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Abstract 
 

This research proposes an adequate green infrastructure design for bicycle 

paths' connectivity allows mitigating environmental pollution, which arose 

from the current problem of vehicular congestion on Av. Universitaria and 

Av. The saturation of motorized vehicles causes Túpac Amaru on said road. 

Therefore, it is proposed to develop the method of evaporation of traffic by 

using bicycle lanes in the aforementioned avenue to improve users' quality of 

life, focusing on mobility and improving the level of service of the users. 

Said proposal is based on a sampling, which was carried out to the district's 

real working cycle population, which helped determine its mobilization 

behavior, and according to these results, the most optimal layout of the bike 

path network was determined. Other important aspects considered for the 

realization of the bicycle path network is the implementation of green 

infrastructure to improve the spatial quality of the user; however, the places 

of the maximum influx of the district were also taken into accounts, such as 

the Sinchi Roca Zonal Park and the Naranjal Station of the Metropolitan. The 

project's viability is based on the fact that bicycles are gaining momentum 
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due to global climate change. It is an innovative and multifunctional project; 

a sustainable and light work to be carried out with ecological materials, thus 

offering resistance and portability, adding to minimizing the environmental 

impact in the Comas district. 

 

Keywords: Bicycle path, viability, safety, quality, green infrastructure, 

routes, and users. 

 

1 Introduction 
 

Lima's longitudinal expansion made the distances between one point and 

another within this same area increase; thus, new modes of transport arose 

that were modernized as time passed [1]. Precisely, these new forms of 

transport, which seemed to solve the problem of distances, today become a 

big problem. They continue to make the same route, but with an increase in 

the travel time due to a large number of inhabitants and the vehicle fleet, 

which generates a high rate of contamination throughout the territory [2], 

reducing the quality of life of users, so they become a significant dilemma 

since it has contributed to the city collapsing causing disorder and chaos on 

the roads. 

Derived from this situation, there is also a strong loss of productivity man-

hours, if the amount of time invested in transportation by metropolitan 

inhabitants is considered [3]. 

Faced with this aggravated situation, it is necessary to analyze the 

circumstances from other perspectives, that is, to focus on other means of 

transport and other types of constructions; we refer to the development of 

bicycle lanes through bicycles alternative means of transport.  

In urban areas, the benefits provided by Green Infrastructures are 

significant due to their contribution to the health and well-being of citizens. 

Among its many benefits are the improvement of air quality, the tempering 

of the urban climate, and the consequent reduction of the “urban heat island” 

effect [4]. 

The established problem indicates that the route does not have parking 

areas where to park bicycles and the lack of structural elements such as 

horizontal and vertical signage and equipment. 

Therefore, this research aims to propose a green infrastructure design for 

the connectivity of bicycle lanes from the Sinchi Roca Zonal Park to the 

Naranjal del Metropolitano Station, to improve the quality of life of users, 

proposing a new model of a sustainable city and creating awareness 

regarding the excessive use of motorized vehicles as a consequence of the 

population increase, focusing on the mobility approach and achieving an 

improvement in the level of service, providing the primary contact with the 

natural environment that influences the physical health and mental well-

being of the users. [5,6] 
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1.1 Green Infrastructure Features 
 

a. Conservation of nature: Ecological planning has a priority objective, the 

conservation of nature; green infrastructure must continue along this 

fundamental line [7,8,9]. 

b. Multiscalarity: Multiscalarity is one of its most important characteristics 

and allows the different solutions and elements of the green 

infrastructure to be integrated into different territorial contexts. This 

characteristic is of special interest in urban and peri-urban environments. 

Actions can be carried out on a multiscale basis, from very simple 

interventions, such as renaturalizing a neighborhood and other more 

complete ones such as developing a natural management system of storm 

waters. In addition, within the State Strategy for Green Infrastructure and 

Ecological Connectivity and Restoration framework, multiscalar also 

refers to the territorial scale of a political nature: community, state, 

regional and local [10,11]. 

c. Ecological coherence. A healthy and functional ecosystem should not 

have barriers that divide it; fragmentation should be avoided [12,13]. 

