RESULTS AND DISCUSSION

General characteristics of urban greenery

Green areas in Warsaw comprise almost 25% of the city surface area. It is one of the few European capital cities where
green spaces comprise not only parks, gardens and other green leisure areas but also forests and a nature reserve
(Ciolkosz, Bielecka, 2005). Forests occupy 52.39 km? and account for a high percentage (42%) of green space in the
city. They are located mainly on the fringe of Warsaw and form a green belt around the city (Figure 2). Together with
the tree-cover area they constitute 13.6% of the total surface are of Warsaw. The Kampinoski National Park, located in
the near vicinity of Warsaw covers a small part of the Bielany district (the Bielany Wood). It is protected as a UNESCO
World Biosphere Reservation. The green bank of Vistula River is the habitat of wildlife, mainly birds, and belongs to
the Natura 2000 sites. Other protected areas are small spaces scattered all over the city. Protected green space takes up
14% of urban green space. There are 79 parks and gardens in Warsaw, they cover about 9% of urban green space and
2% of the total surface area of the capital. Some of the city parks are historic objects and are located near a former royal
residence (Wilandéw, the Lazienki Park). Many parks are accompanied by sport and leisure areas that make them
favorite places of relaxation.

a) b)
Figure 2. Warsaw urban green area a) spatial distribution; b) percentage share of urban green space

Spatial pattern analysis

The visual analysis of Figure 2a indicates clustered and uneven spatial distribution of urban green spaces. Parks and
gardens are concentrated in the central part of the city, while forests - on the outskirts. This was confirmed by the ANN
analysis. The Nearest Neighbor Ratio equals 0.754562, which indicates clusterization. The z-score of —29.308 shows
that this clustered pattern of urban green areas is not a result of random chance (with the level of significance over
99%). The analysis of spatial autocorrelation between acreage of urban green space, by means of the Global Moran’s
Index (equals 0.01029) evidently indicates that the null hypothesis of complete spatial randomness cannot be rejected.
The pattern formed by urban green spaces is not significantly different than random, the value of a z-score is 0.953.

The uneven pattern of spatial distribution of urban green space is also highlined by the percentage share of green area in
the total acreage of the districts (Figure 3a). Wesota, Rembertow and Wawer are the districts with the highest green
space ratio, amounting to 63%, 47% and 44%, respectively. These districts are located on the right bank of the Vistula
river, on the outskirts of the Masovian Woods. In Bielany and Ursynéw, the Bielany Wood and the Kabaty Woods
(a common weekend destination for the inhabitants of Warsaw) have the largest influence on the share of green areas.
The smallest values of the green space ratio are characteristic for two peripheral districts of Warsaw: Ursus and
Wtochy, 2 and 3% respectively. The average green space ratio for Warsaw is 20.5%. The standard variation equaling
16.28% and the coefficient of variation (CV) equaling 79% confirm a substantial dispersion of green space in the
districts of Warsaw.
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Figure 3. Warsaw a) — green space ratio b) — green area per capita [in m]
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Green space allocation per capita in Warsaw is 121.7 m? but varies meaningfully between the districts of Warsaw
(Figure 3b). The disparity is indicated by the coefficient of variation CVV=148% and the standard deviation SD=181.2.
The largest number, as many as 603 square meters of green space per capita is in Wesota, a sparsely populated, fringe
district. The smallest number, 3 sg. meters per person, is in Ursus, which is an industrial and densely populated district
of Warsaw.

Statistical analysis

The statistical analysis of the relationship among population density in districts, urban green spaces and district areas
revealed a significant difference between the districts located in the centre and its immediate vicinity (central districts)
and the peripheral districts directly bordering the administrative boundaries of the city. The central districts include:
Mokotéw, Ochota, Praga Potudnie, Praga Potoc, Srodmiescie, Wola, and Zoliborz. The peripheral districts comprise:
Bemowo, Biatol¢ka, Bielany, Rembertow, Targéwek, Ursus, Ursynow, Wawer, Wesota, Wilanow, and Wiochy.

The central districts are very similar in terms of their green space coverage. An average of 10% of their space is green
space with a 17.58% margin of error (coefficient in simple linear regression = 0.0995+0.017). The coefficient of
determination is equal to 0.87. The correlation coefficient is 0.93. These districts have similar density of population.
There is a strong linear relationship between the surface of a district and the number of its inhabitants. The correlation
coefficient is 0.96. This gives an average of 63 inhabitants per hectare. The coefficient of determination equals 0.93.
Thus, there is a linear relationship between green space coverage and the number of inhabitants. There are 567
inhabitants per one hectare of green space. It gives 15 m? of green space per inhabitant. The coefficient of determination
is equal to 0.86, while the correlation coefficient is 0.93.

