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A Lucas island model to analyse labour movement
choice between cities based on personal
characteristics
Tiange Qi1, Yuning Gao2 & Yongjian Huang 3✉

The labour movement has been a key factor for cities’ development and caused regional

inequality between cities. Although empirical studies have been conducted to investigate it,

little theoretical evidence has been provided to find out the underlying mechanism. This paper

describes and derives a Lucas-Prescott style island model to study the location choices of the

heterogeneous agents by utilising endogenous technology growth, which in turn influences

personal human capital growth. It leads to the U-shape curve of the inequality of wage

income with the technology of these islands but not in terms of total income. In the extended

two-goods model, the magnitude of the implications is increased by the impact of non-

tradable goods price. Together with empirical research using the US census data, this paper

finds that skilled labours with less endowed wealth tend to live in large cities for its high

salary. On the other hand, those less-skilled but with more endowed wealth tend to live in

cities with better environment, which drives up the price level of non-tradable goods in these

cities. This explains the population concentration in the super cities and the high housing

price-wage ratio in some beautiful cities, which provides theoretical basement for further

empirical studies about labour movement in other cities
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Introduction and literature review

S ince the advent of the Industrial Revolution, urbanisation
has become a common trend across the world and has
accelerated a great deal over recent years. According to the

World Bank, database1, the rate of worldwide urbanisation has
risen from 34% to 37% from 1960 to 2022. This is underpinned
by the fact that rates in developing countries such as Mexico have
gone from 51% to 81% and in Brazil from 46% to 88% during that
period. However, even developed countries such as US and UK
have witnessed a rapid increase of the urbanisation rate, going
from 79% to 83% and 79% to 84%, respectively within the last
20 years.

The concentration of population is a significant phenomenon
for consideration during urbanisation. In specific countries, the
population share of largest city to total urban population2 is
relatively high, such as in the UK (17%), Canada (20%), Mexico
(21%), France (20%), Austria (23%), Japan (32%) and Chile
(40%) when compared to Germany (5%) and US (7%). However,
this percentage has been decreasing since 2000 in many major
economies except for Austria and Canada, which have relatively
lenient immigration policies. This population concentration
brings about inequality, which is seldom addressed. Nord (1980)
finds that with the increasing size of the city population, income
equality produces a U-shaped curve, arguing that as the popu-
lation immigrates to city, the occupational and wage structure of
local labour market will change. Small cites lack infrastructure
and sufficient size to support the types of business to distribute
income. High-income business is monopolized at certain local
enterprisers and immigrants have to enter the business with low
income. As the city size increases, the improved infrastructure
and demand provides capacity to different types of business and
they provide higher salary to attract skilled immigrants, which
would decrease inequality. However, Madden (2000) and Glaeser
et al. (2009) point out inequality always increases with popula-
tion. They find that in 2006, the elasticity of Metropolitan Sta-
tistical Area3’s Gini coefficient to city population is 0.036 and
highly significant in US cities by US Census data. Additionally,
they find that the mean derives from the top 5% mean income in
a Metropolitan Statistical Area in relation to the overall mean
income within that Metropolitan Statistical Area is highly sig-
nificant. What’s more, for high-productivity people, income is
disproportionally positively correlated with the size of the city.
They think that as population increases within the city, the
market expands and the business, which requires high-skilled
workers, will increase. This increases the demand for high-skilled
workers and their wage return to human capital. At the same
time, immigrants from Latin America, which are mainly low-
skilled workers, worsens this wage inequality within the city.
Wheeler (2001), Baum-Snow and Pavan (2009a) prove the
robustness of this positive effect. The additional premium gained
by a greater number of productive people arises in every quintile
of the income distribution, as well as the development of the city
has a direct effect on inequality even if the effect of socio-
economic composition is ignored. Behrens and Robert-Nicoud
(2014) build a model, which links the size of the city to inequality
and productivity. In addition to the view that the increase of city
size will increase the skill premium, they also argue that urba-
nization will improve competitiveness and openness to business,
which decreases the cost of logistics and transportation and
therefore increases the price competition locally (as the price of
shipping goods to customers or their nearby shops is low, the
local goods’ advantages decrease). This will benefit the entre-
preneurs which produce exported goods. And as only most
productive companies export their goods, these companies will
become richer, which increases inequality and productivity.
Higher productivity will also increase the city size by attracting

migrates, which is a cyclical effect. Castillo et al. (2020) notice that
labour mobility will bring new knowledge to the companies,
which benefits their productivity by knowledge diffusion,
regardless of labour’s level of skills.

The core to addressing these facts is understanding the drive
behind different kinds of labour movements in different cities.
Lucas and Prescott (1978) argue that decisions concerning labour
movement should balance in terms of the trade-off for the benefit
of moving to a higher-wage company (as island in the model) and
the loss of wages during the period of ‘searching for that com-
pany’. Therefore, they conclude that the technology heterogeneity
between each island is the main drive behind unemployment as
people have incentives to move to companies with higher tech-
nology to earn a higher wage, whereas those who are still
searching for a better job contribute to unemployment. Then
Coen-Pirani (2010) modifies the island model to include the use
of land in the production function and land rent in income,
applying it to analyse flow of labour between cities.

The theoretical rationale of this paper utilises the Lucas-
Prescott model to address aspects of urbanisation, labour flow,
and inequality. Rather than using a homogenised sense of labour
in their model, this model introduces skill-heterogeneity between
labour based on the model of Behrens and Robert-Nicoud (2014).
Also, the model for this paper replaces land with capital as a
complementing factor with labour to produce consumption
goods. Additionally, both workers and capitalists are defined as
agents. This is because land can be included in capital and it is
also not the main factor for production in industrialised coun-
tries. In the UK, 57.5% of lands are used for the purpose of
agriculture in 2018 (Ministry of Housing, Communities & Local
Government, 2020), while the percentage of agriculture to UK
GDP is only 0.61% (ONS, 2021). Introducing capital will add
more flexibility and be more realistic. To address the facts of
labour flow from large cities to cities that have beautiful natural
landscapes, this paper also includes the utility of the quality of the
environment, as it affects the movement of labour. Despite the
wage mentioned above, another factor affecting job choice is
environment (Feld et al., 2022). Chen et al. (2022) also find that
the air pollution is responsible for large labour mobility in China:
10% air pollution will result in 2.8% population outflow in China
in average. We therefore add the environmental factor in the
labour’s utility function.

