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This study uses high-frequency, geographically detailed mobile phone location
data to estimate origin—destination migration flows—information that is not
available in official statistics—enabling a high-resolution analysis of internal
migration in Thailand and its sectoral drivers. A gravity-type model
incorporating push and pull factors, together with a dynamic fixed-effects
panel regression, is employed. The findings confirm that the migration—
urbanization nexus persists and continues to shape Thailand’s structural
transformation. Differences in earning opportunities are crucial, particularly in
attracting workers from the agriculture sector to the manufacturing sector. The
analysis also highlights the role of agriculture as a shelter sector,
accommodating in-migration during the coronavirus disease pandemic. The
reversal of migration patterns during the pandemic was driven by sharp
declines in earning opportunities in the service and manufacturing sectors
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rather than by incentives originating from agriculture. Beyond income factors,
digital technology plays an important role in attracting in-migration, except in
manufacturing, where a potential labor replacement effect of technology is
observed.

Keywords: internal migration, mobile phone data, Thailand
JEL codes: J61, 030, O53

1. Introduction

Internal migration is widely recognized as the key mechanism driving
industrialization and structural transformation—the process through which an
economy changes its sectoral composition—in developing countries (Hasan and
Molato 2019, Sen 2019, Gibson 2024). This process is generally associated with the
creation of better-paid employment opportunities relative to subsistence agriculture,
enhanced productivity and economic growth, and improved social mobility. Although
the undesirable impacts of internal migration—particularly economic divergence and
disparities linked to internal labor mobility—have been widely discussed, and
numerous policy initiatives have been implemented in developing countries to limit
internal movements and narrow economic disparities, evidence suggests that internal
migration remains substantial across most developing economies (Lucas 2016, Hasan
and Molato 2019). Given the scale and persistence of these flows, a deeper
understanding of their determinants is crucial for effective socioeconomic planning,
including industrial policy, infrastructure development, and public service provision.

The key objective of this paper is to analyze the determinants of interprovincial
internal migration using Thailand as an in-depth case study. Specifically, it investigates
how relative earning opportunities across the agriculture, manufacturing, and service
sectors, alongside provincial-level worker characteristics and the country’s rapid
digital transformation, shaped migration decision during 2019-2021. A gravity-type
model incorporating push and pull factors and a dynamic panel regression model with
fixed effects are employed for the analysis.

The novelty of this study lies in three main aspects. First, this study contributes
to the migration and structural transformation literature by jointly examining how
sectoral earning differentials, worker characteristics, and digital technology shape
internal migration decisions. While existing literature on structural transformation and
sectoral employment shifts is substantial (McMillan, Rodrik, and Verduzco-Gallo
2014; Haraguchi, Cheng, and Smeets 2017; Anderson and Ponnusamy 2019; Hasan
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and Molato 2019; Sen 2019; Pritadrajati et al. 2024), relatively few studies integrate
these three dimensions to explain migration behavior. In the Thai context, research has
focused predominantly on migration outcomes (e.g., education, cognitive development
among school-age children, and health) rather than its determinants. The few studies
that analyzed determinants tend to emphasize worker characteristics and absolute
individual returns, while overlooking three critical aspects: (i) relative returns across
sectors, (ii) the potentially different impacts of shocks to sectoral opportunities, and
(iii) the role of digital technology in reducing frictions (Thongluang 1990; Junge,
Revilla Diez, and Schitzl 2015; Phujampa and Ayuwat 2025).

Second, this study provides an in-depth empirical case study of Thailand to show
how internal migration responds to changing economic opportunities and digital
connectivity in a middle-income economy undergoing structural transformation.
Thailand presents a suitable case study as internal migration continues to play a
significant role in its structural transformation. Although the share of internal migrants
in the total population has declined slightly over the past decade, attributing to
government efforts to decentralize economic growth, as well as declining birth rates,
internal migration remained pronounced during the coronavirus disease (COVID-19)
period and has gradually increased in the postpandemic phase. In addition,
approximately 70% of all migrants are engaged in employment, primarily in the
manufacturing and service sectors, while the remaining migrants are involved in other
activities such as education and health-related migration." Given the substantial share
of migrants participating in employment even during the COVID-19 period,
examining the interplay of economic incentives and digital technology provide
insights for policies aimed at advancing socioeconomic development in Thailand, with
potential lessons for other countries at similar developmental stages.

Third, this study employs a novel data source to overcome key limitations in
traditional migration research. While internal migration is typically analyzed using
censuses or surveys—which are hampered by infrequent sampling, limited coverage,
and response biases—this work utilizes high-frequency global positioning system
(GPS) data from mobile phones, which have received much more attention as an
alternative data source in recent decades (see, for example, Gibson and McKenzie
2007, Gibson et al. 2021, Fenz et al. 2024), to estimate the origin—destination patterns.
This approach is particularly advantageous during crises like the COVID-19 pandemic
when traditional data collection was disrupted. GPS-derived digital trace data provide

10ver 30% of these workers are involved in remittance activities, which play a significant role in
driving economic transformation and development (National Statistical Office of Thailand 2025).
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continuous, unbiased records of movement, allowing for precise, real-time analysis of
migration flows at flexible temporal and spatial resolutions.”

The rest of this paper is organized as follows. Section II reviews the literature to
lay the groundwork for the empirical analysis. Section III presents the patterns of
internal migration derived from the GPS data. Section IV outlines the empirical model,
variable definitions, and data sources. Section V discusses the results. Finally, section
VI concludes with policy implications and recommendations.

II. Literature Survey

Understanding internal migration flows is crucial for improving a country’s
socioeconomic development. This section reviews the existing literature across two
interconnected areas to lay the groundwork for the empirical analysis: (i) determinants
of internal migration, and (ii) data sources for migration analysis.

