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Introduction
Small green spaces represent a solution to problems posed by compact urban development, recommended by
the United Nations in order to achieve sustainability targets (UN, 2017). Planning small green areas is a viable
alternative in the context of a lack of space in urban environments, and it is important to assess and quantify
their capacity to provide ecosystem services that compensate for the lack of large green areas. Studies have
shown that cities with larger green areas are not automatic more inclusive (Haase et al, 2017), for that it was
important that the analysis integrate the perspective of different vulnerable groups.
Phase 2021 aims to assess the spatial and functional contribution of small green infrastructure in order to achieve
justice in urban environments. Aspects related to spatial distribution, accessibility and attractiveness of small
green spaces were analyzed, as well as their ability to provide regulatory and cultural services in urban
environments. Case studies have been focused on different vulnerable groups, such as the elderly and children.
The objectives and activities for the 2021 phase have been fully achieved.
Activity 2.1 - Development and testing a remote-sensing methodology for assessing the distribution of
small UGI
Small green spaces are public green spaces with small areas such as street alignments, gardens, squares, etc.
(Zhang et al., 2020). Small green spaces are linear corridors and stepping stones for urban biodiversity and greenblue infrastructure connectivity (Luo et al., 2021). They contribute in order to improve the quality of the
environment, positively influence human health from a mental and physical point of view (Lin et al., 2019) and
increase the quality of life (Li et al., 2005). In the context of the cities sustainable development, the Habitat
Agenda supports the assessment of the distribution, size and quality of urban green spaces (UN, 2017), including
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small ones. This type of green spaces requires greater accuracy for collecting data and conducting analyses that
reflect reality.
The methodologies for assessing small green spaces distribution is generally represented by mapping and field
observation of green spaces (Peschardt, Schipperijn and Stigsdotter, 2012) , and sometimes orthophotos, maps
or satellite images identification using different techniques (Puissant, Rougiera and Stumpf, 2014; Zylshal et al.,
2016; Timilsina, Aryal and Kirkpatrick, 2020). In time, the flow of information and data has increased, and remote
sensing has acquired new valences that can allow the extraction of information from satellite images based on
spectral response, objects, combinations of spectral bands and not just chromatics (RGB) ) (Lebourgeois et al.,
2017; Gulcin and Akpınar, 2018).
The extraction of small green spaces involves a selection of satellite images with a resolution good enough in
order to capture the typology of these spaces in images. The image resolution gives better accuracy to the
classifications. The most commonly used satellite images are mentioned: Landsat (Cheval et al., 2020), Sentinel
(Gulcin and Akpınar, 2018), Lidar (Degerickx, Hermy and Somers, 2020), Quickbird (Puissant, Rougiera and
Stumpf, 2014), PLEIADES (Lebourgeois et al., 2017).
In order to extract small urban green spaces for different periods of time, it was developed a methodologic flow
based on GEOBIA classification. For results exemplification was chosen two urban issues in Bucharest: Berceni
and Tineretului. Satellite images was downloaded from Planet Satellite Constellations, a representative summer
image (June month) for 2010, 2015 and 2019 (Planet Team, 2021). The images had already atmospheric
correction, 3.7 m represent the resolution and they are not covered by clouds. Extraction of green spaces was
realized through Geographic Object-Based Image Analysis (GEOBIA) (Puissant, Rougiera and Stumpf, 2014;
Zylshal et al., 2016; Gulcin and Akpınar, 2018; Degerickx, Hermy and Somers, 2020; Ma, Schmitt and Zhu, 2020;
Timilsina, Aryal and Kirkpatrick, 2020) using ArcGIS Pro (Esri Inc., 2018) based on small urban green spaces
characteristics. Work flow is systematized in Figure 1.

Figure 1 – Workflow of GEOBIA analysis

Image classifications were based on 3 distinct classes: green space, built-up space and water. In order to validate
the classification it were used the accuracy points and validation matrix (Confusion matrix) (Cheval et al., 2020).
The values obtained for the accuracy of the classifications are presented in Table 1.
The results obtained indicate the distribution of green spaces for the years 2010, 2015 and 2019 in the urban
tissues of Berceni (Figure 4) and Tineretului (Figure 5). In Berceni, there are green spaces around the blocks that
have grown in the area from 2010 to 2019, with spaces such as block gardens, street alignments and squares
being outlined. In Tineretului, green urban spaces are predominant in the interior of residential spaces, block
gardens, even small parks and the contact with the Tineretului Park.
Table 1 Classification accuracy using GEOBIA

Case study

Year

Kappa (%)

Case study

Year

Kappa (%)

Berceni

2010

88

Tineretului

2010

88

Berceni

2015

92

Tineretului

2015

92

Berceni

2019

84

Tineretului

2019

90
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Figure 2 – Spatial distribution of small UGI in Berceni (left) and Tineretului (right), Bucharest 2010-2019

Comparatively, the two urban tissues show larger areas of the built space in Berceni and an increase in the areas
of green space over time, while in Tineretului there are fluctuations in green spaces and built space (Figure 3).
The two areas were subjected to transformations of the city during the analyzed period of reconstruction and
redevelopment of green spaces, but also the creation of parking spaces. The resolution of the images used, as
well as the accuracy of the results indicate that the data indicates the reality of the analyzed moments.

