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Abstract: Green infrastructure (GI) is planned at various scales, including a regional one: city-regions.
Strategic GI planning included in the city-regions spatial development policy can contribute to
their sustainable development through, among others, providing a range of ecosystem services.
In order to meet the challenge of planning GI on a regional scale, the authors present the Method of
Landscape-Functional Units (Method LaFU), which is used for the planning and evaluation of such
systems. This method was tested in the Wrocław Functional Area (WFA), which is characterized by
many negative processes, primarily uncontrolled development of built-up areas, fragmentation of
landscape, and declining natural and semi-natural areas. The presented results show the effectiveness
of the Method LaFU in GI planning and, above all, in its assessment, which makes it possible
to identify problem areas that are at risk but still important for the functioning of the GI system.
This allows for quick decision making by entities responsible for spatial planning in the region.
The proposed method can also be used in other city-regions.
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1. Introduction

Green infrastructure (GI) has been present in the international scientific discourse for several decades.
Throughout this period the very concept of GI has been subject to theoretical considerations, and so have its
interpretation, meaning, and scope, as well as ways of its formulation in the form of definitions, as among
others indicated by Wang and Banzhaf [1]. Despite the noticeable differences in the interpretation of the
concept of GI, its most important constituents are: spatial connectivity, multifunctionality, the integration,
and a multi-scale approach [2]. Connectivity constitutes a particularly important value of GI due to
its ecological and social benefits [3,4]. Multifunctionality is viewed in the context of a set of functions
performed simultaneously by biologically active areas [4–6] and is understood as GI’s capacity of providing
communities with specific multiple ecosystem services [7–10]. Integration expresses the physical and
functional relations of GI with other types of infrastructure, and a multi-scale approach denotes the need
to identify and plan GI at various scales (local, regional, and international). This multi-contextuality of
the GI allows for its widespread use as a remedy for many problematic contemporary phenomena and
is essential for supporting sustainable development [11–13]. GI finds applications in policies related
to adaptation to climate change [14–16], disasters mitigation [17,18], biodiversity protection [19–21],
water management [22,23], and health and well-being [24–27].
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A particular challenge is the planning of GI within the zones of impact of large cities, where many
urban and rural processes occur simultaneously [28–30]. One of the most negative of these processes is
urban sprawl; it results, among other things, in fragmentation of open areas [31–33] and reduction of
biodiversity [34,35].

Over the course of the 20th century, many plans were developed and implemented to protect open
areas and greenery around cities. “Green spaces plans” took different spatial forms, e.g., green rings,
green heart [36], and green wedges and fingers [37]. The idea of greenways, widely disseminated on
American soil, very much emphasized the ecological role or ecological and recreational roles of green
areas [38–42]. The GI idea influences the concepts used so far for the protection of open areas and
planning of greenery systems; its impact, among others, is visible in green ring policies [43,44].

Planning GI on a regional scale requires the use of appropriate methods. The methods exploited so
far differ in terms of how to identify individual GI components and how to divide the studied area into
smaller fragments in which this identification is performed. Individual elements of GI are often referred
as hubs, corridors, and links, such as in the GI system project in Maryland [45]. The identification of GI
networks could be made by a morphological spatial pattern analysis (MSPA) [46], overlay analysis [47],
spatial analysis with the minimum path model [48,49], and graph-based analysis [50,51]. As noted
by Shi and Qin [52], each of the above methods is aimed at obtaining slightly different effects and
has some limitations. MSPA is aimed at creating structural connectivity within GI and is sensitive
to scale changes. The other ones are focused mainly on functional connectivity, which makes them
suitable for biodiversity conservation, as it is shown, for instance, in the research of Hong et al. [49] and
Zhang et al. [48]. Overlap analyses require the collection of a considerable amount of data and may
therefore be difficult to apply for large areas of land. The methods using the graph theory have similar
limitations. They are most convenient for use on a small scale [50,51]. The methods used for planning
the multifunctionality of GIs, aimed at determining ecosystem services (ES) providers, are also most
commonly used on the scale of a city, such as the Green Infrastructure Spatial Planning (GISP) model
in Detroit [53].

