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Abstract  

 

The objective of this research is to develop a proposal based on the direct relationship between 

disease reduction and accessibility to parks and recreational areas in an urban area. This is 

developed based on a Multicriteria Analysis Weighted Superposition applied in the city of 

Manizales, Colombia; it is based on four main criteria: calculation of geographic accessibility 

to parks, effective public space index, age group age rate and rate of mental and 

cardiovascular diseases. The weighting mechanism used is the Analytic Hierarchy Process, 

which, by making a pairwise comparison, helps to establish a consistent system by distributing 

the importance in percentage terms.The results show the areas of the city with the most critical 

conditions according to the criteria proposed, highlighting the poor demographic conditions of 

the population and how these are related to urban planning. In these areas, the implementation 

of new parks and areas that function as effective public space is proposed, to later measure in 

population terms the benefits that this brings. In conclusion, it is established that the 

methodologies presented function as objective mechanisms for decision making in the field of 

urban planning. 
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Introduction  

 

Urban planning in cities is directly influenced by the demographic conditions of the 

population, as stated by S. Xhafa [1] in his publication. Given this, decision-makers in the area 

of urban planning are forced to innovate with new strategies that take advantage of new 

technologies and the different objective methods available for decision-making that allow them 

to adapt to the conditions of the working population. This points to the publication made by J. 

Gehl [2], where he points directly to the human scale thinking, which consists of taking 

advantage of spaces to create environments that are used based on the needs and experiences of 

the actors who always have the priority in social and civil terms, the people. 

Sustainable development has become, for many professionals, an irrefutable parameter of 

mandatory application in their work, as stated by S. Wheeler [3]. This, articulated with the area of 
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urban mobility, seeks to encourage people to make the most convenient decisions in the social 

sphere with respect to their modes of transport, travel frequencies and destinations, without 

neglecting their own interests; this can be exemplified by encouraging the use of public transport 

or active means of transport over private and individual transport, as S. Chakrabarti [4]. 

The city of Manizales (Fig. 1), located in the Colombian coffee-growing region, is also 

known informally as the "bubble" city, since, although its population is characterized by being 

friendly and intelligent, on many occasions it becomes indifferent to various complications that 

may be the daily life of the inhabitants of some other place in the Colombian territory. This, 

seen in broad strokes, translates into a media polarization on the part of the population and the 

competent entities that hinders the dissemination of information and creates a bias in the 

proposed solutions to different internal problems, as stated by M. R. Lopez et al. [5]. 

 

 
 

 
 

One of the aspects that works as a scourge for Manizales, and which was not given 

enough strength of disclosure is the health conditions, both physical and mental, of the 

population of Manizales, as this is one of the Colombian cities with higher rates of suicidal 

behavior; for example, in 2020, according to the report of Instituto Nacional de medicina legal 

y ciencias forences [6], with a rate of 7.2, Manizales occupied the tenth place among the 

Colombian cities with the highest rate and by 2023, this rate presented an increase of 

approximately 2.7 points, reaching 9.9, according to the reports of Manizales cómo vamos [7]. 

The identification of these problems makes it necessary for professionals to consider the 

alarming number of cases of mental illnesses such as depression and anxiety presented mostly 

in young people and in early adulthood, according to L.P. Delgado et al. [8], since these 

conditions prevail in percentage terms among mental illnesses, as explained by A. Prieto 

Rodríguez [9]. Likewise, it is important to consider the large percentage of inhabitants, mostly 

elderly, who present physical limitations and cardiovascular diseases, mainly triggered by 

sedentary lifestyles, poor eating habits and a lifetime of hard work. 

Similarly, the lack of actions to remedy inequity in terms of accessibility to green spaces, 

effective public space areas or parks has become an indirect problem, given poor planning and 

lack of both usable space and mechanisms to help make decisions in terms of urban planning. 

Synthesizing and defining a linkage between the different problems exposed, we arrive 

at the existing direct correlation that associates the ease of access to green or recreational spaces 

and the physical and mental health conditions of people, as stated by T. Astell-Burt [10]. 

