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Introduction

This study investigates the distribution and surface area of green spaces in the
city of Cluj-Napoca, aiming to assess their impact on air quality.

Geospatial data were obtained through the Copernicus platform, including
information on green areas, built infrastructure, the hydrographic network, and
other relevant components of the urban environment.

These datasets were integrated in AutoCad and processed in PyCharm, where
spatial analyses were carried out to accurately delineate vegetated areas and

evaluate their distribution across the city.
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Based on these analyses, the indicator of green space per capita was calculated,
providing insight into the level of urban sustainability and the contribution of
vegetation to improving air quality.

Beyond the quantitative assessment, the study formulates evidence-based
recommendations for the expansion and optimization of green spaces in areas
identified as vegetation-deficient.

These proposals aim to enhance ecological connectivity, improve air quality, and
strengthen the resilience of the urban environment. The findings underscore the
critical role of continuous monitoring and strategic planning of green
infrastructure, highlighting the interdependence between urban development,

ecosystem health, and population well-being.
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Materials and methods

1. Copernicus: Copernicus (satellite data) - used 2. Autocad: used for
as a source of geospatial data for territory managing and viewing CAD
analysis drawings
= ‘ 1 AUTOCAD' [
¢ BIMAGE 4\ AUTODESK

3. PyCharm: the main programming
language, used for process automation
and data analysis.
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Results and discussions

Why nature is important for people?

« Mental and physical health: Urban green spaces reduce stress, anxiety, and
depression, improve mood, and encourage physical activity.

 Social benefits: Nature in cities supports social interaction, community
bonding, and engagement through activities like community gardening.

 Climate regulation: Urban vegetation cools cities, reduces flood risks, stores
carbon, and stabilizes local microclimates.

e Air quality and noise: Trees filter pollutants and act as noise barriers, improving
residents’ living conditions.

 Biodiversity: Green infrastructure supports local species, pollinators, and
essential ecosystem services.
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Recommendations for an ideal balance

* The World Health Organization (WHO) recommends — as a minimum
level — approximately 9 m? of green space per person, preferably more.

* As an ideal or more ambitious target, some guidelines/analyses suggest
around 50 m? per capita.

* |In the European / urban-administrative context, a minimum of 26 m? of
green space per inhabitant is often mentioned.

So, if a city “aligns with reference standards,” ideally it should provide 26-50 m?

of green space per person; the minimum acceptable level (for health, access,
well-being) is 9-10 m?2.
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Relationship between AutoCAD and Python

Automation and scripting: Python can control AutoCAD’s API to create
and edit drawings, manage layers, and automate CAD tasks.

pyautocad: Provides an easier interface to AutoCAD’s COM/ActiveX
system, enabling programmatic drawing of lines, circles, text, and
more.

ezdxf: Allows reading and writing DXF files directly in Python, enabling
CAD manipulation without running AutoCAD.

Practical uses: Automate repetitive tasks, extract or edit data, link CAD
with external sources (Excel, databases), and build custom tools
combining AutoCAD with Python.
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This block of code prepares the system to:
1.Load the neighborhood boundaries from a
DXF file.
2.Load the building footprints from another
DXF file.
3.Convert AutoCAD polylines into real
geometric polygons.
4.Prepare to compute the following:

1. Total area of each neighborhood

2. Area occupied by buildings

3. Area of free land (neighborhood area

minus building area)

This is part of a GIS-style spatial analysis
implemented in Python using DXF files instead
of shapefiles
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miny, maxx, maxy)

This part of the script processes the
DXF file containing the boundaries
of the Cluj-Napoca districts .