Our paper makes contributions in several aspects. Firstly, is
contributes to the theoretical literatures about labour’s migration
choice (Harris, 1970; Borjas, 1987; Zenou, 2008; Coen-Pirani,
2010; Chin and Cortes, 2015; Zhao, 2020; Aksoy and Poutvaara,
2021). Previous models address heterogeneous wage levels with
homogeneous labours, such as McCall (1970) Research model
where labours have a minimal wage to make them indifferent
between accepting the job offer or waiting for a better job, which
can also be used to explain unemployment rate. The Hopenhayn
(1992) model addresses the entrance and exit mechanism of
business in the labour market, of which the driving force is sto-
chastic productivity of companies. The Aiyagari (1994) model
analyses the matching process of labours with heterogeneous skill
levels to homogeneous companies. The Krusell and Smith (1998)
model combines the above two models, which incorporates a
model with both heterogeneous labours and companies in terms
of productivity. It finds the distribution of heterogeneous com-
panies and their employees. However, these models do not con-
sider the wealth as a factor in the matching process. We argue
that the labour choice does not only depend on its human capital
but also its asset, which complement their work, as the current
research does not notice the negative effect of asset on the
intention of labour to move for higher wage. Different from the
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mostly common search models, we introduce above where labour
only care about consumption, our model is the first one to
introduce environment to affect the labour choice. These two
changes can explain the choices of different types of labours, not
only in terms of the heterogeneous productivity but also the
resources of the income to different cities.

Secondly, this paper constructs the distribution of labour in
terms of workers’ talent and their endowed capital in cities with
degrees of different technology and environment, which provides
a theoretical support to the empirical work of cities’ wage dif-
ferences, especially those of developing countries (Gong and Van
Soest, 2002; Bargain and Kwenda, 2011; Buch et al., 2014; Cao
et al., 2015). This is because the technology inequality between
cities is server in developing countries and their industry struc-
ture means that technology development usually results in pol-
lution, which will lead to higher rate of labour mobility.

Thirdly, this paper explains the price heterogeneity between
cities due to the mobility of different labours. Van Nieuwerburgh
and Weill (2010) propose an island model to analyse the effect of
labour mobility on the housing price. They argue that the pro-
ductivity is the determinant of labour mobility and wage level,
which affect cities’ housing price, which is consistent with our
research. However, the positive correlation between wage and
housing price do not apply in some cities, which will be discussed
later. Our model with the environmental factor, asset and con-
nection between the tradable goods and non-tradable goods solve
this problem. We conclude that even though wage difference due
to the technology inequality is positively connected with the price
level of non-tradable goods, labour’s mobility choice due to non-
wage attributes plays an important role in the price level of non-
tradable goods.

The remainder of this paper is organized as follows. Section
“The baseline model” discusses the baseline model and establishes
the equilibrium condition. And Section “Extended two-goods
model” presents a more complicated version of the model, which
allows for the inclusion of tradable and non-tradable goods to
address the price of heterogeneity between different cities. While
Section “Empirical analysis” carries out the simple empirical
analysis, to support our model. Last, Section “Conclusion” con-
cludes our paper.

The baseline model
Lucas-Prescott model. Within the Lucas-Prescott economy,
people’s income comes from their wages and the rent of capital.
At the beginning of the period, each agent is on an island. The
shocks are then publicly realised, and people respond to them by
deciding to stay or leave the island. If people decide to leave the
island, they do not work during the period (but can still receive
the interest of the capital) and will go to a new island at the
beginning of the next period. If they choose to stay, they can
receive both wage income and the rent of capital. The island
economy system is a closed economy without any international
trade and capital inflow and outflow. Empirically, the system can
be seen as a large economy or each island can be seen as a
political identity. The monetary policy is neutral and there is no
rigidity i.e. it only considers a real term.

A recursive equilibrium with rational and infinite life agents is
used in this paper and is a set of functions:

υ ω; z; h; μ; q; k; ϑ;K
� �

; e ω; z; h; μ; q; k; ϑ;K
� �

;

w ω; z; μ; q;K
� �

;ω0 ω; z; μ; q;K
� �

z0 z;ω; q;K
� �

; h0 z; hð Þ; z0 z;ω; q;K� �
; rðμÞ

;

where z is the technology in the island; q is the quality of living in
each island or the function of the environment; h is the human
capital of each individual; k is the capital owned by each

individual and ω(h, k, ϑ|z, q, K) is the number of people with
human capital h, capital k and the speed of learning ϑ, which is
the natural talent of each agent on the island with technology z,
capital K and quality q.

μ(z, q, ω, K)is the density of the island with technology z,
quality q and number of people ω and total capital K.
w(ω, z, μ, q, K) is the wage at the island and r(μ) is the rate of
return to the capital. People can install their capital in each island
without any barrier, which suggests that the return of capital for
each island is the same. τw and τk are the tax rates of wage and
capital return.

Each agent cares about both consumption and the quality with
utility function. u(ct, qt) = ln(ct) + ln(qt), wher ct is the
consumption at time t. People do not have disutility on labour
and each one is endowed with 1 unit of labour in each period.

It satisfies:
vðω; z; h; μ; q; k; ϑ;KÞ ¼ maxfvstayðw; z; h; μ; q;

k; ϑ;KÞ; vleaveðk; h; ϑ; μÞg, which is the utility of the agent with h, ϑ,
k at the island with ω z μ K q. He or she chooses the maximum
between the utility of staying at the island or leaving the island at
the start of each period.

Where

vstayðω; z; h; μ; q; k; ϑ;KÞ ¼ max
k0

u hð1� τwÞwðω; z; μ; q; kÞ þ rðμÞð1� τkÞ
��

k

þð1� δkÞk� k0; q
�þ βEtv ω0ðω; z; μ; q;K; ϑÞ;�

´ z0ðz;ω; q;KÞ; h0ðz; hÞ; μ0ðμÞ; k0; q0ðq; μÞ�g
is the utility of staying at the same island at the period. The agent
chooses the investment to decide the capital next period k’ to
maximise the utility of consumption from return of the capital
with depreciation rate δk ∈ (0,1) plus the wage as well as the
utility of environment and the expected discounted utility at the
next period with discount rate β ∈ (0,1). The notation a’ suggests
the variable a at next period.