In the peripheral districts average green space coverage is substantially higher compared with the central ones and
amounts to 36% with a 24% margin of error. The coefficient of determination is equal to 0.65. These districts are
characterized by a higher level of diversity of the spatial distribution of green spaces. There are districts where green
spaces comprise approximately one half of their surface area, and also districts where only 2-3% of their surface area is
green space. The correlation coefficient is equal to 0.81. The peripheral districts are heterogeneous with regards to
population density. There is no linear relationship between the surface of a district and the number of its inhabitants.
The correlation coefficient is only 0.26. In the peripheral districts there is no linear relationship between green space
coverage and the number of inhabitants. The correlation coefficient is barely 0.04.

Urban green space availability

Green spaces in Warsaw are quite well accessible. 74% of residential area is located within 1 km from green recreation
and leisure parks, and 90% within 2 km. More than 7% residential buildings are in the near vicinity (up to 100 m) of
parks and gardens, 47% - not farther than 500 m (Figure 4).
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Figure 4. Percentage of residential buildings and the distance [in m] from green areas

The availability of green areas is different for inhabitants of detached or semidetached houses and multi-family homes.
The residents of Ochota, Srédmiescie and Zoliborz have the best access to urban greenery. On average 15% of multi-
family buildings are located very close to parks (not farther than 100 m), and for 72-75% buildings distance to parks is
not greater than 500 m. For example in Srédmiescie, one of the central districts, more than 61% of family houses are
situated next door to parks and gardens, as much as 97% - 500 m away parks and gardens.
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Figure 5. The proximity of multifamily buildings to urban greenery, percentage of buildings at distances of 100, 500,
1000 and 2000 m a) the proximity of parks and gardens, b) the proximity of forests and landscape parks

The availability of parks and forests is the worst in Bemowo, Biatotgka, Rembertow, Wawer and Wesota, the fringe
districts. Only 2 to 5% of multi-family housing is located within a 500 to 1000 m distance from urban greenery.
However, it is compensated for by very good access to forests and landscape parks. The percentage of multi-family
houses located within a 500 m distance from forests is 72% for Bialoteka, 82% for Rembertow and over 95% in Wawer
and Wesota. Inhabitants of detached and semi-detached houses have similar access to forests. The inhabitants of Ochota
have to cover the greatest distance to get to a forest. Only 20% of residential areas are within a 30-minute walk to
a forest.

CONCLUSIONS

Urban greenery is highly diversified both in terms of spatial distribution and the types of green areas. The analysis
revealed substantial differences between the central and peripheral districts. Drawing a distinction between the types of
districts was an important element of the analysis. The two types of districts differ with respect to the average surface
area occupied by green spaces. Linear relationships between the surface of a district and the number of inhabitants and
between green space coverage and the number of inhabitants are found only in the central districts. The central districts
are homogeneous with regards to population density. If all districts were analyzed together, information about the
relationships taking place in the central districts would be lost. The high value of urban green ratio (20.5%), green space
allocation per capita equals 121.7 m? as well as satisfying green area accessibility prove that Warsaw is perceived as a



green city. However, it is important to be aware of some threats linked to rapid urbanization of peripheral districts and
densification of sparsely built-up areas that could diminish urban greenery area and cause its highest fragmentation
(Bober et al., 2016).

The study results provide a reference to urban planners as well as local authorities for future urban greening practices.
They are also helpful for people searching for apartment buying or renting. Different types of urban greenery have
different spatial distributions and diverse associations with districts population and area. In Warsaw urban greenery is
clustered and evenly distributed. Parks and gardens are mainly located in the central part of the city, while forest at the
outskirts. The neighborhood of green areas can sometimes be perceived by residents as unfavorable, especially when it
comes to transport accessibility. Large, fenced parks and gardens are a significant obstacle when one needs to reach
some destination quickly (Moscicka et al. 2016; Pokonieczny 2018).

It is worth to mention that the proximity of green space, expressed as a buffer zone, is not exactly equal to its
accessibility. The buffer distance does not fully reflect the visiting distances. Future studies should take into
consideration park size, park quality, and different visiting distances to better quantify the potential benefits of urban
parks.
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