Figure 3 – Dynamics of green surface in Berceni and Tineretului neighborhood

The results highlighted that green spaces are evenly distributed in the two urban tissues. The method is optimal
for extracting small green spaces and determining their dynamics in time, but it is recommended to inform on
the history of the studied area. For example, the Berceni urban tissue, developed during the communist period
of the 1960s, benefited from block gardens. Starting with 2012, the City Hall has started projects for the
arrangement of the spaces between the blocks and the creation of new relaxation areas. This supports the
positive trend of the surfaces that emerges from the result obtained. In Tineretului, on the other hand, the same
city hall has modernized the green spaces between the blocks, but has also arranged parking spaces between
the street alignments that were until 2015 continuous, now it presents only isolated trees.
Activity 2.2 – Assessing the connectivity of small UGI
One of the most effective ways of creating a connected green infrastructure is to adopt a more integrated
approach to urban land management. This, in turn, is best achieved through strategic planning of urban areas,
which allows the investigation of spatial interactions between different land uses in a large geographical area
(e.g. a municipality) (European Commission, 2010). Strategic planning is also a way to bring together different
sectors to decide together on local land use priorities in a transparent, integrated and cooperative manner.
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At European level, strategic planning has been used to ensure the integrity of urban green infrastructures,
connectivity being one of the main principles used in their planning (Grădinaru & Hersperger, 2019). Two
categories of connectivity are discussed in these strategies: structural connectivity and functional connectivity.
The first category refers to the capacity of an area to support ecological flows of matter and energy without
taking into account the habitat and mobility needs of species or humans. Functional connectivity refers to the
possibility of organisms (humans, animals, plants) to disperse in an area to maximize the degree of viability of
populations.
In Romania, strategic planning still incorporates connectivity aspects only to a very small extent. The analysis
carried out within this project on a sample of 243 strategies of the cities in Romania highlighted the fact that only
11.5% of the cities refer to connectivity as a principle of planning green spaces, most of them in a superficial,
declarative way.
Table 2 - How the connectivity of green spaces is approached in the strategic planning in Romanian cities

Connectivity approached
Detailed
Superficial
Not addressed

Number of cities (percentage of the
sample)
7 (2.9 %)
21 (8.6%)
215 (88.5%)

Within a locality, a well-planned and structured green network can generate an appropriate framework for the
everyday life, create a distinct local identity and contribute to a judicious further development of that locality
(Nita et al, 2017). In order to highlight how small urban green spaces can contribute to increasing the connectivity
of a green infrastructure, two analyses were carried out within the project, namely (1) the morphological analysis
of the pattern of small urban green spaces and (2) the multi-spatial analysis of the connectivity of small urban
green spaces. The analyses were carried out on small green stand-like spaces, using data provided by the
Copernicus Land Monitoring Service. Data at the level of 2015 was used for Small woody features, data with
spatial resolution of 5 m (EEA, 2019). The analyses were performed using GuidosToolbox software (Vogt &
Ritters, 2017), the Morphological Spatial Pattern Analysis
(MSPA) and Forest Area Density (FAD) packages.
Morphological analysis of the small urban green spaces
pattern of arboretum type. The creation of large green areas
in urban centers is often unfeasible, due to the physical lack of
space within cities. A more practical strategy is to create a
green space configuration that connects small habitats to each
other and – more importantly – large green areas. There are
two conceptual strategies for creating these connections:
setting corridors and stepping stones.
In this case study, we wanted to highlight the role played by
small green spaces. The focus was on identifying the two
classes of green spaces, namely corridors and stepping stones.
The analysis was carried out through the MSPA interemedi, a
custom sequence of mathematical morphological operators
aimed at describing geometry and connectivity between
components of an image. Based only on geometric concepts,
Figure 4 - Classes of small urban green spaces
this methodology can be applied at any scale and any type of
according to the role played in the urban network

Contribution of small urban green infrastructure in achieving
environmental justice
SmallGreen PN-III-P1-1.1-TE-2019-1543

digital images in any field of application. The foreground area of a binary image is divided into seven visually
distinguished MSPA classes, as in Figure 4.
The analysis revealed that most of the small urban green spaces of arboretum type in Bucharest perform the
function of stepping stone (56.5% of the total area). Maintaining these stepping stones plays an important role
in urban ecology as it helps organisms traverse the urban landscape and access large habitats such as parks or
urban forests. Stepping stones facilitate the dispersal of species capable of successively travelling short distances
in an urban area. Compared to corridors that are structurally continuous, stepping stones are surrounded by
other land uses that form an intermediate landscape (e.g. built spaces, transport infrastructure). The ability of
an organism to migrate from one small habitat to another therefore depends on its ability to move through the
intermediate landscape. For flying organisms, the distance may not be limiting, but for other small animals (e.g.
squirrels, reptiles, insects), these stepping stones play a crucial role in their movement within the urban
landscape. A reasonable dispersion distance for small mammals from one small habitat to another, through a
corridor or outdoors has been valued by researchers to be between 100 and 1000 meters, depending on the
species and the character of the urban landscape (Lynch, 2019).
Multiscalar analysis of the connectivity of small urban green spaces of the stand type: This type of analysis is a
good tool in assessing the urban green landscape according to the needs of different species. Since each species
has its dispersion capacity, the travel distances can differ. Reporting the fragmentation values at various scales
allows choosing the desired thresholds in the building of an urban green infrastructure that meets the needs of
the species in the city.

