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Abstract 
 
The purpose of the research is to supply the scarcity of maps to evaluate the 

ecosystem services of the green infrastructure of Metropolitan Lima, the 

capital of Peru. The study considers, maps of ecosystem services are 

produced using Graphab software. By superimposing them with Landsat 8 

images 04/14/2019, we were able to obtain maps of vegetation or green 

infrastructure, showing their fragmentation, non-existence in sites with 

ecological potential, and the inequity of ecosystem services in relation to the 

district of Human Development Index (HDI). The development of green 

infrastructure maps is a recommendable instrument for urban planning. 

 

Keywords:  Methodological design, Green Urban Infrastructure, Maps, 

Corridors, Multifunctional Provisions, Ecosystem, HDI. 
 

1 Introduction 
 

There is extensive research related to the ecosystem services provided by 

green infrastructure in cities [1,2]. Similarly, previous studies have shown 
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that the leaf area of vegetation can absorb and block air pollutants and reduce 

mist pollution [3], vegetation can reduce air turbidity, absorb and convert 

toxic substances, be used to reduce the concentration of atmospheric 

particles, and maintain fresh air through photosynthesis [4] This illustrates 

the varied ecosystem services provided by the vegetation cover or green 

infrastructure of cities.  

The definition of green infrastructure, it can be noted [5], introduced 

green infrastructure as a conceptual tool for city planning.  Green 

infrastructure can be defined as the concept of (semi-) natural structures 

strategically structured in networks and characterized by multifunctionality. 

[6] 

  On the other hand, point out that "although the concept of green 

infrastructure does not have a unique definition, it is clear that it proposes the 

re-conception of urban and rural landscape elements, aiming at ecosystem 

connectivity, nature conservation, and multifunctionality, to maintain and 

increase the provision of ecosystem services, generating greater social, 

economic, and ecological benefits". Together, green infrastructure provides 

connectivity and multifunctionality by adding more benefits than the sum of 

its isolated parts [7].  

Lately, a special type of green infrastructure called green corridors has 

emerged as an effective strategy to counteract the effects of ecological 

fragmentation and contribute to urban sustainability in highly anthropized 

environments. "These corridors are spatially linear landscape elements that 

facilitate the connectivity of ecological and social processes in an aggregate 

manner and are developed as an integrated system that is optimized by being 

configured as a network. Linearity and multifunctionality are two 

fundamental ideas in the green corridor concept". 

Regarding ecosystem services, the theoretical framework and tools have 

been widely developed [8]. Ecosystem services as the benefits people obtain 

from nature. These ecosystem services are grouped into ecosystem support 

services, provisioning services, regulating services, and cultural services [9]. 

Urban vegetation is a provider of ecosystem services, such as controlling the 

urban climate, capturing atmospheric pollutants, carbon fixation, infiltration 

of rainwater, and rest and recreation spaces, which contribute directly and 

indirectly to the well-being of the population. Hence the importance of the 

spatial distribution of urban vegetation as a provider of ecosystem services, 

going beyond the concept of being a purely ornamental issue but rather a 

mechanism for regulating numerous variables. 

The study adopts the concept of stepping stone corridor or "springboards" 

that can be defined as the set of patches within disturbed environments that 

allow the displacement of species or maintain ecological processes; and that 

can be understood as linear green spaces that are fragmented but still present  
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an alignment around a common axis and important spatial proximity, 

providing equally ecosystem services as if they were continuous corridors 

[10]. 