A. Determinants of Internal Migration

A substantial body of literature examines structural transformation and its close
relationship with internal migration (McMillan, Rodrik, and Verduzco-Gallo 2014;
Haraguchi, Cheng, and Smeets 2017; Anderson and Ponnusamy 2019; Hasan and
Molato 2019; Sen 2019; Pritadrajati et al. 2024). These studies examine structural
transformation from various lenses, including shifts in production, employment,
product diversification and complexity, urbanization, and wage dynamics (Asian
Development Bank [ADB] 2013, Hasan and Molato 2019). Sen (2019) synthesizes
three core stylized facts directly involving internal migration: (i) the declining share of
agricultural employment, (ii) the concave trajectory of manufacturing employment,
and (iii) the rise of the service sector. These patterns inherently drive population
movements across sectors and locations.

Conventional theory attributes these movements to productivity and income
differentials across sectors. However, Rodrik (2016) and Sen (2019) document a

2Digital trace data can be revealed through other sources such as geo-located social media data such
as Facebook, Twitter, Skype, or LinkedIn; repeated logins to the same website or email address; online
search data; and bibliometric data (see, for example, Fiorio et al. 2017, Chi et al. 2020, Martin et al. 2020).
However, concerns over reliability, scope, and detail regarding the location of this digital trace data seem to
be more problematic than that of mobile phones (Tjaden 2021). Regarding digital trace data through
mobile phones, GPS devices can record travel time and the coordinates of locations every second. As
traditional calls become less frequent with the shift to app-based communication, the use of satellite-based
GPS has become more accurate in revealing mobile-related activities than call detail records.
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contrasting pattern in many underdeveloped economies, where workers move from
agriculture into nonbusiness services despite comparable productivity. This suggests
that productivity growth and income effects alone may be insufficient to explain
internal migration and structural change in underdeveloped countries, indicating other
factors likely play a more significant role.

A growing body of research—from both developed and developing countries—
examines the determinants of internal migration beyond sectoral productivity by
incorporating nonpecuniary factors such as public goods, infrastructure, social
networks, and place attachment (Williams and Jobes 1990; Johnson and Rasker 1995;
Percy, Hawkins, and Maier 1995; Gustafson 2001; Howell-Moroney 2008; Hotchkiss
and Rupasingha 2021). For example, studies from the Republic of Korea and the
United States show that perceptions of local public goods—such as education, public
services, amenities, and health care—are critical determinants of residential choice
even when economic opportunities are limited (Howe and Huskey 2022, Choi 2024).

Social capital and regional development also play significant roles. Research in
the United States indicates that individuals are reluctant to move to areas that lack
social capital, which is often linked to better public services and economic growth
(Hotchkiss and Rupasingha 2021). In the Thai context, studies highlight how return
migration responds to regional improvements beyond economic aspects, especially
social and institutional environments (Junge, Revilla Diez, and Schétzl 2015).
Phujampa and Ayuwat (2025) reveal that individual characteristics such as age;
gender; and, particularly, education shape youth migration.

B. Data Sources for Migration Analysis: From Surveys to Digital Traces

Most empirical studies on internal migration, including those on Thailand, have
relied on traditional survey-based sources such as censuses and labor force surveys.
While valuable, these data face well-documented limitations: infrequent sampling,
limited coverage, and response biases. These limitations become particularly
pronounced during crisis periods, such as the COVID-19 pandemic, when survey
disruption leads to data gaps.

These data constraints matter for development research because they hinder the
ability to track labor reallocation during structural transformation and to understand
how workers respond to economic shocks. Recent research has focused on alternative
data sources (e.g., Gibson and McKenzie 2007, Gibson et al. 2021, Fenz et al. 2024),
including GPS data from mobile phone systems, offering an opportunity to address
these gaps. Such data have been widely used to track population movements, estimate
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migration flows, and analyze dynamic population densities (Blumenstock 2012,
Wesolowski et al. 2013, Ruktanonchai et al. 2016, Wesolowski et al. 2017, Lai et al.
2019). By providing high-frequency, geographically detailed observations of
population movements, such data enable researchers to examine migration dynamics
at temporal and spatial resolution that is not possible with traditional surveys.

Application spans diverse contexts. Ruktanonchai et al. (2016) demonstrate that
mobile phone data can predict short-term movement patterns relevant to malaria
transmission in Haiti, validating findings against census records. Wesolowski et al.
(2017) quantify seasonal mobility variations in Kenya, Namibia, and Pakistan,
showing holiday-related travel significantly alters movement patterns and influences
infectious disease spread. Lai et al. (2019) further show that mobile phone data can
precisely predict migration flows in Namibia, matching census-derived statistics using
linear models based on call detail records and gravity-type spatial interaction models.
Meanwhile, gravity-type models have been applied extensively to estimate flows
based on populations and distance (Garcia et al. 2015; Wesolowski et al. 2015;
Ruktanonchai et al. 2016; Vobruba, Korner, and Breitenecker 2016).

However, mobile phone data are not without limitations. They reveal time and
location but lack individual attributes such as identity, travel mode, purpose, and group
composition. Thus, this study combines mobile phone data with conventional surveys
to provide a more comprehensive analysis of migration patterns.

Overall, the existing empirical literature confirms that migration is a
multidimensional decision, while there is limited evidence on the determinants of
internal migration in Thailand. The existing studies on Thailand have focused
primarily on individual characteristics and absolute returns, largely overlooking two
critical contemporary drivers: relative earning differentials across sectors and the
enabling or disruptive role of digital technology. To date, no empirical study has
employed mobile phone GPS data, which can capture migration patterns during crisis
or pandemic periods more accurately than traditional survey-based data sources.

III. GPS Mobile Phone Data and Internal Migration in Thailand

This study utilizes mobile GPS location data from January 2019 to June 2021,
comprising approximately 35 million unique devices, to analyze the determinants of
internal migration in Thailand. The longitudinal nature of these data allows for the
examination of both common migration drivers and the exogenous shock of the
COVID-19 pandemic. To isolate domestic migration, devices with a lifespan of less
than 60 days, which is a strong indicator of tourist activity, were filtered out.
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Figure 1. Pipeline for Estimating Migration Count
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Notes: Internal migration estimates were derived from mobile GPS data. After deduplication and timestamp
standardization, a device’s province of residence was assigned as the location recording more than 60% of
nighttime pings within a 6-month observation window. A change in this residence between consecutive months
was classified as an internal migration event.

Source: Authors’ illustration.