Figure 5 - Multiscalar analysis of the degree of
fragmentation of arboretum-type green spaces

Figure 6 - Fragmentation analysis of small green
spaces of arboretum type at the scale of 1215m ×
1215m

Within the project, the degree of fragmentation (as an indicator complementary to the connectivity) at various
scales was analyzed for Bucharest. The observation stairs 1, 2, 3, 4, 5 (Figure 5) correspond to windows with
dimensions of 7 (35m × 35m), 13(65m × 65m), 27 (125m × 125m), 81 (405m × 405m), 243 (1215m × 1215m)
pixels (Figure 5). For example, the European red squirrel (Sciurus vulgaris) has a dispersion capacity of 1,014±925
m (Wauters et al, 2010), with unnoticeable differences between the sexes. Planning a green infrastructure that
meets the needs of the red squirrel must take these distances into account. In the case of Bucharest, most of the
small green stand-type spaces represent either transitional habitats (transitional in Figure 6) or stand patches
with low potential to be used as stepping stones (patchy in Figure 6). Although many of the parks in Bucharest
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are used by the red squirrel as the main habitat, the analysis highlights that they are below the needs offered by
a natural habitat.
Activity 2.3 - Analyzing the spatial relation between small UGI and different urban services
Within Activity 2.3. it was envisaged to identify the determinants of the spatial distribution of micro-components
of urban green infrastructure. The main direction of the analysis consisted in identifying the degree of association
of small green spaces with different urban functions, a solution tested on Bucharest. In this respect, through
remote sensing techniques (Activity 2.1) the green areas from the capital area were extracted.
Subsequently, from the resulting database, only homogeneous patches less than or equal to one hectare were
kept. They were considered small green spaces; their typology not being taken into account at this stage. Of the
total green areas extracted for Bucharest, those equal to or below 1 h represent 29%, so almost a third of the
areas covered by vegetation in the capital consist in small green spaces.
In order to analyze the degree of association of green spaces with various urban functions, 8 urban functions
were selected: 1) abandoned land; 2) places of worship; 3) commercial complexes; 4) single-family residential;
5) multi-family residential; 6) industrial (active and relic); 7) health facilities; 8) pre-university education units.
The purpose of the analysis was to identify the occurrence of small green spaces in the proximity of the selected
functions to see which functions attract the planning of green microstructures. With the help of the ARCMap GIS
solution, a vector matrix with cells of 25 ha was made. This matrix was used as a mask to extract information on
the presence of the 8 selected urban functions and small green spaces at the 25ha cell level. Thus, 9 matrices
resulted, each of which had cells encoded according to the presence or absence of the analyzed functions.
Subsequently, the matrices were transformed into rasters (figure 7). The obtained rasters were collected to
identify the association between small green spaces and selected urban functions.

Figure 7 - Methodological diagram used to assess the degree of association between small green spaces and other urban
functions

The addition of the rasters resulted in a new raster file in which each cell was assigned a unique code based on
the association between different functions. Data processing through the Ucinet 6 software (Borgatti, Everett et
al. 2002) indicates that most associations of small green spaces are with single-family residential areas
(association percentage - 55.15%), multi-family residential areas (association percentage - 41.86%) and preuniversity education units (association percentage – 38.25%) (figure 8). Health facilities and commercial areas
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recorded the lowest degree of association with small green spaces (association percentage of 9,18%, and
10,52%).
The green areas in Bucharest were
extracted
by
remote
sensing
techniques, and the extraction of small
green spaces was carried out using this
initial database, so it is explainable why
the percentage of association is higher
in relation to single-family residential
areas. In this case, private gardens have
been recorded, which although they
play an important role in the provision
of ecosystem services in urban
environments (Ossola, Schifman et al.
2018), the direct benefits are oriented
Figure 8 - The network of association between the urban functions
to their owners.
analyzed in Bucharest
Mapping the associations between
small green spaces and single-family residential areas at the level of 25 ha cells indicated a high coverage of the
association between the two functions in District 2 and District 5 (Figure 9). The high degree of association
between multi-family residential areas and small green spaces is determined by the neighborhoods of blocks
built during the socialist period (1957 – 1989). These results are explained by the fact that during that period, a
main element of the planning system for residential districts was the block garden (Figure 9). Although the urban
systematization of Bucharest during the communist period meant the accelerated expansion of the built areas,
this was done together with the extension of the green areas, especially the small ones.

Figure 9 - Spatial distribution of cells in which associations were recorded between green spaces under 1 ha and singlefamily residential areas (left) / collective residential areas (right)

The degree of association of small green spaces analysis with different urban functions indicates that the most
common association is with residential areas. In the case of areas where public services are provided, the
associations differ depending on the service provided. In the proximity of the pre-university educational units,
but also in their inner courtyards, there are frequently green areas, covered with vegetation. This explains the
high degree of association of small green spaces with urban areas where there are educational units. The other
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category of public services included in the analysis, the health units recorded a low degree of association with
small green spaces, but one explanation is related to the fact that the large hospitals in Bucharest have courtyards
where the areas covered by vegetation exceed the area of 1 ha, thus being excluded from the analysis.
The areas where places of worship are present, recorded a percentage of association with small green spaces of
23%, the highest concentration of cells in which such an association was recorded being in the central area of
the capital. Small green spaces also register a considerable association percentage with industrial areas (27.63%),
most of these green spaces in the vicinity or interior of industrial platforms being legacies of the urban planning
system applied before 1989. An analysis of the number of patches of green spaces below 1ha existing within a
radius of 100 m around the urban functions analyzed highlights the fact that in the proximity of industrial areas
there is an average of 28.72 patches. According to this indicator, the industrial areas are in the top, followed by
the commercial areas that within a radius of 100 m around them have an average of 12 patches of green spaces
below 1ha (Figure 10). On the other point of view, the multi-family residential areas that within a radius of 100
m have on average 1.41 patches of small green spaces. However, this indicator must also be analyzed with the
share of the cumulated area of small green spaces in the same radius. Thus, we observe how residential areas
(unifamilial and multi-family) register the highest shares (50.73% and 23.68%, respectively), which represent the
percentage occupied by the areas occupied by small green spaces within a radius of 100 m of the total area of
small green spaces in the cell of 25 ha (Figure 11). We can conclude that in the immediate proximity of industrial
areas, small green spaces are more fragmented, hence the high density of patches, instead in the proximity of
residential areas they are more homogeneous.