Ecological coherence is the ability of a population or set of populations 

of a species to interact with individuals from another population in a 

fragmented territory; therefore, it is complementary and inverse to 

another of the properties of green infrastructure such as ecological 

fragmentation, the more fragmentation, the less connectivity. 

d. Fragmentation. The main threats to biological diversity are habitat loss 

and fragmentation [14]. Fragmentation causes divisions in large 

landscape elements, generating progressively smaller elements that cause 

a severe loss of functionality. 

e. Resilience. The system can absorb disturbances and reorganize itself as 

changes occur. There are systems more resilient than others; an 

herbaceous plantation is much more resilient than a woody one. 

f. Ecological restoration. The rapid and extensive transformation and 

intensification of land use contribute to the disappearance and loss of 

many natural connectors' functionality and the decline of ecosystem 

services. [15]. Therefore, the IV's implementation and improvement must 

prioritize areas of action necessary to restore habitats to improve 

connectivity and optimize ecosystem functions. [16]. 
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1.2 Typologies of Elements of Urban and Periurban Green 
Infrastructure 
       Table 1 provides elements that Part of the Urban and Peri-Urban 

Infrastructure. 
Table 1 Elements that are Part of the Urban and Peri-Urban Infrastructure [17]. 

 

SPACE DESCRIPTION 

Park The green area of considerable dimensions is 

characterized by having recreational facilities and 

services, with a diversity of all vegetation strata. 

Square Small space, smaller than a garden, with little 

vegetation, 

usually wooded and some equipment. 

Urban wooded Trees planted along a street. 

Live hedge 

alignments  

Vegetable alignments not including trees. 

Urban parterre  Small green areas located on public roads with an 

ornamental function or to accompany traffic. 

Green wall  vegetation is located vertically on the facades of 

buildings. 

Urban garden Space distributed in horticultural plots for the non-

commercial use of people and groups. 

Botanical Garden Space dedicated to botanical collections. Also included 

are gardens with specific collections such as rose 

bushes, succulents, etc. 

Municipal 

nurseries 

Spaces are reserved for the production and storage of 

plants. 

 

1.3 Connectivity 
 

Connectivity refers to the configuration of landscapes and how it affects 

users' displacement and dispersal and is defined as the degree to which a 

landscape prevents or facilitates movement between nodes or nuclei and 

between ecosystems. [18]. This characteristic represents the landscape's 

ability to maintain its functionality, ecological flows, and the connections 

between its elements and illustrates the relationship between the landscape's 

structure and its function. 

It is broken down into two components: structural and functional 

connectivity. The first is equated with the habitat's continuity and is 

measured by analyzing the landscape's structure without considering the 

organisms' requirements. [19]. The second corresponds to the response of 

organisms to landscape elements other than their characteristic habitats. 
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2 Materials and Methods 
 

2.1 Site Analysis 
 

The investigation was delimited explicitly in the Sinchi Roca Zonal Park 

to the Naranjal del Metropolitano Station, in Comas district. 

Location: The Comas District is located at an altitude that varies from 150 

to 811 meters above sea level, so it is at a higher altitude than other districts 

of Metropolitan Lima, with a South Latitude of 11 ° 56'00” and a West 

Longitude of 77 ° 04'00 ". 

It has a total area of 48.72 km2, which represents 5 percent of the area of 

North Lima and 1.7 percent of the area of Lima. [20] 

 

  

 

 

 

  

 

 

 

 

   

 

 

 

 

 

 
 

 

Figure 1 The geographic location of the Comas district; Source: self-made 

 

Figure 1 shows the specific location of the Comas district, also the 

delimitation of the study area, the same as reflected with the yellow lines. 

Figure 2 (a) shows the green color characterizes Zone I: Gravel of alluvial 

origin with superficial sands and rocky outcrop. Yellow, Zone II: Fine 

granular soils and clay soils of medium compactness. Orange, Zone III: Fine 

soils, clay soils, and filled. Susceptible to settlement due to the rise of the 

water table in the event of a drainage system failure. And red, Zone IV: Steep 

slopes. Moderate to high geological hazards from debris and mudslides, 

landslides, and rockfalls. (b) The boundaries of the district are visualized, to 

the north with the districts of Carabayllo, to the south with Independencia 

and Los Olivos, to the east with San Juan de Lurigancho, to the west with 

Puente Piedra. [1,8, 21] 
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(a)                                                             (b) 

 
Figure 2 (a) Zoning map of the Comas district. (b) Satellite Map of the Comas 

district; Source: self-made. 

 

2.2 Characteristics of the Study Area 
 

2.2.1 Climate and Meteorology 
 

In general, the region's climate is arid subtropical (Hot, Humid, and 

without regular rains, warm in summer and temperate in winter). It is a 

maritime desert climate; it is mild; that is, there is no excess heat during the 

day or cold at night. Meteorological information is provided by the Peruvian 

Civil Aviation School - Comas. [10, 22]. 

