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ABSTRACT 
 

This study analyzes the effect of climate variability on human mobility—

specifically how extreme weather conditions impact a person’s intent to migrate. The 

body of empirical research exploring climate-induced migration has been minimal to 

date, with the majority of empirical evidence coming from the past five to ten years. This 

research endeavor is guided by an original methodological approach to studying the 

climate-migration nexus; employing Google Trends search term data to measure one’s 

intent to migrate. The intent to migrate index is constructed using principal component 

analysis to reduce a set of eight migration-specific Google Trends search terms to a single 

unit of analysis. The climate effects are measured by precipitation and average 

temperature, in deviations from the mean. The use of climate deviations allows for the 

interpretation of extreme weather events, while the use of Google Trends search term 

data allows for a temporally and spatially granular unit of analysis.  

 The results show a significant impact of climate effects on migration, whereby 

positive effects are seen within both positive and negative deviations from the mean of 

precipitation and positive deviations from the mean of temperature. These results suggest 

an association between the intent to migrate index and abnormal weather patterns. The 

results from the study support the use of Google Trends search terms as a unit of analysis 

in migration studies, providing a unified data source for the cross-sectional study of 
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global migration patterns. From a policy perspective, the evidence justifies the 

introduction of climate policy to support immigration and migration policy.   
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INTRODUCTION 

As the effects of climate change are being felt around the globe, humanitarian 

topics surrounding its direct impact are becoming increasingly more important. The 

theory of “Environmental Migration” has become progressively more relevant in 

academia as the globe takes a closer look at the impact of climate change. The body of 

literature for quantitative studies of environmental migration is sparse, this is in part 

attributed to the complex nature of migration data and study of migrant flows (Champion, 

1994; Bardsley and Hugo, 2010). However, the response in human behavior to climate 

variability has been widely studied through the climate-conflict nexus (Hendrix and 

Glaser, 2007; Nodås, and Gleditsch, 2007; Rueveny, 2007; Hendrix and Salehyan, 2012; 

Burke, Hsiang, and Miguel, 2015). Taking the framework applied by Hendrix and 

Salehyan in their 2012 study of conflict and rainfall in Africa, this study adapts their 

model to study the effects of climate and conflict as push factors for migration.  

To address data issues evident across migration studies, the purpose of this study 

seeks to provide a new methodological approach to studying climate related migrant 

flows. Using similar efforts to Beer et al., this study proposes a unified source for 

migration data through the estimation of migrant flows, using the publicly available and 

temporally granular global Google Trends search data (2010). The Google Trends data 

allows for monthly time and subnational state-level units of analysis, addressing the lack 

of representation among regionally granular units of analysis for time-series climate-

induced migration studies (Piguet, 2010). The impact of a highly accessible, original 

methodological approach to studying the topic will allow the body of research to develop 
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new quantitative evidence for the strong theoretical basis found in climate-migration 

literature.  

Background 

Climate change has become a central theme in environmental science, prompting 

public discourse around its global impact and driving causes. The topic of climate change 

encompasses a large body of extreme and irregular weather patterns stemming from 

increased land warming and ocean temperatures. It is unequivocally accepted that global 

temperatures are rising, both atmospheric and oceanic. On average, combined land and 

sea temperatures have warmed by about 1 degree Celsius over the last century (IPCC, 

2014). As a result of rising temperatures, or commonly referred to as “global warming”, 

sea levels have risen annually by about 3.6 mm—twice as fast as the global rate in the 

20th century (IPCC, 2014). The accelerated rate of ice sheet and glacial melting is the 

primary contributor to sea level rise.  Beyond compositional land and sea changes, 

evolving temperatures have caused variability in the climate that induces consequential 

patterns of drought, extreme precipitation, wildfires, and other severe weather events.  

Developing countries face a plethora of adverse effects from climate change, to a 

greater degree than developed countries. The primary concerns for developing countries 

include health risks from severe weather and unsanitary water; nourishment inadequacies 

from food scarcity and water supply; and economic losses from agricultural land 

degradation, reductions in agricultural crop yields, and agricultural employment 

outcomes (IPCC, 2014). Rural regions that rely on the environment for employment and 

food security face higher rates of displacement and out-migration, stemming from an 

inability to adapt or mitigate the impact from adverse climate effects.  
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In recent literature, three regions are being highlighted for their vulnerability to 

this topic: Sub-Saharan Africa, Southeast Asia, and Latin America (Rigaud et al., 2018). 

Central America's Northern Triangle, that is Honduras, Guatemala, and El Salvador, is an 

interesting region for study considering the regional impact of variable weather in recent 

years; the dominant agricultural labor force; and the relatively high rate of out-migration 

within these countries. The El Niño and La Niña weather events from 2014 to 2016 

provide a specific case in which severe weather events caused massive disruption to the 

agricultural economy and livelihoods of many Central American countries (Nishimura, 

2018). Using the Northern Triangle as the region of interest in this study I seek to provide 

methodological and quantitative evidence for the topic. The evidence from the study can 

be used to support researchers and policymaker’s efforts to establish effective public 

policy to address the climate-migration nexus.  

Research Question and Study Methods 

To address shortcomings in the current body of environmental migration research 

I perform an empirical study of a widely accessible and temporally granular data source. 

