
*Author for correspondence

Indian Journal of Science and Technology, Vol 11(21), DOI: 10.17485/ijst/2018/v11i21/123113, June 2018
ISSN (Print) : 0974-6846 

ISSN (Online) : 0974-5645

Global Mean Accessibility in Metropolitan Areas. 
Case Study: Chinchiná, Colombia

Diego Alexander Escobar1, Santiago Cardona Urrea1, and Carlos Alberto Moncada2

1Universidad Nacional de Colombia, Sede Manizales, Departamento de Ingeniería Civil, Colombia;  
daescobarga@unal.edu.co, scardonau@unal.edu.co

2Universidad Nacional de Colombia, Sede Bogotá, Departamento de Ingeniería Civil y Agrícola, Colombia; 
camoncadaa@unal.edu.co

Keywords: Geo-statistics, Global Mean Accessibility, Gross Domestic Product, Metropolitan Area

Abstract
Objectives: To evaluate the alternatives of connection to the Metropolitan Area owned by the municipality of Chinchiná, 
Colombia: the Metropolitan Area of the Center-West (AMCO) and the Metropolitan Area of the Center-South Region 
(AMRCS). Methods / Statistical Analysis: A global mean accessibility analysis for different scenarios (Chinchiná as part of 
the AMCO and AMRCS, and a large region that sums both metropolitan areas) is used to determine which option generates 
greater benefits to the municipality of Chinchiná in terms of regional mobility. Besides, Kriging model is used to the geo-
statiscal analysis and building the accessibility isochrones curves. Findings: The results showed that Chinchiná has the 
best geographical location in terms of global mean accessibility of the study area, corresponding to eight municipalities 
and two departments because it can be accessed in less than 60 min to all municipalities presents in AMRCS and less than 
50 min to all municipalities presents in AMCO. Application / Improvement: The global mean accessibility as a tool to 
determinate the average travel time in Metropolitan Areas and the benefits fot new municipalities.

1.  Introduction

Metropolitan areas are fundamentally the result of eco-
nomic growth and population processes that have led 
people to settle where there are more opportunities and 
where life expectancy is better1. They are a simplified 
market for land uses such as residential, commercial, and 
institutional, which is why they have become a mean to 
establish higher urban hierarchy worldwide, where public 
transport policies, land uses, urban environment man-
agement, housing, justice, etc. are studied at the scale of 
real impact2. Agglomerations in megalopolises or mega 
metropolitan areas around the world have existed since 
the 50s, with the formation of the New York metropolitan 
area. Over the years, 10 more were formed in cities such as 
Chicago, Los Angeles, Washington, Atlanta, among oth-
ers. The metropolitan areas with the largest populations 

are located in Asia, such as Canton in China (49 million 
inhabitants) or Tokyo in Japan (40 million inhabitants). 
In Europe, given the proximity of countries and large cit-
ies, the urban system is made up of approximately 40 cit-
ies and a large number of intermediate cities. A few of the 
most important metropolitan areas in the continent are 
Moscow, London, Istanbul and Paris. In Latin America, 
metropolitan areas have been formed in countries such 
as Brazil (Sao Paulo, Rio de Janeiro and Belo Horizonte), 
Argentina (Buenos Aires), Venezuela (Caracas) and 
Colombia1, 3.

In Colombia, metropolitan areas are regulated by 
Law 1625 (2013), where they are defined as: “entidades 
administrativas de derecho público, formadas por un con-
junto de dos o más municipios integrados alrededor de 
un municipio núcleo, vinculadas entre sí por dinámicas 
e interrelaciones territoriales, ambientales, económicas, 
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sociales, demográficas, culturales y tecnológicas”4. Since 
1968, they were incorporated into the constitutional 
reform and by December 15, 1981, the Metropolitan 
Area of the Western Center (AMCO) was formed by the 
municipalities of Pereira, Dosquebradas and La Virginia.  
In Colombia, there are 5 metropolitan areas legally con-
stituted: Bucaramanga, Barranquilla, Centro Occidente, 
Cúcuta and Valle de Aburrá. Bogotá is considered a 
city-region constituted by 19 municipalities but it is not 
officially constituted5, 6. Chinchiná is a municipality in 
the Department of Caldas (Figure 1), located in the cen-
ter west of Colombia 23 km south of the departmental 
capital, Manizales. It has an extension of 113 km2 out of 
which 2.3% (2.64 km2) corresponds to the urban area, 
and is located at 1,378 meters above sea level. Chinchiná 
is considered the national epicenter of the country’s coffee 
industry since it is see to the National Center for Coffee 
Research “CENICAFE” and the Freeze-dried Coffee 
Factory, among others7. Chinchiná would have the pos-
sibility of linking to two metropolitan areas, one already 
existing and the other in the process of consolidation:

