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Abstract 
Expeditious increase in population and industrialization has led to alarming rates of air pollution 
in all countries. However, developing economies have had to face a more adverse and severe 
impact. This had led to many changes in the day to day living of citizens. In this paper we have 
focused on the psychological process and predictors of migration intention of the people living in 
Hanoi, Vietnam. Two stratified random datasets of 475 people were used, and Bayesian analysis 
was performed on this dataset. We found out that the intent to move was negatively associated to 
the individual’s satisfaction with air quality. We also found that people who have family members 
that have fallen victim to a disease caused by air pollution are more likely to migrate. This paper 
discusses an important topic: immigration of the younger demographic, i.e. the Hanoi workforce, 
which may cause restrictions and hurdles in the city's urbanisation and development. The 
findings suggest that, if measures against air pollution are not taken, economic forces may be 
disrupted, posing a threat to urban growth. As a result, collaborative activities and steps need to be 
taken by the government to curb this unfortunate consequence. 
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Introduction 
 
Air pollution is all around us, and poses as a complex socio-environmental problem. The 
relationship between health and air pollution as a subject has been researched intensely for the last 
few decades. An increase in mortality, physiological stress, bioaccumulation and disturbance in 
activities of certain wildlife species has been observed with an increase in pollution [1]. In addition, 
older age groups are at a higher risk of air pollution related mortality [2]. More than 25,000 new 
cases of chronic bronchitis in adults and more than 290,000 episodes of bronchitis in children are 
recorded per year as a result of exposure to polluted air [3]. This health crisis is predominantly a 
problem in developing countries; 65% in Asia alone [4]. 
 



In Vietnam, after Đổi Mới and urbanisation- there was a boom in the population, and soon 
transportation, power plants, industry and fuel usage  became major contributors to air pollution. 
The current study’s purpose is to understand the intention behind the out-migration of the people 
of Hanoi - one of the most polluted capital cities [5]. 
Migration is a complicated process in which a number of 'macro', 'meso', and 'micro' elements 
interact to influence an individual's decision to migrate. Elements such as political, demographic, 
socioeconomic, and environmental conditions are macro elements, these are out of an individuals’ 
control and often force migration unto them. Meso elements are influenced by social life and 
relationships. However, 'micro-factors' such as education, religion, marital status, and personal 
attitudes about migration play a significant impact in determining whether to migrate.[6] 
Luong et al. found that the increase in particulate matter was positively related to the respiratory 
admissions of young children in hospitals of Hanoi [6]. If the environmental conditions are not 
improved in the city of Hanoi in coming years, then it will lead to migration of young, healthy 
people, and lead to a shift in the economic centre of the country hindering urban development. 
 
There have been many studies carried out to find out the impact of air pollution on the lives of 
people in the urban cities [7, 8], which inspire to conduct this study. This study is a part of 
assignment project of Introduction to Statistics and Probabilities class, which attempts to enlighten 
up the fact as to why the local government should take steps to improve the air quality and also 
verifies the effects of population migration caused by air pollution.  
 
The objective of this study is to: 

• To examine the impact of satisfaction, health condition being affected due to current air 
quality, and moving cost of migration on the intent to migrate. 

Materials and method 
Materials 
The information used in this study came from two available databases about Hanoi residents' 
attitudes toward air pollution [9, 10]. The two datasets have been procured from two different 
survey collections using stratified random sampling methods at the central and suburban areas of 
the city, respectively. The survey collections were organized in November and December of 2019. 
Hanoi was chosen as the study site for the following three reasons: 
1) Hanoi was ranked among the top 10 of the most polluted capital cities around the world [5]; 
2) Hanoi is one of the fastest growing cities in Vietnam;  
3) Hanoi is the second largest and most populous city in Vietnam. 
 
According to Khuc et al. [10], the survey collection comprised of three steps. To begin, the 
collectors were hired and well compensated in order to motivate them to perform well during the 
collection procedure. Two four-hour lectures were also arranged to help the collectors comprehend 
the project's goals and the questionnaire. During the event, participants will learn the necessary 
skills and procedures for extracting information from respondents. 
 