Experiences of ecosystem service assessment with different tools such as 

participatory assessment with TESSA; participatory mapping with Solves; 

integrated assessment with; change scenarios with Costing Nature; spatial 

processes with ARIES. Such experiences have an implicit framework for 

their application. [11] 

In another line of analysis, some studies relate urban agriculture to the 

reduction of depression and health. A Sustainable Human Development 

Index (SHDI) has also been proposed, which modifies the Human 

Development Index (HDI) promoted by the United Nations by adding carbon 

emissions. Included an additional modification to the "modified HSDI" by 

adding the proportion of each country's forest area. Although this indicator 

does not discriminate between natural and human-managed forests, it 

represents an important measure of the ecosystem's capacity to provide 

ecological services. [12] 

Similarly, in the case of Lima, Peru, due to the limited amount of 

vegetation to provide a natural shade, users may perceive sun exposure as a 

barrier to cycling and walking during the warmer months, presenting 

opportunities and challenges for further development and implementation of 

initiatives to promote the use of non-motorized transport. In principle, the 

options are related to: i) favorable topography as the main geographical area 

of the city is on a plain; ii) mild climate without extreme temperatures and 

limited rainfall throughout the year; iii) average travel distance (all modes 

and purposes) of about 7.5 km according to the Urban Transport Master Plan; 

iv) low motorization rates with only 16. 5% of households owning a private 

vehicle (ENAHO) and relatively high bicycle ownership with 30% of 

households owning a bicycle; and (v) 126 km of bicycle lanes already 

established by 2013 and bicycle parking facilities available within three 

stations of the metro line and within the main BRT (Bus Rapid Transit) 

stations and around other intermediate BRT stations. [13] 

Point out that there is a range of tools to support the management of 

green infrastructure from an urban planning point of view, but that most of 

the tools are not designed for the peculiarities of the urban context, fail to 

comprehensively assess urban green infrastructure and their use is not aligned 

with the needs of potential users. These tools are not easily applicable to 

support decision-making as such. However, if applied carefully, they can 

play an indicative role in identifying further specific and in-depth analysis.  

The studies mentioned have been developed from a particular methodology. 

It is relevant to test such methods and adapt them to the mapping and 

evaluation of urban green infrastructure in Metropolitan Lima and its 

ecosystem services. Homologating or standardizing a methodology would 

make it possible to compare the different assessments carried out over time 

and by other institutions, especially in a monitoring program for urban green 

infrastructure and ecosystem services in Metropolitan Lima. Thus, we 
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 consider it important that, by recognizing the spatial distribution of 

ecosystem services, it is possible to identify spatial areas with lesser 

ecosystem services. Once it is possible to connect and integrate the city's 

green infrastructure (from the stepping stone corridor approach), these areas 

will contribute to its well-being by increasing their ecosystem services.  

In general, care must be taken to ensure that gardens, parks, poplar 

groves, fences, woodlands, and other forms of vegetation cover or urban 

green infrastructure do not appear in isolation but are interconnected, 

providing ecosystem services under the concept of green corridors, urban 

green infrastructure or multifunctional landscapes. For example, it points out 

that "if we join the hills, tillandsias and coastal wetlands of Lima, we will 

have a set of coastal ecosystems, at a short distance from each other. Thus, 

Lima and Callao's coast would become a potential place for adventure 

tourism and cultural nature tourism. The proximity between these ecosystems 

would allow the creation of combined circuits in this region". For this 

purpose, the science of landscape ecology (which proposes landscape 

matrices, patches, and corridors) provides a sound theoretical framework for 

analyzing the connectivity and fragmentation of green infrastructure and 

ecological corridors. [14] 

Lima's Municipality has considered evaluation and diagnosis, planning, 

restoration, and promotion of ecotourism circuits. It has issued an Ordinance 

for the Conservation and Management of Green Areas in the Province of 

Lima, through which it establishes as a "Type of Green Area for Public Use" 

the "Parque Lomas" defined as "green areas that are developed in the 

ecosystem of coastal hills, which allow the conservation of the same, the 

sustainable use for educational, tourist and recreational purposes, prevention 

of informal occupation and risk reduction in the face of natural disasters". 

This shows the importance that is beginning to be given to the ecosystem 

services of the city's green infrastructure. [15] 

Through ArcGIS and landscape metrics, the assessment and mapping of 

green urban infrastructure will help multifunctional design landscapes 

provide a wide variety of ecosystem services, promoting urban sustainability. 