Figure 10 - Treemap of urban functions based on the
number of patches of green spaces of less than 1 ha
within a radius of 100m from them

Figure 11 - Treemap of urban functions based on the
share of the cumulated area of green spaces of less
than 1 ha within a radius of 100m in relation to the area
of small green spaces recorded at the level of the cell of
25 ha

In order to increase the level of accuracy of the obtained results, it is necessary to classify the small green spaces,
extracted by remote sensing techniques, by typologies. Thus, the analysis of the degree of association of different
types of small-scale green infrastructure with specific urban functions will design the existence of planning
models.
Activity 2.4 – Mapping areas facing problems related with environmental justice caused by lack of
small UGI
The distribution of urban green spaces reveals the levels of quality of life in different areas of the city (Kabisch
and Haase 2013). Many areas of urban agglomerations face poor population access to natural areas, especially
poor areas (Romero, Vásquez et al. 2012, Wüstemann, Kalisch et al. 2017, Venter, Shackleton et al. 2020). In the
context of a high density of buildings in cities, the expansion of the network of green macrostructures (parks,
gardens, etc.) is unrealistic, so the provision of various ecosystem services must be ensured by green
microstructures (Derkzen, van Teeffelen et al. 2015, Kabisch 2015). Thus, small green spaces become essential
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elements in order to increase accessibility
to natural surfaces in urban communities
without them. The advantages of using
small green spaces to densify the urban
green infrastructure network are related to
the fact that they do not require large areas
of available land (Gupta, Kumar et al. 2012,
Gavrilidis, Nita et al. 2019) or high
construction and maintenance costs
(Baycan-Levent and Nijkamp 2009). On the
other hand, small green spaces do not offer
sanctuaries of tranquility or oases of fresh
air in relation to noise pollution or polluting
traffic emissions (Gozalo, Morillas et al.
2019). The identification of areas with
equity problems caused by the lack of small
urban green infrastructure was achieved
through spatial analysis. The method can be
reproduced for any city, the accuracy and
complexity of the analysis is directly
corelated with the existent spatial data (or
can be spatialized) and their equity. Two
variants of analysis were tested, one made
Figure 12 - Density of small green spaces in Bucharest
on the basis of an administrative division of
the urban tissue (census units were used, but any variant of administrative division that comes with demographic
data can be used) and one made on the basis of a fixed-size grid (for the present example a grid containing
squares with a side of 100m was used). The analysis carried out on the grid revealed that in general the
neighborhoods of blocks built during the socialist period include important areas of green spaces, especially large
ones such as Titan, Berceni and Drumul Taberei (figure 12). The areas with problems with the existence of small
green spaces are the central areas (due to the density of constructions, narrow streets that do not allow the
creation of alignments or squares and the lack of private gardens in single-family housing areas) and peripheral
areas represented by single-family homes (which because of the high price of the land have small courtyards or
because of the housing model prefer to turn them into garages, gazebos, etc.).
For testing the relationship between the age structure of the population and the density of green spaces, census
units were used and correlations (Pearson) were realized between the percentage of the elderly / young
population and the density of small green space. The results identified a weak inverse correlation between the
percentage of children in the population and the green area (Figure 13), which suggests that young families do
not turn to the large block guns in the city, but rather to the areas of houses or residential complexes in the
peripheral or peri-urban area.
The case study was considered the relationship between the age of residential areas and the area of small green
space within them. Thus, based on 12 case study zones in Bucharest built between 1940 and 2019, it was found
that new residential complexes, although subject to planning rules that require an area of 2m2 per inhabitant,
have smaller areas of green space than residential areas built in the interwar and socialist periods (Table 3).
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Figure 13 - The relationship between the density of green spaces and the percentage of children (under 19 years) and the
elderly (over 65 years) reported to the census units in Bucharest
Table 3 - Small green spaces characteristics accoding with the age of residential areas