Combining methods that ensure GI connectivity and its multifunctionality should be particularly
recommended for city-regions due to the need to protect nature and biodiversity conservation on the
one hand and the sustainable development with its environmental, social, and economic needs on
the other. As Lafortezza rightly points out, “the city-region is large enough to be strategic with identifiable
ecological hubs and links yet not too large to be remote from community level activities and local delivery plans
that consider green-space as public amenity” [54].

In Poland, the concept of GI has been, so far, addressed to a much lesser degree than it has in
other countries [55]. The first attempt to relate the concept to the urban scale and compare it with
the hitherto adopted Polish approach to shaping the city’s natural system on the example of Warsaw
was undertaken by Szulczewska [56]. GI has also been the subject of research in the context of the
ecosystem services it provides but mainly on a local scale [57,58].

Despite the growing interest among Polish scientific circles, the idea of GI and its application at
various levels of spatial planning remain a big challenge. As shown in the Commission Staff Working
Document of the European Parliament [55], GI is not sufficiently incorporated into spatial development
plans in Poland; therefore, it is necessary to create scenarios and model solutions for its planning and
promotion in the society. In addition, GI is not sufficiently integrated into policies regarding such areas
as climate change adaptation and mitigation, water management, flood risk management, recreation
and tourism, and food security.

In the Concept of National Spatial Planning 2030—a strategic superior planning document—the
concept of GI has not been addressed yet [59]. However, it contains clear indications as to the need
to protect and shape the natural environment. One of the six objectives outlined in the document for
the national spatial policy—objective 4—provides for the “shaping of spatial structures supporting
the achievement and maintenance of a high quality of the natural environment and landscape values
in Poland”. The document defines areas covered by various forms of protection, including Natura
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2000 areas, protected rural complexes, and other sites listed in the National System of Protected Areas.
They were presented as a coherent network linked to the European network. It also included natural
systems in urbanized areas and indicated the need to create “green ring systems” around 31 cities,
including the functional area of the city of Wrocław.

To meet the above challenges, this article aims to present the authors’ method of planning and
evaluation of the GI system called Landscape-Functional Units Method (LaFU Method) tested in the
Wrocław Functional Area (WFA) in Poland.

The first important aspect of the presented method is the creation of a GI system based on the existing
natural potential but with the creative building of new ecological systems and planning functions for
places that require them for resilient and sustainable development of the city and its region. The second
important aspect is the ability to identify areas at risk of urbanization, which can be used in practice for
changing the planning documents.

It has been assumed that the GI system is a system of greenery elements and surface waters that
provide ecosystem services, and a landscape-functional unit (LaFU) is an area within the system of
a specific type of land cover (regarding its functions).

2. Method and Materials

The method of planning and evaluation of the GI system in the city-region area (LaFU Method)
comprises two main stages:

Stage I—Planning the GI system. It is the identification and analysis of existing natural and
semi-natural areas and the planning of the GI system on this basis.

Stage II—Evaluation of the GI system. It is the division of the planned GI system into
landscape-functional units (LaFU) and the evaluation of these units to identify strengths, potentials,
and threats in the functioning of the GI system.

The proposed method is based on the “structural” and “multifunctional” approach in GI
planning (called by the authors as “structural-multifunctional”). It aims to implement two important
aspects of GI planning: connectivity and multifunctionality, which have already been mentioned in
the introduction.

2.1. Methodological Steps in the LaFU Method

2.1.1. Stage I. Planning the GI system

1. (Step Ia) The identification and analysis of natural and semi-natural land cover types, their
distribution, and spatial connectivity: This includes areas covered by various forms of nature
protection (e.g., Natura 2000 sites, landscape parks, protected landscape areas, and ecological
lands) and areas that are not protected, mainly areas with greenery of potentially high significance
for the GI system.

