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Abstract

Flows of international migration are needed in the Asia-Pacific region to understand the
patterns and corresponding effects on demographic, social and economic change in both the
sending and receiving countries. However, nearly all of the countries in this region do not
gather or produce statistics on international migration flows (different from immigrant
population stocks). In this paper, we use a generation-distribution model framework to
indirectly estimate annual flows of international migration amongst 53 populations in the
Asia-Pacific region and four macro world regions with measures of uncertainty. Every year
between 2000 and 2019, 27-31 million persons are estimated to have changed their countries
of usual residence within and beyond the Asia-Pacific region. Southern Asia is estimated to
have the largest inflow and outflow among all subcontinents. Intra-subcontinental migration
flows and return migration flows are estimated to be high in Eastern, Southern, and South-
Eastern Asia regions. India, China, and Indonesia are expected to have the largest emigration
flows and net migration losses. As the first attempt to estimate international migration flows
in the Asia-Pacific region, this paper provide a basis and starting point to understand the

patterns and complexity of migration from and to countries with scarce or missing data.
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1. Introduction

International migration is believed to be increasing and thriving in the Asia-Pacific region yet
evidence of the annual movements and origin-destination corridors remain largely unknown
because the data are not gathered or unavailable (Iredale et al. 2003; Hugo 2005; Charles-
Edwards et al. 2016). This problem has resulted in relatively little research on the patterns
and impacts of international migration in the Asia-Pacific region, which is surprising
considering the region contains over three-fifths of the world’s population.

In this paper, we aim to indirectly estimate annual flows of international migration in
the Asia-Pacific region. The research question is how many people have moved from, to, and
amongst 53 Asia-Pacific populations and four macro world regions each year between 2000
and 2019. We rely on the strong relations between international migration and population,
economy and demography profiles of a country and borrow the strengths from the European
context. A generation-distribution model framework is used for the estimation. We consider
the uncertainty of our estimates by incorporation predictive intervals around the modelled
migration flows.

This research addresses a fundamental gap in our knowledge about population
movements in the Asia-Pacific region by developing a statistical model to estimate annual
flows by origin and destination. The estimates resulting from this research provide an
invaluable basis for understanding the dynamics and complexity of migration in a major and

diverse region of the world.

2. Background
People who undertake international migration do so for many reasons. For persons
who have the capacity to act independently and to make their own choices, these include

aspirations for human capital development or education, seeking employment or improved



working conditions, reuniting with family members, or seeking experience and different
lifestyles (Goldin et al. 2011; De Haas et al. 2020). For persons without agency, the reasons
include escaping persecution, harm or dire economic or environmental conditions (Goldin et
al. 2011; De Haas et al. 2020). While we would like to understand the motives driving the
movements, we first need some basic information on what the levels and directions of the
migration flows are. Unfortunately, this basic information is largely non-existent.

There are two main reasons for the near-absence of migration flow data. First, no
consensus across national statistical offices exists on what exactly is a ‘migration’ and how it
should be measured, so comparative analyses of the data that are available suffer from
differing national definitions and coverage levels. This is particularly the case for a large
proportion of migrants in Asia where permanent migration pathways are restricted and
temporary flows are the most dominant form of migration. Temporary migrants moving
across Asia are often caught between having regular and irregular migration statuses due to a
sudden loss of employment and financial difficulties in returning to their country of origin
(Pietsch 2015a). Second, the event of migration is rarely measured directly. Often it is
inferred from a comparison of places of residence at two points in time or from a change in
residence recorded by a population or migration registration system. The challenge is
compounded because of the difficulties of identifying migrants (i.e., relatively rare events)
and the use of different methods of data collection (Bilsborrow et al. 1997; De Beer et al.
2010).

The levels of temporary and undocumented migration have increased significantly
across the Asia-Pacific region, making it even more difficult to identify migrants for data
collection. The scale of this issue is significant and worsening. Since 2011, temporary
migrants have comprised the bulk of migrants in all major migrant-receiving nations in the

region (Boucher and Gest 2018). This led the Organisation for Economic Cooperation and



Development (2019) to call urgently for more research on this fast-growing movement of
people across the region. The Organisation for Economic Cooperation and Development
(2019) finds that the average lengths of stay of temporary migrants are five years. Yet, at the
same time, the rate and scale of temporary migration vary across countries.

For the minority who do intend to stay permanently in the country of destination, the
time needed for them to transit from temporary to permanent status has also increased over
the last two decades. For temporary and undocumented migrants, the life circumstances bear
little resemblance to the opportunities afforded to those on a permanent migration pathway
who are more likely to be documented and recorded in official government statistics.
Temporary and undocumented migrants are more likely to be prone to homelessness, ill
health and underpayment. Their temporary or undocumented status also renders many
vulnerable to exploitation by unscrupulous employers and human trafficking.

Many migrants in the Asia-Pacific region moving because of state-imposed forced
labour or human trafficking have their personal identification documents confiscated. Forced
labour in the private economy (mainly those who are forced to work in the agriculture,
domestic, construction or manufacturing industries) is highest in Asia and the Pacific
(approximately 4 per 1,000 people) compared to other regions (ILO, 2017). Many have their
wages withheld and face coercion to prevent them from leaving their work. A further 14
percent of the 3.8 million adults migrating as victims of sexual exploitation around the world
are moving across the Asia-Pacific region (ILO 2017).

The majority of migrants from developing countries in the Asia-Pacific who migrate
to more developed neighbouring countries are either formally or informally (as in the case of
forced labour or human trafficking) incorporated into a global political economy and share in
common a lack of economic, social, cultural and political rights, which may vary across

countries, regions and political regimes. Big business interests and demand for cheap labour



largely influence domestic policies on immigration (Freeman 2006). In transit countries such
as Malaysia, there are few legislative or administrative provisions in place to accommodate
millions of transit and irregular migrants. Indonesia similarly has few mechanisms in place to
manage the dual problems of irregular people movement and people smuggling (Pietsch
2015).

Generally speaking, transit migrants in Indonesia do not intend to stay for the long
term. Rather, they are looking for opportunities to resettle in safe, third countries, first and
foremost Australia. Resettlement ideally takes place through the UNHCR and the IOM;
however, some transit migrants impatient with the slow procedures may opt for ‘self-
organised’ resettlement with the help of people smugglers (Missbach & Sinanu 2011). What
needs to be kept in mind when considering these still relatively low official numbers of
transit migrants is that only a certain fraction of transit migrants register with the relevant
institutions such as the UNHCR (Missbach, 2015). Australia, one of the wealthiest countries
in the region simply denies entry to irregular migrants without documentation unless they
require medical support (Boucher & Carney 2013).

In many cases, governments of developed migration countries such as Australia and
the United States have strengthened their policies and laws to integrate migrants into the
needs of the global political economy involving cheap labour with minimal protections.
Temporary migrants without documentation can be deported once their employment visa
expires and it is the deportability of immigrants that makes them attractive to potential
employers, particularly in the domestic, agriculture and construction sectors (Hahamovitch
2003). Itis not surprising, therefore, that longer-term international migration statistics in the
region are scarce and unreliable. The international migration statistics that suffer from

unreliability can be caused by the collection method or the non-participation of the



immigrants themselves, many of whom prefer not to report their status with government
agencies out of fear of being returned to their country of origin.