Therefore, it is valid to quote M. Kondo [11]: "We found a consistent negative association 

between exposure to urban green spaces and mortality, heart rate and violence and a positive 

association with attention, mood and physical activity." 

Following the different currents mentioned and using as a basis the theory described in 

the previous paragraph, this project proposes a possible solution to the problems in Manizales, 

Fig. 1. Geographic location of Manizales. Source: Own elaboration 
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which proposes the implementation of an objective mechanism based on a weighted 

superposition in a multi-criteria analysis (SPAM) named by D.H. Prasetyo [12] that extracts the 

percentages of respective importance of the quantitative method of pairwise comparison, 

Analytic Hierarchy Process (AHP). The core criteria to be used in the mentioned mechanism 

correspond to (1) the Effective Public Space Index (EPE), which was used in a similar way by 

M. Jaramillo. [13] and (2) conditions measured in time of the Geographic Accessibility (GA) 

calculation, as expressed by W. Hansen [14], to the Geographic Accessibility (GA) of the cities 

of the region, as expressed by W.M. Aristizabal et al. [15]. W. Hansen [14], to the points of 

interest corresponding to ornamental and children's parks, purely public sports scenarios and 

bio-healthy gyms, which are machines installed in public places that allow, by means of 

mobility, flexibility and resistance exercises, the improvement of the general health and 

physical condition of the population, as concluded by T. Abelleira-Lamela et al. [15]. For the 

purposes of this project, the set of these elements of interest will be called "Blue Points." (3) 

Index of tendency to suffer from mental and cardiovascular diseases (ITEMC) and (4) the 

population rate of the chosen age groups discretized by districts (TPGE). 

To make it possible to measure the expected improvement with the implementation of 

this proposal, the project is divided into two phases: a) the initial phase, corresponding to the 

situation modeled with the current conditions and b) the future phase, which is modeled based 

on the addition of areas of Effective Public Space and Blue Points. 

Finally, the identification of the areas of Manizales in the most critical conditions 

according to the SPAM analysis is giving way to the identification of these areas, which 

function as solid arguments for the subsequent recommendations to the competent entities 

seeking an integral improvement of the population. In addition, with the recommendation of 

new Blue Points and areas of Effective Public Space, the decentralization of the city of 

Manizales is strengthened and supports the urbanistic thinking dictated by the concept of the 

15-minute city, a term coined by C. Moreno [16], which seeks to provide spatial equity to a 

population through the improvement in terms of geographic accessibility with the specific 

distribution of services as expressed by J.E. Aristizabal et al. [17]. 

 

Methods 

 

In order to organize the project in a consistent and methodical manner, in addition to 

being separated into two phases (Initial and final), it is divided into five stages, which 

contribute to the systematization and correct understanding of the project. These stages (Fig. 2) 

are described below. 

 
 

Fig. 2. Flow diagram graphically describing the methodology 

 
Stage 1. In order to correctly superimpose the four main criteria, two aspects must be 

clarified beforehand. The first is that this is done only in the area defined as the urban area of 

the city, taking advantage of its geographic limits, as shown in the geoportal of the Mayor's 

Office of Manizales [18-19] and as a consequence of the lack of information of the variables 

worked on corresponding to the rural area and the second aspect corresponds to the data entry. 

These are, respectively, (1) Atardeceres, (2) San José, (3) Cumanday, (4) La Estación, (5) 

Ciudadela del Norte, (6) Ecoturístico Cerro de Oro, (7) Tesorito, (8) Palogrande, (9) 

Universitaria, (10) La Fuente and (11) La Macarena. 



A.M. MURCIA HERNANDEZ et al.  

 

 

INT J CONSERV SCI 16, 2, 2025: 1087-1098 1090 

 

a. The Effective Public Space (EPE) corresponds to the areas duly intervened with the 

objective that the citizenship is appropriated and used properly; these are mostly 

characterized by their area and by their primary objective for which they were built. 

For the purposes of this project, the areas of the EPEs are taken from the Public 

Innovation Laboratory of Manizales and the Secretariat of Urban Planning, represented 

with the help of the Open Street Maps (OMS) tool of the ArcMap geographic 

information system of the ArcGIS family, since this has become the best example of 

voluntary geographic information on the Internet, as expressed by J. Arsanjani et al. 