νleaveðk; h; ϑ; μÞ ¼ max
k0

fuðrðμÞð1� τkÞkþ ð1� δkÞk� k0; qÞ:
þ β max

~ω;~q;~z;~K
fEtνðω0ð~ω; ~q;~z; ~K; μÞ; z0ð~ω; ~q;~z; ~KÞ;

´ hð1� δhÞ; μ0ðμÞ; k0; q0ð~q; μÞ; ϑÞgg

is the utility of leaving the current island.
The agent is now on the way to search for new island. He or

she chooses k’ to get return from investment while the agent
cannot receive the wage at the period and he or she enjoys the
environment “on the way” q, which is lower than the
environment of all islands. The agent also decreases the human
capital with rate δh ∈(0,1).

maxeω;eq;ez;eKfEtνðω0ðeω;eq;ez; eK; μÞ; z0ðeω;eq;ez; eKÞ; hð1� δhÞ; μ0ðμÞ; k0; q0ðeq; μÞ; ϑÞg
suggests agent searches for an island to maximise the expected
utility and arrives at that island at the start of next period.

z and h follow the growth path _z ¼ θðR h � eðh; k; ϑjz; q;ω;KÞ
dh ´ dkÞλzϕzγn, which is the increase of technology and _h ¼ ϑhηzκ

is the increase of the human capital.
Where e(h, k, ϑ|z, q, ω, K) is the number of employed people

with capital k, human capital h and speed of learning ϑ given the
island with technology, quality, the number of people and total
capital z, q, ω, K.

The structure of growth suggested by Romer (1986) will be
used, which assumes that technology increase is the function of
current technology, researchers in each island and ‘natural
technology’ zn, growing constantly at g. It is also assumed that
the proportion of human capital used for the research is constant.
This is the reason for introducing θ.
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It will be applied to human capital growth. Human capital
growth is positively correlated to current human capital and the
technology of the city. The inclusion of technology is because the
human capital need grow faster when the worker works in a
company aiming with higher productivity (Abel et al., 2012). The
elasticity of researchers to technology growth λ, the elasticity of
current technology to technology growth ϕ, the elasticity of
nature technology to technology growth γ, the elasticity current
human capital to human capital growth κ and the elasticity of
technology to human capital growth η are constant and within
the range of (0,1).

There is a production sector in each island, which hires human
capital and capital with production function F(zH, K), which is
homogeneous with degree 1, to solve:

Given w(ω, z, μ, q) and r(μ)

max
K;H

F zH;Kð Þ � w ω; z; h; μ; q; k
� �

H � r μ
� �

K
� �

For consistency, each island i with z,q has:

Hi ¼
Z

h � eðk; h; ϑjz; q;ω;KÞdkdhdϑ

Equilibrium. Taking First order condition wrt K and H for each
island i:

zF1 zH;Kð Þ ¼ w ω; z; μ; q
� �

F2 zH;Kð Þ ¼ rðμÞ
The first order condition for capital is used to determine the

allocation of capital in each island as ∀i F2 (zH,K) and is equal for
each period.

We can now find the market clearing condition:
For each island with technology and quality z and q, the agents

with capital and human capital k and h can choose to

I. If νstayðω; z; h; μ; q; k; ϑ;KÞ≤ υleaveðk; h; ϑ; μÞ, people with k
and h leave the island and we have νstay (ω, z, h, μ, q, k, ϑ, K)
= υleave(k, h, ϑ, μ) in equilibrium, people leave the island.
Therefore, we have

ω0 k0; h0; ϑ; j; z0 ω; q; z� �
; q0 μ
� �

;K 0� � ¼ eðk; h; ϑjz; q;ωÞ
II. If νstay(ω, z, h, μ, q, k, ϑ, K) > υleave(k, h, ϑ, μ) and

Etvðω0ðω; z; μ; q;K; ϑÞ; z0ðz;ω; q;KÞ; h0ðz; hÞ; μ0
ðμÞ; k0; q0ðq; μÞÞ<

max
~ω;~q;~z;~K

fEtvðω0ð~ω; ~q;~z; ~K; μÞ; z0ð~ω; ~q;~z; ~KÞ; hð1� δhÞ;

μ0ðμÞ; k0; q0ð~q; μÞ; ϑÞgg
None of these people come and leave the island. Therefore,
we have ω′(k′, h′,ϑ|z′ (ω, q, z), q′ (μ), K′) = ω(k, h, ϑ|z, q, K)

III. If people come to the island and we can pin down ω′ by the
condition

Etvðω0ðω; z; μ; q;K; ϑÞ; z0ðz;ω; q;KÞ; h0ðz; hÞ; μ0ðμÞ; k0; q0ðq; μÞÞ ¼
max
~ω;~q;~z;~K

fEtvðω0ð~ω; ~q;~z; ~K; μÞ; z0ð~ω; ~q;~z; ~KÞ; hð1� δhÞ; μ0ðμÞ; k0; q0ð~q; μÞ; ϑÞg

The model also obtains:

μ0 μ
� �

Δz ´Δq ´Δω
� � ¼

R
μðdω; dq; dzÞ

z0 z;ωð Þ 2 Δz; q0 2 Δq;ω0ðω; z; μ; qÞ 2 Δω

which is the density of the island’s next period with technology,
quality and distribution of capital and human capital Δz, Δq, Δω

Steady state. In the traditional Lucas island model, there is a
stochastic item in the technology and there is still labour move-
ment in the steady state. However, the distribution in terms of the
islands’ technology, production and labour is constant. However,
as this model includes more complexity of technology and human
capital growth, the existence of stochastic items will never reach a
steady state in the model. Recall the growth of z depends on the z
last period. If there is a stochastic item in the technology, the
growth rate will never become constant. Therefore, for simplicity,
our model does not include uncertainty and the steady state can
simply be known as the population does change in each island,
the technology and human capital grow as a constant rate and
quality of environment is also constant. In the real world, it is
apparently that it is impossible to reach such a steady state
between cities because there are always labour with different
levels of talents and wealth entering the market and retiring from
the market. However, this model reveals a regulation of labour
movement. Empirically, with the personal demography data,
regressing their settlement choice with their demography, which
is the topic of our future research also with deep empirical ana-
lysis, can prove this.

The steps to solving the steady state can be found in
Appendix 1.

The condition for steady state can be solved now:
Condition 1 – For agents with initial value of k0, h0, ϑ at the

time of steady state, they will only be on the island with:

IV. z0, q0∈{z0, q0|vstay (z0, q0, k0, h0, ϑ) ≥ vleave (k0, h0, ϑ)}

Condition 2 – The sum of capital in each island should equal
the sum of capital of each agent:

RR
k0ωðdk0; dh0; dϑjz0; q0;K0Þμ dz0; dq0; dK0

� � ¼ R K0ðz0Þμðdz0Þ
¼ R k0ξðdk0; dϑÞ ;

where ξ is the pre-defined unconditional distribution of k0 and ϑ.
Condition 3 – With the same logic, for each island i, the

human capital employed by the company should be equal to the
sum of human capital in that island:

Z
h0ðz0; ϑÞωðk0; h0ðz0; ϑÞjz0; q0ÞÞdϑ ¼ H0ðz0Þ

Condition 4 – Kt
ztHt

is constant which can be solved by (3)
These four conditions suggest that given ξ and μ(z0, q0), there

may be many steady state equilibriums if these conditions are
satisfied. This is because condition 1 implies that for each pair of
(k0, ϑ), we can always find the set of (z0, q0) of which island the
agent can stay in. There can be many allocations of each agent to
the corresponding islands if the remaining conditions are
satisfied.

