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ABSTRACT

The primary objective of this study is to delve into the intricate interplay between workforce mobility and 
the spatial proximity to agglomerations, and their collective impact on the residential attractiveness of 
small cities in Morocco. Initially, we meticulously estimated the net migration rate, a robust and widely 
acknowledged metric within scholarly discourse, employed to gauge the territorial magnetism. Subsequently, 
employing this metric as the dependent variable, we embarked on a thorough examination of how the 
mobility of the workforce and territorial proximity to agglomerations synergistically shape the attractiveness 
of small cities. The assessment of the net migration rate unearthed a pattern of dispersion, a phenomenon 
that catalyzed our adoption of quantile regression modeling. Therefore, our rigorous analysis has unveiled 
a compelling revelation: the geographical proximity of small cities exerts a pronounced influence on their 
allure. Specifically, a closer adjacency to agglomeration zones invariably results in an augmented residential 
attractiveness. Furthermore, our research has discerned a robust correlation between heightened workforce 
mobility and an amplified migratory interest in small Moroccan cities. These compelling findings challenge 
the prevailing notion that the residential magnetism of small cities in Morocco hinges solely on their socio-
economic profile. Instead, it underscores the profound impact wielded by their spatial disposition and the 
dynamic movements of the workforce.

Keywords: Residential Attractiveness; Migration; Labour Mobility; Small City; Quantile Regression Analysis.

RESUMEN

El objetivo principal de este estudio es profundizar en la intrincada interacción entre la movilidad de 
la mano de obra y la proximidad espacial a las aglomeraciones, y su impacto colectivo en el atractivo 
residencial de las pequeñas ciudades de Marruecos. En primer lugar, estimamos meticulosamente la tasa 
de migración neta, una métrica sólida y ampliamente reconocida en el discurso académico, empleada para 
calibrar el magnetismo territorial. Posteriormente, empleando esta métrica como variable dependiente, nos 
embarcamos en un examen exhaustivo de cómo la movilidad de la mano de obra y la proximidad territorial 
a las aglomeraciones conforman sinérgicamente el atractivo de las ciudades pequeñas. La evaluación de la 
tasa de migración neta desveló un patrón de dispersión, fenómeno que catalizó nuestra adopción del modelo 
de regresión cuantílica. 

© 2023; Los autores. Este es un artículo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribución y reproducción en cualquier medio siempre que la obra original 
sea correctamente citada 

1MASAFEQ Laboratory, National Institute of Statistics and Applied Economics. Morocco.

Cite as: Khalid S, Effina D. Quantifying Urban Dynamics: An Investigation of Employment Mobility, Spatial Proximity, and Residential 
Attractiveness in Moroccan Small Cities Applying Data Science Methods. Data and Metadata. 2023;2:167. https://doi.org/10.56294/
dm2023167 

Submitted: 18-09-2023                        Revised: 20-11-2023                          Accepted: 29-12-2023                      Published: 30-12-2023

Editor: Prof. Dr. Javier González Argote 

Guest Editor: Yousef Farhaoui 

Note: paper presented at the International Conference on Artificial Intelligence and Smart Environments (ICAISE’2023).

https://crossmark.crossref.org/dialog/?doi=10.56294/dm2023167
https://doi.org/10.56294/dm2023167
https://orcid.org/0000-0003-2125-3480
mailto:sohaibxkhalid@gmail.com?subject=
mailto:effinadriss@gmail.com?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.56294/dm2023167
https://doi.org/10.56294/dm2023167
https://orcid.org/0000-0003-0257-1176
https://orcid.org/0000-0003-0870-6262


https://doi.org/10.56294/dm2023167 

Por lo tanto, nuestro riguroso análisis ha desvelado una revelación convincente: la proximidad geográfica de 
las ciudades pequeñas ejerce una marcada influencia en su atractivo. En concreto, una mayor proximidad a 
las zonas de aglomeración se traduce invariablemente en un mayor atractivo residencial. Además, nuestra 
investigación ha detectado una sólida correlación entre la mayor movilidad de la mano de obra y un mayor 
interés migratorio por las pequeñas ciudades marroquíes. Estos convincentes resultados cuestionan la noción 
predominante de que el magnetismo residencial de las pequeñas ciudades marroquíes depende únicamente 
de su perfil socioeconómico. En cambio, subraya el profundo impacto que ejercen su disposición espacial y 
los movimientos dinámicos de la mano de obra.

