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ABSTRACT

In South America, the urban population has been growing rapidly over the last century, with a 
share of more than 80% expected by 2020. This trend has created new challenges for city planning 
because municipalities must address issues caused by horizontal urban expansion and the informal 
occupation of peripheral areas. Frequently, the latter are not designed or equipped for the basic needs 
of new inhabitants. This research is based on the work of MGI, an initiative for smart, sustainable 
development in Piura, an intermediate city with one of the highest rates of urban sprawl in Peru. This 
initiative promotes climate change adaptation and mitigation based on urban analysis embodied in a 
sustainability profile and an action-oriented roadmap with concrete, feasible, and replicable measures 
and projects. One such measure is a spatial analysis, prioritising small illegal dumpsites for recovery 
and converting these areas into a public space using digital planning tools. This study analyses the 
development of the intervention to be implemented against the city´s opportunities and challenges.
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INTRodUCTIoN

Climate change, natural disasters, pandemics such as COVID-19 and social inequality present global 
challenges. Thus, people must consider how future cities and communities will look. Currently, 
the most urgent concerns for citizens include those related to living, environment, mobility, health 
and security. Cities represent economic progress, job opportunities, social action, innovation and 
technological development, providing more than 80% of the global GDP (Worldbank, 2020). In 2018, 
55% of the world’s population lived in cities, a percentage predicted to be 68% by 2050. Population 
growth in emerging economies has accelerated considerably, from 2 billion people in 2000 to a 
projected 5.5 billion by 2050, representing 95% of the world’s urban population (UN, 2018b). With 
increasing wealth and economic opportunities, cities are expected to continue expanding, following 
a car-dependent expansion trend apparent in developed countries.
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The New Urban Agenda launched by the UN in 2017 states that cities must strengthen sustainable 
resource governance to facilitate the ecosystem’s preservation, recovery, remediation and resilience 
against all new and emerging challenges associated with climate change and urban sprawl (UN, 
2017). However, to reinforce such efforts, researchers must examine the urban ecosystem’s social, 
economic, environmental and technological dynamics and its performance (D’Amico et al., 2022).

Strategic urban planning can prepare cities for future events, such as climate change, that affect 
urban infrastructure and urban life. A proper urban planning strategy supports both economic growth 
and sustainability by making cities more attractive for potential investors and citizens, ensuring high 
living standards (Carter et al., 2015).

Low-cost, high-impact, smart digital solutions are progressively being deployed in the Global 
South to tackle urban development challenges (Nagendra et al., 2018). However, despite these solutions’ 
potential, many smart city projects have primarily focused on providing smart applications rather than 
data-driven city planning and management (Bibri, 2020). Consequently, the rollout of smart cities has 
revealed other challenges, namely a lack of competences and training opportunities for city professionals, 
a lack of digital skills among citizens, insufficient resources and inadequate city planning (OECD, 2019). 
Thus, to build smarter cities in emerging economies, cities must strengthen local government databases 
and exploit digital infrastructure within existing urban systems (Worldbank, 2021).

To accomplish this work, city planners need technical knowledge and tools facilitating swift, 
precise action in both the design and evaluation of urban plans. Along with technological advances in 
computing, many tools have been introduced to help planners, ranging from geo-referenced information 
systems (GIS) to complex urban system simulation models (Derix, 2012). Digital tools optimise and 
support the analysis and action of public policies to reach the sectors that need these services most, 
while creating capacities for urban project modelling and visualisation within the local administration 
(Kaluarachchi, 2022). Urban data can support cities and municipalities in decision-making; improving 
internal and external processes; and, most importantly, responding more efficiently to citizens’ needs 
(GIZ, 2022). Introducing a system such as GIS should bring economic benefits, particularly for 
local authorities, through savings, reducing administrative costs, increasing efficiency, or improving 
effectiveness in management and operation (Obermeyer et al., 2016).

In 2020, Peru’s Secretary of Digital Government of the Presidency of the Council of Ministers 
published the National Digital Transformation Policy to accelerate digital transformation at the national 
level and outline a digital agenda for the country. This document builds on the exponential growth of 
digital competences that emerged in public management and society from 2020 onwards due to the 
pandemic. Peru’s government wishes to establish an active ecosystem, allowing public and private 
efforts to collectively facilitate digital inclusion and closing digital gaps at the national level. To this 
end, the country launched the Geo Peru Digital Platform, comprising more than 500 official publicly 
accessible digital maps, highlighting both progress and gaps in areas such as infrastructure, poverty, 
basic needs, education and security. This platform should strengthen local action strategies and support 
data-driven decision-making for the benefit of citizens (PCM, 2020). Peru’s government has committed 
to promoting a digital transformation toward social equity, promoting a National Smart Cities Strategy 
to create sustainable, reliable cities. These efforts include offering technological solutions to facilitate 
digital governance and connecting decision-making with available data, accomplishing the country’s 
Sustainable Development Goals (SDGs) set by the UN.