Migration statistics may come from a variety of administrative data sources, such as
population registers, registers of foreigners, border statistics, pension or tax registers,
population censuses or surveys --- and these different sources vary in their ability to
document migration flows, as well as how they measure the flows themselves. Statistics on
emigration and irregular migration are problematic because of their nature. In other words,
populations rarely have incentives to report their departures in comparison to arrivals, and
persons who migrate irregularly may have weak legal status and are thus less likely to engage
with administrative authorities. Moreover, administrative authorities tend to focus on
particular types of migration and they may not have the capacity to communicate their data
with other agencies to form a comprehensive picture of migration. Indeed, some countries
rely on sources that are less accurate (e.g., surveys) or inconsistent over time (e.g., population
censuses) to measure migration or migrant populations. While easier and cheaper to employ,
practically all surveys are inadequate for capturing the details needed for analysing migration
flows due to their relatively small sample sizes, combined with the fact international
migration is a relatively rare event in the scheme of things (i.e., difficult to locate and
identify). Censuses occur only periodically and are generally only able to count immigration.
Emigrants are generally not counted by censuses because they are no longer present in the
population of interest. While not suitable for flows, both surveys and censuses may be suited
to gathering information on immigrant populations and their characteristics, provided they
represent a reasonably large proportion of the population (at least 2-4% of the total) and their
locations within the country are known.

To overcome the problems associated with inadequate and missing data, there are

numerous examples of successful research on estimating international migration flows.



Estimating these flows is important for future research on the extent of people movement
across regions, particularly given the increasing prevalence of temporary and undocumented
migration in the Asia-Pacific region compared to other regions and the worsening conditions
for immigrants without basic human rights and protections. Most of this research has focused
on indirect methods for particular countries, independent of others (e.g., Hugo 2014). For
research on estimating migration within a system of countries, we can draw from recent
research that focuses on international migration in European Union (EU) and European Free
Trade Association (EFTA). For instance, Poulain (1993) provides a simple mathematical
method for harmonising origin-destination-specific flows reported by two countries. Raymer
(2008) showed how spatial interaction models could be applied to model international
migration flows in a hierarchical manner (see also De Beer et al.; Raymer et al.). Raymer et
al. (2013) and Wisniowski et al. (2013, 2014) extended these ideas by developing Bayesian
statistical models for incorporating covariate data and various forms of prior information,
including expert judgements to provide probabilistic estimates of migration by origin,
destination, age and sex. Finally, Abel (2013) developed a methodology to convert migrant
stock data into international migration transition data for all countries in the world.

In this study, we are interested in the migration that is occurring amongst 53 Asia-
Pacific countries and areas. The list is based on the UN’s Standard Country or Area Codes for
Statistical Use (United Nations 2011). Countries in the Central and West Asia are not
included, however, as they are geographically and culturally different from the other sub-
regions of Asia. In addition, some small Oceania countries are also excluded due to data
limitations. We do include Taiwan, the United States, and Canada because of their
geographic locations and importance to migration connections with Asia-Pacific populations.

We also include the following four broad world regions for migration from and to areas



outside the Asia-Pacific region: Rest of Asia, Europe, Africa, and South and Central

America. A full list of the 57 countries or regions and their codes is presented in Table 1.

Table 1. Population sizes (in thousands) and percentage immigrants and emigrants by country
and regions, 2000 and 2017

Population Immigrants (%) Emigrants (%)
Code /
Region Country or area 2000 2017 2000 2017 2000 2017
E Asia CHN China 1,290,551 1,421,022 0.03 0.06 0.46 0.74
HKG Hong Kong 6,606 7,306 34.90 39.20 10.42 14.91
MAC Macao 428 623 52.91 55.18 23.77 24.88
PRK DPR Korea 22,929 25,430 0.14 0.18 0.32 0.43
JPN Japan 127,524 127,503 1.29 1.72 0.57 0.65
MNG Mongolia 2,397 3,114 0.31 0.64 1.29 2.27
KOR Rep. Korea 47,379 51,096 0.49 2.16 4.13 4.43
TWN Taiwan 21,967 23,675 2.08 3.16 0.39 0.41
S-E Asia BRN Brunei Dar. 333 424 28.61 24.88 13.58 10.92
KHM Cambodia 12,155 16,009 1.15 0.46 3.78 6.69
IDN Indonesia 211,514 264,651 0.13 0.13 1.19 1.71
LAO Lao PDR 5,324 6,953 0.33 0.62 12.20 18.93
MYS Malaysia 23,194 31,105 5.77 10.07 5.22 5.66
MMR Myanmar 46,720 53,383 0.18 0.12 2.62 6.13
PHL Philippines 77,992 105,173 0.32 0.17 4.08 5.61
SGP Singapore 4,029 5,708 30.26 36.59 4.81 5.96
THA Thailand 62,953 69,210 2.04 5.16 1.07 1.45
TLS Timor-Leste 884 1,243 1.05 0.59 16.77 3.08
VNM Viet Nam 79,910 94,601 0.07 0.10 2.39 3.10
S Asia AFG Afghanistan 20,780 36,296 0.29 0.66 22.17 13.91
BGD Bangladesh 127,658 159,685 0.67 0.94 4.26 4.74
BTN Bhutan 591 746 5.02 6.46 20.34 6.52
IND India 1,056,576 1,338,677 0.60 0.39 0.75 1.25
IRN Iran 65,623 80,674 4.02 3.05 1.27 1.53
MDYV Maldives 279 496 9.31 12.57 0.44 0.60
NPL Nepal 23,941 27,633 2.84 1.76 4.08 7.78
PAK Pakistan 142,344 207,906 2.94 1.59 2.39 3.03
LKA Sri Lanka 18,778 21,128 0.21 0.18 5.23 8.37



Table 1 Continued. Population sizes (in thousands) and percentage immigrants and emigrants
by country and region, 2000 and 2017

Population Immigrants (%) Emigrants (%)
Region Code/ Country or area 2000 2017 2000 2017 2000 2017
Oceania ASM American Samoa 58 56 4171 41.27 5.52 3.42
AUS Australia 18,991 24,585 22.83 28.66 2.03 2.25
COK Cook Islands 18 18 15.08 16.34 108.65 125.87
FJI Fiji 811 877 1.37 1.38 16.27 24.54
PYF French Polynesia 241 276 10.94 9.67 1.79 0.69
GUM Guam 155 164 4596 4591 1.81 1.33
KIR Kiribati 84 114 2.14 2.18 4,76 3.76
MHL Marshall Islands 51 58 3.32 5.05 13.77 13.67
FSM Micronesia 107 111 0.98 0.87 15.75 19.04
NRU Nauru 10 11 2136 11.09 15.56 22.32
NCL New Caledonia 217 277 2145 23.88 2.28 1.70
NZL New Zealand 3,859 4,702 16.72 2154 12.70 16.31
NIU Niue 2 2 2224 3288 302.79 340.53
MNP N Mariana Islands 57 57 6721 36.77 4.83 4.79
PLW Palau 19 18 2992 27.33 21.01 14.78
PNG Papua New Guinea 5,848 8,438 0.43 0.36 0.08 0.06
WSM Samoa 174 195 3.26 1.93 54.19 61.71
SLB Solomon Islands 413 636 0.90 0.31 0.67 0.65
TKL Tokelau 2 1 1542 3532 13329 170.77
TON Tonga 98 102 1.06 1.06 47.69 60.62
TUV Tuvalu 9 11 1.48 1.16 27.97 28.79
VUT Vanuatu 185 285 0.74 0.80 3.47 2.49
WLF Wallis + Futuna 15 12 13.42 8.65 50.40 96.95
N America  CAN Canada 30,588 36,732 18.00 20.94 3.76 3.56
USA USA 281,711 325,085 11.77 14.43 0.71 0.87
Other ROA Rest of Asia 239,905 337,571 6.73 9.57 5.83 5.03
AFR Africa 820,062 1,258,597 0.16 0.17 1.14 1.41
EUR Europe 723,476 743,284 3.34 5.02 2.51 2.56
SCA S+C America 521,781 636,125 0.49 0.48 4.02 4.87
Total 6,150,308 7,559,870 1.84 2.23 1.84 2.23

Source: United Nation World Population Prospect 2019, World Bank Global Bilateral Migration Database 2000,
and World Bank Bilateral Migration Matrix 2017. Other South category is excluded.