Palabras clave: Atractivo Residencial; Migración; Movilidad Laboral; Ciudad Pequeña; Análisis de Regresión 
Cuantil.

INTRODUCCIÓN
Territorial attractiveness is a pivotal focus for stakeholders invested in matters about territories, economics, 

societal dynamics, and evolving communities due to globalization and delocalization. It involves competition 
to entice and secure investors, manufacturers, and skilled labour. Territories and their stakeholders need to 
focus on attracting external resources to enhance their competitiveness. This requires adopting strategies for 
fortifying territorial appeal.

The residential attractiveness of a territory is its ability to attract inhabitants and revenue. Various economic, 
social, and spatial factors contribute to a city's appeal. Employment opportunities have the greatest impact 
on the ability of urban areas, particularly smaller cities, to attract people in Morocco. This paper examines 
the effects of labour mobility and proximity to major employment centers on the residential attractiveness of 
small cities in Morocco.

First, we needed a measure to evaluate a city's ability to attract people. The best indicator for this is the net 
migration rate, used in existing research to measure migration patterns. However, since the High Commission 
for Planning in Morocco doesn't release migration data, we estimated the net migration rate for each small city 
in Morocco. This enabled us to draw meaningful conclusions using appropriate statistical models.

DATA AND METHODS
Target population, definition of small city

The term "small city" does not have a universal definition. Similarly, due to the diversity of territories and 
urban areas, it is impossible to create a single typology for urban spaces.

Small’s city heterogeneous category in terms of number of inhabitants has never yet found a consensus.(1) 
Moreover, the role of small and medium-sized cities varies according to different criteria, such as accessibility 
or service provision which does not allow them to be represented as a homogeneous group. Given their diversity, 
public policies for these cities are not very well developed, especially in a context that values the metropolitan 
fact.

In most cases, the approach used to describe this type of urban formation is based on several criteria, such 
as the administrative criterion, the functional criterion, and the morpho-statistical criterion.

For this article, the morpho-statistical criterion will be the basis for the definition of a small city. The High 
Commission for Planning of Morocco specifies that an urban area is considered to be a small city if it falls within 
the category with a threshold of between 1000 and 50,000 residents. According to this criterion, the urban 
framework of Morocco includes exactly 292 small cities, According to the most recent Census of Population and 
Habitat, conducted in 2014.(2)

List of variables
The phenomenon of attractiveness depends on several factors: social, economic, and geographical.(3) As 

mentioned before, the objective of this paper is to test the causality between the mobility of working population 
and spatial proximity on the capacity of small cities to attract new migratory flows. On the other hand, we seek 
to discover whether the attractiveness of a small city is linked to the socio-economic framework it provides, or 
whether its capacity to attract is also conditioned by other latent phenomena such as labor mobility.

The attractiveness of a territory is theoretically linked to its geographical environment and proximity to 
employment basins,(4) and for small cities, this fact can have a huge influence on their capacity to polarize and 
attract people,(2) even though it remains latent and veiled by the other determinants. A small city can appear 
attractive, not because of the economic and social conditions that it guarantees, but simply because it is 
considered to be the place of residence of a demographic group that has a significant impact on the migration 
phenomenon, namely the active occupied population. Of course, a worker, even if he lives in a given territory, 
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can choose to work outside his home area. The area of residence is considered attractive for this worker, but 
his choice is probably only based on factors of proximity and the job offer provided by his second work territory.

To investigate this matter several indicators related to migration, employment, worker mobility and 
territorial proximity were used. The table below contains the variables used in this article and their respective 
descriptions.