The remaining data were preprocessed by removing all duplicate records (i.e., those
with the same device identification, location, and timestamp). The complete migration
estimation pipeline is summarized in Figure 1.

Following the precedent of prior studies (e.g., Wesolowski et al. 2017, Lai et al.
2019), a device’s provincial residence was defined as the location accounting for more
than 60% of its nighttime pings over a 6-month observation window. A change in this
inferred residence between two consecutive periods was classified as an internal
migration event.

To capture pandemic-related dynamics, mobile GPS data was divided into four
subperiods to coincide with COVID-19 waves and their corresponding lockdowns in
Thailand (Table 1).* Migration flows for each phase were identified by comparing
residences between consecutive time subperiods. For instance, a residence change
between subperiods I and 11 identifies a migrant during the pre-COVID-19 baseline; a
change between subperiods Il and III captures migration during the first wave and the

3There were four waves of COVID-19 contagion in Thailand: (i) 15 March—30 April 2020, (ii) 15
December 2020-15 March 2021, (iii) April-December 2021, and (iv) January 2022 onward. By the end of
September 2022, COVID-19 had been removed from the list of dangerous communicable diseases. The
most severe subperiod was the third, which began around mid-April 2021 and lasted for 9 months. Like
other countries, Thailand imposed border control measures together with social distancing measures to
suppress the virus’ spread. The first nationwide lockdown was in April 2020 to combat the first wave (15
March—30 April 2020). The full-scale national lockdown, together with curfews and stay-home policies,
were introduced. For the second wave, a partial lockdown at its epicenter (Samut Sakhon province) was
introduced. For the third wave, the government was slow to impose a nationwide lockdown, and the full-
scale lockdown was imposed on June 2021. For more information, see Kohpaiboon, Jongwanich, and
Boonyarat (2025).
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Table 1. Subperiods for Internal Migration Analysis

Reflection of Internal Movements Between the Two
Subperiods Months Subperiods

Jan 2019-Jun 2019

I Jul 2019-Dec 2019 A comparison of data between January—June 2019 and
July—December 2019 reflects the usual pattern of internal
movements.

11 Jan 2020—Jun 2020 A comparison of data between January—June 2020 and
July-December 2019 reflects internal migration during the
first wave of COVID-19 spread and the first lockdown
period.

111 Jul 2020-Dec 2020 A comparison of data between July—December 2020 and
January—June 2020 reflects internal migration during the
release from lockdown.

v Jan 2021-Jun 2021 A comparison of data between January—June 2021 and July—
December 2020 reflects internal migration during the
second and third waves and lockdown periods.

COVID-19 = coronavirus disease.
Source: Authors’ compilation.

national lockdown. Validation of GPS data against official survey data is included
in Appendix 1.

Using GPS data from the four subperiods, Figure 2 illustrates pre-COVID-19
internal migration patterns. Labor mobility was dominated by Bangkok, which
attracted migrants from all regions, while the central region—particularly provinces
with established manufacturing hubs such as Chonburi, Nakhon Pathom, Pathum
Thani, and Prachinburi—served as a major destination for Bangkok out-migrants. In
the northeast, migration was concentrated in Khon Kaen and Nakhon Ratchasima,
with net emigration elsewhere except in higher-income provinces (Maha Sarakham,
Ubon Ratchathani, Udon Thani, and Nong Khai). In the north, Chiang Mai and
Phitsanulok emerged as net in-migration hubs, while most other provinces experienced
net emigration. The south recorded net emigration overall, except in Phuket, Nakhon
Si Thammarat, Songkhla, and Surat Thani.

During the first COVID-19 wave and national lockdown, mobility declined
sharply, with tracked devices falling by nearly 70% relative to the pre-COVID-19
period. Significant net emigration occurred in Bangkok and other previously high in-
migration provinces including Chiang Mai, Chonburi, Nakhon Pathom, Pathum Thani,
Maha Sarakham, Ubon Ratchathani, Udon Thani, and Phuket (Figures 3[a] and 4[a]).
After the first lockdown eased, net immigration resumed in Bangkok and major
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Figure 4. Thailand’s Net Migration, July 2019-June 2021

(a) The first wave of lockdown (b) The first release lockdown (c) The second wave and lockdown
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Source: Authors’ compilation from Thai mobile GPS location data.

provinces, although overall mobility remained well below prepandemic levels
(Figures 3[b] and 4[b]). During the second lockdown, a similar but less pronounced
pattern of net emigration reemerged in Bangkok and major provinces (Figures 3[c]
and 4[c]). Within-region migration became more prominent, particularly in the central
and southern regions, possibly reflecting more nuanced impacts of income and
urbanization in determining migration decisions.

IV.  Empirical Model

The empirical model is motivated by its ability to capture both the determinants
of internal migration suggested by previous studies—primarily individual character-
istics and absolute returns (section II)—and three critical contemporary drivers that
have been largely overlooked in the literature: (i) relative returns across sectors, (ii) the
potentially differential impacts of shocks on sectoral opportunities, and (iii) the role of
digital technology in reducing frictions.
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To capture these determinants, the modified gravity model is employed by
including possible push and pull factors from both the origin (i) and destination (5)
provinces. The original gravity model (Zipf 1946) for determining internal migration is
shown in equation (1)—that is, the flow of migration between provinces (i) and (j) is
proportional to the product of their total populations and inversely proportional to the
distance between them:

1 7)
Popf ,Popﬁ .
Distﬁ 3

it

MI Gi, it == <1)
where MIG; ;, is the internal migration from province i to j at time ¢, Pop; , is the
population density of province 7 at time ¢, Pop; , is the population density of province j
at time ¢, and Dist; ; , is the distance between provinces i and j at time ¢.

A. The Model’s Core Determinants

The possible push (i) and pull (j) variables are included in equation (1) to achieve
the contributions of this paper and obtain more accurate estimates, as suggested by
previous studies and given data availability. The push (i) and pull (j) factors include
real gross domestic product (GDP) per capita (RGDP) from both the origin (i) and
destination (j) provinces, divided into agriculture (4gdp), manufacturing (Mgdp), and
services (Sgdp); educational level (Edu); average age of population (4ge); gender
(Gender); and inflation (Infla).