The ecosystem services approach can be said to contribute to the planning of 

green urban infrastructure. Therefore, it would be very useful for the 

planning of the city of Lima to have a map of the ecosystem services 

provided by its green infrastructure. The latter reinforces the purposes of this 

study on green infrastructure and its connectivity. Shading and moderating 

the microclimate is part of the ecosystem services of green infrastructure. On 

that point, an analysis of the UNFV case and its green connectivity or green 

corridors are included; also, a study based on the connectivity of bicycle 

paths. [16] 

Based on the above situation, this study aimed to formulate a 

methodological design and evaluate the green infrastructure and ecosystem 

services of Metropolitan Lima, examining the degree to which the city's 

green infrastructure is made up of multifunctional landscapes and provides 

multiple ecosystem services; the degree of connectivity or fragmentation of  
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Metropolitan Lima's green infrastructure; the level of connectivity of 

ecotourism circuits that integrate the City's green infrastructure and its natural 

ecosystems (wetlands, hills, and tillandsias); formulate technical guidelines 

and procedures to design an ecotourism trail that integrally connects the 

City's green infrastructure and its natural ecosystems, based on the discipline 

of landscape ecology and the concept of "stepping stones"; and develop a 

standard methodology for mapping, evaluating and monitoring the ecosystem 

services of Metropolitan Lima. This method is based on an ecosystem 

services approach that allows for assessing the capacity of urban green 

infrastructure to provide ecosystem services and determine the areas in which 

vegetation must be established to interconnect the city's green infrastructure. 

The methodology developed will contribute to integrating the City's green 

area projects to form multifunctional landscapes that provide multiple 

ecosystem services, generating maps of the green infrastructure of 

Metropolitan Lima and the respective ecosystem service maps, which will 

contribute to the environmental planning of the Capital City. [17] 

 

                   2 Method 
 

The study was of application level, of observational, retrospective, 

longitudinal, and analytical type. The spatial scope of interest included the 

area of Metropolitan Lima. Specifically, an area delimited to have the 09 

properties of the Universidad Nacional Federico Villarreal (see the figure of 

location) to validate the empirical generalizations obtained in the study. The 

research considered Landsat 8 satellite images from 2018 to 2020. The 

universe included the cartographic units of the green infrastructure of 

Metropolitan Lima. Each of these units constituted a patch of ecological 

landscape and the total of them, the population universe. The method of 

stratified random or probabilistic sampling was used. Thus, the entire 

statistical population of green infrastructure patches was divided into 

subgroups or strata (in this case, districts). A base of 10 sampling points per 

district was proposed. [18]   

Figure 1 shows the location of the study area; at each point, observations 

were made and digital information recorded from satellite images and 

multispectral orthophotos (based on observation formats); likewise, at each 

end, landscape evaluations were made (based on questionnaires based on 

semantic differential) and assessment on the use and perception of the City's 

ecosystem services (based on Likert type questionnaires). The study unit was 

the green infrastructure of Metropolitan Lima. Its analysis units were the 

following: the green infrastructure patches and corridors, the ecosystem 

services provided by the green infrastructure, the ecotourism trails that make 

up the green structure, the aesthetic landscape perceived by the users of the 
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Figure 1. Location of the UNFV premises 

 

green design, and the standard of living or district human development index 

(HDI) in which the green infrastructure is presented. The documentary tools 

used in the study were the following: 1) observation formats; 2) semantic 

differential type questionnaires; and 3) Likert type questionnaire. The 

evaluation and mapping of green urban infrastructure were done through 

ArcGIS and landscape metrics. The procedure used, called "Improvement of 

landscape connectivity through modeling and design of the multifunctional 

green infrastructure corridor," complemented with the work for Barcelona's 

case. Likewise, to evaluate the urban green infrastructure's landscape 

composition, diversity, uniformity, and patch domain metrics. The work 

involved a mapping scale of 1:50,000, based on satellite images. [19] 

 