 

                  Temperature  

 It is influenced by altitude, cloud cover, water masses, soil moisture, 

vegetation, and rocks; All these aspects in one way or another maintain and 

eliminate the heat of solar radiation; which allows us to maintain an average 

annual temperature of 22.1 ° C; with a variation of more or less than 6ºC; 

There are two seasons a year: from the sun from December to May with an 

average temperature of 26ºC and without sun from May to December with an 

average temperature of 11ºC. The average is constantly cloudy, and the 

precipitation ranges between 05 and 30 mm; the maximum occurs in July up 

to 50mm. Table 2 Statistical data of Temperature in the district of Comas 
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Table 2 Statistical data of Temperature in the district of Comas 
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  Figure 3 (a) (b) Statistical diagram of temperature in Comas 
 

Figure 3 shows the "mean maximum" (solid red line) shows the mean 

maximum temperature per month of the Comas district where the highest 

temperatures on average are in February, around 23.0 ° C. At 15.3 ° C on 

average and August is the coldest month of the year. Similarly, "the blue 

bars" show the average precipitation, where the maximum reaches up to 

5mm. [20, 23] 

        Altitude  

Its urban area is developed from 150 meters above sea level to 512 meters 

above sea level. It is the maximum altitude of the district, 811 masl. 

       Cloudiness 

It occurs from May to December, in a flattened shape called strata, which 

produces a brief drizzle. This canopy or cloud cover is located between 400 

and 800 meters above sea level, generating thermal immersion. 

                 Winds 

These originate from the soil's uneven heating, which causes that in the 

day, the winds are from the sea to the land, and at night they are from the 

land to the sea. Whose speed goes from 06 KM / H. up to 14 KM / H. With 

orientation from south to north. In the coastal sector, there are records of 

more than 25 years in which the winds from the south predominate and reach 

an average speed of 13.6 km/hour, whose classification is "WEAK 

BREEZE"[21]. Table 3 providesStatistical data of Speed in the District of 

Comas. 

 
Table 3 Statistical data of Speed in the District of Comas 

 

 

 

 
 

 

T ° MAX. T ° MIN. T ° AVERAGE 

24.5 ° C 14.2 ° C 22.1 ° C 

SPEED MIN SPEED MAX 

S / 06 KM / H. S / 14 KM / H. 
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       Morphology 

Lima's northern zone presents a varied morphology surrounded by a 

mountain chain of medium slopes with seasonal hill vegetation. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Map of soil types in the Comas district. 

 

Figure 4 shows clay-type soils of medium compactness. Gravel-type soils 

of alluvial origin. Also, fine and filled soils. And with steep slopes. The 

predominant soil material is transported by alluvial action (boulders) and 

wind (sandstone, silt, and clay). [22, 23] 

 

2.3 Materials 
 

ArcGIS 10.4 and Google Earth software were used to collect information 

on the determined area. For the processing of the surveys and statistical 

analysis, SPSS v26 was used to design the proposal the Sketchup program 

was needed. Besides, Spearman's correlation was applied to verify the 

validity of the hypotheses raised. 

 

2.3 Development of the Project Proposal 
 

2.4.1 Construction Criteria 
 

The methodology to be applied to determine the optimal route for a 

network of bicycle lanes was referenced from the "Manual of Criteria for the 

Design of Cycle-inclusive Infrastructure and Cyclist Circulation Guide" 2017 

[24], which is based on a specific diagnosis of the cycling mobility patterns 

and the characterization of the district. This determines a road layout  
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adaptation process that gives priority to certain lines within the network. This 

bicycle mobility network includes a primary network and a secondary 

network. 

 

2.4.2 Process for Mapping the Network 
 

The source mentioned above in the figure 5 also indicates that for a 

successful design of the infrastructure network for cycling, the following 

steps are required [25]: 

 
 

Figure 5 Process for the Layout of the Cycle Path Network 

 

2.4.3 Project Materials 
 

It is intended to use eco-friendly materials offering resistance and 

portability. The gradual bamboo cane is the primary material for constructing 

bicycle furniture due to its richness in flexibility, durability, and lightness, 

which allows the seismic loads to be reduced and lose importance [26]. This 

feature makes the difference to any traditional bike path design due to its raw 

material's durability. Other materials were also combined with the cane in 

different furniture areas, such as metal, bolts, and polycarbonate in reduced 

size since the proposal tries to reduce the environmental impact. 