The empirical analysis is guided by the primary proposed hypothesis; that is, extreme 

climate trends lead to an increased likelihood to migrate; associated with a positive 

correlation to the Google Trends index of terms. This research question is supported by 

the body of environmental migration literature to date, the presentation of a relevant case 

study, and subsequent quantitative analysis and discussion. To address the existing gaps 

in the literature, the identification of a strong methodology for the study of climate-

induced migration is the primary goal of this research endeavor. This goal is met through 

the introduction and support for Google Trends search term data as a widely accessible 
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and globally harmonized data source for the cross-sectional study of environmental 

migration. In addition to the unique data source, employing a robust fixed effects 

regression model utilized in this study provides additional support for its wide use within 

the body of literature (Hendrix and Saleyhan, 2012; Backhaus, Martinez-Zarzoso, and 

Muris, 2015; Burke, Hsiang, and Miguel, 2015).  

LITERATURE REVIEW 

There is sufficient empirical evidence to suggest climate change prompts 

migration, even in the case of slow onset weather events (Nishimura, 2018; Reuveny, 

2007). The Human Rights Council [HRC] documents the impact of slow onset climate 

events, focusing on lessons learned from global case studies. The HRC raises a key point, 

suggesting movement may be prompted by a sudden onset event with the combined 

presence of a slow onset event (Nishimura, 2018). Migratory triggers are important 

factors to consider when attempting to predict or model climate effects, as sudden onset 

patterns are easier to identify when analyzing mobility data.  

In the 2016 paper on climate shocks and Mexican migration, authors Nawrotzki 

and DeWaard address the pattern of migratory response to onset events, both sudden and 

slow (2016). Nawrotzki and DeWaard present a tested model which implies a bell-shaped 

response. The bell-shaped response suggests there is an attempt at mitigation at the onset 

of a climate shock; a steady increase and peak in out-migration for three years following; 

and a decline once mitigation and adaptation efforts are successful (Nawrotzki, and 

DeWaard, 2016). Research suggests climate-induced migration is prompted both by 

sudden and slow impacts; post-event and pre-event responses; and voluntary movement 

and forced displacement (Bardsley and Hugo, 2010). This paper seeks to identify a model 
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to study slow onset effects while allowing for the study of pre-and post-event decision 

making.  

Adaptability is a major concept in migratory theory, principally so in the study of 

environmental influence on human behavior. Drawing on the premise outlined 

previously, the link between climate change and economic loss fits into the broader scope 

of human behavior theory—specifically within the climate-conflict literature. This study 

is guided by the framework established by Hendrix and Salehyan, specifically their use of 

rainfall deviations as the unit of model analysis in their study of conflict and rainfall in 

Africa (2012). The Hendrix and Salehyan study supports the link between climate and 

conflict, establishing that extreme deviations in precipitation lead to a large impact on 

political stability and conflict. They report a 32.3% increase in the probability of conflict 

onset with a single deviation from the mean of the precipitation term (Hendrix and 

Salehyan, 2012). Furthermore, Hendrix and Glaser provide additional evidence to the 

study of extreme patterns, establishing a consistent 34% decrease in the probability of a 

conflict onset when moving from the lower 25th and upper 75th quartiles of rainfall 

(Hendrix and Glaser, 2007). The body of literature around conflict and climate relies on 

similar assumptions made in this study. Whereby climate variability’s impact on the 

economy originates from the effect on agricultural labor and resource availability, leading 

to a negative effect on human behavior (Nodås, and Gleditsch, 2007; Rueveny, 2007; 

Burke, Hsiang, and Miguel, 2015).  

The methodological support in the literature for climate-induced migration studies 

is sparse, with few studies seeking to address the shortcomings of large-scale migration 

studies (Champion, 1994; Piguet, Kaenzig, and Guélat, 2018). In the 2010 review of 
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methodological approaches to studying the topic, the use of time-series modeling is 

supported (Piguet, 2010). However, the paper does point to the problem of regional 

granularity of migration data; this study seeks to provide evidence for a data source and 

model that allows for the study of regionally granular sub-national spatial units. The 

gravity model analysis undertaken by Backhaus, Martinez-Zarzoso, and Muris provides 

empirical support for the model proposed in this study (2015). Their study looks at the 

effect of climate variation on migration rates in OECD countries, employing a robust 

fixed effects regression model with controls on GDP and unemployment. The authors 

find evidence to suggest increases in both rainfall and temperature are associated with 

statistically significant increases in migration flows to receiving countries (Backhaus, 

Martinez-Zarzoso, and Muris, 2015).  

Significant discourse exists within the literature surrounding the role of 

international protection in addressing climate-induced migration. The major theme of the 

debate is centered around whether climate-induced mobility creates "climate refugees", or 

those deserving of human rights attention (Piguet, 2008). Piguet points to the 

“unidirectional link” between climate change and human behavior, asserting that the link 

is influenced by a swath of demographic and economic factors (2008). In the 2017 

research handbook on climate change, author Calum T.M. Nicholson outlines the 

contradictory nature of climate migration and human mobility studies (2017). 