Figure 1.  Geographic location of study area.

Firstly, AMCO (Figure 1) is made up of the munici-
palities Pereira (central core and department capital), 

Dosquebradas and La Virginia, the three from the depart-
ment of Risaralda. The metropolis has continually sup-
ported the formulation of territorial planning for the 
municipalities that comprise it, as well as providing a 
framework for general policies on issues such as environ-
mental order, land use regulations, public services and 
urban perimeters8. AMCO has made great progress in 
linking Chinchiná to its metropolitan area, considering 
they have been constituted since 1981 as an administra-
tive entity and that they can generate great benefits for 
this municipality regarding transportation, multipurpose 
cadastre, and control model, among others9. Secondly, 
there is the desire to form a Metropolitan Area of the 
South Central Region (AMRCS) in the department of 
Caldas (Figure 1) due to the social, economic and physical 
links between the capital Manizales as a central nucleus 
and the municipalities of Neira, Villamaría, Palestina 
and Chinchiná10. The initiative to annex Chinchiná to 
AMCO has advanced in the last year11. In this research 
article, we study the two alternatives for linkage in the 
metropolitan area held by the municipality of Chinchiná 
in terms of global mean accessibility, emphasizing how 
current transportation infrastructure may envision a 
possible decision in the matter. Table 1 shows the popu-
lation and GDP of AMCO and AMRSC municipalities, 
where the nuclei of each Metropolitan Area, Pereira and 
Manizales, concentrate the greater portion of the popula-
tion. AMCO reaches a population of 709,323 inhabitants, 
while AMRSC reaches 522,830, 27% less. All munici-
palities have a higher population percentage in the urban 
area, except Neira and Palestine, indicating a greater rural 
vocation in these12.

Accessibility is a concept used since the 50s in rela-
tion to land planning, transport, land use, etc. Hansen 
(1959) established its most classic definition, “potential 

Table 1.  Population
Municipality Population Urban zone Population Rural zone Total GDP (thousand millions)
Chinchiná 45,926 5,150 51,076 954,960
Manizales 371,307 27,523 398,830 5227,674
Villamaría 48,636 9,845 58,481 354,950
Neira 16,665 31,180 47,845 195,810
Palestina 6,848 10,826 17,674 191,237
Pereira 401,249 73,086 474,335 6306,103
Dosquebradas 194,374 8,421 202,796 1957,571
La Virginia 31,662 530 32,192 214,339
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for interaction opportunities”13, and laid the mathemati-
cal foundations of his calculation. In 1971, Ingram defines 
it as the inherent characteristic (or advantage) of a place 
with respect to overcoming some form of spatially operat-
ing source of friction (for example, time or distance). He 
proposed a subdivision of the concept: (a) relative acces-
sibility that refers to the measure between two points of a 
city14, and (b) integral accessibility that is the measure of 
a point with respect to the rest of them15. In the following 
years, Dalvi (1978) defined accessibility as the ease with 
which any land-use activity can be reached from a place 
using a particular mode of travel16. Geurs and Ritsema 
van Eck (2001) proposed four (4) different components 
for accessibility: land use, transport, time component 
and individual component17. They also defined four (4) 
different perspectives of analysis considering these com-
ponents: measures based on place, person, utility and 
infrastructure18. It is precisely in this last perspective that 
the measures of global mean accessibility are coupled 
since an analysis is made between all the nodes of the 
road network through the average travel times obtained 
from the functional speeds of the road network19.