Analysis. Switching from island A to island B increases the utility
of quality Δuq ¼ lnðqÞ þ β lnðqBÞ

1�β � lnðqAÞ
1�β , which is constant. In

terms of the utility of consumption, switching from one island to
another with higher technology will decrease human capital and
the level of equilibrium h0(zB, ϑ) > h0(zA, ϑ) at the time when the
agent arrives at island B. Therefore, the agent needs time to reach
the new equilibrium. For the human capital when the agent
arrives at the island B, _h ¼ ϑhηzB

κ, we use the first order Taylor
approximation:

_h ¼ ϑhηzB
κ ¼ _h

� þ ϑηh�η�1zB
κðh� h�Þ

Where h* is steady state level of h (zB, ϑ) at the current time.
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Multiply 1
ghh

and substitute ϑh�η�1zB
κ ¼ gh:

gt
gh

¼ 1� η
� � h�t

ht
þ η

Where gt is the growth rate of h, at time t.
We define that at the time of arriving at the island 0, the ratio

of the agent’s human capital to the equilibrium level of human
capital is ð1þgkÞh0ðzB;ϑÞ

ð1þδkÞh0ðzA;ϑÞ ¼ π. Then we have:

g1
gh

¼ 1� η
� �

π þ η

g2
gh

¼ 1� η
� � π

1� η
� �

π þ η
þ η

g3
gh

¼ 1� η
� � π

1� η
� �

π
1�ηð Þπþη

þ η
þ η

… …
Therefore, we can solve the time T when gT

gh
¼ 1 if t ≥ T.

As we also know that in steady state 1 + gk = (1 + gh)(1 + gz)
and ln (1 + gz) can be cancelled out in the consumption
utility gain.

The consumption utility gain from switching island Δuc is:

1�δkþr 1�τkð Þ� 1þgkð Þð Þ
1þgkð Þ k0

� �
þ ∑

1

t¼0
βtþ1lnð zB 1�δsshð Þ 1�τwð Þ

1þgh

´ h0 zA; ϑ
� �

F1 :ð Þ 1þ gt
� �t þ 1� δk þ r 1� τk

� �� 1þ gk
� �� �

´ 1þ gh
� �t

k0Þ � ∑
1

t¼0
βt lnðzAð1� τwÞh0 zA; ϑ

� �
F1 :ð Þ 1þ gh

� �t�1

þ 1� δk þ r 1� τk
� �� 1þ gk

� �� �
1þ gh
� �t

k0
�

We are now able to find the locations of agents with different
characteristics. We assume that island A is an island with
relatively high quality but low technology and that island B is an
island with relatively low quality but high technology. Switching
from A to B has a positive utility gain from consumption and
negative utility gain from quality i.e. Δuc > 0, Δuq < 0.

Proposition and their testing. Proposition 1. People with high
capital and low speed of learning tend to stay in the island with
better environment and people with low capital and high speed
of learning tend to stay in the island with higher technology

The above algebra demonstrates that the consumption gain
from island A to B is positively related to the speed of learning. As
the utility change of consumption is positively related to the
change of consumption, the agent who can learn quickly will
receive greater benefit from switching island.

It is also noteworthy that the utility consumption is concave in
the consumption, implying that the increase in utility related to
the growth of consumption from a low level in likelihood will be
more than the utility decrease brought about by switching from a
high-quality island to a low-quality island, which is irrelevant to
the level of wealth. The reason for this is that the initial level of
capital does not affect the change of consumption that is caused
by switching island while the initial level of consumption does
affect the change of utility. In terms of concave utility, given the
fixed change of consumption, the higher the initial level of
consumption, the lower the change of utility will be.

Therefore, an agent with low capital that can learn rapidly will
be more likely to switch to the island with high technology even
though they might have to live in an island with the worse
environment. Conversely, agents with high capital that learn
slowly will gain less from switching to a high-technology island.

They are less like to sacrifice the quality of the environment to
earn a higher wage.

Proposition 2. People with high capital and high speed of
learning or people with low capital and low speed of learning
tend to stay in the island with balanced technology and
environment

A high (low) level of capital has a negative (positive) effect on
the utility gain while a high (low) speed of learning has a positive
(negative) effect. Therefore, agents will balance the benefits of
wages and quality and are more likely to locate themselves on an
island where the level of technology and capital are relatively
proportionate.

Proposition 1 could potentially explain the reason that people
in the upper-middle economic class ‘escape’ from metropolitans.
It could also partially explicate the reason for the high
concentration of highly educated people and capital in larger
cities. However, Proposition 2 alone is not enough to justify the
correlation between inequality and urbanisation. Moreover, it also
cannot interpret the reasons for labour concentration only
occurring happens in particular countries. This suggests that as
there are multiple steady-state equilibriums, different assump-
tions about the distribution of productive, capital and speed of
learning could be added to ‘narrow’ the equilibriums of different
countries. Initially, we should assume that the distribution of
speed of learning follows a truncated normal distribution in each
island from ½ϑ; �ϑ� and has the same mean and variance, which
follows the setting of Pluchino et al. (2018) where the talent of
people is randomly assigned. In terms of each level of initial
capital owned by the individual, the conditional distribution of
the speed of learning to capital follows the same normal
distribution as well. We should note that two distributions are
independent and it is because the endowment capital is decided
by the nature at the time when the city firstly functions in our
paper. For example, when migrates find a new continent or they
build a new city in a forest, the endowment wealth is the nature
resources they have at the time of settling down.

We now start from the economy with two islands A and B and
zB > zA, qB < qA, which is consistent with what has already been
discussed. It is evident that given ϑ, the net gain from switching A
to B decreases with capital k. However, for the given k, we find
that the part of Δuc when t > T is:

∑
1

t¼T
βt ln

zB 1�δhð Þ 1�τwð Þ
1þgh

h0 zA;ϑð ÞF1 :ð Þ
QT�1

n¼1
1þgnð Þþk0ð1�δkþr 1�τkð Þ� 1þgkð ÞÞ

zA 1�τwð Þh0 zA;ϑð ÞF1 :ð Þð1þghÞT�1þk0ð1�δkþr 1�τkð Þ� 1þgkð ÞÞ

 !