Nicholson’s paper concludes that equivocal claims, with an overarching general nature, 

results in silencing discourse around the topic of research. This study is designed to 

consider the complex nature of climate change on human behavior, including many of the 

push factors commonly associated with migration. The region of study is chosen for the 
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strong economic ties to agricultural labor, relative political instability, and consistently 

high rates of out-migration. While this study does seek to provide evidence to support the 

link between climate and migration, I am careful not to posit climate change as the sole 

driving factor in one’s decision to migrate.  

Acknowledging the gaps in the body of research, it is clear that including 

demographic and economic considerations in the empirical study of migratory patterns is 

an area of focus that needs development. This study uses a clear and accepted 

quantitative framework, coupled with an emphasis on identifying policy implications, to 

contribute to an accurate synthesis of the baseline assumptions in environmental 

migration theory.  

THEORETICAL FRAMEWORK AND EMPIRICAL MODEL 

The unit of analysis for this research endeavor will be the departments of Central 

America's Northern Triangle [El Salvador, Guatemala, and Honduras] over the monthly 

period of 2010-2018—to provide evidence for this study’s hypothesis that extreme 

climate trends lead to an increased likelihood to migrate; associated with a positive 

correlation to the Google Trends index of terms. This region has been identified for study 

as a result of its exposure to climate change vulnerability, high rates of out-migration, and 

the strong position of agriculture within the economy. Moreover, the Caribbean coast of 

South America has been highlighted as an underrepresented region in the study of 

environmental migration (Piguet et al., 2018).  

The Northern Triangle experiences high climate variability, from seasonal 

drought to flooding. The El Niño and La Niña ocean and atmospheric patterns bring 

fluctuations of high and low temperatures to the region. The fluctuations bring heavy 
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rains to the Northern Caribbean coast and intense drought to the Southern Pacific coast, 

see Appendix A1 for a map of the El Niño event (Novikov, 2005). The periods of 

drought and heavy rainfall lead to instability in the agricultural labor force across the 

region. Agricultural employment accounts for up to 30% of the labor force in the 

Northern Triangle, which supplies the main source of export for the region's economies 

(Rigaud et al., 2018).   

According to a study undertaken by the Pew Research Center, the United States 

saw a 25% increase in the number of immigrants arriving from the Northern Triangle 

from 2007 to 2015 (Cohn et al, 2017). This study also reported survey results finding job 

opportunities as the primary motive for migration out of the Northern Triangle, conflict 

was a strong factor as well (Cohn et al, 2017). The IOM reports similar findings in a 

study from El Salvador, where reported motives for migration are better conditions 

[79.8%] and conflict [45.7%] (2018). The IOM report also shows agriculture and farming 

as the primary occupation for the head household of travelers (2018). These studies 

provide baseline support for my hypothesis and chosen region of study.  

Data Collection and Sources 

The quality of migration data has been questioned for decades, as data collection 

methods and processes vary globally (Champion, 1994). Not only do the processes vary, 

but the use case and general preference for unbiased data to study international migration 

are different for countries across the globe. The presence of high inconsistencies among 

various migration data sources comes from the deficits between in-country surveys and 

registers across countries (Champion, 1994). In the 2010 study of European migrant 

flows, author Joop De Beer works to overcome the presence of data quality and variation 
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across states by harmonizing a single data type across multiple sending and receiving 

destinations. The primary goal of De Beer’s study is to acquire a consistent and accurate 

set of statistics on cross-country international migrant flows, thus supporting the 

hypothesis for harmonized data. This paper seeks to address De Beer’s quest for a 

universal standard of data for migration studies by estimating migrant flows through the 

publicly available and temporally granular Global Google Trends search data (Beer et al., 

2010).  

Migration Data 

The susceptibility of bias in migration data originates in the process of 

communicating with populations facing forced displacement. As a result of the hasty 

nature of forced migration, displaced populations are vulnerable to a lack of contact and 

identification for sampling by those collecting migration statistics. To attempt to avoid 

selection bias and the underrepresentation of marginalized groups, Google Trends data 

will be used to construct an indicator of intent to migrate. Google Trends tracks the 

frequency of search terms and topics, up to the minute of activity (Google, 2021). The 

underlying assumption when using this data assumes those who are considering 

migrating are increasingly willing to consult the internet before making the move. Not 

only does having access to Google provide information on destination city and travel 

routes, but it also provides a strong communication tool for current events throughout the 

intended trip. This assumption is supported by fieldwork carried out in Mexican migrant 

shelters; interviews of refugees from the Northern Triangle suggested digital access is 

sought after throughout the journey, as reported by Guillermo Barros in the Forced 

Migration Review (2017). The majority of interviewees had a cell phone or planned to 
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obtain one, primarily for access to communication apps like WhatsApp and GPS apps 

such as Google Maps. The field study suggests migrants prioritize communication in 

their scarce relocation budget, extending even further than resource planning for food and 

shelter. 