2.1 Ecosystem Services of the Green Infrastructure of 
Metropolitan Lima 
 

Photos F1, F6, and F4 obtained the highest scores in terms of landscape 

quality given by the 20 evaluators according to the direct method, as shown 

in table 1. Five photos were rated as uninteresting (F3, F8, F9, F10, F7), and 

the other five as pleasant (F5, F2, F4, F6, F1). The statistical test used was 

the Kruskal-Wallis test, with a K (observed value) of 62,230, K (critical 

importance) of 16,919, 9 GDL, p-value (bilateral) of < 0.0001 with an alpha 

of 0.05. Twenty evaluators participated. Since the p-value computed was 

lower than the alpha signification level = 0.05, the null hypothesis H0 was 

rejected, and the alternative hypothesis Ha was accepted (the samples do not 

come from the same population). Also, the Conover-Iman procedure / 

Bilateral Test was included in multiple pair comparisons, as shown in table 1. 
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Table 1.The visual quality of Lima landscapes according to Muñoz's direct 

method (2004) 

Photos Points Median Media S CV SR MR Groups 

F3 31 2 1.6 0.5 0.3 1191 59.6 A         

F8 33 2 1.7 0.7 0.4 1351 67.6 A B 

   F9 37 2 1.9 0.7 0.4 1644 82.2 A B C 

  F10 38 2 1.9 0.4 0.2 1697 84.9 A B C 

  F7 40 2 2.0 0.6 0.3 1857 92.9 A B C D 

 F5 41 2 2.1 0.8 0.4 1955 97.8 A B C D 

 F2 44 2 2.2 0.5 0.2 2159 108.0   B C D 

 F4 46 2 2.3 0.7 0.3 2328 116.4   

 

C D 

 F6 50 3 2.5 0.7 0.3 2648 132.4   

  

D E 

F1 58 3 2.9 0.3 0.1 3270 163.5         E 

 

Applying the technique, the landscapes that present the most critical 

ecosystem services were ordered according to the evaluators' perception (13 

evaluators for this test). The landscape that provides the essential ecosystem 

services corresponds to Photo 4, which shows a historical view of the last 

century of a tall, dense tree line on Avenida Brasil's sides (See Table 4). The 

computed p-value was lower than the alpha signification level =0.05. The 

null hypothesis H0 was rejected, and the alternative hypothesis Ha was 

accepted (the samples do not come from the same population). The Conover-

Iman procedure / bilateral test included multiple pair comparisons. There is 

significant variability in the evaluators' responses, as indicated by the high 

coefficients of variation. 

 
Table 2. Comparisons of the number of ecosystem services provided by green 

infrastructure assessed from photographs 

 

Photos Points Median Media S CV SR MR Groups 

F3 99 7.6 0.4 3 
 

305.5 23.5 A       

F5 115 8.8 0.9 8.1 
 

396.5 30.5 A B 

  F9 192 14.8 0.3 5 
 

732 56.3 A B C 

 F7 198 15.2 0.5 7.2 
 

748 57.5 A B C 

 F8 212 17.8 0.4 11.5 
 

813.5 62.6 

 

B C D 

F10 232 16.3 0.6 7.4 
 

819.5 63 

 

B C D 

F2 252 19.4 0.3 6.3 
 

994.5 76.6   

 

C D 

F1 339 26.1 0.4 10.4 
 

1199 92.2   

 

C D 

F6 409 31.5 0.5 17.1 
 

1214 93.4   

 

C D 

F4 412 31.7 0.4 14.3 
 

1292.5 99.4        D 
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Applying the technique, the landscapes that present the most 

extraordinary ecosystem services were ordered according to the evaluators' 

perception (13 evaluators for this test). The landscape that provides the most 

critical ecosystem services corresponds to Photo 4, which shows a historical 

view of the last century of a tall, dense tree line on the sides of Avenida 

Brasil (See Table 2). The computed p-value was lower than the alpha 

signification level =0.05. The null hypothesis H0 was rejected, and the 

alternative hypothesis Ha was accepted (the samples do not come from the 

same population). The Conover-Iman procedure / bilateral test included 

multiple pair comparisons. There is significant variability in the evaluators' 

responses, as indicated by the high coefficients of variation. 