This research is based on the work of the Morgenstadt Global Smart Cities Initiative (MGI) in 
Piura, an intermediate city with one of the highest rates of urban sprawl in Peru. The MGI is funded 
by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 
(BMU) through the International Climate Initiative (IKI). This project supports innovative urban 
development in the cities Kochi (India), Saltillo (Mexico) and Piura (Peru), concentrating on climate 
change adaptation and mitigation measures and fostering environmental awareness in the cities while 
contributing to the SDGs. Additionally, MGI bases its work on the Fraunhofer Morgenstadt City 
Lab methodology. This approach has been applied in numerous cities worldwide, including Prague 
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(Czech Republic), Berlin and Chemnitz (Germany), Tiflis (Georgia), Lisbon (Portugal), Coimbatore 
(India) and Joinville (Brasil). Such efforts have further developed a comprehensive, cross-sectoral 
analysis of the status quo to create a detailed sustainability profile for each city (Fraunhofer IAO, 
n.d.). Beyond this analysis, the initiative builds on a portfolio of projects that address the challenges 
identified during the analysis, using the city’s opportunities to drive sustainable development in 
different sectors in the medium and long run. These innovative project ideas are incorporated into a 
roadmap for each city seeking a more sustainable, resilient future, improving processes or services in 
urban infrastructures (Fernández et al., 2021). As a part of the MGI, one of these projects is chosen 
for on-site implementation based on its priorities and potential contribution to the city’s economy, 
environment and community. Mensah (2019) explained that sustainable development involves efforts 
to balance between ensuring economic prosperity, safeguarding environment protection and promoting 
social wealth. Based on the project’s three main aspects, the MGI implementation in Piura should 
address these areas of sustainable urban development.

In Piura, the execution of the pilot project focuses on using digital planning tools to address the 
challenges of urban planning and cover the basic needs of its inhabitants. According to the UN Habitat 
III Issue Paper (UN-Habitat, 2015), basic needs sectors and infrastructure include water supply, waste 
management, social wealth, transport and communication, energy, health and emergency facilities, 
schools, public security and urban management. In this context, this study examines how a GIS can 
be used for evidence-based decision-making. In the pilot project, GIS analysis is applied to identify 
small illegal dumpsites with great transformation potential selecting one to reconvert it within the 
MGI framework into a new public space in the city. Small illegal dump sites are abandoned plots of 
land smaller than 1 acre where waste has been and continues being deposited directly on the ground 
and subsoil, without taking the necessary precautions to protect the environment and human health 
(Vivanco Font, 2021). The pilot´s goals are to define the urban characteristics of these areas in the 
city, including their spatial potential., Through acupuncture treatment, specific uses will be given to 
the areas to improve public life. The urban acupuncture concept aims to improve liveability through 
small-scale interventions in strategic locations with a great impact. By developing a systematic 
network of quality spaces, this theory responds appropriately to producing small-scale, ecologically 
and socially catalytic development in the human-built environment (Casagrande, 2016). Thus, the 
study explains the process of criteria definition, the spatial analysis of these criteria and the final 
definition of the first space to be converted.

Ideally, this new space will become a reference for sustainable urban development projects in 
Piura by demonstrating the potential to reuse spaces in a city where green areas and public spaces are 
scarce, a process easily replicated in other parts of the city. The city has only 1.75 m2 of green area 
per inhabitant, insufficient compared with the WHO recommendation of 10–15 m2 per inhabitant. 
In Peru, only Lima, Arequipa and Tacna exceed 3 m2 of green area per inhabitant (Fernández et al., 
2021). The project elaborates guidelines for revitalising small illegal dumpsites in the city, integrating 
them into the urban fabric through consolidation as a long-term solution to these areas. Additionally, 
this intervention aims to create opportunities and demonstrate the potential for empty spaces to be 
recycled, repurposed, recovered, refurbished and integrated as a new public space in the city. Thus, 
project actions involving citizen participation, urban acupuncture and diagnosing spaces using a GIS 
can be articulated through academic and social objectives to improve Piura’s physical conditions. 
Within the MGI framework, efforts are focused on the reconversion of one site at a time. However, 
these actions will prepare the city to initiate actions in other areas in the medium and long run.

THEoRETICAL BACKGRoUNd

Urban Planning Challenges
In recent decades, the urban planner’s role has evolved from designing an area addressing socio-
economic development trends and characteristics to becoming an integrated, strategic exercise in 
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which various disciplines join to help the urban ecosystem function properly (Cajot et al., 2017). 
One of the requirements for proper urban planning is to operate with a holistic overview of what is 
happening in the city, including global competition, the employment market, environmental conditions 
and financial and human capital. Moreover, urban planners must act as interfacing agents to engage 
the private sector, understand local needs, explore with community leaders what local governments 
with constrained resources can offer and build partnerships both vertically with the national central 
government and horizontally across municipalities (Freire 2006). Subsequently, strategic urban 
planning must consider impacts at different scales and long-term perspectives because cities must 
adjust for the effects of climate change, building on resilience-based thinking techniques, keeping 
urban planning and management as flexible as possible, preparing to adapt when new developments 
arise on the economic or social front (Asian Development Bank, 2014).

Traditionally, many urban plans have been created to anticipate the future of cities in a systematic 
and predictable way (Rickwood, 2011). Particularly in the urban sphere, planning is mainly conducted 
through Master and Development Plans. These tools are conceived as the main management 
mechanisms for addressing urban sprawl, relying on rates and quotas of specified zoning regulations. 
However, urban planning faces several challenges which, due to the time pressure of urban expansion, 
often produce numerous problems (Russo, 2014). One such issue is related to the lack of preparation 
of municipal staff, who often must subcontract the development of plans to consultancy firms with 
scarce resources. This situation causes several municipalities to have the same zoning formula. 
Beyond this, most of these plans concentrate services in various urban nodes, encouraging the use 
of transport and maximising the problem of urban sprawl. Additionally, the construction of low-cost 
housing on a large scale at the outer city boundaries exacerbates urban sprawl, complicating urban 
planning (Polidoro et al., 2012).