Activity 2.5 – Quantifying the capacity of small UGI to substitute large UGI in terms of provided
regulating ecosystem services
Ecosystem services or the benefits of nature are those services that improve environmental conditions and
human life. Ecosystem services fall into four broad categories: (1) support services, (2) regulatory services, (3)
cultural services and (4) production services, which in turn are represented by other subcategories (Jia et al.,
2014; Pulighe, Fava and Lupia, 2016; Ma, Li and Xu, 2021). The regulatory services are the services through which
green spaces reduce the air temperature in summer (regulate the temperature), reduce the concentrations of
carbon in the air (carbon sequestration), capture water from precipitation (regulation of the amount of water in
the soil), etc. (Degerickx, Hermy and Somers, 2020; Zhang et al., 2020).
Ecosystem services, especially those for regulation, are assessed using objective techniques, based on remote
sensing (Reza et al., 2021), which can provide insights on the regulatory service itself – microclimate
(temperature reduction), the amount of seized carbon, as well as on the characteristics of the vegetation that
support these services – the health of the vegetation, the density of vegetation, the size of the vegetation, etc.
(Erener, 2011; Neinavaz et al., 2021; Yang and Du, 2021). There are studies that evaluate the regulation services
in terms of field measurements on air temperature and highlighting the microclimate effect produced not only
by green spaces, large or small, but also by vertical green spaces (Park et al., 2017).
In the case of this study, evaluations of the regulatory services have been carried out. In the first instance, two
indices were selected to determine the type, density and quality of green spaces - NDVI and RENDVI. Secondly,
field measurements have been made to determine the air temperature and assess the role that small green
spaces play in these two approaches.
The Normalized difference vegetation index (NDVI) is a representative index for green spaces, very frequently
used in literature, which provides information about the density of vegetation, its state of health (Cârlan et al.,
2020). By NDVI can be determined including the type of vegetation – trees, bushes, lawn. The obtained values of
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the index can be classified, and by setting thresholds, categories/types of vegetation in an area can be delimited
(Hashim, Abd Latif and Adnan, 2019; Timilsina, Aryal and Kirkpatrick, 2020).
The results of the analysis applied to the two urban tissues treated as case studies, Berceni and Tineretului,
indicate that the green spaces are predominantly represented by high vegetation, with high density (NDVI > 0.5
- trees) and isolated green spaces with low vegetation, with a low density (NDVI between 0.2 and 0.5 – grass and
bushes) (Hashim, Abd Latif and Adnan, 2019). For Berceni urban tissue, as well as for Tineretului (Figure 14) the
NDVI values reach up to 0.92, which indicates areas with dense and healthy vegetation.
From the category of green spaces with high vegetation there are groups of trees, street alignments and isolated
trees that have a positive impact on the environment in terms of the services offered: air purification, carbon
sequestration, regulation of the amount of water in the soil by retaining it on the leaves of plants, reducing
temperatures and improving the microclimate, reducing noise. At the spatial level and the distribution of these
green spaces, their predominance and concentration in spaces intended for recreation areas (parks, block
gardens, individual gardens, gardens of public institutions) is observed. Reduced index values are present on
smaller areas (Table 4).

Figure 14 - NDVI values obtained for Berceni urban tissue (left) and Tineretului (right), june 2019
Table 4 - Types of vegetation and covered areas in urban tissues according to NDVI
Class
Range
Berceni
Tineretului
Without vegetation

<0.2

13.59

20.65

Low vegetation

0.2 – 0.5

39.37

37.03

High vegetation

> 0.5

47.03

42.30

The Red Edge Normalized Difference Vegetation Index (RENDVI) is the chlorophyll content in plants (Cârlan et al.,
2020). The physiological state of plants is determined by the content of chlorophyll, indirectly providing
information about the amount of water that plants hold (Guillen-Cruz et al., 2021). In relation to the regulation
services, RENDVI provides information on the amount of water retained by the plants, as well as the degree of
health of the plants and their carbon sequestration potential. Low values of RENDVI, similar to those of NDVI
indicate the low health of plants and low water content in plants.
The results indicate that for the same regions with high density of green spaces (high values of NDVI) there are
not always the highest concentrations of chlorophyll. For example, for the area of street alignments on the main
streets and the trees between the blocks, both in the Berceni urban tissue and in the Tineretului urban tissue
(Figure 15), it is noted that the plants / trees in the mentioned typologies do not have a chlorophyll content as
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high as the trees in parks or compact areas with trees. This supports the theories put out by (Degerickx, Hermy
and Somers, 2020) that compact parcels or areas of vegetation have a greater impact on the environment and,
implicitly, a greater contribution in terms of regulatory services.

Figure 15 - RENDVI values for Berceni urban tissue (left) and Tineretului (right), June 2019

The role of small green spaces in microclimate regulation – experimental design
Most studies addressing urban microclimate regulation services provided by green components relate to surface
temperature (LST) (Sattari and Hashim 2014). Within the SmallGreen project, an experimental design was
developed and realized through which the air temperatures were recorded on different altitudinal levels in an
urban tissue. The curiosity from which it was started when establishing the methodological steps was related to
the possible existence of a relationship of dependence between the vertical distribution of temperatures and
the different types of land cover.
The first stage of the experimental design consisted in elaboration of the pilot version of the field protocol. For
logistical support, a DJI Mini2 drone weighing up to 250 g was purchased to be able to record temperature values
at different altitude thresholds. A data logger with a diameter of 8mm was used to record the temperature
values. In order to eliminate interference that would have affected the recorded temperature values, it has been
established that the posterior part is the one to which the date logger is attached. A micro-infrastructure was
created to simulate the weather shelter, in which the logger date was inserted and this was attached to the
upper casing of the aircraft.
The logger's date was set to record the temperature
at an interval of 5 seconds. The initial version of the
field protocol provided for the recording of
temperatures at 5 altitude thresholds: 0m, 5m, 10m,
20m and 40 m. The duration of the drone's
stationary at each altitudinal threshold was decided
to be 60 to 90 seconds, allowing around 15 to 18
recordings per attitudinal level (Figure 16). An
observation sheet was also introduced in the field
protocol, by filling it in, extracting the identification
elements of the sampling point, the hours at which
the drone was at the five altitude thresholds, the
official temperature recorded at the time of
Figure 16 – Field protocol