¼ βT

1�β ln
zB 1�δhð Þ 1�τwð Þ

1þgh
h0 zB;ϑð ÞF1 :ð Þ 1þghð ÞT�1þk0 1�δkþr 1�τkð Þ� 1þgkð Þð Þ

zA 1�τwð Þh0 zA;ϑð ÞF1 :ð Þ 1þghð ÞT�1þk0 1�δkþr 1�τkð Þ� 1þgkð Þð Þ

 !

As we know that h z; ϑð Þ ¼ ðϑzκgh
Þ

1
1�η, it equals:

βT

1� β
ln

zB 1�δhð Þ 1�τwð Þ
1þgh

ðϑzBκgh
Þ

1
1�ηF1 :ð Þ 1þ gh

� �T�1 þ k0 1� δk þ r 1� τk
� �� 1þ gk

� �� �
zA 1� τw
� �ðϑzAκ

gh
Þ

1
1�ηF1 :ð Þ 1þ gh

� �T�1 þ k0 1� δk þ r 1� τk
� �� 1þ gk

� �� �
0
B@

1
CA;

which increases with ϑ
Also, as ð1þghÞh0ðzB;ϑÞ

ð1�δhÞh0ðzA;ϑÞ ¼ π, which is irrelevant of ϑ and, T and gt are
irrelevant ϑ when t < T. Therefore, the degree to which the utility of
consumption is different at each time before T, which is the same
form after T, increases with ϑ. So we can conclude that with the same
k, the willingness to move from A to B increases with ϑ.

Based on the analysis above, we can now produce a graph
(Fig. 1), which demonstrates visually the location of agents for
each k and ϑ.

The curve indicates that given the certain value of k, all agents
have a speed of learning, of which the gain and loss from
switching A to B is equal and below �ϑ, the highest limit of talent,

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-03627-9 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |         (2024) 11:1138 | https://doi.org/10.1057/s41599-024-03627-9 5



which is not depicted in the graph, but it is assumed that it is
above the curve for every k.

As the distribution of ϑ is the same for each k in each island to
begin with, we find that the higher the level of k, the fewer agents
will be located in the island B, and the higher mean of ϑ for those
who are located in the island B. This will lead to income
polarisation as all the richest people in island B do not leave whilst
the richest people in island A move to island B. This increases the
overall number of people that have high wages and capital, and
whose income is in the top quartile of income distribution.

With regards to people with lower capital, the lower bound of ϑ
to be located in island B decreases, implying that the most
impoverish people move to island B. However, as k increases,
most people whose ϑ is not high enough will move to island A.
These people tend to have an income within the quartile between
the richest and poorest, therefore, income inequality becomes
more pronounced than in the initial distribution for island B.

The main source of income for people that have a lower capital is
their wages and if they do not relocate to the city with higher
technological advancement, their consumption will be too low thus
they will find it difficult to survive. Therefore, they will often move to
chase higher wages even though the level of quality might be lower.
The capital income of people who possess a lot capital of is high
enough to satisfy their consumption needs; as such they might be
more inclined to enjoy the higher quality of life afforded to them by
living in a rural and/or seaside city. It is only the richest people whose
wages are also high that will opt to stay where they are because they
do not want to see a reduction in their income by moving as their
wage makes up a significant part of their total income. Furthermore,
wage income may not only be a wage given by an employer but can
also refer to the income generated by the companies of entrepreneurs
which is based in the city where the agent residents.

This could also be the reason that foreign immigrant is seen to
gather in metropolitan areas. Migrant workers are generally seen
as agents with a low level of capital. The lower bound of ϑ to be in
the island B is low, as such most of this group will choose to
locate in cities with higher technology. This is consistent with the
empirical data gathered in UK where 35% of people who are born
outside of the UK live in a capital city (ONS, 2021) and is also
consistent with Gordon and Kaplanis’ (2014) research which
argues that immigrants are the reason for the increase of low paid
jobs in metropolitans.

The multiple islands economy will now be examined. No matter
what the distribution of the (z, q) of the islands is, one island must

be the best in terms of technology and the other in terms of
equality. We will call them island B and A for consistence.

For υleave(k, ϑ) in the steady state of every level of k and ϑ, it
searches for islands with z, q to maximise

ln
1�δkþr 1�τkð Þ� 1þgkð Þð Þ

1þgk
k0q

	 �
þ ∑

1

t¼0
βtþ1 ln

z 1�δhð Þ 1�τwð Þ
1þgh

h0 z; ϑð ÞF1 :ð Þ 1þ gz
� �t

1þ gt
� �t	

þ qk0 1þ gk
� �2tþ1

1� δk þ r 1� τk
� �� 1þ gk

� �� ��
When desiring to move, agents will be able to find their
corresponding ideal island and if we draw all the (z,q) sets on the
2-dimensional graph, the necessary condition for ideal islands is
that they must lie on the northeast frontier (connecting all of the
points, which has no points on the northeast side in Fig. 2). In
terms of Island E and F, they cannot be ideal islands as there are
islands with both a higher z and q.

When comparing B and D, the lower bound of ϑB(k) can be
found above which the agent prefers B to D and below which the
agent prefers B to D. Then we compare D and C and trace the
lower bound of ϑD(k) above which the agent prefers C to D and
below which the agent prefers C to D. Again, going through the
same steps, we can outline ϑC(k) above which the agent prefers C
to A and below which the agent prefers C to A. Therefore, as the
agents are rational, which implies the transitivity of their
preference, the ideal island of the agent with ϑ and k in the region
[ϑx(k), ϑy(k)] is y. Moreover, as we know that the lower bound ϑy(k)
decreases with k, it is possible to draw the graph (Fig. 3) describing
the ideal location of agents with different ϑ and k:

Agents that will move are now the focus of the research. As has
been established, on the frontier, a higher quality island must be
accompanied with lower levels technology. For each level of k and
ϑ, the conclusion of the two islands economy for each two
neighbour islands can be applied to find the ideal island for each
agent. The agent with highest level of k and the island with
highest level and second highest level of z is the starting point. For
simplicity, we continue to use the six islands case (it can be
applied to any number of islands with the only difference being
the times of the comparison).

Given k, as an agent’s choice of an ideal island is determined
solely by the speed at which the agent learns, their income is
determined by it as well. This means that the analysis of the income
distribution can be simplified to the speed of learning distribution.