 

2.2 Mapping of urban green infrastructure in Metropolitan Lima 
 

As shown in table 2, the mapping of green infrastructure's ecosystem 

services is directly associated with mapping the city's vegetation cover. In 

this study, the normalized difference vegetation index (NDVI) was used to 

delineate vegetation [32]. Depending on the concept established for the term 

"Green Infrastructure," the respective map will result. Figure 5 shows the 

NDVI image of the Landsat 8 image 14/09/2019. It shows the UNFV sites' 

location in areas with low NDVI values that denote low vegetation coverage 

and the green infrastructure's standard ecosystem services. In the colorful 

presentation of the NDVI image, the blue tones correspond to the vegetation. 

In Metropolitan Lima, 5.48% of its area corresponds to vegetation. The 

districts with the most prominent site with vegetation correspond to San 

Isidro (23.69%), Chorrillos (19.68%), and San Borja (18.72%). Ancon is the 

one with the minor area with vegetation (0.24%). 

 

3 Results 
 
3.1 Mapping of urban green infrastructure in Metropolitan Lima 
 

The mapping of green infrastructure's ecosystem services is directly 

associated with mapping the city's plant cover or vegetation. Figure 2 shows 

the spatial distribution of urban vegetation in Metropolitan Lima, where 

5.48% of its area corresponds to vegetation. The district with the most 

extensive coverage compares to San Isidro with 23.69%, followed by 

Chorrillos and San Borja with 19.68% and 18.72%, respectively. In 

comparison, Ancon's district has a minor proportion of vegetation with 0.24% 

to its district area. (Figure 2) 
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Figure 2. Green cover in Lima Metropolitana 2020 

 

The districts with the largest green area per inhabitant (m2) are Santa 

Maria del Mar (13.84 m2), San Isidro (22.09 m2), Miraflores (13.84 m2), and 

San Borja (11.86 m2), which exceed the recommendations of the World 

Health Organization. On the other hand, the districts with the least green area 

per inhabitant are Pucusana (0.11m2), Mi Perú (0.15m2), Villa Maria del 

Triunfo (0.37m2), and Carmen de la Legua-Reynoso with 0.49 m2/inhabitant. 

Regarding the total area with vegetation coverage in Metropolitan Lima, 

as shown in Table 3, the districts with the highest content correspond to Santa 

Rosa with 13.84%, followed by Magdalena del Mar with values of 10.84%, 

while the sections of Villa Maria del Triunfo and Surquillo are the ones with 

the lowest proportion of vegetation with 0.01% each to the total extension of 

vegetation. 

In addition, the normalized difference vegetation index (NDVI) was used 

in this study to delineate vegetation. This is done by mapping for a specific 

purpose, following a theoretical framework, and adopting the relevant 

technical tools. Therefore, to the extent of the concept established for the 

term "Green Infrastructure", the respective map will result. For the study, it 

was considered that NDVI images allow delimiting the green infrastructure. 

[20, 21] 
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Table 3. Vegetation Coverage in Metropolitan Lima according to Districts 2020 

 

district Vegetation 

area to the 

total size of 

the district 

in %. 

District 

vegetation 

area/ total 

vegetation area 

(%) 

Urban green 

area/ 

inhabitant 

(m2) 

District Vegetation area 

with the total 

area of the 

district in %. 

District 

vegetation 

area/ total 

vegetation 

area (%) 

Urban green 

area/ inhabitant 

(m2) 