Based on previous literature (Lucas 2016), earning opportunities are an important
driver for internal migration. Provinces dominated by manufacturing and services tend
to attract more migrants due to higher returns and rapid sectoral transformation.
However, these patterns may vary by development strategy, sectoral technology
adoption, and technological advancements in agriculture that could potentially draw
workers back from industry and services.

Education also plays a key role. Returns to education, which are typically higher
in urban areas, increase the propensity to migrate toward locations offering greater
rewards for skills (De Brauw and Rozelle 2008; De Vreyer, Gubert, and Roubaud
2009; Lucas 2016). Worker characteristics and the general environment of both the
origin and destination provinces further shape migration decisions (Lucas 2016).
Accordingly, we include average age, gender composition, and inflation in the
analysis.

Incorporating these factors, we modify the gravity equation model presented in
equation (1) to include these variables, as presented in equation (2). In equation (3),
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GDP per worker, RGDP, is disaggregated by sector—agriculture (4gdp), manufactur-
ing (Mgdp), and services (Sgdp)—to capture sector-specific earnings

InMIG,; ; , = o + B1Pop; ; + o Pop; , + B3Dist; ; . + B4 RGDP; ,
+ BsRGDP; , + BoEdu; , + p7Edu; , + PsAge; , + PoAge;
+ BroGender; ; + By Gender; , + B, Infla; ; + pi3Infla; ,
+vi+v;+v,+¢e;, and (2)

InMIG; ; ; = By + p1Pop; ; + poPop; ; + B3Dist; j ; + BsAgdp;  + BsAgdp;
+ PeMgdp;  + 7 Mgdp; , + PsSgdp;  + PoSgdp; . + ProEdu; ,
+ B Edu; , + BroAge;  + Bi3Age;  + PraGender; , + BisGender; ,
+ PreInfla;  + Prrinfla; , 4 v; +v; + v+ € 4 (3)

where i, j, and ¢ denote the origin province, destination province, and period,
respectively; v; and v; are unobserved province-specific effects; v, is time-specific

effects; and ¢; ; , is the error term.

’j’t
B. Relative Income and Sectoral Differentials

Since the relative, not the absolute, earning opportunities between provinces may
be a crucial factor driving migration, the relative income (proxied by RRgdp) between
provinces (i) and (j) is used as an alternative variable in equation (4), replacing the
absolute income variable as shown in equations (2) and (3), which is included
separately for push and pull factors in the model. In addition to income, other
explanatory variables—including education (EEdu), age (AAge), gender (GGender),
and inflation (/Infla)—are also included in the model as relative terms:

InMIG,; j , = By + B1Pop; ; + B2 Popj , + B3Dist; ; . + BsRRgdp; ; ,
+ BsEEdu; j , + BsAAge,; ; , + p1GGender, j , + Pglinfla; ; ,
+vitvi+vites (4)
where RRgdp; ; , is the real GDP per capita of province (i) relative to that of province
(/) at time #; EEdu, ; , is the education level of province (i) relative to that of province
(/) at time #; AAge; j ,
time ¢, GGender; ; , is the average male participation of province (i) relative to that of

is the average age of province (i) relative to that of province (;) at

province (j) at time ¢.

With real GDP disaggregated into three sectors, relative sectoral GDP per worker
between provinces is included in the model. Recognizing that workers substitute
across sectors to some extent, nine relative income terms are specified: three capturing
within-sector differentials (agriculture A4A4gdp; ;,, manufacturing MMgdp; ;,, and
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services SSgdp; ;) and six capturing across-sector differentials. The latter group
includes (i) agricultural income in province i relative to the manufacturing income in
province j (AMgdp, ; ,) and its reverse (MAgdp, ; ,), (ii) agricultural income relative to
service income (4Sgdp; ; , and SAgdp; ; ,), and (iii) manufacturing income relative to
service income (MSgdp; ; , and SMgdp; ; ;). These variables are included in the model
with careful attention to potential multicollinearity.

C. The Role of Digital Technology

Digital technology, through internet access, improved substantially during the
COVID-19 pandemic (Jongwanich 2023). According to Lall, Timmins, and Yu
(2009); Ackah and Medvedev (2010); and Fafchamps and Shilpi (2013), infrastructure
plays a crucial role in determining in- and out-migration, as improved facilities and
infrastructure permit production expansion, discouraging out-migration and encourag-
ing in-migration. However, as mentioned in Lucas (2016), the relationship between
amenities and infrastructure improvement and internal migration is not obvious, with
some forms of improved local amenities, such as improved rural transport,
exacerbating net out-migration. Further, the impact of digital technology, especially
through internet access, on internal migration remains unexplored. The technology
could provide more opportunities for local workers to expand their business and
enhance their existing production and service capacity, discouraging out-migration. By
contrast, as in the case of improved rural transportation, internet access may help
enhance workers’ ability to access new job opportunities outside their provinces,
therefore stimulating in-migration in some provinces. To investigate these competing
possibilities, this study includes internet access (intermet) both as an additional
explanatory factor and as a mediating factor interacting with income
(RGDP; , x internet; ;), as shown in equation (5):

InMIG; ; , = By + B1Pop;,; + poPop; , + B3Dist; ; . + B4RGDP; ,
+ psRGDP; , x internet; , + s RGDP; , 4 /RGDP; , X internet; ,
+ By Edu; , + PoEdu;  + BroAge;  + Br1Age; , + BroGender; ,
+ pi3Gender; ; + BiaInfla; . + BisInfla; ; + Bsinternet;
+ Biyinternet; , +v; +¢;, and (5)

InMIG; j ; = Bo + B Pop;,; + B Pop;; + B3 Dist; j , + B4RRgdp; j
+ 135 RRgdpi,j,t X iinlernetijjj, + ﬁ6EEdu,~jj,, + ﬁ7AAg€i,j,t
+ psGGender; ; , + Pollnfla; ; , + Pyoiinternet; ; , +v; +&;,.  (6)
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The internet access variable enters equations (5) and (6) as a mediating factor for
all three types of sectoral GDP, with careful consideration of potential multicollinearity
among them. In addition to the time dummy variables included in the base model,
slope dummy variables referring to the interaction between the time dummy variables
and other key independent variables, especially GDP per capita, are also introduced to
investigate whether the importance of income in influencing people’s movement
changes between subperiods. In addition to using real GDP to represent earning
opportunities, many establishments in key sectors per worker—including manufactur-
ing factories (Fac), hotels and restaurants (Hotel), wholesales and retails (Wholes), and
real estate (Realesf)—are employed as alternatives for such earning opportunities.
Variable measurements and data sources are summarized in Table A2.1 in the
Appendix; descriptive statistics and the correlation matrix are presented in
Tables A2.2 and A2.3 in the Appendix, respectively.