However, for each region of y on each island, not all agents will
move to their ideal island as the cost of moving and living there
might be too high for them to afford i.e. Δuc+Δuq < 0. For each

Fig. 1 Choice of the island to stay given their characteristics. For given k,
Δuc requires a higher level of ϑ to be equal to the fixed Δuq. The shape of
curve is convex and ∂Δuc

∂k∂ϑ >0, which implies it needs an increasing marginal
value of ϑ for higher level of k to keep the Δuc constant.

Fig. 2 Pattern of ideal and non-ideal islands. The graph describes the
islands with different environments and technologies. The ideal islands
should be the ones on the frontier.
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island i, the threshold value of ϑiy can be calculated, where the agent
is indifferent about whether they will move to island y or not (y ≠ i).

In other words, the Fig. 3 is different from Fig. 1, as Fig. 3
indicates the island where the agent wants to move if the agent is
forced to be 'on the way' to search for an island for one period
and arrive to a island at the next period. This island is called
'ideal' island. Therefore, there are agents who want to stay at the
current islands if they are not forced to move. ϑiy is the threshold
of talents of people in island i who are indifferent between
moving to island y. ϑiyðkÞ is actually the ϑ(k) of Fig. 1.

For the neighbouring island i, zi > zy ¼ > ϑiy < ϑy and
zi < zy ¼ > ϑiy > ϑy .

This is because in terms of the original island and the target
island, the absolute value of Δuc is positively correlated with ϑ.
Moreover, moving to other islands incurs additional costs of
utility; moving to islands with higher technology requires higher ϑ
to gain more income and offset the costs. With the same logic,
moving to a lower technology island will require lower ϑ to
experience a smaller decrease in income. We also assume that ϑiy
is within the region y to ensure that there are agents moving to all
other islands.

All the people in region B stay in island B and some of people
from region B in other islands move to island B. Furthermore,
there is an outflow of people from island B to other regions,
which increases the proportion of region B people who are the
richest on island B. With the same logic, island A faces a
concentration of the poorest people as well as an outflow of
people in other regions. In both island A and B, inequality is
increased compared to their original states.

However, regarding island C and D, we see an outflow of both
the richest and poorest people and inflow of middle-class people,
which causes inequality to decrease.

The unattractive islands like E and F face a population outflow
and only those who suffer a loss of utility because of bad quality
and the loss of wages during moving which offsets the gain of
moving to the ideal island will stay. The percentage of the
population that stays is non-decreasing with z and q given the
distribution of (k, ϑ) fixed.

The conclusion we can draw from that is that, for given k, wage
inequality decreases then increases as the technology of the island
also advances. Therefore, as the wage distribution starts out as the
same (truncated normal), the total wage inequality also follows
the same trend as the one conditional on k.

As k decreases, the area of region B increases, and the
concentration of region B agents moving from other islands to
island B also goes up. This leads to an ambiguous effect on

inequality as it did for the high-technology island. For each k (i) the
average income decreases as k decreases but (ii) the proportion of
agents with capital k to the total number of agents in that island
increases. It is impossible to know which effect dominant, therefore
we also cannot know why the income distribution has shifted. The
effects are the opposite for island A compared to those of B as k
increases, but still the two effects conflict with each other.

Extended two-goods model
Description. The difference compared to the baseline model is
that we now have two consumption goods:

A. Tradable goods, which can be traded between islands, must
have the same price for all islands, as such we can normalise
the price as 1. They will be referred to as good A.

B. The non-tradable goods, which can only be consumed
locally, will have different prices depending on the island.
They will be called good B.

The utility of the agent now is

u ct; qt
� � ¼ ln cAt

� �þ ln CBt

� �þ lnðqtÞ
We now have Bellman equation for the agent:

ν ω; z; h; μ; q; k; ϑ;K
� � ¼ maxfνstay ω; z; h; μ; q; k; ϑ;K

� �
; νleave k; h; ϑ; μ

� �g
where

νstay ω; z; h; μ; q; k; ϑ;K
� �

¼ max
k0

uðh 1� τw
� �

w ω; z; μ; q; k
� �þ r μ

� �
1� τk
� �

kþ 1� δk
� �

k� k0
�

� pB ω; z; μ; q;K
� �

cB; cB; q
�

þ βEtνðω0 ω; z; μ; q;K; ϑ
� �

; z0 z;ω; q;K
� �

; h0 z; hð Þ; μ0 μ� �; k0; q0ðq; μÞÞg
νleaveðk; h; ϑ; μÞ
¼ max

k0
fuðrðμÞð1� τkÞkþ ð1� δkÞk� k0 � pBð~ω;~z; ~q; μ;KÞcB; cB; qÞ

þ β max
~ω;~q;~z;~K

fEtνðω0ð~ω; ~q;~z; ~K; μÞ; z0ð~ω; ~q;~z; ~KÞ; hð1� δhÞ; μ0ðμÞ; k0; q0ð~q; μÞ; ϑÞgg

The modification is that an agent can immediately arrive at any
of the other islands without delay but can only start working
during the next period.

zA and h follow the growth path _zA ¼ θðHAÞλzAϕznγ and _h ¼
ϑhηzA

κ and HA is the human capital working to produce A.
Following the deviation performed in part I, we have in steady state:

gz ¼
1� η

1� ϕ
� �

1� η
� �� λκ

g and gh ¼
κ

1� ϕ
� �

1� η
� �� λκ

g

The technology of the non-tradable good zB is the same for all
islands as it grows at the constant rate: gzB ¼ gz ¼ 1�η

1�ϕð Þ 1�ηð Þ�λκ
g,

i.e. all technologies grow at the same rate in steady state.
There are two production sectors in each island for two goods.

The sector of good A is the same, which is homogeneous with
degree 1, to solve:

Given w(ω, zA, μ, q) and r(μ)

max
KA;HA

fFA zAHA;KA

� �� w ω; zA; μ; q
� �

HA � r μ
� �

KAg

The sector of good B, with its price pB(ω, zA, μ, q) given, is also
homogeneous with degree 1 and it solves:

max
KB;HB

fpB ω; zA; μ; q
� �

FB zBHB;KB

� �� w ω; zA; μ; q
� �

HB � r μ
� �

KBg

For consistence, in each island: HA þHB ¼ R h �
eðk; h; ϑjzA; q;ωÞdkdhdϑ and KA + KB = K

Equilibrium. We solve the first conditions for two sectors and
apply the law of one price on Appendix 2.