[20]. In order to make this variable comparable and valid, the calculation of the index 

that links the georeferenced EPE areas with the number of inhabitants of each district 

(NHC) is performed. These data are validated by the population projections shown in 

the Public Innovation Laboratory of Manizales [21]. The calculation is shown below, 

with "i" being the number that corresponds to each district. 

 
 (1) 

b. The calculation of geographic accessibility (GA), is used in the field of urban 

planning as it is a model of the measurement of the spatial or temporal separation of 

human activity through the use of available transportation modes, as explained by J.M. 

Morris et al. [22]. For the purposes of this project, this calculation is performed taking 

the data provided by the municipal scenario coordination of the location of the Blue 

Points, which become the target after being properly georeferenced. In addition, the 

pedestrian network of Manizales is used, considering the average walking speeds and 

the lengths of each arc, to thus give way to the use of the macro modeling software of 

transportation, TransCAD and using the basic equation of . The minimum 

travel times that people must spend, depending on their position in the city, to access 

any of the Blue Points can be identified. 

c. The calculation of the index of tendency to suffer from mental and cardiovascular 

diseases (ITEMC) is defined by equation 2, which arises from the collection, cleaning, 

and reorganization of information obtained from reports on various strategies, such as 

campaigns and outreach policies offered by the Manizales mayor's office, such as, for 

example, the Health Situation Analysis Campaign (ASIS) of Manizales mentioned by 

C. Humberto [23], which serve as a source of useful information for the purposes of 

this project, such as the number of people with a tendency to suffer from 

cardiovascular (PTEC) or mental (PTEM) diseases. All this, combined with its 

demographic particularities and being properly georeferenced, allows discretizing each 

of the districts of Manizales "i.” 

 
 (2) 

d. The calculation of the rate of persons in age groups (TPGE) takes place at the 

culmination of Stage 1. L. Martinez [24], from the definition of the age groups to be 

targeted according to the previously mentioned demographic conditions; its 

determination starts from separating the population according to their age into the 

following four groups: PGE1 or Younger (0 to 24 years), PGE2 or Adults (25 to 49 

years), PGE3 or Older Adults (50 to 74 years) and PGE4 or Seniors (over 75 years); of 

which, for the purposes of this project we work only with the first and last group 

respectively named, in addition to all the conditions for which they were chosen, we 

add the temporary availability in terms of workloads and the intentions of these groups 

to take advantage of the availability of the Blue Points or EPE's. To calculate this rate, 
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Equation 3 is used, which considers the number of people in the age groups (PGE) and 

the number of people living in the analyzed district "i.” 

 
 (3) 

Step 2. Having defined and organized the criteria with which it is desired to work, it is 

processed to use the method of the Saaty matrix or Analytic Hierarchy Process (AHP), which 

allows relating in a qualitative way a scale of values that goes from 1/9 to 9 with a scale of 

importance with respective similarity that goes from the term of "No Absolute Importance" 

(Value of 1/9) to "Absolute Importance" (Value of 9). Now, this scale is used to make 

comparisons of the variables in pairs, with which the hierarchical comparison matrix is formed 

in which, at all times, the elements of the main diagonal will be 1 and the rest of the values 

correspond to the percentage of importance that each of the criteria has so that when added 

together they give a hundred percent of analysis, as explained by S. Omkarprasad [25]. These 

comparisons allow the weighting system to be proposed once the Inconsistency Ratio (IR) has 

been measured, as explained by E.A. Nantes [26]. 

To calculate these percentages, different equations are used in which the value of "n" 

corresponds to the number of axis criteria (from 1 to 4 in this case). These are defined below: 

We = Normalized weight of each variable to be compared.  

 
 (4) 

Cfe = Coefficient of importance of the variable to be compared.  

 (5) 

Pe = Sum of the values given to the compared variable. 

As the AHP method supports the comparison between multiple variables, it measures its 

reliability and consistency with several values, which are shown below: 

 = Individual coefficient of the variable to be compared.  

  (6) 

 = Sum of all the .  