Contribution of small urban green infrastructure in achieving
environmental justice
SmallGreen PN-III-P1-1.1-TE-2019-1543

sampling at the nearest weather station and the brief description of the vegetation in the vicinity of the
assessment point.
The protocol was tested in the Drumul Taberei neighborhood. Twelve points were randomly selected from the
chosen urban tissue. The predominant way of covering the land at the selected points was built (especially multifamily residential) in association with small green spaces. Three of the points generated overlapped the Drumul
Taberei park. In this way we were able to make a comparison of the temperature values recorded above a macro
component of the network of green spaces and those recorded above some microcomponents of the network
of green spaces. Field measurements were taken between 11:00 and 14:00. Clear sky days and time frame were
selected where temperatures record the maximum of the day.
After the field pilot phase,
methods of processing the
obtained data were tested. In
processing
the
data,
the
differences
between
the
temperatures recorded by the data
logger at each altitude threshold
and the official hourly temperature
recorded
at
the
Filaret
meteorological station were taken
into account. The differences from
the official temperature at each
threshold are on a distance of 8.5
to 9o C. In 8 of the 12 points there
are correlations between the Figure 17 - Distribution of temperature differences between the attitudinal layers
temperature differences at each
for the 12 sampling points
altitudinal threshold. An anomaly
was recorded in the case of 4 points, 3 of them being those that overlapped the Drumul Taberei Park and one
being located in the immediate vicinity, where similar temperature differences were found for the altitudes of
0m, 20m and 40m, on one side, and for the altitudes of 5m and 10m on the other side. The differences between
the two difference clusters are almost 8oC (Figure 17).
The temperature differences were interpolated using the IDW method in ArcGIS Pro to have a spatial perspective
of them. The cartographic materials have indicated that from all altitudinal levels there are differences between
the areas in which we have predominantly green spaces and those in which constructions predominate. As we
increase in altitude, the air temperature cools, especially in the block where the park is located (western part),
the differences are not so obvious in the eastern block where small green spaces predominate (Figure 18). A
linear regression was also performed to see if the temperatures at any of the altitudinal thresholds are
dependent on the total area of green/unbuilt space within a radius of 50 m around the sampling point. In this
case the results were inconclusive.
Following the testing phase, a number of adjustments have been identified that need to be implemented in order
for this protocol to be used for deeper research. These include doubling the network of sampling points to make
interpolation more relevant, purchasing batteries to extend the time for field measurements, recording the
surface temperature around the sampling point, taking samples between May and July on clear sky days,
extracting detailed information on the structure and type of vegetation in the vicinity of the sampling point.
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The application of the field protocol in different functional, structural and morphological urban tissues facilitates
the comparative assessment of the efficiency of small green spaces to regulate the altitudinal temperature
distribution in urban environments.

Figure 18 - Distribution of temperature differences at the level of the pilot study area – IDW interpolation method