Smart Cities’ digitalising and Using GIS
Urban spatial organisation trends have been changing, along with the development and use of new 
technologies and tools, driven by the smart cities concept underpinning technological development 
for urban regeneration and efficiency. Linking smart technologies with digital spatial planning can 
facilitate responsible decision-making and promote local democracy and transparency. Regarding 
the development of smart city initiatives, Kitchin (2015) explained that there is a gap between smart 
city theory and urban processes marked by the growth (or in some cases shrinkage), governance and 
socio-economic development of cities.

However, the use of smart city tools includes challenges and risks as technology begins to become 
a fundamental element in spatial planning, communication and decision making (Douay & Lamker, 
2022). Planning involves major negotiations and agreements between urban stakeholders. Such 
negotiations involve various urban stakeholders who are affected by policy and planning decisions 
regarding the urban environment. Within these negotiation processes, the city must make decisions 
regarding city development and implementing relevant instruments, such as property rights, zoning 
plans or environmental legislation (Bisschops & Beunen, 2019). In The New Science of Cities (2013), 
Batty emphasises the need for a systematic urban analysis approach to embrace the complex nature of 
current trends of modern urbanisation, explaining how its dynamics relate to multiple forms of social 
and ecological processes. Thus, integrated city planning facilitates the formulation of medium- and 
long-term objectives designed to fulfil a common vision and efficient resource allocation, serving as 
a key vehicle for decision-makers at the city level to achieve sustainable development (UN, 2018a).

One of the key aspects of urban planning and management is the importance of data, particularly 
spatial data. A significant portion of the information and data used by urban planners comprises 
geographic content involving topographic maps or associated with a geographic location using 
coordinate reference, a street address, or an administrative area. In this vein, GIS is a system that 
integrates, processes, saves, edits, organises, analyses, displays and shares spatial or geographic 
information (van Maarseveen et al., 2018). The advent of GIS has created an opportunity to develop 
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new approaches to spatially referenced data, adding a new dimension to the management, analysis 
and presentation of information required in decision-making processes (Healey, 1988). Additionally, 
approximately 80% of data used by managers and decision makers are geographical (Worrall, 1991).

Since the origin of GIS in the 1960, such systems have increasingly gained recognition within 
urban planning and design practice (Maliene et al., 2011). The increasing use of GIS in urban 
planning and design will enable a high quality quantitative and qualitative data analysis, improving 
the evidence and knowledge base for decision-making. Furthermore, GIS tools are a breakthrough 
for efficient and sustainable urban strategic planning and a major step toward fulfilling ambitious, 
complex global policy objectives, such as SDG 11, which aims to ‘make cities and human settlements 
inclusive, safe, resilient and sustainable’ (UN, 2015). Moreover, Babinski (2020, p. 1) explained, 
‘A geographic information system (GIS) is a powerful tool to analyse social justice issues and help 
government agencies apply an equity lens to every aspect of their overall administration of public 
resources’. Beyond this, De Falco, Angelidou and Addie (2018) explained that smart cities help cities 
both implement local strategies and cope holistically with climate change, sustainability challenges 
and unequal spatial and spatial development phaenomena associated with urban sprawl.

When GIS implementation began worldwide, the most significant challenge was the limited 
availability of digital geographic information. In emerging economies, this situation remains prevalent. 
That is, the lack of available digital geographical data, outdated maps or missing mapping efforts at 
the national level are considerable disadvantages in regional and urban planning (Trainor, 2020). 
Furthermore, local authorities’ lack of awareness and insufficient use of digital planning tools are key 
drivers for market- and politic-driven decisions, though not necessarily the most efficient or sustainable 
ones. The latter is especially true in Latin America and the Caribbean, where only a few major 
metropolitan areas are equipped with urban observatories that systematically collect citywide data, such 
as those in Santiago de Chile (Municiaplidad de Santiago, n.d.) or in Guadalajara, Mexico (Gobierno 
de Guadalajara, n.d.). The remaining cities lack adequate quantitative tools to discuss, analyse and 
support effective urban planning and efficient resource allocation. However, in the last 25 years, there 
have been several geoinformation initiatives in cities within emerging economies (Sarvajayakesavalu, 
2017). Additionally, technological advances, from using satellite images to specialised applications to 
process and analyse data, are enabling these countries to progress beyond previous efforts of gathering, 
archiving and exploiting geospatial information (Shaaban, 2019; Trainor, 2020).

Urban Acupuncture
Using spatial information and potentially a multi-criteria decision-making process, governments 
can analyse urban development and define concrete projects to support city improvement on many 
scales. To safely and strategically convert urban spaces into pleasant places to live, the spaces must 
be subjected to therapy through ‘urban acupuncture’.

This concept was proposed by various urban pioneers, combining urban design with the traditional 
Chinese medical theory of acupuncture, which involves inserting small needles in strategic positions 
along the skin all over a patient’s body. Casagrande (2013), one of the proponents of this theory, 
described a city as a sensitive, multi-dimensional organism, a living environment. Thus, urban 
acupuncture is a cross-architectural manipulation of a city involving handling blockages and pushing 
relief energy around the city’s ‘body’. As in the medical treatment, this process can better address a 
society’s needs and large-scale urban renewal interventions than other methods.