2. (Step Ib) Performing the synthesis of the analysis of natural and semi-natural elements and
mapping the GI system on its basis.

3. (Step Ic) Determining the leading functions of individual elements of the GI system, such as
climate regulation, protection and retention of water, and enabling species migration, but also
ensuring the proper development of the area in connection with the city and the provision of
ecosystem services related, among others, to the production of healthy foods and the development
of tourism and recreation. At the same time, the existing and potential benefits of the planned GI
system for local communities should be indicated, which is important to encourage the authorities
and residents to take measures to protect, strengthen, and build the proposed GI system [60].

2.1.2. Stage II. Evaluation of the GI system

This stage includes an analysis, which is to be carried out in 5 steps. The first step is the area
division into landscape-functional units (LaFU); the next is their evaluation, wherein the second and
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third is the designation of units important for communication and continuity of the GI; the fourth one
is to determine threats from the expansion of built-up areas; and the last, summarizing one, is defining
the protective or reinforcing measures for the GI system.

1. (Step IIa) Division into types of landscape-functional units (LaFU): this step consists of analyzing
the main elements of the GI system and dividing them into LaFU types based on the type and
form of land cover and functions performed by a given area.

The application of LaFU in the assessment of the GI system was partially inspired by the
Polish Methods of Architectural and Landscape Units (also known from the author’s name as the
Bogdanowski Method) [61]. This method is mostly used in the research of the landscape on the scale
of municipalities and has been modified by the authors and adjusted to the scale of the region.

The Bogdanowski method consists of the division and assessment of the landscape in units that
are as homogeneous as possible in terms of land cover and landform, as well as features resulting
from the historic tradition of the area. While the LaFU Method uses the approach consisting of
the division of the area into units, which combines areas with the most similar forms of coverage
(natural, semi-natural, and anthropogenic) and functions, referring to them as landscape-functional
units (LaFU).

In determining the LaFU boundaries in addition to the coverage form, linear elements of
infrastructure, such as roads and railway lines, should also be considered as they introduce clear
divisions in the landscape. According to these principles, it is assumed that 13 different LaFU types
can be designated (Table 1). Villages are considered not to constitute separate types of units, but they
form part of LaFU units, and in the case when a village is occupied by more than 50% of the area of
a given unit, the additional Z symbol is used in its graphic designation, e.g., E/Z represents information
about the large share of built-up areas in the unit type E.

Table 1. Types of landscape-functional units (LaFU).

Type of Unit—Symbol Type of Unit—Description

A forests and groups of greenery with a compact area over 25 ha

B forests and groups of greenery with a compact area over 25 ha with surface waters

C forests and groups of greenery with a compact area over 25 ha with internal open spaces

D forests and groups of greenery with an area of about 5–25 ha

E greenery complexes—with an area of about 0.5–5 ha

F watercourses in open areas (farmlands)

G watercourses with greenery

H surface standing waters with treeless surroundings (in open areas)

I surface standing waters together with groups of greenery

J orchard complexes

K domination of open areas (farmlands)

L urbanized areas—cities

/Z various types of LaFU with housing complexes and/or economic activity zones

2. (Step IIb) LaFU categorization—this step consists of determining the significance of the landscape
units for maintaining the continuity of the designed GI system and communication between
important areas with ecological reasons in mind. It should be specified which LaFUs are crucial
for the GI system, identify the ecological connections between them, and indicate places that
require protective and strengthening measures (Figure 1). It is assumed that LaFU will specify
three categories: K1, K2, U.
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Figure 1. LaFU categorization determining units K1, K2, and U: (a) Examples of the LaFU types and
their arrangement in a fragment of the GI system; (b) determining units category K1; (c) analysis of
the connections between LaFU category K1; (d) determining LaFU category K2; (e) determining LaFU
category U; and (f) clarification of the boundaries of the selected element of the GI system.