Ancon 0.24% 0.48% 3.66 Surquillo 6.85% 0.01% 2.7 

Mi Peru 0.31% 2.15% 0.15 San Luis 6.90% 0.72% 4.97 

San Bartolo 1.07% 0.11% 8.5 Magdalena Del Mar 7.17% 10.84% 3.98 

Carmen De La 

Legua Reynoso 

1.08% 0.22% 0.49 Los Olivos 7.21% 0.69% 4.33 

Punta Hermosa 1.19% 0.04% 7.69 Bellavista 7.26% 0.25% 4.42 

San Juan De 

Lurigancho 

1.68% 2.04% 1.59 Santa Anita 7.29% 2.49% 2.3 

Santa Rosa 1.69% 13.84% 7.34 Puente Piedra 7.50% 0.95% 1.0 

Villa Maria Del 

Triunfo 

1.80% 0.01% 0.37 La Punta 7.76% 2.19% 15.66 

Independencia 1.83% 1.20% 2.73 Rimac 7.79% 0.62% 1.13 

Breña 2.0% 4.78% 1.01 San Martin De 

Porres 

7.80% 0.38% 1.63 

Punta Negra 2.57% 7.23% 1.67 Lince 7.95% 1.27% 3.81 

Pucusana 3.63% 1.68% 0.11 Pueblo Libre 8.09% 1.51% 3.74 

Ate 3.86% 1.30% 2.54 Villa El Salvador 8.11% 1.55% 1.47 

Ventanilla 4.02% 0.19% 8.82 Pachacamac 8.89% 1.55% 0.85 

Chaclacayo 4.27% 0.45% 7.96 Lurin 9.02% 0.16% 1.12 

La Victoria 4.85% 5.04% 2.62 San Juan De 

Miraflores 

10.62% 1.86% 1.65 

Cieneguilla 4.90% 0.12% 1.68 Miraflores 11.96% 0.91% 13.84 

Lurigancho 4.98% 0.04% 2.42 San Miguel 14.53% 0.51% 4.3 

Comas 5.26% 0.29% 2.81 El Agustino 14.80% 0.27% 1.37 

Santa Maria Del 

Mar 

5.39% 0.85% 31.54 La Molina 15.76% 0.19% 7.52 

La Perla 5.50% 0.14% 2.96 Jesus Maria 15.86% 3.93% 9.27 

Lima 6.0% 0.86% 3.29 Santiago De Surco 17.25% 0.21% 6.43 

Barranco 6.24% 8.0% 4.93 San Borja 18.72% 2.06% 11.86 

Callao 6.34% 11.09% 7.57 Chorrillos 19.68% 1.80% 3.04 

Carabayllo 6.76% 0.15% 1.84 San Isidro 23.69% 0.78% 22.09 

    Total 5.48% 100% 4.11 

 

 

Figure 3 shows the NDVI image of the Landsat 8 image 14/09/2019. The UNFV 

sites' location is shown in low NDVI values that denote low vegetation coverage and 

standard green infrastructure ecosystem services. In the colorful presentation of the 

NDVI image, the blue tones correspond to the vegetation. According to the "Source-

Sink" theorization, vegetation areas act as heat sinks because they provide a cooler 

environment by reducing the microclimate temperature; therefore, it is possible to 

note that Figure 3 indicates the cooler places sinks where the NDVIs are higher. 
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Figure 3. NDVI L8 14/09/2019 and UNFV premise 

 

Table 4. Synthesis of the visual quality of landscapes in Lima by evaluators 

according to Muñoz Pedrero's direct method 

Photo 

code 
PIV-01 PIV-02 PIV-03 PIV-04 PIV-05 PIV-06 PIV-07 PIV-08 PIV-09 PIV-10 

Score 16 7 4 9 7 10 6 3 5 4 

Qualifier High Media Media High Media Alta Media Media Media Media 

Rating 3 2 2 3 2 3 2 2 2 2 

 

Ecosystem services of the green infrastructure of Metropolitan Lima, the 

purpose was to examine the extent to which the City's green infrastructure is 

made up of multifunctional landscapes and provides multiple ecosystem 

services, as shown in table 4. 

 

 
 

Figure 4. Connectivity map from Graphab Figure 5. Cycle track density(2016) 
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Figures 4 and 5, to determine the degree of connectivity or fragmentation 

of the green infrastructure of Metropolitan Lima, the NDVI image and 

Graphab program developed at the ThéMA laboratory of the University of 

Franche-Comté CNRS was used. The results of the evaluation of the 

connectivity and fragmentation of the green structure of Metropolitan Lima 

and the UNFV sites show their disconnection in a green corridor network. 