Fig. 3 Region in which the agent with k and ϑ will find the ideal island.
The areas in the graph are the ideal islands to settle down for the
individuals with corresponding knowledge and wealth.
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We now can solve other conditions for steady state:
Condition 1 – Agents with initial value of k0,h0,ϑ at the time of

steady state, will only be on the island with

zA0; q0 2 zA0; q0jvstay zA0; q0; k0; h0; ϑ
� �

≥ vleave k0; h0; ϑ
� �n o

Condition 2 – The sum of capital for each island should equal
the sum of capital for each agent:Z

kωðdk; dϑjq;K; zAμ dq; dK; dzA
� � ¼ Z Kμðdq; dK; dzAÞ

Condition 3 – With the same logic, for each island i, the
human capital employed by the company should be equal to the
sum of human capital in that island:Z

h ϑ; zA
� �

ωðdϑ; dκjq;K; zAÞ ¼ HA zA
� �þ HBðK; zAÞ

Condition 4 – At each island the total production of non-
tradable goods is equal to their total consumption:Z

cBðϑ; k; zAÞωðdk; dϑjq;K; zAÞ ¼ FB zBHBðzA;KÞ;KBðzA;KÞ
� �

Similarly to part I, any distribution of ω and μ as well as
satisfying the above conditions can suffice as the equilibrium, as
such there are multiple equilibriums.

Compared with part I, the locations of labour based on the
characteristics and the differing distributions of islands are compar-
able while people’s willingness to move to the higher quality cities is
determined by the lower prices-wage ratio of their non-tradable
goods. The region of area B and the concentration to island B both
perform a decrease. Therefore, with regard inequality, island B as a
lower rate and island A has a higher rate when compared to part I.

Adding the non-tradable good improves the previous model by
imposing stricter conditions for equilibrium. This suggests that in
the islands with higher technology, the non-tradable goods have
higher price even though these goods are the same for all islands.
The intuition is that higher technology islands have higher wage
for the tradable goods. To ensure that people willing to work for
the non-tradable sector, two sectors must have the same wage. To
cover the additional cost from the wage, the non-tradable sectors
must increase the price. This is the Balassa–Samuelson effect
(Samuelson, 1964) and Kravis and Lipsey (1983), which is found
statistically significant by Samuelson (1994). Vaona (2011) and
Nenna (2001) provide evidence supporting it from intra-country
level in Italy, and Songtao (2009) tests it for real estate’s price
between cities in China, indicating that the cities’ higher
technology level is positively correlated with the wage and price
of real estate sector, which is the rationale of applying
Balassa–Samuelson effect on the city-level.

The adjusted model used in this section leads to a similar
distribution when contrasted with that of part I. However, the
non-tradable goods provide another intuition to explain labour
mobility and its causes. The labours also consider the price of
non-tradable goods as a factor determining the decisions of
labour mobility. When considering where to work, people do not
only consider the wage but also the purchase power of it on local
food, service, or accommodation. For the labours with higher
talent but lower wealth, they mainly rely on wage income. As we
discussed in the Appendix 2, the wage in large cities is more
affordable for non-tradable goods. Comparing to proposition 1 of
part 2, they are more likely to move to the cities with higher
technology. Conversely, for labours with lower talent but higher
wealth who mainly rely on capital income, they are more likely to
move to the cities with better environment because the price level
is higher in large cities. For people with low talent and low wealth
or high talent and high wealth, the conclusion of proposition 2 of
part 2 is the similar as they also balance between the gain of more

affordable wage income and less affordable capital income from
moving to a higher technology city.

It also accounts for the low wage-price ratio in cities with
superior environments. This is consistent with the positive
correlation between the natural environment and house prices
in previous literature. Luttik (2000) and Donovan et al. (2019)
estimate the effect of demographic factors on house prices and
reveal the significant positive correlation between trees, water,
open spaces, and house prices. Furthermore, Catte et al. (2004)
and Steegmans and Hassink (2017) find that wealth of the
buyers has a significantly positive effect on housing prices.
Generally, housing prices are also positively correlated to the
level of local wages. However, there are also cities with superior
environment where local wages are relatively low also with high
housing prices. Therefore, we might assume that areas with
higher house prices are more likely to be those with higher-
income residents whose wealth drives up house prices. This
implies that cities with relatively low technology but a relatively
high quality of environment might also attract households with
high incomes. Achieving a high income in the city with low
wages is brought about through these households that have
capital income from other cities. This implies that if a city
government spends too much on developing tourism while
ignoring the investment on R&D, the population in that city
will be people with high capital store and low skill, which drive
up the price level but do not help with the wage increase. A
typical city in China is Sanya, which is famous for its natural
environment. Its house price-wage ratio is of top 5 in China
while its average wage is even not in top 50 (Chinese National
Bureau of Statistic, 2022).

Empirical analysis
We apply the empirical analysis to support the Lucas-Prescott style
island model. The empirical analysis is based on the American
population movement data in IPUMS USA from 2016–2021 at state
level. And we use the patent data from US patent and trademark
office to proxy for the technology level, and the higher number of
patents indicates the high level of state technology level. The air
quality index (AQI), the comprehensive evaluation of pollutants
such as SO2, NO2, PM10, PM2.5, O3 and CO, from US Envir-
onmental Protection Agency to measure the environmental level.
While, the bigger AQI implies the worse state environment.

To test the impact of individual wealth and education on the
living choice, we construct the following Logit model:

ln
ProbabilityðEnvironmentali;j;t¼1Þ
ProbabilityðEnvironmentali;j;t¼0Þ

¼ α0 þ β1Educationi;j;t þ β2Wealthi;j;t þ Controlsþ Year þWorkInd þ County

ð1Þ

ln
ProbabilityðTechnologyi;j;t¼1Þ
Probability Technologyi;j;t¼0

� �
¼ α0 þ β1Educationi;j;t þ β2Wealthi;j;t þ Controlsþ Year þWorkInd þ County

ð2Þ
and Probit regression model:

ProbabilityðEnvironmentali;j;t ¼ 1Þ ¼ Φðα0 þ β1Educationi;j;t

þβ2Wealthi;j;t þ Controlsþ Year þWorkInd þ CountyÞ ð3Þ

ProbabilityðTechnologyi;j;t ¼ 1Þ ¼ Φðα0 þ β1Educationi;j;tþ
β2Wealthi;j;t þ Controlsþ Year þWorkInd þ CountyÞ ð4Þ

where i represents citizen, j represents state and t represents
year. Environmental takes value of 1 if individual i lives in a
state j with good environment quality and 0 otherwise, by the
median of AQI. And Technology takes value of 1 if individual i
lives in a state j with high technology and 0 otherwise, by the
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median of patent number. Φ is the cumulative distribution
function of the standard normal distribution. Education level
(Education) is the proxy variable for individual skill, measured
as the sequence from 1 to 11 representing the lowest education
level to the highest level and the value of home with logarithm
is used to proxy for individual wealth. Controls is a vector of
individual control variables include sex, age, logarithm of one
plus income (including rental income from housing) and
owning farm or not. And the descriptive statistics of all vari-
ables are reported in Appendix 3. To control unobservable
factors potentially affecting living choice, we further control the
year, work industry and county fixed effects, with standard
error clustered at family level.