Activity 2.6 – Evaluating the equity of the distribution of cultural ecosystem services provided by small
UGI
Cultural ecosystem services are the intangible benefits that ecosystems generate. These include aesthetic
inspiration, cultural identity, sense of belonging and spiritual experience associated with a place or even the
natural environment. Opportunities for tourism and recreation are also constituent elements of the group.
Brouwer et al., (2013) highlights the fact that both cultural services and its subcategories (except aspects related
to recreation) are very little discussed in the specialized literature, which are often considered subjective. The
frequently methods of evaluating cultural ecosystem services are represented by qualitative methods - surveys,
interviews and observation sheets (Dou et al., 2017; Rall et al., 2017; Zwierzchowska et al., 2018). There are also
studies that assess these types of services from the perspective of cultural equity, relying in particular on
accessibility analyses and the correlation with socio-economic and quality indicators of urban green spaces (Xu
et al., 2018; Ma, 2020).
Within the project, several case studies were chosen in order to assess the equity of the distribution of cultural
ecosystem services, and from these we will present two case studies below – the places of worship gardens and
the collective residential spaces gardens.
The analysis of places of worship gardens aimed to assess the cultural ecosystem services they generate and
the equity according to the age group of the users. Bucharest was used as a case study, in which were identified
287 places of worship belonging to various confessions. In order to assess the ecosystem services generated by
places of worship gardens, observation sheets were applied to identify the characteristics of the vegetation,
design, facilities and green space problems.
Approximately 50% of the identified places of worship have their own garden (not cemetery), and the analyses
have established that the main cultural ecosystem services generated are related to recreation, socialization,
aesthetic and spiritual role, supported by a wide range of facilities for different age groups – playgrounds, reading
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areas, meditation spaces, socializing, etc. The main issues are related to the decrease of the surface and land use
changes, aspects that diminish the range of cultural ecosystem services that are generated.
In order to assess the equity
regarding these cultural services,
it was chosen to carry out an
analysis based on network
analyst mode. The network was
configured for walking and
included two alternative modes accessibility for adults (average
walking speed 1.42 m/s for adults
of normal weight (Browning et
al., 2006)) and for the elderly
(average speed 0.8 m/s for the
elderly (Montero-Odasso et al.,
2004)), these two categories
being most likely to use these
spaces. This type of analysis
highlights the service areas of the
studied functions (in this case the
Figure 19 - Service area for churches with green spaces (calculated for adults –
places of worship gardens) and
left and elderly – right)
consequently
the
potential
cultural services they generate. For this analysis it was
observed that the access for adults to places of worship
gardens is easier almost on the entire surface of the city,
while the elderly face accessibility problems in most
neighborhoods (Figure 19). The potential in generating
cultural ecosystem services by church gardens is high, but
barriers such as access (distance, but also the fact that
they are private spaces), arrangement and lack of
community-level actions make their use limited. The
second case study presented in this report refers to the
assessment of the equity of the distribution of ecosystem
services generated by the gardens of collective
residential spaces in relation to the characteristic (social
status, construction age) of the different districts in
Bucharest. Two data collection tools necessary for the
study were used; these consist in: (1) surveys applied
both to residents and to those who access the residential
gardens and (2) observation sheets applied to gardens
related to collective residential spaces. The analysis was
based on the application of 550 questionnaires and 1700
observation sheets within 14 of the main block districts in
Bucharest (Figure 20).
Figure 20 - The neighborhoods where the surveys and
observation sheets were applied
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The surveys applied covered issues such as (1) the main uses of gardens, (2) the benefits generated, (3) the
management of residential gardens, (4) the quality of the perceived environment, as well as (5) the correlation
of health status with environmental quality. On the other hand, the applied observation sheets wanted to
capture aspects related to: (1) location, (2) floristic composition, (3) use of green space, (4) existing problems
and (5) facilities.
The collective residential gardens have facilities that help diversify cultural services generated by encouraging
their use – lighting (45%), trash cans (35%) and urban furniture (16%).
47% of collective residential gardens are not used by residents, even if they, together with administrations, are
responsible for their management. Among the benefits identified by respondents in relation to the services
generated by residential gardens are both regulation services (lowering the temperature (25%), reducing the
noise level (16%)) and cultural services (recreation (26.5%), improving the aesthetics of the urban landscape
(33%)).
The main activities carried out in the residential gardens are planting flowers (46%), walking pets (25%), meeting
with friends / neighbors (23%) in order to socialize and leisure.
Through the two case studies it can be noted that the two categories of green spaces have the capacity to provide
cultural ecosystem services and to cope with the deficit of green space faced in Bucharest.
Activity 2.7 — Evaluating the perception regarding the role of small UGI in ensuring environmental
quality and justice
In order to assess the perception of the population, analyses were carried out for 3 categories of green spaces –
residential gardens (results presented in Activity 2.6), street alignments and small parks (under 1 ha). At the basis
of the evaluation were surveys applied through online platforms designed to assess the perception of the
population regarding the role and importance of these spaces, but also the behavior in relation to them.
The results of the analyses revealed that the population believes that small parks generate a wider range of
socio-cultural benefits than street alignments. The only relevant benefits (over 50% strong agreement responses)
in the case of street alignments are considered to improve aesthetics, enhance well-being and imprint a local
identity to neighborhoods (Figure 21). The rest of the benefits are considered to have less importance (less than
30% strong agreement responses), the most insignificant being the encouragement of religious practices and the
decrease in the level of racism and ethnic-social segregation. Regarding small parks, in addition to the 3
categories of benefits that are also relevant in the case of street alignments, it is considered to stimulate
socialization and outdoor activities. In general, it is considered that all socio-cultural benefits are better provided
by small parks than by street alignments.
The analysis showed that small parks are more important than street alignments in terms of how the population
uses them. Activities such as relaxing outdoors, meeting friends, practicing sports, playing activities with children,
photographing or mentioning as a landmark are much more often carried out inside or in relation to small parks
than with street alignments (Figure 22).
Analyses have shown that even though the population is aware of the ecological benefits of green spaces
regardless of size, the role of the little ones in terms of the cultural services generated is much undersized. The
potential of small green spaces to function as socializing areas is in many cases ignored, both due to the lack of
investment in the planning of these areas and because of the lack of awareness of the value of all natural
elements in the urban environment. The results obtained from the application of the survey highlight the fact
that approximately 20% of the population do not notice the presence of certain types of elements of green
infrastructure, due to the fact that they live at a very long distance from such elements. Given that the reality of
the planning in Bucharest where the survey was applied shows that this type of spaces is evenly spread over the
city's surface and has a high density.
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(1) improve aesthetics; (2) decrease the
degree of insecurity; (3) stimulates
socialization; (4) stimulate outdoor
activities; (5) print cultural or religious
identity; (6) enhance well-being; (7)
encourages religious practices; (8) prints
the local identity of the neighborhoods; (9)
encourages the conduct of cultural events;
(10) decrease the level of racism and
ethnic-social segregation

Figure 21 - The level of agreement of the population with different statements related to small parks (<1ha) (left) and
street alignments (right)
(1) picnic or barbecue; (2) outdoor
relaxation; (3) meetings with friends; (4)
practicing sports; (5) prayer; (6) the
practice of board games; (7) play activities
with children; (8) meditation; (9) planting
of trees or flowers; (10) shooting; (11)
reference as a reference point; (12)
satisfaction of physiological needs; (13)
landfilling; (14) sleep

Figure 22 - Frequency of small parks (<1ha) (left) and street alignments (right) use for certain activities related to cultural
ecosystem services