[22, 23] 

 

3.2 Green corridors and ecotourism circuits in Metropolitan Lima  
 

The level of connectivity of the ecotourism circuits that integrate the 

City's green infrastructure and its natural ecosystems (wetlands, hills, and 

tillandsias) was evidenced. It was concluded that the green infrastructure and 

natural ecosystems considered to be potential ecotourism circuits in 

Metropolitan Lima are either disconnected or barely connected. Concerning 

the Human Development Index (HDI), it is observed that the districts with 

higher levels of HDI present a more aggregated green infrastructure and more 

excellent connectivity, as opposed to the communities with lower HDI that 

offer a dispersed green infrastructure and therefore less connectivity (Figure 

2). The District Human Development Index (HDI) criteria were used to link 

green corridors' characteristics with the population's condition as a city 

planning tool. 

 

3.3 Bicycle paths in the shade 
 

The study proposes implementing vegetative strips or stepping stone-type 

corridors that provide ecosystem services to the city. To design a gallery, one 

must establish where it will be located. A first response is its location in 

conjunction with the  

Bicycle paths, to which it provides shade, an ecosystem service that 

would be highly appreciated in the summer season. The best species, types of 

trees, and planting and forestry care techniques would be chosen based on 

urban forestry guidelines. To facilitate this purpose, a proposal for a network 

of bicycle paths was superimposed on Lima's current vegetation cover to 

determine the sites with a lack of vegetation to protect cyclists. The work 

proposes a network of bicycle paths used as the basis for the proposal of a 

green corridor adjacent to Lima's network of bicycle paths. 

Figure 6 shows the bikeway corridors with greater or lesser vegetation 

coverage. Where coverage is lower, arboriculture should be encouraged to 

provide shade for cyclists. The most impoverished areas are shown in redder 

shades (lower Human Development Index HDI). On the other hand, it can be 

seen that the highest density of bicycle lanes is located in the districts with  
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the highest HDI, which generates inequity in the use of bicycles by the 

population with fewer resources. [24, 25, 26]. 

 

 
 

Figure 6.  Proposal for bicycle paths and vegetation coverage NDVI L8 14/09/2019 

 

 
 

Figure 7. Places of ecological interest, proposed bicycle paths and vegetation 

coverage, NDVI L8 14/09/2019 

 

 

 

 

 

 



 
 

Figure 9. Charter of the Municipality of 

Lima promoting points of ecological 

interest, NDVI L8 14/09/2019.vegetal 

NDVI L8 14/09/2019 
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Figure 7 shows that many places of ecological interest are not served by bicycle 

lanes, which should be corrected. It also shows that many ecological interest sites are 

not embedded in significant vegetation coverage patches, thus detracting from the 

opportunity for ecosystem services provided by green infrastructure. From the 

observation of the map, we conclude that green corridors are not formed. All the 

coverage is splashed and concentrated in some places but disconnected. The plan of 

ecological points was obtained from the following link: 

https://sinia.minam.gob.pe/mapas/mapa-lima-ecologica. This thematic map presents 

in a didactic way the location of the hills, parks, beaches, botanical gardens, 

wetlands, and zoos in Metropolitan Lima. 

The Infrastructure of Ecological Lima, The installation of a vegetative strip 

corridor or stepping stone type corridor should be connected to interesting sites. The 

gallery should emphasize connectivity with places of ecological interest or 

recreational interest sites in nature within the green infrastructure framework. This 

implies bordering areas such as parks, zoos, botanical gardens, hills, wetlands or 

swamps, beaches, farms or ranches, scenic viewpoints, agricultural fairs, river banks 

for winter recreation, etc. In this regard, Lima's Municipality published a map called 

Ecological Lima, indicating exciting places. Green corridors should connect such 

areas of interest, and it is to be expected that many visitors will decide to reach such 

regions by walking along green corridors and bike paths. 