Given the concept’s multiple approaches17, perspec-
tives18 and types of measurement20, researchers have 
frequently used it in diverse topics such as land manag-
ment21,22, public transport planning23,24, regional analysis25, 

26, marketing27, employment28,29, social equity30, 31, study 
in metropolitan areas32, 33, among others. Following the 
introduction, the research method is explained, results 
are shown and discussed, and finally study conclusions 
are established.

2.  Methodology
The research methodology addressed consists of four 
main and consecutive stages, which are presented in 
Figure 2.

2.1  Input Data
Two fundamental inputs were obtained from data 
entry: i) Territorial road network corresponding to the 
eight municipalities making up AMCO, AMRCS and 
Chinchiná. It is important to note that the territorial road 
network is composed only of the primary and secondary 
roads of the national network that connect these munici-
palities; ii) The polygon of municipality location and its 
urban area, as well as its population, in the urban and 
rural area, and its GDP, a macroeconomic term used to 
express the monetary value derived from the production 
of goods and services in a country or region, generally in 
an annual period34. 

2.2  Verification of Road Network 
The topology and connectivity of the road network was 
verified35. Likewise, the lengths of the arches were calcu-
lated using a Geographic Information System (GIS) and 
their average travel time. Travel time was calculated by 
relating length and functional speed, obtained according 
to road category36. The road network had to be adjusted to 
calculate accessibility for each of studied scenarios: i) the 
region as a whole (AMCO and AMRCS), ii) AMCO includ-
ing Chinchiná, and iii) AMRCS including Chinchiná.

Figure 2.  Research methodology.
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2.3  Global Mean Accessibility Calculation 
This measure was calculated for each scenario by isochro-
nous travel curves. It was necessary to obtain the travel 
time matrix, which was the result of the calculation of the 
minimum path algorithm or Dijkstra algorithm through 
the tool “Multiple paths” of the GIS TransCad software37, 

38. Then, the vector of mean travel times of the nodes was 
calculated ( )iTv  (Equation 1), obtained from the division 
of the sum of travel times of each node and the remain-
ing nodes 1 )( n

j ijtv=Σ  between the number of nodes, except 
for the calculation node this does not travel towards itself 
(n-1).

1         1,2,3, , 1,2,3, ,
1

n

ijj
i

tv
Tv i n j n

n
== = … = …
−

∑ � (1)

With the ( )iTv  vector, the geo-statistical model was made 
in order to obtain the isochronous travel curves. The 
ordinary Kriging model was used, which approximates 
a projection space precisely39. It is dynamic since it can 
work with a wide range of spatial correlation functions, 
either linear or non-linear. In this case, the linear semi-
variogram function, initially defined by Matheron (1963), 
is used as a correlation function40. Likewise, this geo-sta-
tistical model and its correlation function have been used 
by several transport researchers in order to predict results 
in space where data are not available41, 42.

2.4  Intersect and Comparison with 
Municipalities Polygon 
This stage is fundamental for result analysis and dis-
cussion. It relates isochronous curves with municipal-
ity polygon that have socio-demographic data referring 
to population and GDP. The potential benefits to the 
Chinchiná municipality from joining AMCO or AMRCS 
are derived.

3.  Results and Discussion

3.1  Global Mean Accessibility for both 
Metropolitan Areas
Figure 3 shows the isochrone curves of global mean acces-
sibility for AMCO and AMRCS as a whole. Mean travel 
times of 49.27 min are found near Chinchiná’s urban area, 
municipality with best global accessibility, and 158.27 
min in the rural area of the Neira municipality. The urban 

areas of the municipalities of Palestina, Dosquebradas and 
Pereira are covered in between 50 and 60 min travel time. 
This allows people to access the entire region in average 
times of less than one hour. Manizales and Villamaría’s 
urban areas are found in the isochronous time curve of 70 
min. The most unfavorable accessibility conditions were 
registered in the municipalities of La Virginia and Neira, 
considering their location in the southern and northern 
part of the study area, reaching mean travel times of up to 
90 and 100 min each.