D. Estimation Technique

The estimation technique for equations (2)—(6) is the dynamic panel model with
fixed effects (Blundell and Bond 1998; Blundell, Bond, and Windmeijer 2001).
Blundell and Bond (1998) proposed a system estimation in which first differences are
estimated together with levels, instead of estimating only equations in first differences
and using lagged levels as instruments. The instruments for the regression in
differences are lagged levels, as proposed by Arellano and Bond (1991), while the
instruments for the regression in levels are lagged first differences of the variable. The
appropriateness of the latter assumes that the first differences are uncorrelated with the
error term and unobservable heterogeneity.

The system generalized method of moments (GMM) regression addresses
shortcomings that tend to arise from the Arellano and Bond (1991) difference
estimator, which has been found to have poor finite sample properties when the lagged
levels of the series are only weakly correlated with subsequent first differences. This is
the case when the explanatory variables have large autoregressive parameters, as in
this study. Blundell and Bond (1998) clearly showed that weak instruments could
cause large finite-sample biases when using the first-differenced GMM method.*

4To check the robustness of our results, an Arellano and Bond (1991) panel system GMM is also
applied. For independent variables, their lags are included in the analysis; to a certain extent, these could
help to redress the endogeneity problem mentioned in Pesaran, Shin, and Smith (2001). The model applied
in the study is based on a sound analytical framework and the Sargan test for overidentifying restrictions.
The Arellano—Bond test for autocorrelation in the differenced errors are tested in the panel GMM and
reported in the estimation results (Levendis 2025).
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V. Results

This section presents the empirical findings on the determinants of internal
migration in Thailand. The results are organized to parallel the model structured
outline in section IV, moving from the core determinants to sectoral earning
differentials and the role of digital technology.

A. Core Determinants

Table 2 reports the findings without considering the role of internet access. The
influence of income on internal migration is unclear when real GDP per capita is
considered, likely due to varying responses to earning incentives across sectors
(column A). However, when total income is divided among the three sectors, income
incentives in the manufacturing sector more effectively explain internal migration.
That is, the lower the manufacturing income per capita in the original province (i), the
more that out-migration is observed; the higher the income per capita in the destination
province (j), the more immigration is encouraged. This is reflected by the negative
coefficient associated with Mgdp; and the positive coefficient corresponding to Mgdp;
(column B). The importance of earning opportunities in attracting people’s movement
to the manufacturing sector highlights the dominance of this sector in driving
economic transformation in Thailand. Income in the agriculture and service sectors
tends to influence internal migration in only one direction: as a pull factor in the former
and a push factor in the latter. The insignificance of these income variables may reflect
the greater importance of relative earning opportunities, particularly in comparison
with the manufacturing sector, rather than absolute income levels.

B. Relative Earning Opportunities

When the relative earning opportunities are considered, the results resemble
those where the absolute income is used as an explanatory variable—that is, income
(per worker) in manufacturing is effective in determining internal migration, especially
compared with other sectors. The earning gaps between the agriculture and
manufacturing (4Mgdp; ;) sectors, as well as between the service and manufacturing
(SMgdp,; ;) sectors, matter significantly in influencing internal migration (Table 3,
columns B and C). The significantly negative coefficient corresponding to 4AMgdp; ;
implies that when manufacturing income per worker in the destination province j
increases, widening the income gap between the agriculture and manufacturing
sectors, in-migration to province j is encouraged (Table 3, column B). A similar result,
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with marginal significance, is observed when the income gap between services and
manufacturing (SMgdp; ;) is considered (Table 3, column C). The concentration of
migration flows into Bangkok and the central provinces—observed both before the
pandemic and after lockdown measures were lifted (Figures 2 and 3[b])—is consistent
with the strong pull effects of manufacturing income and, to a lesser extent, services
income (Tables 2 and 3).

By contrast, when relative income in the agriculture sector increases in the
destination province (j), regardless of sectoral income in the original province (i), this
higher income does not encourage in-migration to province j (Table 3, columns B and
C). This may reflect a lagging development strategy and outdated technologies in the
agriculture sector that prevent workers from being drawn back from the industry or
service sectors. In the case of the service sector, an increase in service income in the
destination province (j) relative to manufacturing income in the original province (7)
encourages in-migration to province j with a lag effect. However, the net impact of
such an income increase is negligible. The insignificant impact is also evident when
the gap between agricultural income in the original province (i) and service income in
the destination province (j) is considered.

The negligible impact of agriculture and service income may be due to the
inclusion of the COVID-19 and national lockdown periods in the samples. The time
dummy variables, interacting with sectoral income, are introduced to investigate such
issues, both in terms of absolute and relative income. Most of the results resemble
those without interaction terms, except for a few cases. These include a case of
absolute agriculture income where, during the crisis periods, the agriculture sector
tends to act as a shelter accommodating in-migration. The negative and significant
coefficients of the time dummy variables correspond to agricultural income in the
original province (i), with the still positive coefficient revealed during the normal
period—as in the case of not having an interaction term—confirming the effectiveness
of agricultural income incentives in maintaining workers in the original province (7)
during the crisis period (Table 3, column F). This result aligns with previous empirical
studies showing that agriculture and rural areas tend to serve as a buffer or fallback
during major economic shocks (see, for example, Smith et al. 2002, Huang et al.
2011). Smith et al. (2002), employing Indonesian labor force data and the Indonesia
Family Life Survey, show that during the 1997/98 Asian financial crisis, employment
in the agriculture sector expanded by 20%, led by gains among women. Meanwhile,
all other sectors—especially manufacturing, construction, and retail—experienced
dramatic job losses. Huang et al. (2011), using the 2008 China National Rural Survey
covering 58 randomly selected villages in six rural provinces in the People’s Republic
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of China, show that the global financial crisis caused a noticeable increase in off-farm
layoffs. However, roughly half of those laid off were subsequently reemployed,
confirming the role of rural areas in cushioning external shocks.