 

 

 

 

Ecological Cultural Heritage. The pre-Hispanic irrigation channels of 

both Huatica and Surco have been promoted for their recovery as blue 

infrastructure (water courses) and as a cultural motive to recover Lima's 

knowledge and history. In this context, the green infrastructure should go 

together with the irrigation channels forming a single network or corridors of 

natural infrastructure. 

 

Figure 8. UNFV sites, pre-

Hispanic irrigation channels and 

NDVI vegetation cover L8 
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However, this does not happen, as shown in Figure 8, which emphasizes 

the disconnection. The irrigation channels were taken from the National 

Water Authority (ANA) files, and the overlapping vegetation coverage was 

obtained from NDVI from Landsat 8 image of 14/09/2019. In figure 9 shows 

the ecological points of interest promoted by the Municipality of Lima. The 

values of NDVI have been superimposed on this chart, noting that many 

points of environmental interest do not have sufficient vegetation coverage, 

so that benefits from ecosystem services are not achieved.  

In city planning and the promotion of ecosystem services from green 

infrastructure, public participation is central both in the management 

processes themselves but perhaps more so in the enjoyment of points of 

ecological interest and natural recreation. 

 

4 Discussions  
 

Villa Maria del Triunfo and Surquillo are the districts with the lowest 

proportion of vegetation with 0.01% each to the total extension of vegetation 

and with less than 30% of green areas/inhabitant recommended by the WHO. 

This scarce vegetation coverage does not contribute to combat the warming 

of the city. Similarly, the UNFV sites have low NDVI values that denote low 

vegetation coverage and, therefore, scarce ecosystem services of green 

infrastructure, not contributing to clean air pollutants, reduce dust and 

dampen noise. Previous literature has explored ecosystem service functions' 

responses, mainly on climate regulation, using the Difference Normalized 

Vegetation Index-NDVI. Applying the Graphab software, we found that the 

green infrastructure of Metropolitan Lima provides limited ecosystem 

services to its inhabitants and is scarcely multifunctional, resembling 

scattered green islands (see Figures 1, 2, and 3), due to the gradual 

replacement of green spaces by buildings, reducing urban cooling and 

increasing urban heat island. Similarly, the connectivity and fragmentation of 

the green structure of Metropolitan Lima and the UNFV premises show their 

disconnection in a green corridor network[4,8,12,25]. The exception is found 

in the districts with higher HDI levels since they present a more aggregated 

green infrastructure and greater connectivity, providing opportunities to 

maintain their green networks' functionality. Similarly, the potential 

ecotourism circuits in Metropolitan Lima associated with hills, tillandsias, 

and coastal wetlands, at short distances from each other, are either 

disconnected or barely connected. However, if we bring them together, it will 

create combined circuits for adventure and ecological tourism. [27, 28, 29] 

 

 
 
 
 



 
 

 

 

2740 Oscar Cuya Matos et al 

 
5 Conclusions 
 

Many ecological interest sites are not inserted insignificant patches of 

vegetation coverage, do not form green corridors, and detract from the 

opportunity for ecosystem services provided by green infrastructure. All 

vegetation coverage is splashed and concentrated in some places but 

disconnected.  

Similarly, these places of ecological interest are not served by bicycle 

paths; the highest density of these paths is located in the districts with the 

highest HDI, generating inequity for bicycle use, which must be corrected.  

Green infrastructure should go together with irrigation channels forming a 

single network or corridors of natural infrastructure; however, this does not 

happen. Many ecological interest points do not have sufficient vegetation 

coverage, so benefits from ecosystem services are not achieved. 

Instead, public participation is central both in the management processes 

themselves but perhaps much more in the enjoyment of ecological interest 

and natural recreation. This can be made effective under the promotion to 

establish the green corridors. The application of the method, based on an 

ecosystem services approach, has enabled us to assess urban green 

infrastructure and determine its spatial and social inequity. 

To plan green infrastructure in cities, it is important to have maps of 

ecosystem services applying the same methodology. 
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