According to Morales (as cited in Al-Hinkawi & Al-Saadi, 2020), urban acupuncture can be 
considered a small intervention strategy because of its local, social approach that democratically and 
economically increases residents’ comfort through compact urban interventions.

Additionally, Lerner (2014) said urban acupuncture is a type of punctual intervention in a city, 
characterised by being concrete, offering extensive regeneration potential and benefiting a large 
part of the city. As in medical acupuncture, urban acupuncture triggers positive reactions, helping 
to heal and improve the entire existing system. Lerner explained that a healthy city must follow a 
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sustained process of long-term preventive care, which depends on a good relationship between urban 
planners, designers, and the city, just as medicine relies on an excellent doctor–patient relationship. 
Interventions in the urban space are necessary to increase the quality of public spaces and the 
interactivity of these areas for both the existing population and new groups of users. This concept 
implies that even minor urban strategies trigger processes that affect much larger areas than those 
directly involved in the interventions (Huertas Nadal, 2012). Therefore, reactivating certain spaces 
in a city is useful on a spatial level and functions as a catalyst for transforming spaces into platforms 
for citizen participation, creating an experimental opportunity for an urban platform for democratic 
action and human expression (Haydn & Temel, 2006).

A small urban intervention can change that area’s value. For a location to succeed as an active 
urban point and for urban acupuncture to function as a sustainable urban planning tool, the intervention 
must be conducted appropriately, meeting certain requirements, such as accessibility and the ability 
to improve urban conditions. Additionally, digital planning tools affect urban acupuncture’s success. 
As mentioned by Nicholas de Monchaux from the University of California (Kaye, 2011), software 
packages using GIS can locate several thousand sites of interest in a few minutes. In turn, GIS can 
support site selection by understanding how spatial and temporal impact assessment contribute 
decisively to the city’s improvement (González et al., 2013).

METHodoLoGy

The pilot project focused on using geo-referenced data and urban analysis to identify a small illegal 
dump site with the potential to reconvert and consolidate it as a new space for public use. The 
methodology was based on work with spatial data, facilitating the mapping and analysis of information 
and data on small illegal dump sites to identify the dump site to be reconverted. The selection criteria 
were used to determine the intervention area and prioritise the areas with the most local impact. 
The methodology was divided into three parts. First, this work covered the contextualisation of the 
case study and analysed the illegal dump sites in the city. Second, the study involved gathering and 
preparing data in a GIS tool. Finally, the study defined criteria for the spatial analysis and the point 
of intervention.

Case Study
The city of Piura is in the northwest of Peru (Figure 1). As the capital of the region by the same 
name, Piura has experienced accelerated urban growth, including an increase in informal housing 
and unplanned territorial expansion. With an intercensal growth rate of 2.3%, Piura has the eighth 
highest population growth in Peru (Zucchetti & Freundt, 2018). The city has an estimated 70% of 
urbanised land occupied by informal or spontaneous constructions (Rivera Saavedra, 2016), marked 
by the lack of one or more essential services (e.g. water, sewerage, electricity, paving). This situation 
has become a significant challenge for numerous governments (Ministerio de Vivienda Construcción 
y Saneamiento, 2019) attempting to implement public policies and management actions, programs 
and projects designed to solve those urban challenges (Jones, 2017).

A lack of urban planning and climatic events affecting the city (such as the floods caused by the El 
Niño phenomenon) have contributed to a temperature increase. This situation has been exacerbated by 
growing urbanisation and de-ruralisation processes and migration from the Andes to the coastal areas 
due to the region’s economic growth. Moreover, rapid urbanisation is related to reduced biodiversity 
and a loss of agricultural land. Similarly, this phenomenon produces more congested cities, increasing 
air pollution and energy consumption.

Piura does not have an approved Urban Development Plan, complicating urban planning strategies 
and their implementation. Due to problems such as a lack of access to basic infrastructure and services, 
the MGI pilot project focuses on the solid waste sector, essential in the district’s municipalities. On the 
other hand, water, sanitation, and electricity depend on the service providers EPS, Grau and ENOSA, 
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respectively. Furthermore, the MGI aims to foster climate adaptation and mitigation in cities, and 
municipal waste accounts for about 3–5% of GHG emissions (including CO2e), though this number 
is estimated to rise from 1.12 to 2.38 billion tonnes of CO2e by 2050. Additionally, improving waste 
management and reducing waste generation could reduce urban emissions by 15–20% (C40 Cities, 
2023). Thus, these statistics influenced the sector selection so that the pilot project focused on the 
urban waste sector. One problem identified by the municipality in this sector was the existence of 
small illegal dump sites, with 14 registered by the municipality in 2021. These areas have become 
infectious hotspots, posing a health risk for the population (Defensoría del Pueblo Peru, 2017). 
Currently, the municipality invests $400,000 per year (equivalent to 100,000 USD) to control and 
clean these small illegal dump sites (only related to solid waste collection).