In Table 2, we present the immigrant populations in Asia-Pacific and the rest of the
world for the years 2000 and 2017 (representing the most recent data available from the
World Bank). According to these data, the growth in the world’s immigrant population,

defined as persons living outside their country of birth, grew by 54% from 167 million to 257



million in 17 years. Immigrants originating in Asia-Pacific increased by 77%, whereas those
originating from the rest of the world increased by 45%. The fastest growth that occurred
between 2000 and 2017 were of persons born in Asia-Pacific living in the rest of the world
(170% increase). Although we do not know when these persons migrated exactly, there is
clearly an increase in the movements from Asia-Pacific relative to the rest of the world.
Table 2. Immigrant populations (in millions) in Asia-Pacific and Rest of World, 2000 and
2017

Region of Residence
Asia- Rest of

Year  Region of Birth Pacific world Total

2000 Asia-Pacific 335 12.8 46.2
Rest of world 33.2 87.6 120.8
Total 66.7 100.4 167.1

2017  Asia-Pacific 475 34.5 82.0
Rest of world 43.2 132.0 175.2
Total 90.7 166.5 257.2

Source: World Bank Global Bilateral Migration Database 2000 and World Bank Bilateral Migration Matrix
2017. Other South category is excluded.

3. Generation Distribution Model

Motivated by Willekens and Baydar (1986), we develop a generation-distribution model to
estimate origin-destination-specific migration flows for 53 Asia-Pacific populations and four
non-Asia-Pacific regions between 2000 and 2019. Figure 1 illustrates our overall model
framework that includes three major steps. First, we use a predictive model to generate the
total emigration flows, ni+, from each origin i based on parameters estimated from a
regression applied to harmonised European migration flow data. We account for the
uncertainty in the input data. Second, for each origin country, the emigrants are distributed

according to estimated probabilities of migrating to each of 53 countries in the Asia-Pacific

10



region and four world regions, p; ;. The probabilities are based on immigrant population
stock (by country of birth or citizenship) and international trade data. By multiplying n;, and
p;j,i» We obtain a set of origin-destination-specific migration flow estimates n;; for the Asia-

Pacific region.

Steps 1 and 2. Generation and distribution estimation

(a) estimate emigration (b) estimate destination probabilities (c) multiply emigration estimates by desination

probabilities
Destination (j) Destination (j) Destination (j)
53 4 Total 53 4  Total 53 4 Total
nis 0 pji Pii  Pji 0 nj nij ni [ nis
o Nix = pji 0 Pii Py o nig 0 nij  Ni | N+
P 53 P 53 p= 53
2 2 2
o) o] o)
Ni+ Pjii  Pj 0 pj nij  Njj 0 nj | ni
4 4 4
[ [ [
Step 3. Refinement of estimates
(a) estimate flows from other regions (b) Add correlations between immigration and (c) adjust implausible estimates and
emigration and re-estimate using IPF incorporate data fromreliable country sources
Destination (j) Destination (j) Destination (j)
53 4 Total 53 4 Total 53 4 Total
0 Nij Nij  Nij | Ni+ 0 n*ij n*ij n*i,- Ni+ 0 Nij Nj Nij | Ni+
o ng 0 nij N [ nis = n*; 0 n*j n*g| nis o nj 0 nij N [ nis
= |53 - 53 - 53
= =y =
© nij  nj 0 nj [ ni © n*jj n*j 0 n¥jj| nis © Nij  Nijj 0 nj | nis
4 nij nl] nl] Nis 4 n*ij n*lj n*i] N+ 4 nlj nij nlj Ni+
E E Ni+  Njs Ni+  Nij+ N E Ni+  Njs N+ Nij+ N

Figure 1. Generation-distribution model framework used to estimate international migration
in Asia-Pacific. Uncertainty of the estimates is generated in step 1 and 2 (a) estimate

emigration.

In the third step, we refine the estimates by (i) estimating flows from non-Asia-Pacific

regions assuming strong associations with the immigrant population and trade data, (ii)

introducing strong correlations between immigration and emigration over time using an

iterative proportional fitting (IPF) procedure, (iii) adjusting implausible estimates, and
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incorporating data from four reliable country sources. The model framework is used to
estimate international migration flows amongst 57 countries and world regions from 2000 to
2019. For each year, the square matrix of flows is comprised of 3,180 cells, excluding the

diagonal elements and flows between four world regions (i.e., 57 x 57 — 57 — 12).

3.1 Input data
We gather nine datasets from publicly available sources, which are listed in Appendix Table
1. The first data set represents harmonised migration flows amongst 30 European countries
from 2002 to 2008 estimated in the Integrated Modelling of European Migration (IMEM)
project (Raymer et al. 2013). This is the only data set that we are aware of that contains a
consistent and complete set of annual international migration flow estimates®. The advantage
of the IMEM project estimates over reported data is that the flows are benchmarked to the
definition recommended by the United Nations (1998). Specifically, a migrant is defined as
“a person who moves to a country other than that of his or her usual residence for a period of
at least a year (12 months)” (p.10). Flows obtained from national statistics offices or
international agencies such as Eurostat, on the other hand, are based on the country-level
measurements, which are not directly comparable (Nowok et al. 2006). We use the IMEM
estimates and their associations with a range of variables as a basis for our predictive model
to generate migration flows from each country in the Asia-Pacific region (see Section 3.2).
The IMEM estimates are probabilistic, that is, they are in the form of probability
distributions of the ‘true’, unobserved migration flows. In this work, we account for this
uncertainty by sampling directly from the distributions of the individual flows in the

“Generation” step 1 (a) (Figure 1), and then performing the “Distribution” for each of the

6 There is an ongoing research to extend these estimates and include other data sources but the results have
not been peer reviewed (Del Fava et al. 2019).
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samples. The resulting uncertainty is underestimated, as it only reflects the variability of the
data that underlie the relationship between total migration and predictors. Other important
sources of uncertainty, such as the specification of the generation model and of the
distribution of total emigration to bilateral flows, are not taken into account.

The variables used as predictors in the generation model include population size,
Gross Domestic Product (GDP) per capita, percentage foreign-born population, old-age
dependency ratio, percentage of urban population, and female life expectancy (Abel et al.
2019; Raymer et al. 2013; Raymer et al. 2019). These data are collected for both 53 Asia-
Pacific populations and 30 European populations. Where available, annual data are collected.
Multiple imputations are used to treat missing values with the “Amelia” package and time-
series and cross-sectional options in R (Honaker et al. 2011). Missing values mostly occur in
small Oceania countries and in old-age dependency ratio and female life expectancy
variables. Bilateral migrant stock and trade data are used as a basis for distributing the flows
across countries in the Asia-Pacific region and elsewhere in the world.