Table 1. List of variables
Label Type Explanation
Net migration Rate Continu City's net migration rate, author's estimate.
Employment rate Continu City's employment rate, official census data.
Working_ouside_city Continu The share of employed persons living in the city and 

working outside it, official census data.
Agglomeration Distance Categorical

<30 min

30-60 min

≥60 min REF

The distance between the city and the nearest 
agglomeration. The distance is expressed as the 
mobility time needed between the city and the 
nearest agglomeration using the shortest route 
and the maximum speed allowed, official data with 
author’s own manipulation.

Data sources and tools 
Several statistical and geographical tools have been used. Regarding statistical manipulation and econometrics 

modeling,all figures and outputs have been the authors' own production under R language. The manipulation 
and treatement of geographical data was the authors' own production under arcGIS softward. The analysis of 
varaince was the authors' production with Orange software.

All data except the estimate of the net migration rate were provided from official publications of the High 
Commission for Planning. This paper relies in particular on two different exhaustive surveys conducted in 2004 
and 2014 by the High Commission on Planning (HCP) in Morocco. The General Population and Housing Census 
(RGPH) of 2004 and 2014 provides data on births, deaths, fertility rates, the proportion of the population in 
employment, etc.

Quantile regression theoretical framework
Modeling by the average is an approach often criticized.(5,6) Although the average is essential to provide 

information on the phenomena studied, this approach remains very limited. Indeed, the study of the average 
of the net migration rate does not provide information on the unequal distribution of migration flows between 
cities.Moreover, modeling by the average has a technical limit, since it is difficult to follow this approach in the 
presence of extreme or outlying values, to which the average is more sensitive than the quantiles.(7,8) Indeed, 
when the distribution of the response variable is very spread out, which is our case in the modeling of the net 
migration rate, the average can vary excessively depending on the sample taken into consideration.(9)

For the reasons given above, quantile regression is considered a practical technique to address the 
limitations of average modeling. It provides a more accurate description of the distribution of a response 
variable conditional on its determinants.

The purpose of quantile regression is to evaluate how the conditional quantiles q_t (Y│X) gets modified 
when the independent variables, X = (1, X1, …Xp)'in the model vary.

The formula for conditional quantiles is given below:
  qt (YIX)=inf(y:F(XIY)  (y)≥τ) (1)

Each independent variable Xk has its own behavior according to each quantile. In the usual and standard 
quantile regression it is assumed that the quantiles of the conditional distribution have a linear form. So they 
can be written in the following form (10)

qt (YIX)=X’βt (2)

Each τ has an own vector of coefficients:
 β_τ=(1,β_(1,τ),…β_kτ)’ (3)
The model can be written in the following analytical form:
 Y=X^’ β_τ+ε_τ  with qτ (ετIX)=0  (4)
Equation (4) is close to that of the usual linear regression condition, but there is a fundamental difference, 

in quantile regression, the coefficients can change as the quantile.
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RESULTS
Estimation and Mapping

The net migration rate is considered to be the most relevant indicator for measuring the territorial dynamics 
of migration,this indicator is also the most widely used proxy for measuring the residential attractiveness of 
territories. Given that the High Commission for Planning in Morocco does not publish its own data on migration, 
estimating this aggregate seems necessary.

Therefore, we first estimate the net migration rate as the difference between the total population growth 
and the natural balance rate. The natural balance rate is measured as the excess of births to deaths in a city 
and is derived from fertility and child mortality data between the last two censuses of 2004 and 2014.

The estimation equation can be defined as:
 Net Migration Ratei=Overall Growth Ratei-Natural Growth Ratei (5)
For each city i such as i= {1, 2…292}.
 Natural Growth Ratei=Rate Birthsi-Rate Deathsi (6)
Where i refers to city such as i= {1, 2…292}.
Cartography is one of the privileged tools in geography for analysis and popularization of space data. It is 

commonly used to better visualize, analyze, and understand space, territories, and landscapes. 
Hence, this sub-section will be consecrated to the spatialization of two main indicators that provide 

information on the residential attractiveness of small cities and worker mobility, respectively. 
Firstly, we will realize the mapping of the estimated net migration rate, Secondly, we will also realize the 

Mapping of worker mobility, estimated by the share of workers residing in the small city and working outside 
of it.