Furthermore, small illegal dump sites are not considered within the urban planning instruments 
in Piura since they are not regarded as green areas but as vacant lots. According to information 
provided by the municipality, these spaces are considered both sources of infection and unsafe areas 
or potential vandalism sites (Fernández et al., 2021).

data Gathering and data Preparation
As a first working step, all existing geo-referenced data is gathered and prepared for analysis. This data 
helps illustrate the status-quo of current situation of the small illegal dump sites in Piura and can be 
used to evaluate possible causes, consequences, impacts and influences of them and the need to create 
a new urban space. Next, the city considers geo-referenced data from the Metropolitan Development 
Plan (PDM), developed in 2020 and still in the process of approval. This dataset includes various 
layers analysing the status quo of the metropolitan area, including different types of geometry, such as 
points, areas, or lines. For this study, relevant data from the dataset were selected and are available at 
the block level. Next, the data were prepared in a shared map as layers in an Open-Source Geographic 
Information System Quantum GIS (QGIS). Beyond this, QGIS was developed as an alternative to 
traditionally expensive commercial GIS software and is employed by a wide variety of users, to view, 
edit and perform complex spatial analysis (Moyroud & Portet, 2018).

For this study, the data considered were categorised into seven groups: population, infrastructure, 
participation, basic services, accessibility, physical vulnerability and risk of contamination. These 

Figure 1. 
Location of Piura (source: Fernandez et al., 2021)
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categories were based on the criteria used by the solid waste unit of the municipality as criteria for 
action prioritisation at small illegal dump sites and established by the Peruvian Ministry of Economy and 
Finance (MEF) . Additionally, elements that would enhance and secure the use of the new public space 
were included when developing the categories. The population aspects were linked to urban density to 
provide a space where many people could benefit. For infrastructure, green area density and proximity 
to recreational areas, the study included health facilities and other relevant economic infrastructures, 
such as shops and markets. Regarding citizen participation, the criteria included whether educational 
institutes were nearby so that the spatial use could be strengthened through environmental awareness, 
recycling activities and programs involving neighbouring schools. Beyond this, the criteria included 
information on water and energy supply coverage to connect the urban space to the existing network.

Concerning accessibility, urban centrality was considered the proximity to a central business 
district and level of density (Pereira et al., 2013) and the road systems, ensuring citizens can easily 
access the site. The road system included both paved and unpaved roads, illustrating the consolidation 
state of the urban area and if clear demarcation of streets and pavement existed. Another criterion for 
site selection involved the physical vulnerability showing risks related to rainfall and fluvial flood and 
the existence of blind basins. The last criterion was the site’s vulnerability to possible recontamination, 
including environmental exposure and the coverage of waste collection.

For the analysis of the sites, the data geometries analysed included 1) points denoting the 
locations of specific places in the city, such as educational institutions or urban infrastructures; 2) 
lines and city networks, such as the road system and its level of consolidation; and 3) areas per block, 
such as population density, vulnerability, and coverage of basic and municipal services. Over 16 
geo-referenced layers referring to the seven categories explained previously were considered in the 
analysis. A detailed list of the layers is displayed in Table 1.

Table 1. 
List of QGIS layers used for reconversion of small illegal dump site in Piura

Data cluster Specific measure Specific GIS information layer Type of geometry

Intervention site Small illegal dump site Location of small illegal dump sites Points

Participation Educational infrastructure Primary school, higher education, technical professional Points

Population Density Number of inhabitants per km2 Area (City block)

Accessibility Centrality Principal, secondary, tertiary, urban con-urbanisation Area

Road system Local roads (not asphalted); Collector or arterial roads (usually 
asphalted); Intersection of two or more (asphalted)

Lines

Pollution risk Environmental vulnerability Level of vulnerability based on Physic Vulnerability Map of 
Peru (MINAM)

Area (City block)

Waste collection coverage Waste collection service coverage Area (City block)

Physic 
vulnerability

Rain flood risk Level of rain flood risk based on Risk Map of Peru (MINAM) Area (City block)

River flood risk Level of river flood risk based on Risk Map of Peru (MINAM) Area (City block)

Blind basins Location of blind basins Area

Infrastructure Green area Location of public recreation areas Area

Recreation facilities Pools, sports facilities, theatres, stadium Points

Health facilities Clinic, hospitals Points

Relevant economic 
infrastructure

Markets, shops Points

Basic services 
coverage

Water Water service coverage Area (City block)

Electricity Electricity service coverage Area (City block)
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data Analysis
On the first step of the data analysis, the team conducted an early revision of the potential sites, finding 
that some of the sites did not have the potential for public space due to reasons such as spatial ownership 
and geometry. For ownership, the areas located in a private site were excluded because the municipality 
lacked the faculty to work on them. For geometry, spaces located in median strips or that were extensions 
of the road were excluded because most of them were small linear areas parallel to the road or fence 
or just small waste accumulation points, so they could not be used as public spaces. Figure 2 shows all 
illegal dumpsites in the city of Piura. Based on this preliminary revision, eight sites were shortlisted 
and further analysed in detail in a second stage, excluding 15 of the 23 illegal dumpsites.

Subsequently, each data criterion was evaluated by assigning a value based on defining the most 
suitable site for creating a new public space. Values were discussed within the MGI research group and with 
city officials. According to each criterion, the possible values were set between 1 to 3 for questions about 
an incident range of compliance within a specific area of low, medium, and high score, respectively. For 
questions regarding whether an area fulfilled the specific criterion, a score from 1 to 3 points was assigned.