Figure 3.  Isochrones curves for both metropolitan areas.

Figure 4 shows the cumulative percentage of population 
coverage for isochronous curves. 24% of the population is 
covered in an average time of one hour; 90% of the popu-
lation is covered in 90 minutes mean travel time, in rela-
tion to both metropolitan areas studied.

Figure 4.  Covered population per isochrones curves, 
global situation.

Figure 5 shows each city’s accumulated population cov-
erage percentage. In 110 min, the maximum average 
travel time, 100% of Neira’s urban population is covered. 
Travel time may reach up to 158 min, especially in rural 
areas in the northern part of AMRSC. Chinchiná is the 
municipality with the most accessible urban area: 22% 

www.indjst.org


Indian Journal of Science and Technology 5Vol 11 (21) | June 2018 | www.indjst.org 

Diego Alexander Escobar, Santiago Cardona Urrea, and Carlos Alberto Moncada

of the population is covered in average travel times of 
up to 50 min, and 100% of its population reaches aver-
ages of less than one hour. 94% of the population of the 
urban area of Palestine is represented by the isochronous 
curve of 60 min, reaching 100% coverage with the iso-
chronous curve of 70 min. The population of the urban 
area of Dosquebradas reaches 84% coverage for an aver-
age travel time of 60 min and Pereira has 12% coverage 
for the 60-min isochronous curve, 96% coverage for the 
70 min and 100% for 80 min isochronous curves. These 
municipalities have the best global mean accessibility 

conditions. 9% of the Manizales population have an aver-
age travel time of 60 minutes, and coverage percentage 
grows to 42% in 70 minutes and 100% of its population is 
covered by isochronous curves in 90 minutes.

Figure 6 shows each city’s accumulated population 
coverage percentage in rural areas. Average travel times 
of up to 158 minutes are reached in the municipality of 
Neira. For the municipalities of Chinchiná, Palestina and 
Dosquebradas, 100% are covered in average travel times 
of less than 90 minutes, representing the best accessibility 
conditions at a rural level.

Figure 5.  Covered population per isochrones curves at urban areas, global situation.

Figure 6.  Covered population per isochrones curves at urban areas, global situation.
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3.1  Global Mean Accessibility for the 
Metropolitan Area of the South Central 
Region
Figure 7 shows isochrone curves of global mean acces-
sibility corresponding to AMRCS, including Chinchiná. 
There are average travel times of 40 min, including munici-
palities such as Manizales, Villamaria and Chinchiná, and 
up to 132 min in the rural area of Neira. Chinchiná and 
Manizales have trips ranging from 50 to 60 min. Palestine 
records average travel times of less than one hour while 
Neira is again the municipality with highest travel time 
average (90 min).

Figure 7.  Global Mean Accessibility for AMRCS.

Figure 8 represents the percentage of population coverage 
for each isochrone curve in AMRCS, where 35% of the 

population has average travel times of up to 50 min., per-
centage that increases up to 85% in average times of less 
than 1 hour. Only a percentage less than 1% is in places 
accessible in times greater than 110 min.

Figure 8.  Average percentage coverage of Global 
Accessibility coverage for AMRCS.

Figure 9 shows each AMRCS city’s accumulated popu-
lation coverage percentage population coverage. The 
municipality of Villamaría has the best accessibility since 
the totality of its population is represented in the isochro-
nous curve of up to 50 min, followed by the municipal-
ity of Chinchiná and Manizales with 43% and 34% of 
population coverage each. Chinchiná and Palestina reach 
100% coverage for an average travel time of less than 60 
min, while Manizales reaches it in 70 min. Neira reaches 
average travel times up to 90 min to cover the entire pop-
ulation. Once more, it is the municipality of the metro-
politan area with higher average travel times.

Figure 10 shows the accumulated percentage of popu-
lation covered of each city in rural areas. Times up to 132 

Figure 9.  Average percentage of coverage of global average accessibility for urban area.
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min are reached in Villamaría and Neira. In Chinchiná 
and Manizales, 100% coverage of its population in the iso-
chronous time curve of 90 min is reached, while Palestine 
is the municipality with the rural area that registers better 
global average accessibility conditions: its entire popula-
tion is covered in average travel times less than 80 min.