Country-specific population data are sourced from the United Nations World
Population Prospects 2019 database (United Nations 2019b). Specifically, we use the mid-
year population counts between 1999 and 2018 as a time-lagged population variable for
2000-2019. A dummy variable for countries with less than six million persons is also created
to distinguish between large and small populations. We use 2018 population size to create
this dummy variable. GDP per capita data are obtained from the World Bank World
Development Indicator database and the United Nations National Accounts Estimates of
Main Aggregates (World Bank 2020; United Nations 2020b). Per capita GDP is measured in
terms of current US dollars. The GDP per capita values for Taiwan, French Polynesia, and
Wallis and Futuna Islands are obtained from country sources (International Monetary Fund

2020; Secretariat of the Pacific Community 2010, 2015, 2018).
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Migrant population percentages are calculated by dividing migrant population stock
counts obtained from the United Nations Migrant Population database by the mid-year
population counts from the United Nations World Population Prospects 2019 database
(United Nations 2019a, 2019b). Migrant population stock data are only available in 1995,
2000, 2005, 2010, 2015 and 2019. The totals for the years in between these dates are
estimated using linear interpolation. Noted that the Migrant Population database mixes three
definitions of migrants. In most countries, migrants are defined as the population born in
another country (i.e., foreign-born). In others, migrants are defined as those who do not have
national citizenship (i.e., foreign citizens). For North Korea, migrant populations are imputed
based on data from Eastern Asia (United Nations 2019a). Migrant population data for Taiwan
are obtained from the Ministry of the Interior, where migrants are defined according to their
nationality (Ministry of the Interior 2020).

Old-age dependency ratios are used to capture the age composition and variations in
ageing. For most countries, these data are sourced from the World Bank World Development
Indicator (World Bank 2020). For Taiwan, Cook Islands, Niue, and Tokelau, the information
is sourced from country-level datasets (Department of Household Registration 2019; Ministry
of Finance & Economic Management 2019; Statistics Niue 2019; Government of Tokelau
2020). We did not find any old-age dependency ratio data for American Samoa, Marshall
Islands, Northern Mariana Islands, Nauru, Palau, Tuvalu, Wallis and Futuna Islands, and
Liechtenstein. The percentages of urban population are obtained from the United Nations
World Urbanization Prospects dataset (United Nations 2018). These numbers are used to
capture the degree of urbanization and economic development in each country. Female life
expectancy at birth (e0) data are from the World Bank World Development Indicator

database (World Bank 2020) as a proxy of health status and socioeconomic development.
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We also gather two bilateral datasets to distribute migrants across destinations. These
include migrant population stock data and trade flow data. The migrant stock data are sourced
from the United Nations Migrant Population database (United Nations 2019a) and Taiwan
Ministry of the Interior (Ministry of the Interior 2020; National Immigration Agency 2020).
The trade flows are collected from the United Nations Comtrade database (United Nations
2020a). The trade values represent all commodity in US dollars averaged by the values
reported by sending country and receiving country for each country-to-country corridor.

3.2  Model specification

There are three major steps in our model framework. In the first step, we estimate annual
emigration rates from each Asia-Pacific origin based on covariates estimated from
international migration in Europe using the harmonised IMEM dataset (Raymer et al. 2013)
and mid-year population counts in United Nations World Population Prospects 2019 database
(United Nations 2019b). As mentioned in the previous section, the IMEM data are
probabilistic estimates in form of probability distributions of the ‘true’, unobserved flows. To
account for the uncertainty in these flows, we draw a sample of 1,000 from the IMEM
distributions and apply a linear regression model to each of the samples to produce a
distribution of emigration rates for Asia-Pacific origins.

While we know Asia-Pacific migration is substantially different from European
migration, we assume the relationships between migration and covariates were similar. To
support this assumption, we test a range of regression models. First, we use population size,
GDP per capita, percentage of migrant population, old-age dependency ratio, percentage of
urban population, female life expectancy at birth, and a dummy variable for small
populations to predict log-transformed emigration rates. In Figure 2 Panel A, we present the
distributions of the covariates for 30 EU/EFTA countries and 53 Asia-Pacific countries

without missing values. These distributions demonstrate the different means and distributions
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across the six variables. The variables also tend to be right-skewed. For example, the largest
population in the EU/EFTA in 2019 is Germany with 83.5 million; in Asia-Pacific, it is China

with 1.43 billion (followed closely by India with 1.37 billion).
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Figure 2. Box plots of variables used in generation model for predicting emigration
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To overcome the comparability issues between the two regions, we log-transform the
covariates and convert them into Z-scores. Z-scores are calculated separately for EU/EFTA
countries and Asia-Pacific countries. This allows us to assume similar relative relationships
between emigration rates with each covariate in the EU/EFTA region and those in the Asia-
Pacific region. Since there are missing values in covariates in Asia-Pacific, we impute 100
times and every 10 samples from the distribution of the IMEM use the same imputation
result. We impute the standardized covariates instead of the original values to avoid
unreasonable negative values from the imputation. The distributions of the median
standardized covariates of each year and country with imputations are presented in Figure 2
Panel B.

Using the IMEM harmonised migration estimates for EU/EFTA countries, for each
sample from the IMEM distribution, we estimate the following least squares regression

model to predict log emigration rates (ri):
In7;(t) (ml = ﬁ(gm] + ﬁl[m] * ZlnPOPi(t—l) + ﬁz[m] * Zin GppPi(t-1) T ,Bg[,m]

* Zinmpyt-1) T ,Bim] * Z1npRy(t-1) T .Bs[m] * Zinupyt-1) T ﬁém]

* Zinreoy(t-1) T ﬁgm] * SMALL;(t — 1) + ¢,
where i denotes an origin country, t denotes year and m=1, 2,...,1,000 denotes a sample from
the distribution of the IMEM true flows. The independent variables Zi, pop,(t—1)
ZinGpPy(t-1)1 Zin MPy(t-1) ZIn DRy(t-1)1 Zin up(t-1) @Nd Ziy peo;(c-1) FEPresent standardized
natural logarithms of population size, GDP per capita, percentage migrant population, old-age
dependency ratio, percentage urban population, and female life expectancy, respectively.
SMALL;(t — 1) is an indicator variable for small / large populations, where populations

greater than one are given the value of 1. All variables are time-variant with t-1 denoting a

time-lagged variable by one year.
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Figure 3 (also see Appendix Table 2) presents 80 percent predictive intervals of the
estimated parameter values (from 10 percentile to 90 percentile) for the model based on
estimates of 1,000 samples of the IMEM flow. In median, 63% of the variance (R?) in log
emigration rates for IMEM countries can be explained by the seven covariates. All variables
are significant except for the percentage of urban population. Small populations are
associated with higher emigration rates. However, this effect is counterbalanced by the
negative small population dummy so that small countries avoid extreme emigration. GDP per
capita has a positive effect on emigration, implying that more developed countries have
higher emigration rates. This may be counter-intuitive at first glance but make sense when we
consider high correlations between immigration and emigration (Raymer et al. 2019). The
variables representing old-age dependency ratios and female life expectancy at birth
exhibited negative effects on emigration rates, whereas the percentage migrant population
exhibited a positive effect.