For the participation category, the education infrastructure layer displays the location of the 
different educational facilities, including elementary and secondary schools, universities, and 
professional training institutions. Therefore, the score assigned is linked to the number of facilities 
that could participate in environmental awareness programs, ensuring the proper functioning of the 
recycling facilities in the intervention and engaging them in the design of the new space.

In the population category, a layer related to the population density was considered and measured 
using a 500 metres radius. A value was assigned according to density level, meaning that more 
inhabitants living near each site raised the score because these people would be the potential site users.

Regarding accessibility, two layers were included in this category. The first layer of urban 
centralities was based on existing urban hubs, defined by the concentration of activities (e.g., 

Figure 2. 
23 small illegal dumpsites in the city of Piura (source: own elaboration and Open Street Map, 2022)
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businesses, services). A score of three points was given when the small illegal site lay within an urban 
centre close to services or commerce allowing people not living in that area to use the new public 
space. Additionally, in this category, the current road system layer shows the roads in the following 
categories: local, neighbourhood, departmental and national. Points were attributed according to the 
relevance of the streets, the first being those with the fewest points, as these places had less traffic, 
had streets of lower quality (e.g., generally not asphalted) or both.

In the pollution risk category, a layer showing environmental vulnerability areas is divided into 
low, medium, and high. Within the same category, the solid waste collection network layer shows 
the different pick-up routes to reveal which areas not covered by this service. One point was given 
if the area was located close to the routes because this could guarantee service and prevent litter 
accumulation in the new public space.

Another category includes physical vulnerability and contains three layers. The first two layers 
concern rain and fluvial flood risk, and the risk areas are divided into low, medium, and high, while 
the sites located in more vulnerable areas obtain a lower score. Lastly, a layer of blind basins existed 
within the city. If the critical point lay within an area indicated with blind basins, it was assigned 
a value of 3, as it would contribute to cleaning up and decontaminating the soil covered in waste.

Another relevant category is infrastructure, consisting of four layers. The first one is the green 
area layer, including all areas destined for that use. Next is the recreation layer, containing information 
regarding theatres, sports facilities and community centres. Another layer is related to health facilities. 
Lastly, if commercial premises, restaurants, or the like were present in an area, they could attract people 
and investors, so the more economical infrastructure existed around the area, the higher the score was.

Basic services coverage is a category examining how connected the intervention site is, 
considering water and electricity provision. Both layers illustrate these services networks, indicating 
whether the intervention site has coverage. For analysis, a score was assigned per the connection to 
these public utilities, with three points if the site was connected and one if it were not. Table 2 lists 
the categories with the evaluation rank applied accordingly.

Finally, the scores obtained were added, and the site with the highest score was determined to be 
the most appropriate for transformation, the site with the second highest score could be transformed 
next, and so on. Figure 3 shows the spatial analysis using the example of infrastructure.

RESULTS

Based on the methodology, the eight adequate small illegal dump sites with potential were evaluated 
and prioritised according to their scores. Table 3 displays the scores given according to the information 
obtained per layer for each evaluated site.

Of the critical points analysed, three stood out, each obtaining more than 30 points out of 45. Thus, 
Site 2 was be prioritised because it has a high potential for conversion into public space since it fits each 
category well. This area is in the human settlement 18 de Mayo (Figure 4), south of the centre of Piura.

This site is characterised by its criteria analysis with QGIS as follows:

• According to population statistics for 2020, those living within a radius of 500 metres with more 
than 10,000 inhabitants are expected to be the future users of the space. Analyses concerning 
the development of the neighbourhood revealed that there was already a high building density 
in 2005. By 2022, only a few plots are still undeveloped. With increasing urban density littering 
is a complex social behavioural problem that can only be remedied by social measures. This 
problem is related to the area’s lack of environmental education and access to recycling, as well 
as a lack of identity or a sense of belonging to the space among the community. Thus, citizens are 
crucial in this project as dumping of garbage on the street causes the formation and recurrence of 
small illegal dump sites in Piura. One of the project’s objectives is to foster a recycling culture 
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Table 2. 
Evaluation range per specific measure used to evaluate intervention sites

Proposed 
categories

Specific measure Radio Evaluation range

1 point 2 points 3 points

Participation Educational infrastructure 250 m 0–2 units 3–4 units >5 units

Population Density 500 m 0–1,500 hab. 1,500–4,000 hab. >4,000 hab.

Accessibility Centrality - Within the area - -

Road system - Local roads Collector or arterial roads Intersection of two 
or more

Pollution risk Environmental 
vulnerability

- Within low-risk zone Within risk zone Within high-risk zone

Waste collection coverage - Within waste collection route - -

Physic 
vulnerability

Rain flood risk - High rain flood risk Moderate rain flood risk Low rain flood risk

River flood risk - High river flood risk Moderate river flood risk Low river flood risk

Blind basins - Blind basins are not present - -

Infrastructure Green area 250m 0–5,000 m2 5,000–10,000 m2 >10,000m2

Recreation facilities 250m 0 units 1–2 units >3 units

Health facilities 250m 0 units 1–2 units >3 units

Relevant economic 
infrastructure

500m 0 units 1–2 units >3 units

Basic services 
coverage

Water - Not connected to the water 
network

- Connected to the 
water network

Electricity - Connected to the energy 
network

- Connected to the 
energy network

Figure 3. 
Spatial analysis of infrastructure for eight small illegal dumpsites in the city of Piura (source: own elaboration, 2022)
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in Piura, promoting a sense of identity, awareness and care for public space and the environment 
and encouraging people to dispose of their waste responsibly.