In another case, when relative income is considered, the slope dummy is not
statistically significant when the agriculture sector is treated as the destination province
(/). This implies that the smaller magnitude of income reduction in agriculture
compared to manufacturing and services during the COVID-19 pandemic does not
encourage in-migration to province j (Table 3, columns D and E). By contrast, when
the service and manufacturing sectors are treated as the destination province (5), the
slope dummy variables are statistically significant and negative. This reflects that the
greater magnitude of income reduction in these two sectors during the COVID-19
pandemic results in falling in-migration to province j (Table 3, columns F and I). In
other words, changes in agricultural returns tend to have less power in affecting
workers’ movements than those in the manufacturing and service sectors. The reverse
migration observed in Bangkok and the central provinces during the pandemic
(Figures 3[a], 3[c], 4[a], and 4[c]) is consistent with the strong push effect created by
the relative decline in both the manufacturing and service sectors rather than the higher
income observed in the agriculture sector (Table 3).

Regarding service income, when the slope dummy variables are included in the
case where absolute service income is considered, the slope dummy variables are
insignificant in all scenarios (Table 2, columns G and H). However, the coefficient of
service income at the destination province (j) for the base case (normal periods) turns
out to be negative and significant, implying its inability to attract workers and likely
stimulating return migration during the COVID-19 and lockdown periods (Table 2,
column H). This result confirms the importance of changes in service income during
the COVID-19 pandemic in causing return migration, as discussed earlier. For relative
earnings, the significance of the slope dummy when the service sector is treated as the
destination province (j) is revealed only in the case where its return is compared with
agricultural income, as mentioned above (Table 3, column I). However, it is only
mildly significant when compared with manufacturing income (Table 3, column E).
This mild significance could be due to the fact that income in both sectors reduced
noticeably during the pandemic, causing a negligible change in relative returns.

When income is replaced by the number of establishments in various key
subsectors—including manufacturing factories, hotels and restaurants, real estate, and
wholesale and retail businesses—the lack of statistical significance is clearly observed
for manufacturing factories and is evident on both sides (i.e., push and pull factors)
(Table 4, column A). This confirms the importance of income incentives in explaining
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people’s movement related to the manufacturing sector, instead of the number of
established factories. By contrast, the number of service establishments plays a role in
either pushing or pulling migration, suggesting that a cluster of these services tends to
be significant in drawing migration (Table 4, column A). A faster turnover and shorter
periods for upskilling and reskilling in these service subsectors could make a service
cluster more relevant for the working prospects of migrants. In addition, this finding
implies, to some extent, that social capital plays a more crucial role in determining
internal migration than the manufacturing sector.

C. The Role of Digital Technology

Regarding the role of internet access (internef), regardless of whether it is
considered in absolute terms (i.e., separating push [i] and pull [/] factors) or in relative
terms, improvements in internet access in the destination province (j) and a larger gap
of this variable between the two provinces tend to encourage in-migration to the
destination province (j) (Table 4, columns B and C). Interestingly, when the
interaction terms between internet access and relative sectoral income are considered,
it appears that progress in internet usage in the destination province (j) relative to the
original province (7) helps reduce in-migration to province j; when manufacturing
income corresponds to the destination province (j) and agricultural income
corresponds to the original province (i). This is reflected in the positive coefficient
associated with AMgdp,; x internet diff; (Table 4, column D), causing the negative
value of coefficient associated with AMgdp; ; to become smaller, which to some extent
signals (i) the substitutive effect of digital technology on labor in the manufacturing
sector, or (ii) that labor markets clear more quickly as information flows about jobs are
more efficient within-destination. Jongwanich, Kohpaiboon and Obashi (2022), using
labor force survey data and various forms of technology, also reveal that workers in
certain manufacturing industries are adversely affected by technological growth.

By contrast, progress in internet access in the destination province (;) relative to the
original province (i) helps encourage more migration to province j when service and
agricultural incomes increase, reflected by the negative coefficients of their interaction
value with the internet (i.e., MSgdp; x internet diff;, SAgdp; X internet diff;,
and MAgdp;; x internet_diff;;). This demonstrates the complementary role of technology
and labor in these two sectors. Jongwanich, Kohpaiboon, and Obashi (2022) also
highlight the complementary roles of technology and labor in these sectors. Digital
technologies, such as using the internet for e-commerce, have a significant positive
impact on the labor market and labor reallocation.
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For other control variables in all scenarios, the significant impact of population,
particularly in the destination province (j), implies that migration remains concentrated
in large cities with high population density. This suggests that the migration—
urbanization nexus continues in the country despite various initiatives aimed at
reducing regional disparities, particularly in terms of education and infrastructure
development. The positive and significant coefficient for inflation in the destination
province (j) further supports this finding. Significance is also observed for gender and
age, with a higher proportion of males and a larger working-age population in the
destination province (j) tending to encourage in-migration. The insignificance of
education, both in absolute and relative terms, may be due to the fact that almost 70%
of all migrants are driven by employment opportunities, while the remaining migrants
are pursuing other activities such as education and health. Given the small proportion
of such migrants, the significance of this variable is not observed in the study.

VI. Conclusions and Policy Implications

This study utilizes GPS-based mobile phone data to analyze internal migration in
Thailand from January 2019 to June 2021. It emphasizes key factors influencing
internal migration at the provincial level, particularly sectoral earning opportunities,
digital technology, and worker characteristics. A modified gravity-type model
incorporating push and pull factors is employed, using a fixed-effects panel regression
estimated by the GMM.