Two pilot tests showed that the final version was error-free, clear, and easy to grasp. Finally, the 
collectors conducted face-to-face interviews with the respondents and maintained mutual 
engagement and communication throughout the survey collection process to resolve any concerns 
or queries that arose. The variables description is presented in Table 1: 



 
Table 1: Variable’s description 

Variable Meaning Type of variable Value 
MoveCity Whether the 

respondent had the 
intention to out-

migrate from Hanoi 
due to air pollution 

Binary No = 0 
Yes = 1 

AirSatisfaction The respondent’s 
evaluation towards 

the current air quality 

Continuous From 1 (very 
dissatisfied) to 5 
(very satisfied) 

AirDisease Perceiving a family 
member has been 

sicked because of air 
pollution 

Binary No/ Do not know = 0 
Yes = 1 

 
From the dataset, we created two variables for statistical analysis: one predictor variable and one 
predicted variable. The predicted variable MoveCity is made up of two 'yes' and 'no' responses to 
the question "Do you intend to transfer your family and work in another province with less 
pollution?" The AirSatisfaction variable measures how satisfied urban residents are with the 
present air quality level by asking the question "Overall, how satisfied are you with the air quality?" 
Besides the variables in the dataset, we generate one variable named AirSatisfaction*AirDisease 
which is the interaction between AirDisease and AirSatisfaction. 
 
Model construction 

We build a model based on the Mindsponge Framework of information processing to examine the 
behaviour of domestic migration driven by air pollution [11, 12]. The paradigm has been used 
successfully to investigate the psychological factors that govern human behaviour [13-15]. The 
goal of the model is to look at the effects of people's contentment with present air quality as well 
as the moderation effects of air pollution on their families’ health. In the Mindsponge framework, 
the mind is compared to a sponge that squeezes out unsuitable values while absorbing new ones 
that are compatible with its core value. These core values can be governed by financial benefits 
or comfortable living. 
 
For ideation to develop within an individual's mind, the Mindsponge mechanism implies that 
information must pass through a multi-filtering system employing cost-benefit assessments. When 
the idea of migration is accepted into an individual's brain as a good choice, we anticipate that they 
will intend to move and work in another city. Migration, on the other hand, will be rejected if it is 
deemed to be unfavourable, and the individual will have no desire to migrate. 

Based on this premise, we hypothesised that someone who is more satisfied with existing air 
quality views the act of relocating to another place as less advantageous. Furthermore, we 
suspected the presence of two additional elements that influence the cost-benefit analysis of the 
migration notion by moderating the impact of air quality satisfaction on migration intention, 



namely, disease caused by air pollution. As a result, we theorized that people are more likely to 
migrate if they observe their relatives' health is deteriorating. 

Model can be presented by the following specification: 

Model: 𝑀𝑜𝑣𝑒𝐶𝑖𝑡𝑦	~	𝑎_𝑀𝑜𝑣𝑒𝐶𝑖𝑡𝑦	 + 	𝑏_𝐴𝑖𝑟𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛_𝑀𝑜𝑣𝑒𝐶𝑖𝑡𝑦	 ∗ 	𝐴𝑖𝑟𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛	 +
	𝑏_𝐴𝑖𝑟𝐷𝑖𝑠𝑒𝑎𝑠𝑒_𝐴𝑖𝑟𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛_𝑀𝑜𝑣𝑒𝐶𝑖𝑡𝑦	 ∗ 	𝐴𝑖𝑟𝐷𝑖𝑠𝑒𝑎𝑠𝑒 ∗ 𝐴𝑖𝑟𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛  (1) 
 
Methods and validation 
The Bayesian analysis was employed because of the following mentioned five reasons. Firstly, It 
is important to note that science is facing a reproducibility crisis right now, meaning a lot of studies 
across different fields (psychology [16] and social sciences [17] are not excluded) could not be 
replicated. One of the main reasons is suggested to be the wide sample-to-sample variability in the 
p-value. For not being dependent on the p-value, the Bayesian inference approach is a good 
alternative because it treats all the properties probabilistically, including the unknown parameters. 
Secondly, this characteristic of Bayesian analysis has high compatibility with the current study’s 
design, which is explanatory research. The study employed the Mindsponge framework to explain 
the psychological process that might lead to the migration intention. Considering the above 
mentioned reasons we can say that the Bayesian analysis helps us consider impacts of 
undetermined factors while maintaining the rule of of parsimony for the explanation [18]. 