Figure 1. Net Migration Rate per City

The figure above shows that the attractiveness of small cities is linked to their spatial location; in fact, 
proximity to the coast or to an agglomeration has a significant positive impact on the net migration rate per 
city. This observation makes spatial proximity, especially to an agglomeration, a justifiable factor to study its 
influence on the attractiveness of small cities in Morocco.
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Morocco's small cities can be categorized into two axes: the coast and the interior. The coast has become 
a highly concentrated urban area, with the most dynamic small cities situated nearby. On the other hand, 
moderately dynamic cities are located in the interior. Unfortunately, most small cities experience demographic 
decline due to their relative isolation from large agglomerations or their lack of economic dynamism. However, 
these small cities represent an opportunity for strengthening the national urban framework, particularly 
because of their location in sensitive areas such as border and oasis areas, and rural production areas.

Agglomerations play an important role in attracting small cities. 80 of them are located in the first ring (30 
minutes away or less from the agglomerations), 100 in the second ring (between 30 and 60 minutes away), and 
112 outside the area of influence (more than 60 minutes). 

Between 2004 and 2014, small cities located in the first ring recorded the highest average annual growth 
rate reaching 4 %. Those of the second ring is significantly lower, at 2,6 %. Cities outside the zone of influence 
of the agglomerations, i.e. those further away than 60 minutes, have an average growth rate of only 2,2 %. 

After mapping the net migration rate, we will do the same for the share of employees working outside 
the city. It will help us to better visualize labor mobility and make the right conclusions based on the spatial 
interaction of labor mobility and the small city’s spatial proximity to an agglomeration.

Figure 2. Proportion of Employed persons working outside per City

The two maps above show that external employment mobility tends to follow the same pattern and spread as 
the net migration rate. This observation leads us to suspect a causal link between the residential attractiveness 
of small cities, the geographical positioning, and the mobility of their workers. However, these conclusions are 
only based on observations, and we will need to verify them statistically.

Primly statistical analysis
As can be seen in the table and figure below, the net migration rate is characterized by a fairly wide 

distribution and contains many outliers. The net migration rate is significantly positively correlated with the 
rate of employment (0,43***) and the rate of employed persons working outside the city (0,42***). This finding 
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highlights that migration flows progress in the same direction as the rate of employment and the high mobility of 
employed persons. The more attractive a city, the more likely it is that there will be a high rate of employment 
and strong out-mobility rates.

Figure 3. Correlation and dispersion

Table 2. Descriptive statistics
Statistic N Mean St. Dev. Min Max
Net.migration.Rate 292 0,924 3,786 -5,221 35,317
Employment.rate 292 35,808 6,722 18,218 61,798
working_ouside_city 292 16,958 11,803 0,900 65,300

In this subsection, we will perform an analysis of variance (ANOVA) to test whether or not a city's net 
migration rate interacts with its distance from an agglomeration (the nearest one).

The hypotheses (ANOVA)
H0: The null hypothesis states that: all averages of the net migration rate for each agglomeration distance 

are equal.
H1: The alternative hypothesis states that: There is at least one agglomeration distance whose average net 

migration rate is different from the others.

Table 3. ANOVA results
Statistic N Mean St. Dev. Min Max
Df 2 145,500 202,940 2 289
Sum Sq 2 2 085,438 2 273,995 477,481 3 693,395
Mean Sq 2 125,760 159,778 12,780 238,741
F value 1 18,681 18,681 18,681
Pr(> F) 1 0,00000 0,00000 0,00000

As can be seen in the table upper, P_value<0,001, which means that the null hypothesis is rejected. The 
average net migration rate changes according to the distance between the city and the nearest agglomeration. 
Furthermore  the figure below demostrate that the average of classes in terms of net migration rate increases 
as the proximity to an agglomeration. In addition, cities in the first ring with a distance of less than 30 minutes 
from a metropolitan area are by far more attractive than other cities. Thus, we can argue that a city is more 
likely to be more attractive residentially when it is geographically closer to an agglomeration.
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Figure 4. ANOVA illustration

Result of quantile regression analysis 
A quantile regression model was designed to capture the interaction of the chosen explanatory variables 

with the residential attraction phenomenon of small cities, which is characterized by high variability and 
dispersion. 