A. Conclusions

Our findings can be summarized in four points. First, consistent with much of the
literature on structural transformation in developing countries, which shows that
emigration from the agriculture sector to the industry and service sectors leads to a
decline in agricultural employment, our GPS-based mobile phone data show that
manufacturing income is the primary driver of internal migration in Thailand. When
income is considered in aggregate, its influence on migration is unclear. However,
disaggregating income by sector reveals that lower manufacturing income per capita in
origin provinces increases out-migration, while higher manufacturing income in
destination provinces encourages in-migration. This finding underscores the
dominance of the manufacturing sector in driving Thailand’s economic transformation.

The quantitative findings clearly show that relative earning opportunities are
crucial in attracting workers, though their importance varies across sectors. Differences
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in earning opportunities play a key role in drawing workers from the agriculture sector
into manufacturing. However, no significant income effect is found within the
agriculture sector itself, which may reflect a lagging development strategy and
outdated technologies that limit its capacity to retain workers or attract them back from
industry or services. In contrast, earning opportunities in the service sector, relative to
those in manufacturing and agriculture, help explain in-migration, although the effect
is only mildly significant.

Second, factors beyond income also play an important role in influencing
people’s movements in Thailand. Our results show that the number of service
establishments significantly affects migration, functioning as either push or pull factors
depending on the context. By contrast, no significant effect is observed for the number
of manufacturing establishments. This contrast confirms that income incentives, rather
than the mere presence of factories, drive migration related to the manufacturing
sector. In the service sector, however, the clustering of establishments itself attracts
migrants, potentially reflecting the importance of social capital, as well as faster
turnover and shorter training periods, in making service sector jobs more accessible.

Worker characteristics such as age and gender, along with destination province
conditions including population density and inflation, further shape internal migration
patterns. The significance of these destination-related factors provides evidence that
the migration—urbanization nexus persists in Thailand despite various initiatives aimed
at reducing regional disparities.

Third, digital technology plays a crucial role in encouraging in-migration to
destination provinces. However, its mediating effect on relative earning opportunities
varies across sectors. Internet access amplifies the role of earning opportunities in
attracting migrants to the service and agriculture sectors, reflecting a complementary
relationship between technology and labor in these sectors. In contrast, no such
amplifying effect is observed in manufacturing, which may indicate the prevalence of
labor-displacing technologies or faster labor market clearing facilitated by technology,
thereby limiting in-migration. Consistent with this interpretation, Jongwanich,
Kohpaiboon, and Obashi (2022) find a replacement effect of technology on labor in
manufacturing, while a complementary relationship between technology and labor is
evident in other sectors, particularly services.

Finally, the COVID-19 pandemic triggered a reversal of migration patterns,
with movements from the manufacturing and service sectors toward agriculture,
alongside out-migration from Bangkok and major provinces. This indicates that the
agriculture sector functioned as a crisis shelter, absorbing in-migration during
economic disruption. This result echoes previous findings that agriculture and rural
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areas often act as a buffer during economic shocks (e.g., Smith et al. 2002, Huang
et al. 2011). These reversed migration flows were driven primarily by sharp declines in
earning opportunities in the manufacturing and service sectors, rather than by
improved incentives in agriculture. In addition, within-regional migration became
more pronounced, particularly in the southern and central regions of Thailand,
reflecting more nuanced income effects in shaping migration decisions during the crisis
period.

B. Policy Implications for Thailand and Beyond

There are three policy inferences that can be drawn from this study that may be
beneficial to Thailand and other developing countries at a comparable stage of
economic development. First, while the agriculture sector usually plays a limited role
in industrial transformation and inevitably contributes less to employment generation
and economic growth, preventing its decline often requires increasing policy support
and budgetary allocations over time (see, for example, Anderson and Ponnusamy
2019). However, in Thailand, this sector remains crucial as a backward linkage to the
agro-food industry, with the country continuing to hold comparative advantages in
several subsectors such as fresh and processed fruits, fresh and processed crustaceans,
and related food industries. It also accommodates in-migration and helped smooth the
transition toward economic recovery during the recent COVID-19 pandemic. Thus,
continued efforts to support and enhance productivity and development in the
agriculture sector are warranted. Nevertheless, such support should be strategically
designed to use government resources efficiently by aligning policies with the
country’s comparative advantages and deploying more advanced digital technologies
to improve efficiency across entire supply chains. Our study shows that digital
technology continues to play a complementary role with labor in this sector. These
efforts could help retain workers in agriculture and potentially draw them back from
the industry or service sectors.

In addition, while tariff and nontariff protections, both technical and
nontechnical, remain relatively high in the agriculture and food sectors compared
with others, gradually liberalizing tariffs and nontechnical measures such as quotas
should be seriously considered to enhance productivity in the medium to long term. At
the same time, technical measures, including sanitary and phytosanitary measures,
should be introduced and enforced strictly for food safety and to prevent substandard
products. They should also not be abused or misused for protectionist purposes.
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Second, our study confirms that relative earning opportunities are crucial
determinants of internal migration, particularly in the manufacturing and service
sectors. As Thailand’s capital city and major provinces continue to dominate in-
migration, efforts to enhance relative earning opportunities and promote greater
regional parity through supply-side adjustments, while leveraging each region’s
comparative advantages, are likely to yield more desirable outcomes. While
determinants beyond earning opportunities vary across sectors, intersectoral planning
focused on supply-side improvements at the local level is essential to ensure effective
efforts to reduce regional disparities.

The Government of Thailand has initiated the Economic Corridors Development
program, comprising four economic corridors, to support regional development.’ The
initiative is accompanied by investments in infrastructure, human resource and
entrepreneurship development, research and development, innovation, and financial
support mechanisms. However, concerns remain over the unclear provincial coverage
of each corridor and the lack of clarity in integrating manufacturing and service
promotion strategies, both of which should be addressed to enhance policy
effectiveness.’