The impact of AirDisease variables was investigated in our models. Regressing the supposedly 
correlational variable could lead to confusing results. As a result, we decided to consider the 
variable as an interaction variable in order to make its impact non-linear. The treatment 
complicated the model, necessitating a larger sample size for accurate estimation [19]. 
Nonetheless, the Markov Chain Monte Carlo approach, which incorporates Bayesian analysis, 
creates a huge number of parameter samples using stochastic Markov chain processes, which aids 
in the accurate fitting of complex models. In addition, MCMC Bayesian analysis delivers a more 
precise small sample size dataset than the Frequentist approach [20].  
For validating the simulated posterior outcomes, we adopt a three-pronged validation strategy. 
Initially, we tested with the convergence check using both the diagnostic statistics and plots. The 
statistics include the effective sample size, and the Gelman shrink factor, while the plots include 
the trace plot, Gelman plot, and an autocorrelation plot. The Results section contains a more 
detailed description and interpretation of the diagnostic statistics, plots, weight comparison, and 
prior-tweaking technique. 

The bayesvl R package was used to perform Bayesian analysis in the current study for three 
reasons: 1) it is a cost-effective alternative; 2) it has a great capability to visualize eye-catching 
graphics; and 3) it is easy to be operated [21, 22].  

Results 

We examined the Model using a Bayesian analysis to test the assumptions we made before. We 
used Bayesian MCMC simulation with 5,000 iterations, 2,000 warm-up iterations, and four 
Markov chains to estimate these three models. All of the models' simulated results and technical 
validity using 'uninformative' priors are given in this way. The analysis was carried out on samples 
that had a higher proportion of male respondents than female respondents (54.53 percent versus 



45.26 percent). The majority of the samples were from people aged 10 to 30. (61.47 percent). Due 
to air pollution, nearly 5% of the 475 respondents said they planned to relocate their family and 
employment in another city. 

Through these graphs and models we found out that air satisfaction and air disease both have a 
direct relation to move city, air satisfaction has an inverse relation and air disease has a direct 
one. 

The model examined the effects of citizens’ satisfaction with air quality and its interactions with 
perceived air quality affecting their relatives’ health conditions on migration intention. The 
model’s logical connection is shown in Figure 1. 

 

 
Figure 1: Model’s logical network 

The effective sample size (n_eff > 1000) and Gelman shrink factor (Rhat = 1) of all simulated 
posterior coefficients portray a good convergence of the model’s Markov chains (see Table 2). The 
convergence is also visually diagnosed using the trace plots, autocorrelation plots, and Gelman 
plots. 
 
Table 2: Simulated posterior coefficients for Model 



Parameters Mean SD n_eff Rhat 

Constant -1.95 0.72 4252 1 

AirSatisfaction -0.18 0.33 4045 1 

AirSatisfaction*AirDisease -0.21 0.20 5672 1 

Note: 
* SD = Standard deviation 
** The effective sample size (n_eff) and Gelman value (Rhat) of simulated results with different 
priors are almost similar, so only the n_eff and Rhat of simulated results using uninformative 
priors are presented. 

 
The trace plots of all posterior parameters are shown in Figure 3. The posterior values of each 
parameter are represented on the y-axis of the trace plot, while the simulation iteration order is 
represented on the x-axis. Markov chains are the coloured lines in the middle of the trace plot. 
Markov chains can be deemed good-mixing and stationary if they oscillate round a central 
equilibrium. These two traits are a solid convergence indicator. 
 



 
Figure 3: Trace plots for the posterior parameters of the Model 
 
Figure 4 shows Gelman graphs of Model's parameters. The shrink factor (or Gelman factor) is used 
to measure the ratio between the variation between Markov chains and the variance within chains 
on the y-axis of the Gelman plot. Meanwhile, the x-axis depicts the simulation's iteration order. 
As can be seen, throughout the warm-up iterations, the shrink factors of all parameters rapidly 
drop to 1, indicating that there is no divergence across Markov chains. As a result, the Markov 
property is preserved. 



 
Figure 4: Gelman plots for Model’s posterior parameters 

Another further step to validate the convergence of Model’s is to diagnose the Markov chains’ 
autocorrelation levels visually (see Figure 5). The x-axes of the autocorrelation plots represents 
the number of Markov chains’ lag, while the y-axes show the average level of autocorrelation of 
each chain. Visually, the average autocorrelation level declines substantially before the fifth lag, 
inducing all parameters to acquire a great number of effective samples. The autocorrelation plots’ 
demonstrations again confirm the convergence of Model’s Markov chains. 