Ce = System Inconsistency Index. 

 
(7) 

Rce = Saaty's Random Coefficient. 

 
 (8) 

CR = System Inconsistency Ratio (between 0 and 0.1).  

 (9) 

Stage 3. Using the percentages of importance established in Stage 2 for each of the 

criteria, the "Weighted Overlay" tool of the ArcMap geographic information system is used, 

which allows the initial SPAM analysis to be fully executed and allows the identification of the 

four different zones resulting from the internal categorization of the aforementioned tool, as 

also expressed by A. Kuru [27]. These zones are named in alphabetical order, where "A Zones" 

are those in which the population has the most favorable conditions and "D Zones" are those in 

which the population is in the most critical conditions. 

Stage 4. To begin the Future Phase, it is necessary to interpret the results obtained in 

Stage 3, since, thanks to the appearance of the categorical zones, the area of focus is reduced to 
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the two most critical zones, corresponding to Zones C and D. With the objective of reducing the 

area of these zones or, in other words, the number of people living within these areas, several 

recommendations are made, which, for a better understanding, are divided into two sub-stages: 

4.1) the recommendation of adding new Blue Points to seek an improvement in terms of 

geographic accessibility and 4.2) recommending the adaptation, creation or restoration of 

various places that contribute to the improvement of the EPE. 

For the determination of the suitable spaces in which sub-stage 4.1 can be made 

effective, five conditions determined by the authors are used, which are the most appropriate for 

the realization of these "filters" and are applicable with the information obtained. These 

conditions depend directly on the information obtained from the National Geostatistical 

Framework integrated with the National Population and Housing Census made by the National 

Administrative Department of Statistics (DANE) in 2018, as expressed in the DANE Geoportal 

[28]; these conditions are (a) that the area corresponds to an unbuilt space (vacant land), (b) that 

the space is a green area without due use, (c) that the space does not correspond to an industrial 

area, (d) that the area is not part of any natural reserve or protected place and (e) that the area is 

located within the area of Zones C or D of the initial SPAM. 

In order to make the recommendation for sub-stage 4.2, three specific conditions are 

established, which are determined by the authors with the objective of facilitating the 

identification of suitable areas. These are a) that it is a green area without proper use 

(abandoned or in a deplorable state), b) that it is a sports venue in poor condition or not initially 

considered and c) in cases where pedestrianization of streets is considered, that the pedestrian 

flow that passes through it is considerably greater than the vehicular flow. These new areas, as 

in sub-stage 4.1, are formulated to be located in Zones C and/or D in order to contribute to the 

reduction of their respective areas. 

Stage 5. With the initial criteria already modified according to the results obtained in the 

previous stages, the "Weighted Overlay" tool of ArcMap is used again to perform the future 

SPAM analysis and thus be able to determine the improvement in integral terms according to 

population analyses. 

 

Results and Discussion 

 

By adding the ITEMC values of each district, the TEMC is obtained, which functions as 

a comparative parameter that allows the respective and percentage identification of which 

districts are most affected by this variable. This parameter (Fig. 3) shows that the two districts 

that contribute most to the TEMC are district 2 (San José) and district 5 (Ciudadela del Norte) 

with 26% and 14%, respectively and a simple comparative analysis between the variables 

shows that the same two districts mentioned above have a predominant percentage of PGE1 

(young people) and PGE2 (adults). 

After having made the calculations of the variables corresponding to the AHP methodology, 

the system proposed is consistent, since the value of CR is equal to 0.0808. This makes it possible to 

define the intrinsic importance percentages of each criterion as shown in figure 4.  

The values used for each variable in both phases are shown in figure 5. In this figure, it 

can be seen that the ITEMC and TPGE do not change from one phase to the other because the 

recommendations dictated by sub-stages 4.1 and 4.2 point to the modification of the other two 

variables (EPE and AG).  
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Fig. 3. Comparative analysis of independent variables 

 

 

 
 

 
 

 

 
 

 
 

In figure 5, the values of the variable AG are not shown because it represents the 

changes in a continuous way in space and it is not correct to give a specific value to each 

district. In order to easily show the change between the phases with respect to this variable, 

Fig. 4. SAATY matrix with comparison system proposed 

 

Fig. 5. Variables Data for Both Phases 
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figure 6 shows the improvement by means of a gradient expressed in minutes and shows the 

areas of the city that have benefited the most from the recommendations made in sub-stage 4.1. 

