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 
Abstract—In developing countries, such as Lebanon, the 

demographic data are hardly available due to the absence of the 
mechanization of population system. The aim of this study is to 
evaluate, using only remote sensing data, the correlations between the 
number of population and the characteristics of roads network (length 
of primary roads, length of secondary roads, total length of roads, 
density and percentage of roads and the number of intersections). In 
order to find the influence of the different factors on the demographic 
data, we studied the degree of correlation between each factor and the 
number of population. The results of this study have shown a strong 
correlation between the number of population and the density of 
roads and the number of intersections. 

  
Keywords—Population, road network, statistical correlations, 

remote sensing.  

I. INTRODUCTION  

HE accurate determination of population size and 
distribution is an important data source for urban planners 

and decision makers to handle social, economic and 
environmental challenges [1]. However, the traditional ways 
of population estimation (e.g. census or population registers) 
seem to be inefficient in developing countries which do not 
contain well-organized statistical and technological systems 
[2]. For this reason, researchers in urban geography have been 
interested in establishing models to estimate population in a 
determined area which has been called “social physics” [3]. 
After that, several equations have been proposed to describe 
population [4]-[6]. Although those equations could be used to 
explain population distribution through population density, 
they were not efficient to estimate population data. Moreover, 
those equations were not valid world widely; they were 
suitable for certain locations [7], [8]. For this reason, aerial 
interpolation has been used as a method for population 
estimation. This interpolation could be done with or without 
ancillary information and using several methods such as point-
based methods or area-based methods [9], [10]. Moreover, the 
use of remote sensing data provides a low cost and time 
consuming procedure for population estimation [11]. In the 
1950s, the lack of data as a result of low census frequency [12] 
and the need to check census results [13] pushed towards the 
initiation of a new approach based on the combination 
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between remote sensing and statistical modeling to estimate 
population since it depends from several spatial factors which 
can be extracted using remote sensing. [5], [6], [14]. In 
general, several factors have been used to establish the 
correlation between spatial elements and population data: 
urban areas [15], [16], land use [17], [12], dwelling units [18]-
[21], image pixel characteristics [22], [23] and other physical 
or socioeconomic characteristics [24]-[27]. In this context, the 
geographic information system (GIS) constituted a revolution 
in population estimation since it allows the integration of 
several types of data (spatial and non-spatial data) [28]. The 
literature relative to population estimation using statistical 
modeling and remote sensing reveals a variety of statistical 
models established to estimate population [29]-[31]. These 
models fit well in organized areas but they cannot be used in 
unorganized areas such as rural areas. Lebanon is one of those 
countries presenting a lack of accurate population data. For a 
long time, the accurate estimation of Lebanese population is 
not available. Therefore, it is not possible to conduct a 
thorough study of many thorny issues. Demographics is one of 
the most relevant studies because of their implications for 
political, social and economic life. This state of affairs forces 
us to look for other factors that can give ideas about 
demographic data, one of these proposed factors being the 
road network because of its importance in the life of the 
population. For this reason, we try in our study to find the 
form of the relationship between road networks and 
demographics. Consequently, the use of remote sensing data 
may constitute an opportunity to fill this data gap. The aim of 
this study is to quantify the relation between road networks’ 
elements (i.e. length of roads, density and percentage of roads 
and the number of nodes) and population data.  

II. CASE STUDY  

The Lebanese Republic is located approximately at 34 °N 
and 35 °E. It is bordered by Syria to the north and east, and by 
occupied Palestine to the south, with a total area of 10 452 
km². This country is divided into nine governorates (Beirut, 
Mount Lebanon, Bekaa, North, South, Nabatieh, Aakkar, 
Baalbak El-Hermel and Keserwan Jbeil) which are subdivided 
into 26 districts (qadaa or caza). The study area is the whole 
Lebanese territory but 13 municipalities (e.g. unorganized 
areas) were chosen arbitrarily to perform the study (Fig. 1). 
Those municipalities are geographically well distributed over 
the Lebanese territory.  
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Fig. 1 Distribution of the selected municipalities on the Lebanese 
map 

III. METHODOLOGY AND DATA 

The methodology of this research consists in studying the 
characteristics of road’s network in each municipality (total 
length of roads, length of primary roads, length of secondary 
roads, density of roads, percentage of roads and the number of 
nodes). Then, a bivariate correlation has been established 
between each one of the road’s network characteristics and the 
population data. After that, the factors showing the highest 
correlations have been chosen and a multivariate regression 
has been established in order to establish an equation which 
relates the factors relative to road’s networks characteristics 
and the population count.     