To obtain estimates of emigration from Asia-Pacific populations, we multiply the
coefficients estimated in each of the 1,000 models to standardised natural logarithms of the
corresponding Asia-Pacific variables. The 2000-2019 mid-year population counts from the
United Nations World Population Prospects 2019 database (United Nations 2019b) are used
to translate emigration rates to emigration flows for Asia-Pacific populations. We repeat this
and obtain the estimated emigration flows for each Asia-Pacific population with 80 percent

predictive intervals from the 1,000 iterations.
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Figure 3. Estimated parameters from generation model to predict log emigration counts based
on the median IMEM estimates

The second step in our model is to distribute the sample of the estimated emigration
flows to 57 destinations (that is, to repeat the procedure 1,000 times). We use the shares in
migrant stock and bilateral trade to estimate the proportion to destination j from each origin i:

k
xij

kK _
Pjsi = Z]'xlkj’

where p}‘/i is the probability of emigration to destination j conditioned on their origin being i

using auxiliary information, X, where k is either migrant stock or trade. When k is migrant

stock, x{‘j is the reported number of migrants living in region j who are originated from region
i. When k is trade, x{‘j is the reported trade flow from region i to region j. In Table 2 panel A

and panel B, p}‘/i values are calculated from 2019 migrant stock and trade are presented for

India and Australia, respectively, ranked by the relative importance of destinations.
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Considering the Migration Stock rows, 53.4% of India’s emigrants went to the Rest of Asia

and 47.8% of Australia’s went to Europe.
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Table 3. Percentage shares of migrant stock and trade (p}‘/i), 2019

A. India as the origin (i)

Destinations (j)

source (9 ROA USA PAK EUR CAN AUS NPL MYS SGP AFR NZL BTN BGD JPN  MMR  Other
Migrant Stock 53.4 15.2 9.1 8.5 4.1 3.2 2.5 0.8 0.7 0.6 0.4 0.3 0.2 0.2 0.2 0.7
Gross Migrant Stock 414 11.8 11.8 6.6 3.1 25 4.3 0.7 0.6 0.5 0.3 0.2 13.9 0.1 0.3 1.9
Trade 16.4 16.7 0.7 19.8 1.0 1.2 2.3 2.0 2.7 8.2 0.1 0.2 2.7 1.6 0.3 24.0
Average* 28.9 14.2 6.2 13.2 2.1 1.9 3.3 14 1.7 4.3 0.2 0.2 8.3 0.9 0.3 13.0
* Average of Trade and Gross Migrant Stock rows
B. Australia as the origin (i)
Destinations (j)

Source (K)
EUR USA NzZL CAN AFR  HKG IDN JPN ROA PNG SGP SCA MYS CHN IND  Other
Migrant Stock 47.8 16.7 11.6 3.9 2.6 2.0 2.0 1.9 1.8 1.6 15 14 11 1.0 0.1 3.1
Gross Migrant Stock 34.2 2.6 8.3 1.0 6.2 15 1.2 0.8 4.5 0.1 0.9 2.4 2.2 8.1 7.1 18.8
Trade 5.1 3.8 2.3 0.6 1.1 0.9 2.0 16.8 6.0 0.6 2.1 0.9 2.1 34.8 49 15.9
Average* 19.7 3.2 53 0.8 3.6 1.2 1.6 8.8 5.3 0.4 15 1.7 2.2 21.4 6.0 17.4
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In distributing migration flows across destinations, we assume strong associations
between flow and counter-flows by taking the sum of x{“j and x}‘i as numerator for p}(/i when
k is migrant stock. We call this sum the “gross migrant stock”. Further, we average the two

p}‘/i values. The gross migrant stock and average p}‘/i numbers for India and Australia (which
correspond to the median IMEM estimates) are presented in Table 2. The final average p}‘/i

proportions, consisting of 53 Asia-Pacific origins and 57 destinations from 2000 and 2019,
are then multiplied by the estimated emigration flows obtained in Step 1.

In Step 3a, we add estimates of emigration flows from the four world regions, namely
Europe, Africa, South and Central America, and the Rest of Asia. To do this, we assume, for
each destination column, that the ratio of (i) migration from each world region to (ii) total
migration from Asia-Pacific countries was the same as the average of two ratios:

1) migrant population stocks from world regions to total migrant population

stocks from Asia-Pacific countries and

(2)  trade from world regions to trade from Asia-Pacific countries.

Specifically, the ratios are obtained as follows:

Noj Myj Toj
l_ =05+ ( L L)),
YieAP Nij YieapMij  XieapTij

where n denotes migration flows, M denotes gross migrant population stock and T denotes
trade. The subscript o denotes world region origin. Subscripts i and j denote an Asia-Pacific
origin and destination. To calculate the estimated migration flows from each world region to
each Asia-Pacific country, we multiply the average ratios to the sum of the Asia-Pacific

destination flows obtained in Step 2, i.e.,

Mo Toj

Nyi = Nieap N * 0.5 * :
0J teAp ™ty (EieAPMij YieaprTij

Note, we did not attempt to estimate the flows amongst the four world regions.
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Adding together the estimates from Step 2 and Step 3 results in a first set of complete
estimates for the 57*57 origin-destination-specific migration flow tables for each year
between 2000 and 2019. As shown in Figure 1 (Step 3a), the tables contain zeros on the
diagonal and in the lower right corner.

In Step 3b, we examine and strengthened the correlations between immigration and
emigration in the margins. From many studies on migration, we know that immigration (in-
migration) is highly correlated with emigration (out-migration) with Tobler (1995) even
proposing it as an additional ‘law’ of migration. In Figure 4, we present the correlation
coefficients with the solid dot line representing the correlation index for total immigration
and emigration (median) and the dashed dot line representing correlation index for flow and
counter-flow (median). The shaded area is the middle 80 percentile of 50 random samples of
estimated emigration flows (to ease computational burden). For the set of estimated flows
resulting from Step 3a, we find that the two correlation coefficients are both lower than 0.48,

suggesting a relatively weak correlation.
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Figure 4. Correlation of coefficients with 80 percent predictive intervals
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In Step 3b, we go through a process of strengthening the correlations in our estimated
flow tables. First, we create a table that assumed a perfect correlation between total
immigration and total emigration for each Asia-Pacific destination/origin. In other words, we
force the column totals n, ; to equate the row totals n;,, in the migration tables. We then use
iterative proportional fitting (IPF) to force the n;; estimates from step 3a to fit the perfectly
correlated margins. We perform the IPF for each of the 1,000 samples of estimated
emigration flows. In the IPF process, we do not impose marginal constraints for the four
world regions.

For example, the flow from Afghanistan to the Rest of Asia is constrained by the total
emigration flow from Afghanistan but not the total immigration flow to the Rest of Asia. The
next step is to average the estimates from Step 3a with the estimates assuming perfect
correlation in the margins. As demonstrated in Figure 4, this results in correlation indices
between 0.69 and 0.78 for the flows / counter-flows and 0.80 to 0.87 for total emigration /
immigration.

Next, we examine the emigration and immigration rates to check if our weighted
estimates are reasonable in relation to each country’s population growth. Annual emigration
and immigration rates for the 53 Asia-Pacific populations, summarised over 2000-2019, are
plotted in Figure 5. In general, we consider the estimated emigration levels reasonable, with
the highest rate just below 3% for Nauru. The estimated immigration rates, however, are
considered unrealistically too high for Hong Kong, Macao, Singapore, and some Pacific
Island states (i.e., above 5%). We also compare our estimated net migration rates with United
Nations net migration statistics. Our estimates for Hong Kong, Macao and Singapore are not
close to the United Nations estimates (United Nations 2019b). Our estimated net migration

rates are 7.6%, 6.3%, and 4.3% for Hong Kong, Macao, and Singapore in 2019, respectively,

24



whereas the corresponding figures from the United Nations are 0.4%, 0.8%, and 0.5%,

respectively.
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In the final step (Step 3c), we adjust our estimates with implausible migration levels,
again, for each of the 1,000 samples. First, we modify the total immigration estimates for
Hong Kong, Macao, and Singapore. Here, we borrow net migration rates from United
Nations World Population Prospects (2019b) and use our estimated emigration rates to
recalculate immigration rates for the three populations. As shown in Figure 5, the revised
immigration rates are considerably more reasonable for these three destinations. Their total
immigration flows are then obtained using total population sizes in United Nations World
Population Prospects. This brought down, for instance, the 2019 immigration levels (median)
for Hong Kong, Macao, and Singapore from 618 thousand (rate is 8.3%), 48 thousand
(7.5%), and 287 thousand (5.0%) to 81 thousand (1.1%), 8 thousand (2.0%), and 65 thousand
(1.1%), respectively.