The search terms used in this dataset are focused on Mexico (“peso”, “visa 

Mexicana”), United States (“dólar", "visa Americana") and general migration terms 

("visa", "frontera”, “migracion”, “migración”) at a monthly time unit. These terms are 

specific to the Northern Triangle case and can be adapted to fit the study of different 

regions. Minor drawbacks to using this type of data stem from the potential connection 

between short-term travel search activity and the specified migration terms and the 

uneven penetration of internet access across the region. The latter issue will theoretically 

lessen over time, as increasing digital access across the globe is a primary goal in many 

domestic and humanitarian development strategies. The former is controlled for in the 

data processing stage through principal component analysis of the terms, establishing the 

overall effect from the full group of terms in concert with one another. 

Climate Data 

The hypothesized driver of migration in this study is climate change, therefore the 

proposed model requires predictor variables that project climate variation and extreme 

weather patterns. Data for the climate-specific variables comes from the University of 

East Anglia's Climatic Research Unit [CRU] (Harris, Jones, and Osborn, 2020).  The 

dataset from which the variables of interest are collected, the CRU TS, is compiled by 

CEDA from the CRU. According to CEDA, the data is produced using “angular-distance 

weighting interpolation” of individual climate station series onto a 0.5-degree global grid 
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(Harris et al., 2020). The CRU TS data values used in this study are actual values, not 

anomalies. The precipitation data measures the average monthly total of millimeters per 

day, and the temperature data covers the monthly average near surface temperature in 

degrees Celsius. 

Control Data 

To introduce controls into the model, data on conflict and regional demographics 

are included in this study. Regional control data is collected using the xSub repository of 

subnational data (Zhukov et al., 2019). The sources within the repository for the conflict 

event-level data come from the UCDP, PITF, and SCAD conflict datasets (Sundberg and 

Melander, 2013; Schrodt and Ulfelder, 2016; Salehyan et al., 2012). The multiple source 

data is integrated using the MELTT software package, to pool the three sources of 

conflict event data for a robust event-level study (Donnay et al., 2019). The xSub data 

sources for the subnational gross domestic product comes from the G-Econ geophysical 

economic data research endeavor at Yale University and the PRIO-GRID spatial dataset 

(Tollefsen, Strand, and Buhaug, 2012). The conflict data is available up to mid-2017 and 

the economic data is available just up to 2014; the lack of data representation for the 

proposed study period will be addressed in the Methods section to follow.  

Variables 

This study is comprised of eight unique predictor variables modeled on an 

outcome variable signifying intent to migrate, see Table 1. The intent to migrate variable 

is constructed from the proposed Google Trends search term data, following 

preprocessing steps undertaken to prepare the terms as a single unit of analysis. To use 

Google Trends data as an indicator, the dimensionality of the data must be reduced while 
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maintaining the underlying relationship between the terms. There is a strong likelihood of 

an underlying relationship between the proposed search terms, where a single term's 

search frequency is connected to another term's search frequency in the proposed set. To 

preserve the single term’s variation while reducing the overall dimensionality, the 

individual search terms are processed using principal component analysis [PCA]—which 

will be detailed in the Methods section to follow.  

Table 1: Variable Identification 
Definition Name Type Description Relationship 

Intent to Migrate mig_trends Dependent Frequency of search terms 
associated intent to migrate None 

Precipitation precip Independent Rainfall in Millimeters  TBD 
Mean 

Temperature temp_mean Independent Average near surface temperature in 
degrees Celsius TBD 

Gross Domestic 
Product gdp Control State-level values of Gross Domestic 

Product + 

Protests conflict_protest Control Individual protest events - 
Direct Conflict conflict_dir Control Individual direct use of force events + 

Indirect Conflict conflict_ind Control Individual indiscriminate use of 
force events + 

Fall fall Control Dummy for September, October, 
November   + 

Winter winter Control Dummy for December, January, 
February  + 

Spring spring Control Dummy for March, April, May TBD 
Summer summer Control Dummy for June, July, August TBD 
Month month Identification Temporal value None 
Year year Identification Temporal value + 
State state Identification Geographic Unit TBD 

In line with existing literature, precipitation and average near surface temperature 

are identified as the climate variables of interest. This study follows the framework 

carried out by Hendrix and Salehyan to study the effect from anomalies of expected 

patterns of weather events through Z-standardization of the climate variables of interest 

(2012). Standardizing the variables to the Z-Score obtains the observation’s deviation 

from the mean, allowing for the study of variable weather patterns. Following the prior 

work identifying both periods of drought and severe storm events (Nawrotzki, and 

DeWaard, 2016; Thiede, Gray, and Mueller, 2016) and the divergent patterns from El 

Niño and La Niña weather events, the proposed relationship between both precipitation 
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and temperature with the migration index is not yet established. Although no initial 

relationship is proposed, it should be noted that a positive correlation would imply a 

greater impact from excessive rainfall while a negative correlation would imply a greater 

impact from drought conditions. Furthermore, stemming from its use in the conflict 

literature, a squared term on precipitation is added to test for a non-linear relationship 

between precipitation and migration (Hendrix and Saleyhan, 2012; Burke, Hsiang, and 

Miguel, 2015; Thiede, Gray, and Mueller, 2016).  

METHODS 

 Methodology to support the research question relies on the preprocessed 

variables as described in the preceding section. To complete the preprocessing stage, the 

intent to migrate index is constructed using PCA. Following the creation of the intent to 

migrate index, the resulting cross-sectional time series dataset is prepared for modeling. 