 

 
Fig. 2 Principle of the methodology 

A. The Characteristics of Roads’ Network  

1. Length of roads: The length of primary roads, secondary 
roads as well as the total length of roads has been 
determined using the data available at [32]. However, 
many roads were not available in this data set, so, the 
digitalization of roads on satellite images has been used to 
cover the missing data.  

2. Percentage and density of roads’ network: For each 
municipality, the percentage of roads’ network is the ratio 
between the total area of roads and the area of the 
municipality. It has been calculated using ArcGIS 
software by dividing the total area of roads for each 
municipality by its area. The density of roads’ network is 
defined as the ratio between the total length of roads and 
the built-up area of the municipality, so, it has been 
calculated, using ArcGIS, by dividing the total length of 
the roads with the total built-up area of each municipality 
(it is expressed in kilometer per kilometer square).  

3. Number of nodes: A node can be defined as the 
intersection points between two roads regardless the 
road’s category (e.g. primary or secondary road) [33]. The 
number of nodes has been determined using the following 
method: The intersect tool has been used to determine the 
points of intersection between roads. However, this will 
generate many points on the same location, so, using 
dissolve tool (according to points’ coordinates), those 
points can be replaced by a unique node. Then, the 
number of nodes for each municipality has been 
calculated.  

B. The Population Count 

 The data related to the population count have been taken 
from the municipality.  

IV. RESULTS  

A. Bivariate Analysis 

Figs. 3-6 show the linear regression between the chosen 
factors (length of secondary roads, percentage of roads, 
density of roads, number of nodes, length of primary roads 
and total length of roads) and the population count.  

 

 

Fig. 3 The relation between the effective of population and the total 
length of roads 

 
The analysis of coefficient of determination (R-squared) in 

Table I shows that the total length of roads, the number of 
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nodes, the density of roads and the length of secondary roads 
are the unique factors which show considerable correlations 
with the effective of population (Figs. 3-6). As a result, factors 
whose coefficient of determination (R-squared) is less than 0.5 
(e.g. length of primary roads and percentage of roads) might 
be excluded from the model. 

 

 

Fig. 4 The relation between the effective of population and the 
number of nodes 

 

 

Fig. 5 The relation between the effective of population and the 
density of roads 

 

 

Fig. 6 The relation between the effective of population and the length 
of secondary roads 

 
TABLE I 

EQUATIONS AND COEFFICIENTS OF DETERMINATION SHOWING THE RELATION 

BETWEEN THE EFFECTIVE OF POPULATION AND FACTORS RELATIVE TO THE 

CHARACTERISTICS OF ROADS’ NETWORK 

Independent variable (X) Equation (y=a.xb) 
Coefficient of 

determination (R2) 
Length of secondary roads y = 1357.9x0.4251 R² = 0.5382 

Percentage of roads y = 0.0029x0.3125 R² = 0.3551 

Density of roads y = 0.3786x0.3098 R² = 0.6172 

Number of nodes 1.7412x0.5737 R² = 0.6672 

Length of primary roads y = 279.48x0.3206 R² = 0.1649 

Total length of roads y = 1564.5x0.4198 R² = 0.5279 

B. Multivariate Analysis  

The factors which show a high correlation with population 
count have been chosen to construct the model and generate 
the equation which relates the population to road’s network 
characteristics. The multivariate regression between the 

effective of population and the factors related to road’s 
network characteristics (total length of roads, number of 
nodes, density of roads and length of secondary roads) is given 
by: 
 
Y = – 6410.6 – 0.00044 X1 + 6.3048 X2 + 0.0676 X3 + 1427.411 X4 

(1) 
 
where Y = The effective of population; X1 = Total length of 
roads; X2 = Number of nodes; X3 = Length of secondary 
roads; X4 = Roads’ density. 

The coefficient of determination (R-squared) of this 
equation is 0.6. Statistically, this value of r-squared reflects a 
significant relationship between the independent variables 
(total length of roads, number of nodes, length of secondary 
roads and roads’ density) and the dependent variable 
(population count or effective of population) 

C. Validation 

In order to check the reliability of the model, a validation 
procedure has been conducted. This procedure consists of 
choosing 5 municipalities with same characteristics as this 
study’s sample (e.g. unorganized area) with a known 
population count Y. Then, the generated equation will be 
applied to determine the estimated population count (Y’) of 
each municipality. After that, the population count (Y) and the 
estimated population count (Y’) will be compared and the root 
squared mean error (RMSE) will be calculated.  