Second, for Asia-Pacific countries with relatively good and complete international
migration statistics, we decide to replace our estimates with reported total immigration and
emigration statistics. Replacements are made for Australia, Canada, Korea and New Zealand.
Data for these four countries come from United Nations and national statistics offices (United
Nations 2015; ABS 2020; Statistics New Zealand 2020; Statistics Korea 2020; Statistics
Canada 2020b). While the migration flow data are considered highly reliable, their definitions
vary and none is not perfectly in line with the 1998 United Nations recommendations.
Australia defines immigrants and emigrants as persons who stay in or leave Australia for 12
months or more over a 16-month period, regardless of citizenship or birthplace (ABS 2020).
New Zealand defines immigrants and emigrants as permanent and long-term arrivals or
departures who arrived for a continuous stay of 12 months or more or departed for 12 months
continuously or more, regardless of citizenship or birthplace (Statistics New Zealand 2020).
South Korea defines immigrants and emigrants as persons who have continuously resided in

or left the country for more than one year, regardless of citizenship or birthplace (Statistics
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Korea 2020). Canadian immigration and emigration statistics are recorded separately for
permanent (including citizens) and temporary residents (Statistics Canada 2020a & 2020b),
with no clear measurement on the duration of residence and only net migration numbers are
provided for temporary migrants. After replacing the above immigration and emigration

totals, we consider our estimates final (Step 3c in Figure 1).

4. Results

After using the generation-distribution model as outlined in Figure 1, we obtain a series of
origin-destination-specific annual migration flows that representing movements amongst 53
Asia-Pacific countries and 4 non-Asia-Pacific regions from 2000 to 2019. In 2000, our
median estimates show that 27.0 million persons have changed their country of usual
residence within and beyond the Asia-Pacific region. The levels of migration peaked at 31.3
million persons in 2012 with 29.8 million persons estimated to have migrated in 2019. This
represents a 10.4% growth in the levels of international migration over the 20-year period
(see also Appendix Figure 1).

Grouping by sub-continent region, the median inter- and intra-regional flow estimates
for 2000 and 2019 are compared in Table 3. Consider first the total emigration (row margins)
and total immigration (column margins) flows. Of the six Asia-Pacific regions and four world
regions, Southern Asia is the largest sender and largest receiver. Over the 20 years, total
emigration from Southern Asia increased by 13.5%, from 8.5 million persons in 2000 to 9.6
million persons in 2019. Total immigration to Southern Asia increased by 2.8%, changing
from 7.2 million in 2000 to 7.4 million in 2019. The biggest sending country in Southern
Asia was India. In 2000, this country contributed 68.8% of total emigration from Southern

Asia and 52.4% of immigration into the same region. In 2019, the corresponding percentages
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were 66.0% and 54.8%, respectively. In Appendix Figure 2, we show how immigration and

emigration for India changed over the 20 years.
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Table 3. Estimated regional migration flows in 2000 and 2019

Destination _ United
South- Australia States South and
Origin East_ern East_ern Soutr_lern and New Othef and Rest_ of _ Centr_al
Asia Asia Asia Zealand Oceania Canada Asia Africa Europe America Total
Eastern Asia 1,172,455 833,235 535,387 84,090 11,495 1,009,406 237,462 86,361 1,226,633 251,841 5,448,362
925,277 924,155 635,362 187,943 17,968 946,578 317,503 174,939 1,189,746 335,125 5,654,594
South-Eastern 868,353 669,064 190,630 42,888 18,835 318,242 370,844 20,102 378,007 20,861 2,897,824
Asia 1,040,794 800,900 362,448 64,075 26,330 321,702 510,867 33,820 360,058 44,542 3,565,533
Southern Asia 913,608 336,961 3,162,152 39,720 6,628 779,088 1,373,098 208,275 1,575,881 91,698 8,487,106
877,993 494,353 2,767,099 114,586 7,233 839,177 2,498,987 374,203 1,484,266 179,192 9,637,087
Australia and 79,068 27,952 19,384 21,203 13,338 12,470 13,661 7,451 81,047 4,497 280,070
New Zealand 162,316 35,609 48,187 25,197 11,825 10,079 15,117 11,062 59,888 4,791 384,068
. 22,269 22,263 1,559 16,593 6,196 3,636 465 465 13,776 243 87,464
Other Oceania
39,095 38,706 1,883 17,255 6,750 3,384 3,648 443 11,093 290 122,545
US and Canada 307,472 117,728 117,018 9,838 2,451 69,335 62,166 29,148 305,644 558,857 1,579,656
264,964 120,298 191,460 13,150 2,391 100,905 76,332 47,572 259,558 540,600 1,617,227
Rest of Asia 292,232 269,124 1,262,149 15,136 698 184,071 0 0 0 0 2,023,409
391,258 418,481 2,227,350 22,517 624 188,409 0 0 0 0 3,248,639
Africa 56,187 13,789 347,730 9,904 288 126,916 0 0 0 0 554,814
106,926 21,632 217,754 23,373 352 173,605 0 0 0 0 543,641
Europe 516,867 189,259 1,440,049 135,550 6,033 928,692 0 0 0 0 3,216,450
659,938 208,713 810,259 164,015 8,333 826,732 0 0 0 0 2,677,989
South and 153,107 10,384 117,976 5,209 162 2,138,636 0 0 0 0 2,425,473
Central America 241,835 26,392 132,070 11,736 192 1,860,584 0 0 0 0 2,272,809
Total 4,381,616 2,489,759 7,194,033 380,130 66,123 5,570,490 2,057,694 351,801 3,580,986 927,997 | 27,000,627
4,710,395 3,089,237 7,393,870 643,845 81,996 5,271,152 3,422,452 642,037 3,364,607 1,104,539 | 29,724,129
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Eastern Asia represents the second largest sender of emigrants (Table 3), with around
5.5 million migrants moving within or leaving the region every year. Between 2000 and
2019, total emigration from Eastern Asian countries increased by 3.8%. As for immigration,
Eastern Asian countries received 4.4 million immigrants in 2000 and 4.7 million in 20109.
Mainland China sent and received the most migrants in Eastern Asia, contributing to 86.0%
of total emigration and 71.0% of total immigration in 2019. In Appendix Figure 2,
immigration and emigration levels for China between 2000 and 2019 are presented.

It is estimated that South-Eastern Asia sent 2.9 million emigrants in 2000 and 3.6
million persons in 2019. The most populous countries in the region, including Indonesia, The
Philippines and Vietnam, all experienced rapid increases in their emigration levels. For
immigration, flows into South-Eastern Asia countries are estimated to have increased from
2.5 million persons to 3.1 million persons between 2000 and 20109.

In Oceania, Australia and New Zealand, emigration increased by 37.1% and
immigration increased by 69.4% over the 20-year period. Other Oceania countries nearly
doubled their emigration levels between 2000 and 2019, increasing from 87.5 thousand
persons to 122.5 thousand persons. Total immigration into these Pacific Island states
increased from 66.1 thousand persons in 2000 to 82.0 thousand persons in 2019.

North America represented one of the largest destinations for Asia-Pacific migration.
In 2000, it is estimated that 5.6 million Asia-Pacific migrants went to the United States and
Canada. Immigration to these two countries, however, declined by 5.4% between 2000 and
2019. Emigration from the United States and Canada were fairly stable, with around 1.6
million persons leaving in 2000 and 2019.