Third, since digital technology is important both in its own right and as a
mediating factor linking earning opportunities to internal migration, promoting the
development of both hard and soft digital infrastructure across provinces is crucial for
fostering greater regional equality. Although various indicators suggest that Thailand’s
digital infrastructure—such as mobile cellular networks, fixed and mobile broadband,
and 4G and 5G coverage—has improved over the past decade (see, for example,
Jongwanich 2023), gaps remain. Compared with other Asian countries—including the

SThese four corridors include the (i) Northern Economic Corridor: Chaing Mai, Chiang Rai,
Lampang, and Lamphon, or the so-called “Creative Lanna”; (ii) Central-Western Economic Corridor: Phra
Nakhon Si Ayutthaya, Nakhon Pathom, Suphan Bur, and Kanchanaburi; (iii) Northeastern Economic
Corridor: Nakhon Ratchasima, Khon Kaen, Udon Thani, and Nong Khai; and (iv) Southern Economic
Corridor: Chumphon, Ranong, Surat Thani, and Nakhon Sri Thammarat.

SFor example, some of the selected provinces have relatively fewer economic activities and lower
in-migration compared to neighboring provinces. For example, Suphan Buri and Kanchanaburi in the
Central-Western Economic Corridor experience lower migration and have lower GDP per capita than other
provinces in Thailand’s western region. Additionally, some provinces where migration has been notable,
such as Songkhla in the south, have not been included in the Southern Economic Corridor. To promote
human resource and entrepreneur development, as well as research and development and innovation,
collaboration between governments, the private sector, and universities is crucial. Songkhla, with its strong
private university collaboration potential, is well-positioned for such efforts. In addition to provincial
coverage, the goal of creating both manufacturing and service hubs within one framework for the National
Economic Corridor may constrain its success as the nature of these two sectors differs significantly,
including their incentives for attracting workers as revealed in the study. Infrastructure development to
foster a creative economic ecosystem in Chiang Rai or to build tourism attractions in Kanchanaburi may
not align with efforts to establish an electronics hub in Lampoon or an agro-food center in Nakhon Pathom.
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People’s Republic of China, Malaysia, Singapore, and Viet Nam—Thailand continues
to lag in several respects, particularly in terms of access, affordability, and information
and communication technology (ICT) skills among the population.’

Regarding the digital technology—labor nexus, our study indicates a potential
replacement effect of digital technology on labor, particularly in the manufacturing
sector. This highlights the importance of accelerating efforts to upskill and reskill
existing workers in the labor market. Collaboration with private firms and universities
is essential for effectively managing information, particularly on job creation and
destruction across firms and industries, and for reducing labor market frictions. The
government should act as a facilitator by providing strong incentives to accelerate
upskilling and reskilling in the sector, thereby minimizing the adverse impacts of
technology-driven job replacement and displacement.
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Appendix 1. Correlations Between Thai Mobile Phone GPS Location Data, the
Internal Migration Survey, and Other Key Variables During 2019-2021

To assess validity, the derived estimates from the global positioning system
(GPS) were compared with official migration survey data from Thailand’s National
Statistical Office.® Provincial-level correlations between the two data sources are
positive for emigration, immigration, and net migration; however, a strong positive
correlation is observed only for emigration (Figure Al). Weaker correlations for
immigration and net migration likely reflect survey undercounts during the pandemic,
when data collection was challenging. The stronger correlation for emigration may
stem from highly concentrated outflows from Bangkok during the crisis, which are
easier to track than more dispersed immigration destinations.

Figure A1. Correlations Between Thai Mobile Phone GPS Location Data and the Internal
Migration Survey, 2019-2021
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Notes: Number of people (movements) from both data sources are in logarithmic form. With limited data from the
Thai mobile phone global positioning system (GPS) location source in 2021, the migration flows of mobile phone
users during 2020-2021 is conducted from September 2020 to June 2021.

Source: Authors’ compilation from Thai mobile GPS location data and the internal migration survey.

8Since the internal migration survey is conducted every year during September—October, to match
as closely as possible the time frame used in the official survey, the residence of each user revealed by the
mobile GPS location data is redefined for each year (i.e., September 2019—September 2020 and September
2020-September 2021) instead of every 6 months as in a case where patterns and determinants of internal
migration before and during the coronavirus disease are analyzed. However, with limited data, for the
second year, the time frame is shortened to be between September 2020 and June 2021.
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Table A2.2. Descriptive Statistics

Variable Obs. Mean Std. Dev. Min Max

MIG 23,408  0.29 0.64 0.00 6.88
RGDP 23,408  11.25 0.84 10.19 1347
Agdp 23,408  9.20 0.79 537 10.76
Mgdp 23,408  9.30 1.46 6.85 13.16
Sgdp 23,408 10.64 0.68 9.87 13.35
Pop 23,408 13.45 0.64 12.16  15.55
Edu 23,408  0.18 0.11 0.00 0.63
Gender 23,408  0.39 0.11 0.00 0.69
Age 23,408  3.39 0.52 0.00 4.15
Infla 23,408  4.60 0.01 4.56 4.62
Fac 23,408  1.35 0.50 0.00 2.95
Hotel 23,408 134 0.60 0.07 2.64
Realest 23,408  0.40 0.27 0.00 1.48
Wholes 23,408 247 0.80 0.39 4.09
internet 23,408 035 0.09 0.08 0.64

Note: Since the analysis is at the provincial level, the
summarized information between provinces i and j is
symmetric.

Source: Authors’ compilation.
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The views expressed in this article are those of the authors and do not necessarily reflect the views
and policies of the Asian Development Bank (ADB), the Asian Development Bank Institute (ADBI),
the ADB Board of Governors, or the governments they represent.

ADB and ADBI do not guarantee the accuracy of the data included and accept no responsibility for
any consequence of their use. The mention of specific companies or products of manufacturers does
not imply they are endorsed or recommended in preference to others of a similar nature that are not
mentioned.

By making any designation of or reference to a particular territory or geographic area in this article,
ADB and ADBI do not intend to make any judgments as to the legal or other status of any territory or
area.

This content is made available under the Creative Commons Attribution 3.0 IGO license (CC BY 3.0
IGO) https://creativecommons.org/licenses/by/3.0/igo/. The CC license does not apply to non-ADB
copyright materials in this article. If the material is attributed to another source, please contact the
copyright owner or publisher of that source for permission to reproduce it.
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