 
TABLE II 

 THE COLLECTED DATA FOR RESULTS’ VALIDATION 

n 
Total length of 

roads (X1) 
[m] 

Number of 
nodes (X2) 

Length of 
secondary roads 

(X3) [m] 

Roads’ density 
(X4) 

[km/km2] 
1 57962.04 189 51499.44 7.04 

2 41145.52 134 36558.02 4.98 

3 74061.936 241.2 65804.436 8.964 

4 37030.968 120.6 32902.218 4.482 

5 55546.45 180.9 49353.33 6.723 

 
TABLE III 

THE COMPARISON BETWEEN KNOWN AND ESTIMATED POPULATION 

Municipality index Known population 
Estimated 
population 

Residual 

1 7957 8286 329 

2 3891 3996 105 

3 12167 12321 154 

4 2814 2955 141 

5 7500 7638  138 

 
The residual is the difference between the estimated value 

and the known value (or most probable value). The root mean 
squared error has been calculated by squaring the residuals, 
calculating their average, then, calculating the square root of 
the result (2):  
 

𝑅𝑀𝑆𝐸 ൌ  ට∑ ሺ௒ᇲି ௒ሻమಿ
೔సభ

ே
      (2) 

 
where N = Sample size. 
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The value of RMSE shows that this model has an error of 
estimation equivalent to 191 which might be considered as 
acceptable since it constitutes only 2% of difference for a 
village of 10,000 inhabitants. Moreover, this error may be 
explained by other factors affecting population.  

V. DISCUSSION  

As a result of those statistical analyses, a weak relation has 
been detected between the effective of population and the 
length of primary roads (R2 = 0.1649) on one hand, and 
between the effective of population and the percentage of 
roads (R2 = 0.3551) on the other hand. In fact, according to 
the used classification, primary roads are the roads relating 
two municipalities (major roads), for this reason, their lengths 
are not proportional with the effective of population because 
the existence of primary roads will not be largely affected by 
the urban sprawl and population growth. In addition, the weak 
relation between the percentage of roads and the effective of 
population can be explained by the adopted definition of 
roads’ percentage which takes into consideration the whole 
area of the municipality which may contain unpopulated areas. 
In contrast, a strong relation has been detected between the 
effective of population and each one of the following factors: 
the length of secondary roads (R2 = 0.5382), the number of 
nodes (R2 = 0.6672), the total length of roads (R2 = 0.5279) 
and the density of roads (R2 = 0.6172). This result can be 
explained by the internal relations between the road network’s 
elements. To illustrate, the secondary roads are usually 
existent in case of urban sprawl which means the actual or 
future population growth. Moreover, the total length of roads 
is constituted by the combination of the length of secondary 
roads and the length of primary roads. Furthermore, the 
number of nodes increases with the rise of roads’ ramification 
(represented by the intersection of primary and secondary 
roads). At the end, the density of roads, defined as the ratio 
between the total area of the roads and the sum of built-up 
areas in a municipality, proves the existence of a strong 
relation between the effective of population and the built-up 
areas from one side, and the roads’ total area from the other 
side.  

VI. CONCLUSION 

The combination of Remote Sensing data, GIS tools and 
statistical analysis is profitable to evaluate the correlations 
between demographic data and characteristics of roads’ 
network. In fact, remote sensing data and GIS tools were 
essential to extract the characteristics of roads’ network and 
the bivariate analyses were helpful to choose the most 
correlated factors with the roads’ network. As a result, a 
strong relation has been detected between the effective of 
population and four elements of roads’ network characteristics 
(length of secondary roads, total length of roads, number of 
nodes and density of roads). Moreover, the internal relations 
between those elements have increased the correlation 
between each one of them and the effective of population. The 
other elements (length of primary roads and percentage of 

roads) are not correlated with the effective of population 
because of the lack of relation between their values and the 
resultant urban growth. Finally, this study has generated a 
mathematical relation applicable to rural areas where the 
knowledge of roads’ network elements (easily extracted using 
remote sensing data and GIS techniques) can help in 
population’s estimation. For future researches, it is 
recommended to correlate the findings of this research with 
other morphological characteristics affecting population such 
as buildings. Moreover, population estimation using remote 
sensing data needs to be enhanced in order to generate 
geographic and statistical models compatible with different 
types of zones and with the highest possible accuracy.  
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