Robust fixed effects regression is employed to regress the migration index on the drivers; 

Robust standard errors are applied in the fixed effects model to correct for possible 

heteroskedasticity or autocorrelation.  

Principal Component Analysis 

To achieve a single unit variable for observation, the eight Google Trends search 

terms are reduced to a single index—while retaining nearly all of the information coming 

from the individual terms. The PCA process uses linear algebra to compute eigenvectors 

and eigenvalues to obtain the principal components of the data. The largest principal 

component is the axis that contains the most information for the relationship between 

terms and each of their individual variation. This study hypothesizes that the underlying 

driver of the dimensional relationship between terms is an intent to migrate, which is 
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strongest in the first dimension. While the true values of the component have little 

interpretable meaning, greater values of the index are associated with a stronger 

connection to the underlying driver.  

To compute the PCA index, both the FactoMineR and factoextra packages for R 

are used (Lê, Josse, and Husson, 2008; Kassambara and Mundt, 2020). The PCA is run 

on each state individually to control for in state variation. The percent of variation 

explained in each state's first component is 37.5% for Honduras, 47.4% for Guatemala, 

and 46.3% for El Salvador—with every additional dimension for each state coming in 

under 12%. This study pulls just the first component as the index for analysis, as the 

percent explained is relatively high considering the presence of 8 dimensions, see Figure 

1 for the dimension distribution across countries.  

 
Figure 1: Distribution of Explained Variance across Countries 
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Robust Fixed Effects Regression Models 

The formal hypothesis presented earlier in this study explores whether extreme 

climate trends lead to an increased likelihood to migrate; associated with a positive 

correlation to the Google Trends index of terms. To estimate this hypothesis, I run a fixed 

effect regression of migration on precipitation and temperature, with robust standard 

errors on the panel data—controlling for both annual time effects and department-level 

state effects. The following model, the final of four models, is used to support the 

hypothesis in this study:  

𝑚𝑖𝑔!"#$%&'! =	𝛽( +	𝛽)𝑝𝑟𝑒𝑐𝑖𝑝'! + 𝛽*𝑝𝑟𝑒𝑐𝑖𝑝
*
'! +	𝛽+𝑡𝑒𝑚𝑝,#-$'!

+	𝛽.𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡/"0!#&!'! 	+ 	𝛽1𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡%'"'! +	𝛽2𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡'$%'! 	+ 	𝛼' 	+ 𝜇'! 

whereby the effect of the climate terms on the migration index is estimated in given state 

i at the year t; with the Greek symbols, 𝛼' representing the state fixed effect and 𝜇'! 

representing the error. Controls on GDP and season are added to additional models where 

data is available.  

ESTIMATION AND RESULTS 

The descriptive statistics for the continuous variables of interest, see Table 2, show 

a reduced data availability for the GDP control. Additionally, the migration index values 

of mean and minimum/maximum capture the effect of evolving internet access over time—

where there is a high presence of low values coupled with objectively high near-maximum 

values, see Figure 2. The standardization of the migration terms in the PCA process, with 

the influence of low internet penetration in earlier time periods, accounts for the heavy 

influence of the large quantity of below zero values on the mean of the migration index.  
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Table 2: Descriptive Statistics Continuous Variables 
Variable Observations  Mean  Standard Deviation  Min  Max 
 Migration Index 5616 .0088 1.9108 -1.5505 12.0097 
 Precipitation  5616 184.3498 164.2725 .05 917.5 
 Temperature 5616 23.764 2.3745 14.9 29.85 
 GDP 3120 1.2368 1.0653 .0244 4.4419 
 

 
Figure 2: Distribution of Northern Triangle Migration Search Trends 

 
The descriptive statistics for the discrete controls, see Table 3, show the sparsity of 

the conflict data. Although the total data availability is 5,616 observations—just 140 of 

those observations indicate the presence of conflict. Using aggregated data from the 

Uppsala Conflict Data Program, the Political Instability Task Force and the Social Conflict 

Analysis Dataset still do not account for the weak data availability for this region. The 

conflict data shortcomings will be addressed in the discussion section to follow.  
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Table 3: Descriptive Statistics Discrete Variables 

Variable Observations Mean Standard 
Deviation Frequency 0 Frequency 1 

 Protest 5616 .0036 .0596 5,596 20 
 Indirect Action 5616 .0093 .0958 5,564 52 
 Direct Action 5616 .0121 .1094 5,548 68 
 Winter 5616 .25 .4331 4,212 1,404 
 Fall 5616 .25 .4331 4,212 1,404 
 Summer 5616 .25 .4331 4,212 1,404 
 Spring 5616 .25 .4331 4,212 1,404 
 

  
Providing a basic pairwise correlation matrix, see Table 4, shows significant 

correlation between the proposed explanatory and control variables. The relationship 

between the explanatory climate variables and the seasonal control variables is highly 

correlated by season, as expected. Climate trends persist over different seasons, which is 

captured by the signs on the seasonal controls. Average temperature shows a positive 

correlation with the migration index, suggesting the effect of lower temperatures positively 

associated with the index. As the countries proposed in this study have a GDP strongly 

rooted in the agricultural economy, and the variable on GDP is significantly correlated with 

precipitation, the variable on GDP indicates possible multicollinearity to the precipitation 

term.  