Finally, emigration from the Rest of Asia and Europe to Asia-Pacific destinations
were estimated to be 3.2 million and 2.8 million in 2019, respectively. Our results show that

Rest of Asia has become an increasingly important source of immigration in Asia-Pacific
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countries. Estimated flows from Africa to Asia-Pacific countries and from Asia-Pacific
countries to Africa were lower than one million.

Next, consider the inter- and intra-regional patterns. Values on the diagonal represent
intra-regional migration. It is estimated that between 3.2 and 2.8 million persons changed
usual residence within the Southern Asian region in 2000 and 2019, accounting for
approximately a third of total emigration and 40% of total immigration. The majority of these
persons are estimated to migrate between large populations. For example, in 2019, it is
estimated that 1.0 million persons changed residence between India and Pakistan,
contributing to 35.1% of the intra-regional flow in Southern Asia. Between India and
Bangladesh, it is estimated that 773.6 thousand persons had changed residence in 2019,
contributing to 28.0% of the intra-regional flow.

Eastern Asia also has large intra-regional migration. The largest flow is from
mainland China to Japan. In 2000 and 2019, 380.4 thousand and 200.7 thousand migrants are
estimated to move in this direction, respectively, accounting for 31.7% and 21.7% of all intra-
regional migration in the region.

Inter-regional flows are estimated to be large between Southern Asia and the Rest of
Asia, capturing flows between India and the Gulf States. Flows from Eastern Asia to Europe,
from South-Eastern Asia to Eastern Asia, from Southern Asia to Europe, from Europe to
Southern Asia, and from South and Central America to the United States and Canada are also
significantly large in 2000 and 2019. These large inter-regional flows reflect the increasing
importance of Eastern and South-Eastern Asian countries as new destinations for
international migration, although many of which would represent return migration.

To further examine country-level migration flows, we next turn to countries with the
highest net gains and net losses in 2000 and 2019. These numbers are presented in Table 4,

ranked by the size of net migration in 2000.
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Table 4. Major origins and destinations in 2000 and 2019

A. Countries with the largest net loss (in thousands)

IND CHN IDN IRN PHL MMR VNM PRK KHM PNG PAK

Region | Souer  Bastem L RUT souten S8R RO dem  EeM ol Otver  Souther

n Asia Asia Asia Asia Asia Asia Asia Asia Asia Oceania Asia

Ranking 1 2 3 4 5 6 7 8 9 10 50
2000 NetMigrgtion -2,074 -1,753 -415 -127 -79 -52 -40 -36 -32 -28 302
Immigration 3,767 2,643 800 342 376 215 189 96 81 37 1,254
Emigration 5,840 4,396 1,216 469 455 267 229 132 113 65 952
Ranking 1 2 3 6 5 7 12 9 10 8 4
2019 NetMigr:_:ltion -2,310 -1,535 -514 -123 -138 77 -7 -35 -27 -45 -192
Immigration 4,050 3,345 985 365 457 257 367 58 85 54 1,224
Emigration 6,360 4,881 1,499 488 594 334 374 92 111 99 1,415

B. Countries of the largest net gain (in thousands)

USA  JPN BGD PAK CAN MYS AFG AUS NPL LKA THA KOR

h- Australi h-
Region | UShand Eeslemn Souten Soutrn USand gifor,  SOUT ey SOUEM Soulen g, Eetor

Asia Zealand Asia
Ranking 1 2 3 4 5 6 7 8 9 10 12 13
2000 Net Migration 3,797 624 315 302 199 146 114 111 104 59 32 26
Immigration 5,301 1,019 1,087 1,254 273 331 301 318 272 148 366 226
Emigration 1,504 395 771 952 75 185 187 206 168 89 334 200
Ranking 1 3 7 50 2 5 8 4 10 11 9 6
2019 Net Migration 3,171 423 148 -192 488 167 110 211 76 64 105 146
Immigration 4,698 555 963 1,224 578 420 390 534 234 142 377 382
Emigration 1,527 132 815 1,415 90 254 280 323 159 78 272 236
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Table 4 Panel A presents countries with the largest net losses from international
migration in 2000 and 2019. Countries on the list are mainly large developing populations
with India, China and Indonesia exhibiting the largest difference between immigration and
emigration. With increasing migration levels, India and Indonesia are estimated to have
experienced increased net migration losses: India from 2.1 million in 2000 to 2.3 million in
2019; Indonesia from 415.3 thousand in 2000 to 513.6 thousand in 2019. On the contrary,
China was estimated to have experienced a decline in net emigration over the 20-year period
as a result of increasing immigration.

Other Asia-Pacific countries with high net migration losses in 2000 and 2019 are Iran,
the Philippines, Myanmar, Vietnam, North Korea, Cambodia, Papua New Guinea, and
Pakistan, many of whom are considered traditional sending countries. The North Korea
numbers, however, seems to be too high for a country with very strict border controls. We
estimated 96 thousand immigrants and 132 thousand emigrants for North Korea in 2000. In
2019, we estimated 58 thousand immigrants and 92 thousand emigrants for this country. In
the United Nations migration stock database (United Nations 2019a), the number of migrants
who originated from North Korea is estimated to be 131.8 thousand in 2000 and 92.4
thousand in 2019. The number of migrants living in North Korea is estimated to be 36.2
thousand in 2000 and 49.4 thousand in 2019. It is likely that our model framework produced
over-estimates of the annual migration flows from and to North Korea, as we did not consider
border control policies. In 2000, it was estimated that Pakistan received 1.2 million
immigrants and sent 0.9 million emigrants. In 2019, the corresponding numbers were 1.2
million immigrants and 1.4 million emigrants. As a result, Pakistan’s net migration changed
from positive (301.7 thousand in 2000) to negative (-191.6 thousand in 2019). Annual
estimates of Pakistan’s total emigration and immigration between 2000 and 2019 are

presented in Appendix Figure 2.
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Table 4 panel B presents countries with the largest net gains from international
migration in 2000 and 2019. As we would expect, the list is largely dominated by developed
economies: United States, Hong Kong, Japan, Canada, Singapore, Australia, and South
Korea. Apart from these developed economics, our model estimates that Bangladesh,
Pakistan, Malaysia and Thailand would also see high net gains. Of them, Malaysia and
Thailand are developing countries heavily dependent on immigration (De Haas et al. 2020, p.
181). The United State is expected to see the largest immigration flow amongst 53 Asia-
Pacific countries between 2000 and 2019. Our model predicts that 5.3 million persons moved
to the United State in 2000 and 4.7 million in 2019. In the meantime, the United State also
sent large numbers of emigrants. Every year, over 1.5 million persons are estimated to have
left the country.

We then selected eight countries that presented the largest origin-destination-specific
flows in Table 4, and zoomed into their country-to-country estimates. The top seven
destinations are presented in Figure 6 for India, China, North Korea, and Pakistan. The top
seven origins are presented in Figure 7 for the United States, Australia, Malaysia, and
Thailand. Rest of Asia (including Central Asia and West Asia) received the largest migration
from India, Europe, the United States, Pakistan, China, Bangladesh, and Africa. Our
estimates support the general literature on migration from India with most of the migrants
going to the Gulf States, the United States and other developed countries (De Haas et al.
2020). Manual labourers generally go to the Gulf States, whereas highly skilled migrants are
expected to go to the United States and other developed countries (De Haas et al. 2020). Our
model does not capture the type of migration but does predict a relatively high turnover rate

for flows between India and the Rest of Asia.
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Figure 7. Top seven origins of four major immigration countries, 2000-2019
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For China, the most popular destinations are Europe, the United States, South Central
America, and Japan. These destinations are either advanced economies or large populations.
For North Korea, emigrants are most likely to go to China, the Rest of Asia, and Europe. At
the beginning of the 21% century, emigration from North Korea to South and Central America
are expected to be quite high. This is driven by the trade variable in our model: South and
Central America was a major trading partner with North Korea and about 30% of North
Korea’s export went to this region. South Korea is not shown up in Figure 6 as a primary
destination for North Korea, because the bilateral trade data and flow from North Korea to
South Korea, which we used to distribute emigration flows, are missing between the two
populations. Ministry of Unification (2020) in South Korea reports that around 1,000 to 3,000
North Korean defectors entered South Korea each year between 2002 and 2019. In our
model, we estimated the annual flow from North Korea to South Korea to be 876 in 2000 and
722 in 2019.