• There are seven schools nearby that could support the site’s usability and cleanliness through 
environmental awareness and recycling activities at the school level. This project includes 
designing an awareness-raising plan for neighbours and students from nearby schools on recycling 
and environmental care, exploring various aspects of household waste management and promoting 
waste reduction through recycling and potential energy recovery. Additionally, this intervention 
includes recycling containers for people to separate their garbage.

• Within a radius of 250m, there is no green area or public space available, so this reconversion will 
improve the citizens’ quality of life. At the same time, this intervention involves actions dedicated 
to educating and awakening the citizens’ interest in using the new public space, making it their 
own. Beyond this, the project encourages the participation of communities as users, potentially 
supporting the development of local solutions in the future.

• The site has no relevant economic infrastructure in the vicinity, so the site’s development could 
attract economic activities such as small shops or restaurants, increasing the space’s use. The 
wider area already contains numerous bodegas, a bookshop, and other restaurants.

• Some aspects of the site, such as rain and river flood risks and the connection to basic services, are 
not optimal. However, it is expected that those aspects can be overcome through expanding the current 
infrastructure network, including the lack of electricity coverage, and deploying new technologies or 
building techniques that include, for example, water-sensitive aspects of urban and landscape design.

The intervention site is part of the drainage system including a channel that normally does not 
carry water. Only during heavy rainfall does the water accumulate in the canal. The current photos 

Figure 4. 
Prioritisation of illegal dump sites for conversion into public space (source: own elaboration and OpenStreetMap, 2022)
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(Figure 5) display significant waste in the dry canal. This problem has existed for several years and 
attempts by the municipality to combat the problem and permanently remove the rubbish have failed. 
As a result of the litter problem a limited number of quality public places are available in the study area.

dISCUSSIoN

The paper details the selection of an intervention site using GIS as a tool in decision-making. Using 
different criteria, the researchers evaluated the site most suitable to become a public space, potentially 
impacting Piura’s urban future and sustainable city planning. From this perspective, the pilot project 
in Piura will have a variety of outcomes with both direct and indirect impacts, bringing several 
environmental, social, and economic benefits to the city. The urban analysis component using the 
GIS tool evaluated four outcomes: data-based area selection, examples of smart city implementation, 
improved urban management and a new GIS database system for the municipality.

All these components contribute to the social, ecological, and economic development of the city. 
In the case of the municipality, the most tangible benefit from them is economic, as the intervention 
seek to improve its management and governance.

First, the study analysed the urban space to select the place to implement the project. The concept of 
urban acupuncture has potential as a model of sustainable urban transformation. Applied correctly, this 
method can address a variety of urban challenges. Certain researchers, such as Karvonen (2015), who 
studied interventions to increase urban greening; Apostolou (2015), who investigated how to improve social 
and environmental conditions by upgrading the functions of public spaces; or Al-Hinkawi and Al-Saadi 
(2020), who studied new strategies to revitalise city centres, have attempted to identify new pathways toward 
sustainable urban development using urban acupuncture. In this vein, the focus physical interventions 
can produce new knowledge on spatial dimension of sustainable planning. However, as mentioned by 
Hemingway and De Castro Mazarro (2022), more precise characterisation of urban acupuncture and its 
application is needed because it is more than a simple, small-scale intervention that can be replicated.

Second, this project could be seen as a smart city initiative whereby new urban designs and 
developments are driven by geo-referenced data with a strong focus on governance and digital 
infrastructures. Additionally, smart cities often seem to prioritise the use of technology to increase 
well-being and improve efficiency (Joss et al., 2019). However, on the ground, this construct often 
lacks holistic approaches to sustainability, especially regarding social equity or efficient (ecological 
and economical) resource management (Mora et al., 2017), which was not the case in this intervention. 
Thus, this project is expected to help improve urban territorial planning in the city and the quality of 

Figure 5. 
Detail of impact area (500m radius) and photo of selected site (source: own elaboration)
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life of its inhabitants, regarding sustainability, resilience, and adaptation to climate change. Beyond this, 
the project supports decision-making based on up-to-date systematised information and correlations 
between different areas. Furthermore, the project was conducted to increase GIS knowledge and 
digital abilities to generate new interdisciplinary projects and apply smart, sustainable, resilient and 
climate change-adapted city concepts.

Third, from the demonstration of the project’s interdisciplinary and inter-managerial character, 
savings on personnel resources by avoiding duplication of efforts are expected. Furthermore, improving 
the management of municipal economic and environmental resources is foreseen. The use of GIS tools 
and smart technology goes beyond seeking efficiency through digitalising planning processes, aiming to 
transform urban planning into a service-oriented process according to the requirements and demands of 
citizens (Rönkkö & Herneoja, 2021). A cost and benefit analysis was performed by one group member 
conducting a smart city financing analysis within the MGI initiative for the three cities. For Piura, this 
document highlighted that the intervention generates significant short- and long-term benefits. However, 
this information is included in this article because it goes beyond the scope of the current study.