Table 4: Pairwise Correlation Matrix 
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Using the migration index, I run four models: Model (1) partial data-full control, 

Model (2) partial data-reduced control, Model (3) full data-reduced control, and Model 

(4) seasonal. Data for the GDP control is available from January 2010 to December 2014, 

limiting the full-control model to these years. The full time period explored in this study is 

January 2010 to December 2018, thus requiring a reduced-control model to estimate over 

the full time period. To validate the omission of the GDP control term, I run the reduced 

control model on the partial data from January 2010 to December 2014. If the trends from 

Model (1) persist in Model (2), and the significance and magnitude are marginally affected, 

then the reduced control model is applied to the data for the full time period. To control for 

seasonality, Model (4) adds controls for spring [March, April, May], summer [June, July, 

August], fall [September, October, and November], and winter [December, January, and 

February]. The controls on season should absorb a large proportion of the climate effect, 

as seasonal-agriculture effects are hypothesized to be a primary driver of migration. The 

interpretation of Model (4) explores the effect of seasonal climate trends and climate 

outliers, such as abnormal rainfall, on the migration index response variable.    

The model results in Table 5, show the coefficients on the two explanatory 

variables of interest across all four models proposed. The results in Model (1) suggest a 

positive effect of precipitation on the migration index, with the square term indicating it 

increases at a decreasing rate. The highly significant (p < 0.01), term on both precipitation 

terms suggests a concave non-linear relationship between precipitation and the migration 

index. The effect of temperature is negative and significant at the 10% level. The controls 

on this model show significance on the presence of protest and the value of GDP, both 

significant at the 10% level. The control on GDP, as noted previously, absorbs some of the 
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effect coming from agricultural areas—see Figure 3, Figure 4 in the Discussion section to 

follow.  Model (1), partial data-full control, and Model (2), partial data-reduced control, 

show trends persisting across the terms of interest and additional controls. Model (2) 

exhibits a negligible change (< ± .0005) in magnitude on the precipitation terms and the 

average temperature term—with no change in significance. The constant term increased in 

magnitude by 0.5325 with no change in significance; to note, this will marginally affect 

the model interpretation on the squared precipitation term.  

Following the interpretation of the consistent trends across the terms of interest in 

the partial data models, I assume the validation of the reduced control model. The results 

in Model (3), full data-reduced control, suggest the same trends in Model (1); there is a 

positive effect of precipitation on the migration index, with the square term indicating that 

for an additional unit change in precipitation, the slope decreases by .0453 of a deviation—

this finding is consistent with the literature (Burke, Hsiang, and Miguel, 2015; Thiede, 

Gray, and Mueller, 2016). Therefore, Ceteris Paribus, a one standard deviation decrease in 

precipitation leads to a highly statistically significant decrease in the migration index by 

0.034 of a standard deviation. However, Ceteris Paribus, a 3 standard deviation decrease 

in precipitation leads to a highly statistically significant increase in the migration index by 

0.418 of a standard deviation. The effect of temperature is negative and significant at the 

10% level. This suggests the effect of precipitation on migration is stronger for values 

below the mean. The coefficient on temperature indicates Ceteris Paribus, a one unit 

decrease in temperature leads to a moderately statistically significant increase in the 

migration index by 0.036 of a standard deviation. This suggests that the effect of 

temperature on migration is positive for lower average temperatures. The trend across the 
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time fixed effects shows increasing magnitude and statistical significance for every year 

following 2011.  

The final model in this study, Model (4), accounts for the seasonal trends in the 

time series. The inclusion of seasonal controls impacts both the magnitude and effect of 

both explanatory variables of interest. The controls on fall and summer are both positive 

and highly statistically significant (p < 0.01), suggesting that during summer or fall the 

interpretation of the effect on migration will increase by .2609 or .1767 respectively. The 

interpretation of this model, especially given the lack of significance on the winter control, 

suggests that the negative relationship on temperature is not driven by lower temperatures 

over the winter season alone.  

Table 5: Regression Results 
      (1)   (2)   (3)   (4) 
    Full Control 

Model Reduced Model Reduced Model 
Full Data 

Seasonal 
Model 

Precipitation Deviation .0722*** .0723*** .0801*** .0036 
   (.0174) (.0175) (.0146) (.0216) 
Precipitation Deviation2 -.0453*** -.0461*** -.0465*** -.0238* 
   (.0136) (.0136) (.0123) (.0131) 
Temperature Deviation -.0452* -.0447* -.036* .0446 
   (.0239) (.024) (.0211) (.0314) 
Protest -.603** -.5864** -.6025** -.5987** 
   (.266) (.2654) (.2555) (.2539) 
Indirect Action .3534 .3461 .3263 .3454 
   (.255) (.2541) (.25) (.2504) 
Direct Action .1152 .1225 .0143 .0088 
   (.1802) (.1776) (.1728) (.172) 
GDP 1.1285**    
   (.51)    
 Winter    .075 
       (.0481) 
 Fall    .2609*** 
      (.0466) 
 Summer    .1767*** 
      (.0425) 
 2011 .0129 .0454 .0447 .0449 
   (.034) (.0342) (.0405) (.0408) 
 2012 .0571 .1222*** .1231*** .1096*** 
   (.0394) (.0348) (.041) (.0413) 
 2013 .4775*** .5759*** .5738*** .5741*** 
   (.0587) (.0488) (.051) (.0508) 
 2014 .8357*** .9667*** .9656*** .9532*** 
   (.0673) (.0512) (.0509) (.0512) 
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Table 5 (continued) 
      (1)   (2)   (3)   (4) 
    Full Control 

