// doi. org/ 10. 4028/ www. scien 
tific. net/ AMM. 611. 115

Parsons, L. (2019). Structuring the emotional landscape of climate change migration: Towards climate 
mobilities in geography. Progress in Human Geography, 43(4), 670–690. https:// doi. org/ 10. 1177/ 
03091 32518 781011

Parsons, L., & Nielsen, J. Ø. (2021). The subjective climate migrant: Climate perceptions, their determi-
nants, and relationship to migration in Cambodia. Annals of the American Association of Geogra-
phers, 111(4), 971–988. https:// doi. org/ 10. 1080/ 24694 452. 2020. 18078 99

Prager, S., Rios, A. R., Schiek, B., Almeida, J. S., & Gonzalez, C. E. (2020). Vulnerability to climate 
change and economic impacts in the agriculture sector in Latin America and the Caribbean. In 
Inter-American Development Bank (Issue August).

QGIS.org. (2021). QGIS 3.16. QGIS Geographic Information System.
Quijada, J. A., & Sierra, J. D. (2019). Understanding undocumented migration from Honduras. Interna-

tional Migration, 57(4), 3–20. https:// doi. org/ 10. 1111/ imig. 12429
R Core Team. (2022). R: A language and environment for statistical computing. R Foundation for statis-

tical computing.
Ratha, D., Mohapatra, S., & Scheja, E. (2011). Impact of migration on economic and social develop-

ment: Review of evidence and emerging issues. World Bank policy research working paper. World 
Bank Policy Research Working Paper 5558, February. http:// www.i- schol ar. in/ index. php/ Artha Vij/ 
artic le/ view/ 117558

Reichman, D. R. (2022). Putting climate-induced migration in context: The case of Honduran migra-
tion to the USA. Regional Environmental Change, 22(3), 1–10. https:// doi. org/ 10. 1007/ 
s10113- 022- 01946-8

Reyes, S. (2016). Diagnóstico y análisis del sector Agua Potable y Saneamiento, Municipio de Arenal 
Departamento de Yoro.

Rezaei, J. (2015). Best-worst multi-criteria decision-making method. Omega (united Kingdom), 53, 
49–57. https:// doi. org/ 10. 1016/j. omega. 2014. 11. 009

Rezaei, J. (2016). Best-worst multi-criteria decision-making method: Some properties and a linear 
model. Omega, 64, 126–130. https:// doi. org/ 10. 1016/j. omega. 2015. 12. 001

Saunders, B., Kitzinger, J., & Kitzinger, C. (2015). Anonymizing interview data: Challenges and com-
promise in practice. Qualitative Research: QR, 15(5), 616–632. https:// doi. org/ 10. 1177/ 14687 
94114 550439

Schewel, K. (2020). Understanding immobility: Moving beyond the mobility bias in migration studies. 
International Migration Review, 54(2), 328–355.

Streimikiene, D., & Balezentis, T. (2013). Multi-objective ranking of climate change mitigation policies 
and measures in Lithuania. Renewable and Sustainable Energy Reviews, 18, 144–153. https:// doi. 
org/ 10. 1016/j. rser. 2012. 09. 040

The Nansen Inciative. (2015). The Nansen Initiative Global Consultation. In The Nansen Initiative 
Global Consultation.

Till, C., Haverkamp, J., White, D., & Bhaduri, B. (2018). Understanding climate-induced migration 
through computational modeling: A critical overview with guidance for future efforts. Journal of 
Defense Modeling and Simulation, 15(4), 415–435. https:// doi. org/ 10. 1177/ 15485 12916 679038

Tomczak, M., & Tomczak, E. (2014). The need to report effect size estimates revisited. An overview of 
some recommended measures of effect size. Trends in Sport Sciences, 1(21), 19–25.

Universidad Nacional Autonoma de Honduras. (2021). Territorios en Riesgo. https:// terri torio senri esgo. 
unah. edu. hn/