Following Taiwo (2013), the results are presented Table 1, with
Columns (1)–(4) reporting Logit model and Columns (5)–(8)
reporting Probit model. And columns (1), (3), (5) and (7) report
the result of odds ratio, with others reporting the coefficients. The
Columns (1)-(2) and (5)-(6) show that the probability of citizens
living in states with poor environment increases with their skill
level and decreases with their wealth. And Columns (3)-(4) and
(7)-(8) reveal that those owning little wealth with high skill level
have higher chance to live in state with relatively high technology
level. In conclusion, citizens with high skill-level and little wealth
tend to choose the state with poor environment and high tech-
nology level, and these with low skill-level and huge wealth prefer
to live in state with good environment and low technology level.
This is consistent with the pervious theoretical analysis that, as
higher technology of the location and education level of the
individual bring higher wage level, those with little endowment
wealth but higher education level have to work in places with
higher technology but worse environment to enjoy higher wage to
cover their expense. On the contrast, labours with higher wealth
tend to live in a place with better environment as they can benefit
from capital rent wherever they live and they can gain more
utility from the environment. However, we only regress the
labour choice at the state level. The further research will be
conducted to test if the theory still holds at the county/city level,
which is more precise and convincible.

Conclusion
This paper describes and derives a Lucas-Prescott style island
model, to study the choices of heterogeneous agents’ decision about
where they want to live. Differing from other islands model which
assume the implementation of the stochastic technology process, it
utilises endogenous technology growth, which in turn influences
personal human capital growth. This leads to the balanced growth
equilibrium in steady state, which is potentially the first model that
combines balanced growth and the Lucas-Prescott model. Com-
pared to the conventional Lucas-Prescott models where only the
distribution is fixed in steady state, this model provides the fixed
location of each agent, which admittedly makes it less flexible.
However, that is compensated by less restrictive steady state con-
ditions, which leads to multiple steady states.

The baseline model’s steady state indicates that the islands
(cities) where people ideally want to stay in must be the islands on
the frontiers (see Fig. 2). Among these islands, agents that have a
higher speed of learning and lower capital tend to reside in urban
metropolitans, while people who rely mainly on non-wage-based
income prefer to live in a city with better environment. It leads to
the U-shape curve of the wage income inequality in terms of the
technology of these islands, which is consistent with Nord’s
(1980) research. However, in terms of total income, the inequality
is ambiguous. The two-goods model includes both tradable and
non-tradable goods, which interprets the high price-wage ratio of
the cities with good environments through the
Balassa–Samuelson effect. Even though the implications behind
the choice of a location still holds, its magnitude is increased by
the impact the price of non-tradable goods.

However, this paper does not consider the role of the government
to allocate resources to attract workers, support technology devel-
opment, and improve the environment. It also lacks the deep analysis
of the real-world data. To complete the research, the future study will
add the government to the model and suggest different policies for
the government with different goals. Then we will simulate the
model, which is calibrated based on the data of US. Also, we will
evaluate the model based on microdata of individual labour at the
county/city level. For example, apart from the labour choice, which is

Table 1 Empirical analysis.

(1) Logit (2) Logit (3) Logit (4) Logit (5) Probit (6) Probit (7) Probit (8) Probit

Odds ratio β Odds ratio β Odds ratio β Odds ratio β

Variable Environment Environment Technology Technology Environment Environment Technology Technology

Education 0.978*** −0.022*** 1.005*** 0.005*** 0.987*** −0.013*** 1.003*** 0.003***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Wealth 1.015*** 0.015*** 0.990*** −0.010*** 1.009*** 0.009*** 0.994*** −0.006***
(0.002) (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

Sex 1.001 0.001 1.006 0.006 1.001 0.001 1.004 0.004
(0.005) (0.005) (0.005) (0.005) (0.003) (0.003) (0.003) (0.003)

Age 1.002*** 0.002*** 1.001 0.001 1.001*** 0.001*** 1.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Income 1.006*** 0.006*** 1.005*** 0.005*** 1.004*** 0.004*** 1.003*** 0.003***
(0.002) (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

Farm 0.988 −0.012 0.930*** −0.073*** 0.991 −0.010 0.957 −0.044
(0.075) (0.076) (0.071) (0.076) (0.045) (0.045) (0.045) (0.045)

Constant 0.761*** −0.273*** 1.155** 0.144** 1.186*** −0.171*** 0.912*** 0.092***
(0.037) (0.048) (0.056) (0.048) (0.029) (0.029) (0.028) (0.028)

Observations 734,440 734,440 734,440 734,440 734,440 734,440 734,440 734,440
Pseudo R2 0.1982 0.1982 0.2156 0.2156 0.1982 0.1982 0.2155 0.2155
Year FE YES YES YES YES YES YES YES YES
WorkInd FE YES YES YES YES YES YES YES YES
County FE YES YES YES YES YES YES YES YES

Robust standard errors in brackets. *significant at the 10 percent level; **significant at the 5 percent level; ***significant at the 1 percent level.
The bold values is the focus as the effect of individual education and wealth level on movement choice.
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mentioned before, macro-level data of each city’s price level will be
regressed to examine the fit of the simultaneous effects of migration
and the price of non-tradable goods on each other to the model.

Data availability
The data generated during and/or analysed during the current
study are available in the supplementary files.

Received: 6 November 2023; Accepted: 19 August 2024;

Notes
1 The level of urbanization is calculated as the proportion of citizens in the urban area to
the total population within the country. The data is accessible from World Bank
database at: https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS

2 The data is accessible from World Bank database at: https://data.worldbank.org/
indicator/EN.URB.LCTY.UR.ZS

3 Metropolitan Statistical Areas are core based statistical areas (CBSAs) associated with
at least one Urban Area that has a population of at least 50,000. The metropolitan
statistical area comprises the central county or counties or equivalent entities
containing the core, plus adjacent outlying counties having a high degree of social and
economic integration with the central county or counties as measured through
commuting, according to the definition of US Census at: https://www.census.gov/
programs-surveys/geography/about/glossary.html#par_textimage_7.
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