Model Reduced Model Reduced Model 
Full Data 

Seasonal 
Model 

 2015   1.1318*** 1.1008*** 
     (.0493) (.0502) 
 2016   1.5698*** 1.5444*** 
     (.0494) (.0502) 
 2017   1.5795*** 1.5628*** 
     (.0476) (.048) 
 2018   1.8576*** 1.8576*** 
     (.0514) (.0513) 
 _cons -1.3617*** -.8292*** -1.0998*** -1.2649*** 
   (.2643) (.0867) (.0854) (.0923) 
 Observations 3120 3120 5616 5616 
 R-squared .7891 .7885 .7895 .7909 
 F-stat 119.514*** 121.1586*** 262.2584*** 253.0875*** 
Standard errors are in parentheses 
*** p<.01, ** p<.05, * p<.1  

 
DISCUSSION 

The model results show strong theoretical and empirical support for continued 

research in this type of study. The following section will explore the questions posed in 

previous sections to discuss the migration implications, model support, and empirical 

challenges of this study.  The results follow similar trends of extreme weather events and 

statistical significance as suggested in the literature, where extreme deviations from the 

mean result in statistically significant effects on migration patterns (Hendrix and Glaser, 

2007; Hendrix and Salehyan, 2012; Burke, Hsiang, and Miguel, 2015). The significant 

empirical evidence, coupled with the support from the literature, validates the model to 

address the shortcomings in quantitative climate-migration studies (Champion, 1994; 

Bardsley and Hugo, 2010). The hypothesis presented in the study is supported; the 

evidence suggests extreme climate trends, specifically extreme rates of low precipitation 

and temperature, do lead to an increased likelihood to migrate—trends that are positively 

correlated to the Google Trends index of terms. 
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Migration Implications  

The primary hypothesis of this study looked to explore the effect of climate 

variability on migration trends. The use of deviation standardization has allowed for the 

study of climate trends that vary from normal values. The final model of interest in this 

study, Model (3), supports the conclusion that both of the primary climate predictor 

variables lead to a positive effect on the likelihood of a person turning to their search engine 

for migration information. The interpretation of standard precipitation deviations to the left 

suggests that in the presence of lower-than-average rainfall, a person is more likely to want 

to migrate. This conclusion supports the body of literature around extreme weather patterns 

as a push factor for migration as the model exhibits practical and statistical significance for 

extreme patterns (Hendrix and Salehyan, 2012; Hendrix and Glaser, 2007).  

The standard temperature deviation interpretation suggests that for lower-than-

average temperatures, a person is more inclined to migrate. The temperature interpretation 

supports the underlying assumption presented in this study, whereby decreased agricultural 

revenue and employment from underperforming crops drives migration. Additionally, a 

majority of the major crop harvesting is done during the winter months—indicating the 

connection between lower temperatures and the index might be coming from low crop 

yields during the winter months, see Appendix A2, A3, and A4 (United States Department 

of Agriculture, 2021).  The results in the seasonal model, Model (4), add further support to 

the agriculture hypothesis; the model suggests positive significance in the fall when general 

crop harvesting periods for the Northern Triangle region begin and carry into the winter 

months. In the event of lower-than-average temperatures and chilly rain, crop yields are 

significantly impacted during the cooler harvesting season. 
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The magnitude of the precipitation effect is greater than that of temperature, 

suggesting that variation in precipitation influences migration to a greater degree than 

fluctuations in temperature. The precipitation deviation conclusion is strongly supported in 

the literature (Nishimura, 2018; Rigaud, 2018; Hendrix and Salehyan, 2012; Hendrix and 

Glaser, 2007), as El Niño and La Niña weather events are a large driver of the climate 

variability in the Central American region. The precipitation effect adds support to the 

greater impact of drought in the Southern Pacific regions over the excessive rainfall in the 

Northern Caribbean regions, as outlined previously. Figures 3 and 4 below support the 

Northern Caribbean and Southern Pacific hypotheses. Figure 3 illustrates the lower rate of 

precipitation in the Southern regions—while Figure 4 shows a greater distribution of low 

to average temperatures in the Northern and inland regions. These figures, coupled with 

the empirical results, could suggest a divergent impact on climate patterns across different 

regions. To further support this theory, see Figure 5; the positive model magnitude for the 

state-fixed effects is observably concentrated across the coastal states and near-coastal 

inland states.  

 

Figure 3: Distribution of Precipitation Rates across Geographic Regions 
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Figure 4: Distribution of Average Temperatures across Geographic Regions 

 

Figure 5: Geographic Regions and Model Significance 

Google Trends Model Support 

The findings in this study, those that support the underlying hypothesis and theories 

on the topic, add credibility to the use of Google Trends data as an indicator for migration. 