3.2  Global Mean Accessibility for the 
Metropolitan Area of the West Center
Figure 11 shows the isochrone curves of global mean acces-
sibility for AMCO, including Chinchiná. Isochronous 
curves of 27 min were obtained near the municipal-
ity of Dosquebradas, and 93 min in the rural area of the 
municipality of Chinchiná. The municipalities of Pereira 
and Dosquebradas have average travel times of between 
30 and 40 minutes, while Chinchiná is in the isochronous 
time curve of up to 50 minutes. The municipality of La 
Virginia is in the time interval between 60 and 70 minutes.

Figure 11.  Global Mean Accessibility for AMCO.

Figure 12 shows the percentage of population coverage 
for each isochronous time curve for AMCO. 61% of the 
population averages less than 40 minutes in travel time. 
This percentage of the population grows up to 95% for 
average travel times of up to 1 hour. Less than 1% of the 
population perceives average times greater than 70 min-
utes.

The relationship between the covered population of 
the urban area and isochronous accessibility curves can 
be seen in Figure 13, where 80 min is the maximum time. 
In relation to urban areas, 89% and 80% of the population 
in the municipalities of Dosquebradas and Pereira have 
average times of up to 40 minutes. Their total population, 
as well as those from the municipality of Chinchiná, is 
under the isochronous time curve of 50 minutes. 25% 
of the population of La Virginia averages 60 minutes of 
travel, and their entire population is covered by the iso-
chronous curve of 70 min.

Figure 10.  Average percentage of coverage of global mean accessibility for rural area.

Figure 12.  Average percentage of coverage of global 
average accessibility for AMCO.
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Figure 13.  Average percentage of coverage of global average accessibility for urban areas.

Figure 14.  Ojiva percentage of global mean accessibility coverage for rural area.

Figure 14 shows the relation between population 
coverage and isochronous accessibility for rural AMCO. 
Average travel times of up to 93 minutes are reached in 
the Chinchiná rural area. The rural area of the municipal-
ity of Dosquebradas has the best accessibility with 96% 
of its population under the isochronous curve of 60 min-
utes, while this average travel time was only achieved by 
88%, 39% and 13% of the population in the rural areas of 
Pereira, Chinchiná and La Virginia respectively.

4.  Conclusions
Chinchiná has the best geographical location in terms 
of global mean accessibility of the study area, corre-

sponding to eight municipalities and two departments. 
Chinchiná covers its entire urban population in less 
than 50 minutes, while in other municipalities people 
must invest a minimum of 60 min (Dosquebradas, 
Palestina and Villamaría) and a maximum of 110 min 
(Neira) in travel times. Regarding the two alternatives 
linking Chinchiná to metropolitan areas: AMCO has 
better conditions of global average accessibility for this 
municipality with its entire population covered in aver-
age travel times of up to 50 minutes, 10 minutes less 
than average travel time obtained in AMRCS. AMCO 
has better global mean accessibility results because its 
maximum average time, obtained in the rural area of 
Chinchiná, is 93 minutes, while in AMRCS the average 
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maximum time, obtained in the rural area of Villamaría 
and Neira, is 132 minutes.

This indicates that the access roads to these AMRCS 
municipalities should be improved in order to consider-
ably reduce these travel times, and improve incoming and 
outgoing mobility conditions. In terms GDP, AMCO has 
a greater attraction for Chinchiná and its municipalities 
as a whole reached 3,050 million dollars compared to the 
2,146 million dollars of production of AMRCS munici-
palities as a whole. In terms of global mean accessibility 
and GDP, Chinchiná would benefit most from joining 
AMCO. It would be important to analyze the potential 
of creating a large metropolitan area with these eight 
municipalities and Santa Rosa de Cabal, located between 
Dosquebradas and Chinchiná, where it would reach more 
than 1,356,064 inhabitants and a 5,800 million dollars 
GDP.
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