Once all of the above conditions of Stage 4 of the methodology become effective, sub-

stage 4.1 recommends the placement of twenty-one new Blue Points distributed in the specific 

zones (these recommendations are represented in figure 5 with fuchsia-colored dots). Similarly, 

sub-stage 4.2 proposes fourteen new EPE areas, these correspond to: pedestrianization of 

carrera 23 between calles 19 and 31; pedestrianization of calle 24 between carrera 22 and 23 or 

also called calle del tango; use of calle 33 between carrera 19 and 22 together with the 

transversal sidewalks; rehabilitation of the soccer field in the Marmato neighborhood; taking 

into account the boulevard of calle 48; adaptation of the green area in the Las Colinas 

neighborhood; adaptation of the green area in the Camilo Torres neighborhood; maintenance of 

the secondary court in the El Carmen neighborhood; use of the green areas of buildings in the 

Estambul neighborhood; use of the green area of the CAI in the Estambul neighborhood; use of 

the green area in the Peralonso neighborhood; consideration of the boulevard on 19th Street; 

consideration of the velodrome at the Universidad de Caldas and maintenance of the soccer 

field on Carrera 27. All this results in a total of approximately 50100m2 of new recreational 

spaces in Manizales. 

 

 
 

Fig. 6. Accessibility Gradient Map between Phases 

 

Comparing the results of the future SPAM analysis (Fig. 7) and the initial SPAM 

analysis, improvements (positive zone changes) can be seen in large areas of the city, which 

cover approximately 12,401 people who, due to the sectors in which they reside, are directly 

benefited by the proposals proposed in this project. The total number of people benefited by the 

change of zone is translated into people who left Zone D and were distributed in such a way that 

75.2% of them, corresponding to 9331 people, moved to Zone C; 0.6%, corresponding to 139 

people, moved to Zone B; and 11.8%, corresponding to 2924 people, moved to Zone A (Fig. 8). 
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Fig. 7. Future SPAM Analysis Map 

 

 
 

Fig. 8. Comparative Population Analysis of SPAM Zones 

 

It is to be understood that the fact of placing a new Blue Point or recreational space that 

functions as an effective public space within an area of a city does not mean that its population 

will solve all its problems with this, but it does contribute to self-care thinking, to the creation 

of new social bonds, to civic behavior within the spaces and to the support of city thinking on a 

human scale, terms mentioned by K. Franck [29]. 

 

Conclusions 

 

The proposals for new recreational spaces in the city to increase the effective public 

space index in some districts are a sign of support for the objectives set forth in the Manizales 

Land Use Plan, which proposes to reach a total index of 15m2/inhabitant. 
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Districts 2 and 5, San José and Ciudadela del Norte, respectively, in addition to being the 

most densely populated in the city, have the worst accessibility conditions as measured and 

have a population in which people under 50 years of age predominate; they are those in which 

the condition of tendencies to suffer from diseases is greater; therefore, it is recommended that 

the competent entities intervene with direct and concise solutions in these areas of the city. 

The location of the existing Blue Points allows them to fulfill the individual objective for 

which they were installed, but, in terms of scope, they do not manage to benefit all the people 

who need one of these elements; therefore, the mechanisms proposed in this project work as a 

solution for decision-making to meet these needs. 

The multi-criteria analysis proposed is a versatile mechanism that can be used in many 

cases in which geographic decisions need to be made, since it allows the use and relationship of 

different variables, interconnecting them. 

With the resulting map of the future SPAM (Fig. 7), it is evident that there are still 

critical areas (D Zones) mostly located in the north and southwest exits of the city; these are 

those that, due to factors of scope, do not manage to benefit and therefore become a clear 

indication of the areas in which the competent entities must carry out different campaigns for 

the integral improvement of the conditions of the inhabitants who live there. 
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