 



 
Figure 5: Autocorrelation plots for Model’s posterior parameters 

We discovered that people' satisfaction with air quality was negatively associated with their 
intention to relocate to another city (𝜇!"#$%&"'(%)&"*+=-0.18 and 𝜎!"#$%&"'(%)&"*+=0.33), based on the 
simulated posterior results of Model. This finding supports our hypothesis that satisfied people are 
less inclined to migrate because the benefits of leaving the city are lower. The cost-benefit analysis 
of urban inhabitants' movement decisions as a result of air pollution, on the other hand, is far more 
complicated. Perceived a family member is affected by poor air quality moderated the effect of air 
satisfaction on migration intention (𝜇!"#$%&"'(%)&"*+∗!"#-"'.%'. =	−0.21 and 
𝜎!"#$%&"'(%)&"*+∗!"#-"'.%'. = 0.20).  



 
Figure 6: Distributions Model’s posterior coefficients with HPDI 89% 

The interval plot (see Figures 6) is used to test the dependability of Model's parameter 
distributions. The x-axis of the structure displays the posterior values of parameters. The 
coefficient of air satisfaction is mostly on the negative side of the axis, as can be seen in the graph, 
indicating a reliable negative relationship between AirSatisfaction and MoveCity. The distributions 
of the coefficients AirSatisfaction and AirSatisfaction*AirDisease are both negative, showing that 
the moderation effects of perceived availability of a better alternative and lower moving costs are 
most likely to be negative. 

Note from figure 6 that AirSatisfaction*AirDisease has a greater moderation effect. Because the 
x-axis has a higher proportion of negative values than the y-axis, the moderating effect of 
AirSatisfaction  can be considered more dependable than AirSatisfaction*AirDisease. 



 

Figure 7: Pairwise distribution plot for Model 1’s AirSatisfaction and AirSatisfaction*AirDisease 

Discussion 

Without a doubt, technological advancements make our world easier, and while it may appear 
difficult to prevent the adverse effects of air pollution, but it is the need of the hour. The paper's 
purpose is to investigate the effects of people's satisfaction with current air quality, as well as the 
moderating effects of air pollution on the health of their families. The data for this study came 
from two publicly available datasets on Hanoi people's views on air pollution. The majority of the 
samples came from people between the ages of 10 and 30 (it's 61.47%). Nearly 5% of the 475 
respondents indicated they planned to migrate their family and employment to another city due to 
air pollution. We employed Bayesian analysis. The paper's aims to understand the psychological 
elements that govern human behaviour. The paper's purpose is to investigate the effects of people's 
satisfaction with current air quality, as well as the moderating effects of air pollution on the health 
of their families. People’s satisfaction with air quality was negatively associated with their intent 
to move. But, if there are too many disadvantages to migration and it is viewed as financially 
draining, the notion to migrate is rejected. We found that families, where someone had already 
been a victim of a disease caused by air pollution, were more likely to move. Cost beneficial as 
medical treatment is very expensive. Health concerns to keep the family safe from other impending 
diseases. Increasing education, training, public awareness, and public participation are some of the 



key steps for optimizing the chances of meeting the targets and goals on the critical issue of climate 
change and pollution. Governments should disseminate appropriate information, educate citizens, 
and involve professionals in these concerns in order to successfully control the rise of the problem. 
Despite the challenge of eliminating human environmental pollution, a viable solution might be 
imagined as a close partnership between authorities, bodies, and physicians to bring the issue under 
control. As a supplement to the successful handling of the harmful health impacts associated with 
air pollution, a global preventative policy should be created to address human air pollution.  
We argue based on our findings that environmental issues should not be restricted to the scope of 
the environmental study itself. Economics and sociology must be taken into account. The concepts 
of socio economics may seem insignificant bur environmental stressors can act as catalysts to mass 
migration, especially when low- and middle-income countries are more severely affected by 
such climate change hazards [23]. Aside from political interventions and technological 
infrastructure development [24], it is necessary to replace the current 'eco-deficit culture' among 
the developing economies with the 'eco-surplus culture,' particularly among private sectors, to 
prevent environmental problems from worsening [25, 26].  
 
For the sake of transparency, we've listed the limitations of our research [27]. Because the samples 
were only taken in a city, the findings may not be indicative of the relationships between health 
and economic determinants and migration intentions among rural residents. Furthermore, because 
our interpretations were focused on Hanoi's environmental and economic development levels, the 
effects of health and economic determinants on migration should be confirmed using samples from 
other developing nations, not just Vietnam. 
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