It reads each polygon, converts it
into a Shapely geometry, stores it,
and computes the spatial extent of
the entire dataset.
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This part of the script reads the DXF
file containing the building footprints,
filters out only the objects that belong
to the building layer, and converts
each building polyline into a geometric
polygon that can be used for spatial
calculations.
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This section of the script computes, for each
neighborhood, the total area, the built-up
area, and the remaining free (unbuilt) area. For
every neighborhood polygon, the code checks
which building polygons intersect it, calculates
the intersection area, and sums these values to
obtain the total built-up surface. Finally, it
subtracts the building area from the total
neighborhood area and stores the results for
later analysis.
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This part of the script prepares AutoCAD to
display the results directly in the drawing. It
activates the current document, accesses the
ModelSpace, and creates (or retrieves) a
dedicated layer called “Results _Area”.
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This code inserts the results table into the
AutoCAD drawing, positioning it automatically
on_point = APoint(insertion_x, insertion_y, 2 6) in the upper-right corner of the map. It
computes an offset to place the table outside
the map boundary, calculates the table width
nsertion_point, table widtn, fable text) based on the map size, and then creates an
o MTEXT object that contains the table content.

axx - minx) *

mtext.Helght = (maxy - miny) *
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The image shows the
complete result of the
automated Python workflow,
where the script analyzes the
geometry of Cluj-Napoca’s
neighborhoods and
generates a table
summarizing several spatial
indicators directly inside the
AutoCAD drawing. Overall,
the image demonstrates that
the entire automated
workflow is functioning
correctly:

data is loaded, processed,
analyzed, and the final
statistics are inserted back
into AutoCAD in a clean,
readable format.
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Based on the total area of the Zorilor district (218.15 ha) and the surface
classified as green space (118.71 ha, representing 54.4% of the territory), the
following assessment of green-space availability per inhabitant can be made.
The Zorilor district demonstrates a very high level of green-space provision, with
approximately 47.5 m? of green area per resident.

This result indicates:

*a healthy and well-balanced distribution of vegetated areas,

*a high level of environmental quality,

*strong potential for recreational activities and overall quality of life.

Although the value does not fully reach the WHO recommendation of 50 m? per
person, Zorilor is very close to this benchmark and clearly exceeds the
conditions found in many other urban areas in Romania.
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The Manastur district, with approximately 12.9 m? of green space per
inhabitant, exceeds the WHO minimum threshold but remains below the
urban-quality standards recommended by the European Union.

From an urban-planning perspective:

*The existing green space provides basic functions (microclimate regulation,
minimal recreational areas),

*but it is insufficient to meet modern quality-of-life standards

eand falls below the average of comparable European urban areas.

Given that Manastur is the city’s largest and most densely populated
district, it should be considered a priority for the expansion and better
connectivity of green spaces.
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Conclusions and recommendations

* This study demonstrates how the integration of AutoCAD with Python—implemented
through PyCharm—enables a powerful, automated workflow for spatial analysis and
urban assessment.

* By combining CAD data with Python libraries, it becomes possible to extract building
footprints, calculate areas for each neighborhood, identify green spaces, remove
built-up surfaces, and automatically generate structured tables directly inside the
DWG environment.

* This automated pipeline significantly reduces manual effort, eliminates human error,
and ensures reproducible, transparent calculations across large urban datasets.

* The seamless connection between AutoCAD and Python transforms what would
traditionally require hours of manual digitization into a fully scripted, scalable, and
scientifically robust process—highlighting the essential role of computational tools in
modern geospatial analysis and urban planning.
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Conclusions and recommendations

For neighborhoods with low green-space availability—such as Manastur and
Buna Ziua—it is essential to implement targeted urban greening strategies that
directly address existing gaps. Recommended interventions include:
*Establishing tree-planting corridors along major streets and pedestrian routes
to create continuous ecological and shading networks.

*Promoting rooftop and vertical gardens on residential and commercial
buildings to compensate for limited ground-level green areas.

*Transforming vacant or underused parcels into micro-parks or community
green spaces that enhance local accessibility.

*Expanding current parks or developing new pocket parks, particularly in areas
with high population density and limited recreational infrastructure.
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