The quantile regression coefficients can change according to the quantile, this characteristic makes it 
possible to capture the change in the behavior of the explanatory variables with regards to the different levels 
of the net migration rate. 

Our model could be expressed as following:
Y=X^’ βτ+ετ (7)
Net Migration Rateτ=
β(0,τ)+β(1,τ)  Employment Rateτ+β(2,τ)Distance agglomeration “<30 min” τ+β(3,τ)Distance agglomeration”30<<60 

min” τ+β(4,τ)Working_outside_Cityτ+ετ (8)
Hence, we exposed below the quantile regression coefficients (9 quantiles):

Table 5. Quantile Regression Results

Intercept Employment 
rate

Distance 
agglomeration 

<30 min

Distance 
agglomeration 30 

min< <60 min

Working_
outside_city

tau=0,1 -7,446 0,149 0,470 0,455 0,033
tau=0,2 -6,579 0,139 0,430 0,485 0,037
tau=0,3 -5,831 0,128 0,630 0,284 0,038
tau=0,4 -5,822 0,142 0,470 0,152 0,035
tau=0,5 -5,769 0,150 0,845 0,115 0,029
tau=0,6 -5,345 0,148 0,900 0,211 0,032
tau=0,7 -5,252 0,159 0,730 -0,218 0,048
tau=0,8 -5,707 0,187 0,991 -0,276 0,054
tau=0,9 -6,820 0,200 0,689 -0,322 0,222

The analysis of the quantile regression coefficients of the employment rate shows that the supply of 
employment has a positive influence on the net migration rate. This influence is characterized by an upward 
trend, the more attractive the city, the greater the contribution of the employment rate becomes. 

Regarding spatial dimension, the coefficients of the distance variable from a city showed that cities in the 
second ring (between 30 min and 60 min) of agglomerations still have a slightly positive influence on their 
attractiveness. This effect is quite interesting in the sense that it confirms the descriptive and ANOVA results 
analyzed earlier in the sense that, even at a small scale, agglomerations still exert their influence on the small 
cities of the second ring.
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Worker mobility is the most interactive variable with the city’s residential attractiveness. Indeed, the 
contribution of mobility shows a positive sharp upward trend with the evolution of the ability of the city to 
attract people. This phenomenon proves that the attractiveness of small Moroccan cities is conditioned by the 
mobility of workers, and this factor weighs even more heavily when the city is more attractive. This evidence 
proves that the most attractive small Moroccan cities are marked by the high external mobility of workers. 
in other words, these cities are undoubtedly under the influence of the proximity of the employment basin, 
making a large proportion of their workforce related to the jobs generated by other neighboring territorial 
entities.

Employment Rate,QR Coefficients’s Agglomeration Distance <30min, QR Coeffi-
cient’s

Agglomeration Distance 30min<= <60min, QR 
Coefficient’s

Working outside the City, QR Coefficient’s

Figure 5. Quantile regression’s coefficients

DISCUSSION
Our results show that the temporal proximity of a small city to an agglomeration and the high external 

mobility of its workers are evenly correlated. In other words, the most attractive cities, compared to the least 
attractive ones, are in fact those that are closest to an agglomeration and at the same time those that are 
characterized by a higher proportion of resident workers who work outside its spatial borders.(11) This duality 
between the spatial proximity of the small city and the high external mobility of the workforce clearly shows 
that the attractiveness of small cities in Morocco is masked by latent effects other than the socioeconomic 
framework that they provide. As a result, the spatial dimension has a rather strong impact on the migration 
dynamics of the small urban areas in Morocco.

These results confirm that job proximity is a major factor in where households choose to live in small cities. 
They supplement qualitative research based on perception questionnaires.