Vallejos, M. (2020). “Capacidad de adaptación al cambio climático y dinámicas migratorias en dos 
comunidades del corredor seco hondureño 2018.” 96. http:// oa. upm. es/ 63467/1/ TFm_ Mara_ Valle 
jos_ Mihot ek. pdf

http://www.comunidadandina.org
https://geoportal-odu.unah.edu.hn/
https://data.humdata.org/
https://doi.org/10.15174/au.2017.1474
https://doi.org/10.15174/au.2017.1474
https://doi.org/10.4028/www.scientific.net/AMM.611.115
https://doi.org/10.4028/www.scientific.net/AMM.611.115
https://doi.org/10.1177/0309132518781011
https://doi.org/10.1177/0309132518781011
https://doi.org/10.1080/24694452.2020.1807899
https://doi.org/10.1111/imig.12429
http://www.i-scholar.in/index.php/ArthaVij/article/view/117558
http://www.i-scholar.in/index.php/ArthaVij/article/view/117558
https://doi.org/10.1007/s10113-022-01946-8
https://doi.org/10.1007/s10113-022-01946-8
https://doi.org/10.1016/j.omega.2014.11.009
https://doi.org/10.1016/j.omega.2015.12.001
https://doi.org/10.1177/1468794114550439
https://doi.org/10.1177/1468794114550439
https://doi.org/10.1016/j.rser.2012.09.040
https://doi.org/10.1016/j.rser.2012.09.040
https://doi.org/10.1177/1548512916679038
https://territoriosenriesgo.unah.edu.hn/
https://territoriosenriesgo.unah.edu.hn/
http://oa.upm.es/63467/1/TFm_Mara_Vallejos_Mihotek.pdf
http://oa.upm.es/63467/1/TFm_Mara_Vallejos_Mihotek.pdf


6807A combined cognitive and spatial model to map and understand…

1 3

Warner, K. (2011). Environmental change and migration: Methodological considerations from ground-
breaking global survey. Population and Environment, 33(1), 3–27. https:// doi. org/ 10. 1007/ 
s11111- 011- 0150-4

Wiegel, H., Boas, I., & Warner, J. (2019). A mobilities perspective on migration in the context of envi-
ronmental change. Wiley Interdisciplinary Reviews: Climate Change, 10(6), 1–9. https:// doi. org/ 10. 
1002/ wcc. 610

Wiegel, H., Warner, J., Boas, I., & Lamers, M. (2021). Safe from what? Understanding environmental 
non-migration in Chilean Patagonia through ontological security and risk perceptions. Regional 
Environmental Change, 21, 1–13.

Wrathall, D. J., Bury, J., Carey, M., Mark, B., McKenzie, J., Young, K., Baraer, M., French, A., & 
Rampini, C. (2014). Migration amidst climate rigidity traps: Resource politics and social-ecologi-
cal possibilism in Honduras and Peru. Annals of the Association of American Geographers, 104(2), 
292–304. https:// doi. org/ 10. 1080/ 00045 608. 2013. 873326

Zarghami, M., & Szidarovszky, F. (2011). Introduction to multi-criteria decision analysis. In Multi-criteria 
Analysis (Issue December 2019). https:// doi. org/ 10. 1007/ 978-3- 642- 17937-2_1

van der Zee, A., van der Zee, J., Meyrat, A., Poveda, C., & Picado, L. (2012). Estudio de caracterizaciòn del 
corredor seco Centroamericano. https:// relie fweb. int/ sites/ relie fweb. int/ files/ resou rces/ tomo_i_ corre 
dor_ seco. pdf

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1007/s11111-011-0150-4
https://doi.org/10.1007/s11111-011-0150-4
https://doi.org/10.1002/wcc.610
https://doi.org/10.1002/wcc.610
https://doi.org/10.1080/00045608.2013.873326
https://doi.org/10.1007/978-3-642-17937-2_1
https://reliefweb.int/sites/reliefweb.int/files/resources/tomo_i_corredor_seco.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/tomo_i_corredor_seco.pdf

	A combined cognitive and spatial model to map and understand climate-induced migration
	Abstract
	1 Introduction
	2 Study area
	3 Methods
	3.1 Systematic sampling and interview overview
	3.2 Multi-criteria analysis
	3.2.1 Step 1: identification of critical factors
	3.2.2 Step 2: determining the best and worst key factors
	3.2.3 Step 3: determining the best factor over the other factors (Best-to-Others)
	3.2.4 Step 4: determining the preference of all factors over the worst factor (Others-to-Worst)
	3.2.5 Step 5: determining the optimum weights

	3.3 Spatial analysis

	4 Results
	4.1 Overview of household-level analysis and migration trends
	4.2 Ranking factors influencing internal and external migration
	4.3 Factors analysis by gender
	4.4 Determining factor weights using BWM
	4.5 Likelihood of internal and external potential migration in Nacaome

	5 Discussion
	6 Conclusion
	Acknowledgements 
	References