 

2.4.4 Project Conceptualization 
 
 The place's idea is conceived because its route lines are discontinuous, 

which do not connect safely and do not have a coherent destination, showing 

a notable lack of bicycle lanes and signalling generating the insecurity of the 
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users of these routes shows in figure 6. [27, 28, 29] 

 

 

 

Figure 6 Terrain Profile, It Shows the State of Conservation in the Sectors of the 

District 

 

  Figure 11 shows the current routes within the district of Comas. For the 

development of this project, the state of conservation of the district's sectors 

was also taken into account; it can be seen that the Comas district has 

approximately 52% of conservation areas in a normal state. 

Figure 7 shows the proposed connectivity of bicycle lanes in the Comas 

district. The rest of the users also appreciates the 12 stations along the route. 

 

3 Results 
 

For this reason, this project aims to carry out an optimal layout of bicycle 

paths in the Comas district with a green infrastructure design, as shown in 

figure 7. To connect the sectors that had not been considered in favor of the 

user. 

According to the survey's positive results, users agreed on implementing a 

green infrastructure design for the connectivity of bicycle paths, responding 

to the needs of said users, and improving road safety; confirmed 

requirements under the application of this instrument. Where in the question: 

What is the need to use the bicycle as a means of transport? According to 

statistics in the district of Comas, the population's need for mobility refers to  
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work as the main factors with 36.30% and study with a 55.20% percentage, it 

is worth emphasizing that most students and workers take advantage of these 

trips either to their work or place of study to make purchases or carry out 

procedures. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 7 the Layout of the Bicycle Path Network In the Comas District's Urban 

Area; Source: Proposal of the Design-Own Elaboration. 

 

3.1 Project Areas 
 

Table 4 shows Components that are Part of the Project. 

 
Table 4 Components that are Part of the Project 

 

Project Components 

Bike 

Stations 

 

Improved bicycle facilities at key locations with various 

services, used as a multimodal transfer station. 

It has been proposed to establish 12 stations strategically 

located in places with the most significant people. 

Bicycle 

Parking 

 

The provision of bicycle parking spaces near or at public 

transport stations. 

Public 

Bicycles 

More or less similar to rental bikes, but organized on a 

larger scale, as a public service, and with bike pick-up and 

drop-off at various locations. 

Green wall Vegetation located vertically on building facades 

Urban 

wooded 

Trees planted along the path 

Urban 

parterre 

Small green areas located on public roads with an 

ornamental function or to accompany traffic. 

Urban 

garden 

Space distributed in horticultural plots for the non-

commercial use of individuals and groups . 
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3.2 Project Design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 Zoning of the Green Infrastructure Design for the Connectivity of Bicycle 

Paths from the Sinchi Roca Zonal Park to the Naranjal Metropolitan Station, Comas. 

 

In figure 8, the distribution of the infrastructure of the corridor design, in 

which A is a waiting space, B are social spaces, C are green corridors for 

cycling with green areas, D, ecological spaces for the socialization of people, 

E and F, use of ecological materials, and green roofs, as well as the use of 

solar panels, spaces H Bicycle parking and for me, the design of the corridor 

 

(a)                              (b) 
Figure 9 (a) Cycle Route via Located within the Sinchi Roca Zonal Park. (b) 

Ciclovía on Av.Universitaria 
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Figure 9 shows the bike path route with the appropriate green 

infrastructure design to promote this sustainable transport. 

 

Figure 10 Two-Way Bike Path on University Avenue 

 

Figure 10 shows the optimal route for users on the Comas district 

bikeway, they are spaces that allow generating microclimates for the comfort 

of users, and recreational spaces for the socialization of people 

 

Figure 11 Second Bicycle Parking in E.Naranjal of Metropolitan. 

 

Figure 11 shows the green infrastructure design in the second main 

bicycle parking lot located in the Naranjal del Metropolitano Station, the 

materials proposed are eco-friendly, to minimize environmental pollution 

 

4 Conclusion 
 

The feasibility of this project of a green infrastructure design for the 

connectivity of bicycle paths from the Sinchi Roca Zonal Park to the  
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Naranjal del Metropolitano Station in the Comas district is of great benefit, 

especially for the population aged 14-25, who is 58% of the population 

surveyed in this research, which for the most part are students from either 

primary, secondary and higher-level institutions, being these economically 

inactive and dependent on their elders, therefore, this project will benefit the 

economy in a large percentage. 

Consequently, the project seeks to consolidate this trend worldwide with 

the slogan of improving the quality of life and caring for the environment. 

Thus, the proposal is built with eco-friendly materials whose purpose is to 

achieve sustainable development, reducing pollution, environmental, and 

traffic congestion. 
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