India, Europe, and the Rest of Asia are leading migration destinations and origins for
Pakistan. It is estimated that there are more migrants moving from these three countries or
regions to Pakistan than the other way around. A reverse trend, however, is expected that
Europe starts to see a net gain from Pakistan after 2009. Over time, the number of migrants
from Pakistan to Europe, the Rest of Asia, and China increased significantly. For the other
major destination countries, our model shows that more people moved from Pakistan to
Afghanistan than the other way around. Intuitively, this is likely due to the repatriation of
refugees and / or poor economic conditions in Pakistan (UNHCR, 2018).

For the United States, the largest source of immigrants is South and Central America,
followed by China, Europe and India. The high flow from South and Central America to the
United States reflects the geographic proximity of these two populations. For Australia,

immigration from Europe, China and India are dominating the origin list. High immigration
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from Europe is driven by the historical migration connections between Europe and Australia.
In the Australian statistics, large arrivals from the United Kingdom, New Zealand, mainland
China, and India are observed (Raymer et al. 2018). The model captured the large inflows
from Europe, China, and India, but failed to capture the significant number of immigrants
from New Zealand. This is due to the small population size of New Zealand and the
exclusion of any bilateral migration agreements -- in this case the Trans-Tasman Travel
Agreement between Australia and New Zealand.

Malaysia and Thailand sent a large number of migrants outside the Southeast Asia
region. Large emigration flows were estimated from Malaysia to Indonesia, India, China,
Europe and the Rest of Asia. For Thailand, large immigration flows were estimated from
Myanmar, China, India, Europe and many other Southeast Asia countries. By design, our
model also captures high return migration from Thailand to Myanmar, Cambodia, Europe,

and Laos.

5. Conclusion and discussion
In this paper, we have developed a methodology for estimating annual migration flows
amongst countries in the Asia-Pacific region. These estimates are needed for understanding
and quantifying the movements occurring in this region, which is undergoing rapid
demographic and economic change. The sizes of flows are significant. We estimated that
migration increased from around 27 million persons in 2000 to 30 million persons in 2019.
Over the 20 years, that translates into more than 500 million persons changing their country
of residence.

The challenges to providing migration flow estimates in this region are immense.
Hardly any countries provide data, and those that do are not comparable or complete. Further,

migrant population stock data, which currently represent the best information available for
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studying migration in the region, do not translate well into flows. Stocks are based on
birthplace and, thus, fail to capture the large return (counter-flow) movements. They also
represent a net accumulation of flows over time, and since migration evolves over time, they
can misrepresent actual movements. Ideally, flows and stocks of migration would be
comparable.

There are several contributions to this study. First, we have provided a framework for
estimating migration flows in the near absence of data, and outlined the necessary steps to
produce reasonable estimates. Key to this framework is the separation of models for
generating migrants (emigrants) and distributing those migrants to possible destinations. In
both cases, we used the best information that was publicly available. Second, by providing a
set of estimates, we now have a means of enquiry for assessing both reported data on
population change and migration, including the spatial patterns. Much of the current literature
on migration in the Asia-Pacific region is based on anecdotal evidence. Our estimates can be
used to verify other evidence. Third, we have shown how migration theory can be used to
develop estimates of migration flows. We did so by assuming that the factors of migration in
Europe are likely related to those in Asia-Pacific, after controlling for major differences in
population size, economic development, and life expectancy and so on. We used the theory
that spatial patterns of migration are related to trade and migrant stock populations. We have
also accounted for uncertainty in the available high-quality estimates of migration within
Europe. Finally, we imposed high levels of correlations between immigration and emigration,
which is found everywhere where reliable data are available.

The model framework presented in this paper is extendable in two main ways. First,
the framework can be extended to include more detail, such as sex or age. Other
characteristics, such as education, skill levels, types of movement (e.g., labour, family, and

student) could also be included provided we had information to draw from. Second, the
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model framework is set up in a way that estimates can be revised with improvements in data
or information.

In conclusion, there is a real need for better data on migration. Our estimates are the
first attempt and, although we used the best information we could gather, they are likely to
contain many errors. That does not mean they are not valuable. They provide a starting point
for understanding the patterns and complexity of the movements. The alternative and current
approach is to ignore the movements because we have no data. It is unlikely that national
statistical offices will start providing migration number we can use for international
comparison in the near term. In the meantime, researchers can build models and revise them

until the day comes when we do not need them.
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Appendix Table 1. Sources of data used to fit the generation-distribution model

Type of data

Source of data Year

Migration flows (generation

model input)

IMEM database for 30 European countries’ (Austria, 2002-2008
Belgium, Bulgaria, Cyprus, Czech Republic, Denmark,

Estonia, Finland, France, Germany, Greece, Hungary,

Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,

Malta, Norway, Poland, Portugal, Romania, Slovakia,

Slovenia, Spain, Sweden, Switzerland, the Netherlands and

the United Kingdom)

Sending / receiving 1999-2018
Population size UN World Population Prospect 2019
GDP per capita World Development Indicator (July 2020)
(current US dollar) UN National Accounts Estimates of Main Aggregates (April
2019)®
% Migrant population UN Migrant Population Database (2019 revision)®
UN World Population Prospect 2019
Old-age dependency ratio World Development Indicator (July 2020)*°
% Urban population UN World Urbanization Prospects 2018
Female life expectancy World Development Indicator (July 2020)1*
Origin-destination 2000-2019

Migrant stock
Bilateral Trade

UN Migrant Population Database (2019 revision) °
UN Comtrade Database!?

" Liechtenstein data is excluded because it does not have old-age dependency ratio data.

8 TWN, TKL, NIU, WLF data obtained from country sources.

® TWN data obtained from country source.

1 TWN, COK, TKL, NIU data obtained from country sources. No data for ASM, MHL, MNP, NRU, PLW,
TUV, WLF and Liechtenstein (IMEM).

L TWN, TKL, NIU data obtained from country sources.

122018 Comtrade data are used for 2019. TWN data (2000-2019) obtained from country source.
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Appendix Table 2. Estimated regression parameters from generation model to predict log
emigration rate

Full Model Reduced model
Population size (lagged, log, z-score) -0.295*** -0.362***
(0.044) (0.050)
Population smaller than 6 million (lagged, dummy=1) -0.607*** -0.415%**
(0.067) (0.085)
GDP per capita, current USD (lagged, log, z-score) 0.355*** 0.403***
(0.044) (0.057)
Percentage of urban population (lagged, log, z-score) 0.024 0.050
(0.032) (0.031)
Percentage of Migrant population (lagged, log, z-score) 0.241*** 0.025
(0.039) (0.046)
Female life expectancy (lagged, log, z-score) -0.366*** -0.409***
(0.038) (0.050)
Old-age Dependency ratio (lagged, log, z-score) -0.275***
(0.025)
Constant -4,701%** -4.820***
(0.038) (0.046)
Observations 210 217
R? 0.714 0.505
Adjusted R? 0.704 0.491

Standard errors in parentheses
Note: * p < 0.05; ** p <0.01; *** p <0.001
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