The elements of equity are still in the incipient phase of introduction in national legislation. The population is still
largely focused on the existence, distribution and attractiveness of large green spaces (especially parks) and
ignores the potential of small green spaces to meet most of their social and cultural needs.
Conclusion
Assessing the spatial and functional contribution of small urban green infrastructure in order to achieve
environmental justice is a complex and difficult process because their diversity is very large and the scientific
literature available in the field is quite limited. The results obtained within the project highlight, using various
case studies, the contribution that these green spaces have potential to provide more diverse and intense
ecosystem services in the context of optimal management. In these terms, regulatory services generated by
green spaces contribute in the improvement of the urban environment quality by ensuring by the simple
presence the increase of the degree of equity in terms of access to a cleaner environment. From social services
point of view the situation is much more complicated, many of them not being perceived as recreationally and
socially usable spaces.
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Results
Proposed results
2 ISI articles
0 BDI articles
3 Presentations at international scientific
conferences
2 Presentations at national scientific
conferences
1 research - documentation stage
1 Annual scientific report - (O2 and O3)
1 Project web page
0 Bachelor paper
0 Dissertation paper

Results obtained
2 ISI articles under review
1 BDI articles published
6 presentations at international scientific
conferences
2 presentations at national scientific
conferences
1 research - documentation stage
1 Annual scientific report - (O2 and O3)
1 Project web page
2 Bachelor papers presented in June 2021
1 Dissertation paper presented in June 2021

Degree of
achievement
Fulfilled
Fulfilled
Fulfilled
Fulfilled
Fulfilled
Fulfilled
Fulfilled
Fulfilled
Fulfilled

Annual scientific report - Scientific report related to Objectives 2 and 3 – Spatial and functional contribution of
small UGI in achieving environmental justice
Project web page - https://ccmesi.ro/?page_id=1702
ISI Articles
1. Grădinaru S.R., Onose D.A., Oliveira E., Slave A.R., Popa A.M., Gavrilidis A.A. (2021), Equity in urban
greening: Evidence from strategic planning in Romania, Landscape and Urban Planning, IF 6.142 under
review
2. Onose D.A., Iojă I.C., Artmann M., Popa A.M., Mitincu C.G., Gavrilidis A.A. (2021) Green for Grey:
Interaction with green amenities in elder care facilities from Romania, Urban Forestry & Urban Greening,
IF 4.537 under review
BDI Articles
1. Onose D.A., Iojă, I.C., Slave A.R., Grădinaru S.R., Gavrilidis A.A., Popa A.M. (2021) Can church gardens
represent a valuable recreation alternative in cities? In Schrenk M., Popovich V.V., Zeile P., Elisei P.,
Beyer, C., Ryser J., Stoglehner G., RealCorp 2021 Proceedings
Scientific conferences
1. Gavrilidis A.A., Onose D.A., Grădinaru S.R., Popa A.M., Slave A.R (2021) Experimental assessment of
urban green features influences over urban microclimate, The 2nd International
Conference: Geographical Sciences and Future of Earth, November 12, Bucharest, Romania (online);
2. Onose D.A., Popa A.M., Grădinaru S.R., Gavrilidis A.A. (2021) Potential of small urban green spaces of
providing nature experience for children, IOER Annual Conference 2021: Space Transformation,
September 21-24, Dresden, Germany (fizic);
3. Onose D.A., Iojă, I.C., Slave A.R., Grădinaru S.R., Gavrilidis A.A., Popa A.M. (2021) Can church gardens
represent a valuable recreation alternative in cities?, 26th International Conference on Urban Planning
and Regional Development in the Information Society - RealCorp 2021, September 7-10, Vienna, Austria
(fizic);
4. Gavrilidis A.A., Onose D.A., Grădinaru S.R., Popa A.M., Slave A.R. (2021) Identifying key determinants
for the dispersal patterns of small urban green spaces, 34th International Geographical Congress.
Geography: Bridging the Continents, August 16-20, Istambul, Turkey (online);
5. Onose D.A., Gavrilidis A.A., Grădinaru S.R., Vânău G.O., Popa A.M., Slave A.R. (2021) Methodological
frameworks for assessing the equity in planning urban parks, The 3rd World Conference of the Society
for Urban Ecology, July 7-9, Poznan, Poland (fizic);
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6. Popa A.M., Gradinaru S.R., Onose D.A., Gavrilidis A.A., Slave A.R. (2021) Green Equity in international
planning documents, International Syposium Present Environment and Sustainable Development (PESD),
June 18-19, Iași (online);
7. Onose D.A, Ioja I.C., Popa A.M. (2021) Assessing the ecosystem services and disservices provided by
green spaces in care facilities for elderly people, Ecosystem Services Science, Policy and Practice in the
face of Global Changes (ESP Europea), June 7-10, Tartu, Estonia (online);
8. Popa A.M., Onose D.A., Sandric I.C., Gradinaru S.R., Gavrilidis A.A. (2021) Dynamic evaluation of small
urban green areas at local level using GEOBIA, European Geosciences Union, April 19-30, online.
Documentary research internship - Ana Maria Popa – Harokopio University, Athens, Greece (Assoc. Prof. Geoge
Petropoulos) – October 4-8, 2021. Topics – remote sensing applied in the analysis of urban green infrastructure
Other results - Participation in Community Talks 21.09.2021 – Urban Community Gardens, meeting organized by
the Bucharest Community Foundation
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