Fourth, another outcome was the updated cartographic base in the municipality’s centralised 
digital GIS data system. This system increases efficiency and enables work and data transfer between 
different departments while saving time and money in obtaining data to create projects. Additionally, 
the system facilitates the geo-referencing of all urban projects in the execution process, providing 
a systematic order and avoiding overlapping of civil works of any kind. Finally, maps are available 
to the public and citizens, raising awareness and empowering citizens to address urban challenges, 
planning, and developing new city projects. Providing a current overview of the municipality or 
region through maps with geo-referenced information increases public awareness of the deficiencies 
of the built environment, so it is important to provide access to and promote citizen participation in 
urban interventions (Mobasheri et al., 2018). Beyond this, the use of GIS and digital tools in urban 
planning contributes to the transparency of processes regarding public space decisions, because the 
maps will be made available on the municipality’s website at a later stage, allowing citizens to easily 
access information about urban development projects in the city.

Furthermore, the pandemic positively affected the digitalisation of local administration, forcing 
officials to meet virtually and to work and provide certain services online. Working with online 
documents facilitated the exchange of information and enabled multi-stakeholder participation that 
would otherwise be difficult to access, enabling the elaboration of comprehensive and integrated 
development strategies. In this sense, the pandemic has hastened digital transformation, creating 
important opportunities for strategic urban planning and development. Beyond this, digitalisation has 
raised citizens’ expectations regarding the quality of public services and the integrity, transparency 
and responsiveness of public institutions (OECD, 2021). This digitalisation momentum could be used 
in a modernisation and digitalisation programme within municipalities, including the deployment of 
GIS tools and the resources and capacities appointed to secure its use.

However, the methodology is limited to summarising the score obtained, independent of the 
importance of each of the categories. Thus, one could assign weights to the categories, both to 
highlight those categories that are of greater importance for the selection of the area to intervene 
and to homogenise them, as not all have the same maximum score. Weighting coefficients will be a 
challenge as many factors and reference are needed to ensure objectivity when setting them. Therefore, 
this process must be based on the work of recognised authors on the specific topic and international 
monitoring, impacting and benchmarking systems to ensure transparency.

According to the guideline of the initiative, a pilot project in this field should directly impact 
the field of climate adaptation. This is why a pilot measure should be directly linked to an adaptation 
action, such as providing urban climate services, such as vulnerability assessment, heat or heavy 
rainfall risk mapping, or identifying potential areas for more vegetation (e.g., green buildings). 
Therefore, such a project should include both the digital aspect with the use of the GIS tool and the 
climate change adaptation aspect, which is encompassed in the analysis and identification of a small 
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illegal dump site with high potential to become a public space. The latter will increase the coverage 
of green space in the city.

However, data availability can be considered a constraint because it limits the possibilities of 
using the methodology in other sectors or other types of interventions in the city. In the same way, 
the maps and the GIS tool can suffer from hacking, misuse or information theft and actions must 
be taken to protect data. Another and common restriction is that once the project is implemented, it 
does not have sufficient human or economic resources to continue updating the information collected 
(using the GIS tool) or for the recovery of public space (reconversion of small illegal dump sites).

CoNCLUSIoN

This article demonstrated how the MGI project developed evaluation criteria based on GIS information 
layers and applied them to select the most suitable site for the reconversion of a small illegal dump 
site into a public space in the city of Piura. A total of 15 geo-referenced information layers were 
considered, listed in seven relevant categories to benefit the city’s inhabitants and ensure proper 
use and maintenance of the public space. The various GIS layers used in this study to select the site 
of the intervention are used to complement each other, especially because data on socio-economic 
indicators are usually not available at a local level. Each potential location was analysed according 
to its performance in the established categories, where the highest scoring site was selected and 
considered the most suitable one for the new urban space to be developed. This work demonstrates 
how the GIS tool can be used to make data-driven urban development decisions.

At the same time, this intervention aligns with the urban acupuncture concept through a GIS-based 
space diagnosis because it prioritises the spaces to receive intervention. Thus, the city will intervene at 
the site with the highest potential and the greatest need to be reconverted. After the first site has been 
converted, the city will continue with the site with the second highest score and so on. This project will 
include capacity-building activities to develop competencies and skills involving digital and strategic urban 
planning, increasing the potential to solve problems and prepare for upcoming climate change challenges.

In the long run, GIS will be integrated into university or school subjects to cultivate a spatial 
understanding of data-driven development information and fundamentals defining project design and 
implementation organisation models. Digital tools support planning a more equal and justice city, 
considering its citizen’s needs, ensuring that the city provides basic services and education, reaching 
the most vulnerable population and preparing citizens for climate change. The project emphasises that 
smart city urban planning must incorporate the social aspect to be sustainable and consider resource 
efficiency as an economic aspect and environmental care as an environmental aspect.

This project demonstrates the potential and relevance of integrated digital urban analysis through 
using GIS tools to support municipal management decision-making in medium-sized cities in Latin 
America. It is desirable that the city of Piura will continue the legacy of the MGI initiative by 
applying digital data analysis for decision-making processes for new planning interventions in other 
infrastructure sectors, such as transport and logistics. Moreover, this pilot project is expected to be 
replicated in other parts of the city because it could be used in other districts within the metropolitan 
area or in other cities experiencing similar challenges related to small illegal dump sites. Future 
studies could integrate new data collected by the government or NGOs on income levels and poverty 
rates of different neighbourhoods. Therefore, more economically disadvantaged urban areas could 
be supported with future interventions in Piura and other cities.
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