In a qualitative study conducted by Edouard(17) the latter confirms that the proximity of employment, 
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although not considered as an attribute of quality of life or well-being, is strongly involved in the orientation 
of managers' location choices. Indeed, the quality of life in certain locations is determined by the set of basic 
economic components, including the proximity of employment and the quality of the necessary facilities, like 
roads and highways,(3) to ensure everyday mobility between residence and workplace. In this regard, we would 
like to highlight that our results take into account the quality of transport facilities in the sense that the spatial 
proximity considered in this work is expressed in time, which is different from spatial distance in kilometers.

Living close to employment areas, particularly in metropolitan areas, is emphasized in studies on housing 
patterns. Households go through two stages of choosing a place to live. Firstly, they choose an area at a 
reasonable distance from their work. Secondly, they refine their choice according to subjective preferences. 
The final decision on where to live is a combination of proximity to employment and subjective factors, 
especially in small cities.(13,14)

Moroccan cities' attractiveness is based on their location relative to densely populated areas and access to 
employment. Small cities' migration patterns depend on infrastructure availability, such as good-quality roads, 
highways, and railways. The map of the most appealing small cities in Morocco follows the main communication 
networks, such as highways.

Several government studies, such as the study on the competitiveness of small cities in Morocco, have 
underlined that the accessibility of communication networks plays an indispensable role in promoting the 
attractiveness of small cities in Morocco.(2) It was during the colonial period that communication networks, 
in particular roads and railways, were imposed as the historical heritage skeleton of the urban framework. 
Since then, although the road network has developed with a network of highways and the multiplication of 
national, provincial, and secondary roads, in reality, the first skeleton is still in major play, without the new 
axes gaining in importance. In particular, building highways has affected negatively all the small cities that have 
not been connected to them,(15,16) in this same trend, the creation of a dignified basic infrastructure supports 
the emergence of other aspects of territorial attractiveness, such as the tourisme attraction.(14) In fact, the 
highway in Morocco favors the big cities and penalizes the small ones that used to benefit from the passage. 
The same applies to airports, which are often located outside large cities and have no proper connection with 
the surrounding area.

Cities follow a universal spatial logic. Large and small cities distribution is determined by geography, history, 
and economy, and tends to develop along a valley or major communication route like rail or road,(11) this is 
known as the linear urban framework, this form of urbanization differs from circular arrangements, giving rise 
to a series of small, more or less autonomous bodies and cities that spread out, forming a street of towns.(17)

Small cities' development is influenced by multiple factors, including historical, administrative, natural, and 
functional determinants. Though historical heritage fades over time, the other determinants shape cities and 
territories more permanently. The combined effects of natural and functional determinants have significantly 
shaped the Moroccan territory, especially the urban framework.

In terms of development, natural factors like relief, water, soil resources, and proximity to the coastline 
or agglomeration are potential factors that can be exploited by territorial managers. However, these factors 
can lead to the concentration of populations and activities in certain areas, leading to negative impacts on 
disadvantaged territories. Public authorities must intervene to ensure spatial equity. In Morocco, coastal 
and agglomerated areas have had the largest human concentrations historically, and urbanization policy has 
prioritized the development of large and medium-sized cities in these areas. Unfortunately, this has led to 
neglect of smaller cities and rural areas in the interior.

Small cities in Morocco have not received enough support to fulfill their potential roles as centers for 
local services and activities. To address this issue, a coordinated strategy for their development should be 
implemented, which includes strengthening their human and material capacities to improve their attractiveness 
and competitiveness. Development actors should work together at national, regional, and local levels to achieve 
this objective.

CONCLUSIONS
This article found that the attractiveness of small cities in Morocco is influenced by their location and 

accessibility for the workforce. Small cities can be appealing for workers who choose to live there while 
working elsewhere, especially if they are located near larger urban centers. Thus, the attractiveness of small 
cities is not solely due to their economic and social environment. Small cities in Morocco need attention to 
preserve socio-economic balance. Local authorities must develop policies to promote and integrate small cities 
and prevent them from becoming dormitory areas.
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