The versatility of the data and the granularity of time availability addresses the primary 

concern when studying climate trends and human behavior. The use of climate data at the 
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annual level does not allow for analysis of trends across seasonal differences and 

subnational regions, thus restricting the scope of environmental migration studies to 

regions with high quality multi-period data. As suggested by this study, agriculture holds 

a significant weight when looking at the effect of climate on migration, thus, it is imperative 

to understand the effect of climate variability across growing and harvesting seasons. 

Additionally, severe weather events such as hurricanes and wildfires occur more frequently 

across different seasons—rainy and dry seasons respectively.  

The Google Trends model relies on regional internet penetration, which is being 

promoted by the rising prevalence of tablet and smartphone usage. Utilizing data from the 

Latin American Public Opinion Project’s AmericasBarometer Survey, the correlation 

between WhatsApp usage and positive model effects can be observed—see Figure 6 

(Latin American Public Opinion Project, 2018/2019). The survey introduced a question 

on WhatsApp usage in 2018, therefore the map is displaying the density of WhatsApp 

users from the 2018 survey, across states within each county. The map shows, especially 

in Guatemala, the connection between WhatsApp utilization and the positive connection 

to the search term index. What is particularly interesting, are those states with lower rates 

of WhatsApp users but still showing a positive impact on the search terms indicator. The 

states with lower rates of usage, but a positive model effect, suggest that even in regions 

with lower internet penetration the model still has relevance and justification.  
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Figure 6: Northern Triangle WhatsApp Usage 

While Figure 6 presents an interesting visual for internet utilization, the unique 

conclusion of low usage but positive correlation opens the door to further inquiry. Mapping 

the GDP provides some insight into the interesting results seen in the previous map, see 

Figure 7. Observing the map below in concert with Figure 6 suggests that in regions where 

internet utilization might not be incredibly high, states with higher GDP have a positive 

connection to the model. This adds further support to the hypothesis of agricultural 

economics, as regions producing in-demand crops as a primary source of subnational GDP 

are more likely to migrate as a result of loss of labor opportunity (Bardsley and Hugo, 

2010; Cohn et al., 2020; IOM, 2018).  
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Figure 7: Gross Domestic Product in the Northern Triangle 

Empirical Challenges and Further Study  

The lack of availability for control data is problematic, even with the support from 

consistent trends across the control and reduced-control model. The conflict data used in 

this study is too sparse to be considered complete, and the subnational gridded GDP dataset 

is no longer being updated. The ACLED conflict dataset expanded its coverage to Latin 

America in 2020, providing a new resource for political violence and protest event data 

(Clionadh et al., 2010). To address the GDP data, this study can be scaled up to the country-

level. Although scaling up to the country-level reduces the geographic granularity of the 

climate data. Including a large panel of climate-diverse countries, can provide the 

geographic variation needed to study various climate trends in a country-level analysis.  

This study finds strong support for the Google Trends model, however, some 

challenges can be refined and studied for the continuation of research in the future. As 

noted previously, internet access and penetration over the studied time period are not 



 28 

consistent across regions. Controlling for access is the next step to refine the model, this 

can be done by applying a generic term expected to be used when trolling the internet—a 

term such as "para" [for]. The generic term is then used to create an access-scaled term for 

study. Furthermore, detrending internet penetration over time would provide a clearer 

picture of the impact of climate shock events such as hurricanes or floods.  

CONCLUSION 

While this study finds evidence to support a new methodological approach to 

analyzing the climate-migration nexus, it also serves to support policymaker’s climate 

change mitigation and adaptation efforts. This study provides policymakers with 

quantitative evidence to justify why climate change is a multi-dimensional problem. The 

conversation around climate change is largely dominated by efforts such as conservation 

of global biodiversity, upgrading grid infrastructure, and protecting air and water quality—

while these discussions should continue, the varying effects on human behavior need to be 

added to the conversation. The Northern Triangle study is especially relevant to legislators 

in the United States and Mexico, as large-scale migration from the region has historically 

overwhelmed the borders for years. The evidence from this study suggests that efforts to 

mitigate climate change serve as valid immigration policy.  

The domestic evidence from this study, that is, the impact of climate change on 

regional economies, should support local policymaker’s economic development policy 

decisions. The rates of out-migration and the subsequent loss of global exports and labor 

force participation are not sustainable for developing countries. To mitigate the economic 

fallout from climate change, domestic policymakers should work to address the climate-

induced degradation of the agricultural workforce—including soil erosion, water 
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availability, and irrigation systems. Resources allocated to combat climate change should 

be considered to address regional out-migration and human development. This study 

emphasizes the need to address climate change, not only from an environmental standpoint 

but from a human development perspective as well. In closing, this study provides social 

scientists with a new methodological approach and policymakers with a piece of evidence 

to enact lasting change.  
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APPENDIX 

 

Figure A1: Climate impacts of El Niño Phenomenon in Latin America and the Caribbean 
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Figure A2: “El Salvador Crop Calendar" 

 

Figure A3: “Honduras Crop Calendar" 

 

Figure A4: “Guatemala Crop Calendar” 
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