K1—units constituting the core of the GI system. These are units comprising large areas with high
greenery and/or large surface water areas and a small number of built-up zones—3 points.

K2—complementary units of the core of the GI system. These are units with not a large share of
high greenery and/or surface water and those that have built-up zones or areas of economic activity
occupying a significant part of the unit’s area. They form an important link between K1 units—2 points.

U—units supporting the structure of the GI system. These are all other GI units forming the zone
surrounding the core of the system—1 point.

K1 and K2 category units include A, B, C, and D type units that cover natural and semi-natural
areas, with forests, greenery, and G and I type units covered with waters and greenery accompanying
the hydrological system. L type units—urbanized areas, densely covered with buildings—cannot,
due to their specificity, make up the core of the GI structure.

3. (Step IIc) LaFU hierarchization—this step consists of defining the class of LaFUs in the whole
system. The class results from the role of LaFUs as nodal points and the areas within them that
are covered by legal forms of environmental protection.

For the durability and operation of the GI system, including its continuity and connectivity, nodal
connections of the main system elements as well as sites of high environmental value are particularly
important for maintaining biodiversity and performing ecological functions (landscape parks,
protected landscape areas, and Natura 2000 sites).

The most important nodes in the designed GI system are the sites of intersection of the main
system elements, LaFU (1), and the less important system elements, LaFU (2).

At this stage of the evaluation of the GI system, individual LaFU are assigned a value according
to the following rules:

- each LaFU located within the planned GI WFA system is 1 point;
- a unit located in the system nodes, LaFU (1) or LaFU (2), is 1 point; and
- a unit that includes areas under environmental protection receives 1 point for each form

of protection.

Classes of units are determined by the total number of points: C I, 4 points; C II, 3 points; C III,
2 points; and C IV, 1 point.
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4. (Step IId) Dysfunction and threats—at this step, the LaFU should be divided into three types by
assigning them points on a scale from 1 to 3 depending on the risk of degradation resulting from
excessive building development:

LaFU (a) (not at risk of degradation)—1 point

- Units with type A land cover (forests and wooded areas exceeding 25 ha) if there are no
proposals for changes in the development and enlargement of areas designated for development
in planning documents

- Other types of units if, within their area, there are zones subject to various forms of environmental
protection, such as landscape parks, Natura 2000 areas, or protected landscape areas, if rural
complexes (villages) occupy a small portion of the unit (in relation to its entire surface area),
and when planning documents do not provide for the creation of buildings in open areas, outside
village borders

LaFU (b) (with a low risk of degradation)—2 points

- Units with a potential threat from areas occupying more than a quarter of the GI unit space
allocated in planning documents (strategies of development) for housing or for zones of
economic activity

LaFU (c) (high risk of degradation)—3 points

- Units that, within their borders, have more than half of the built-up areas without greenery
complexes or more than half of the areas designated for economic activity

5. (Step IIe) Designating areas for obligatory actions—this is the final analysis, which consists of
summarizing the results of the three analyzes described in the previous steps (IIb–d).

It allows for the indication of places where taking protective or corrective actions is necessary
for the proper functioning of the designed GI system. This is the basis for changes in the records
of planning documents at both local and regional levels. The LaFUs are assigned a score resulting
from individual partial analyses according to the formula for the obligatory nature of protective
measures (O):

Oi = (K + C)× T (1)

where K is the category of the LaFU, C is the class of the LaFU, T is the type of threat, O is the action
obligatory, and i is the unit number assigned in the GIS system.

The obligatoriness of protective measures (O) assumes the values from 2–18 points, which allows
for dividing the GI units into three groups:

- Group 1—units with the number of points 18, 15, 12 are I-degree protection actions, a necessity
to undertake protective measures, strengthening the planned GI system: protection and
rehabilitation of ecosystems, sustainable development of agricultural areas, maximum reduction
of housing development expansion, and economic activity zones.

- Group 2—units with the number of points 9, 8, 7, 6 are II-degree protection actions, a necessity
to undertake actions strengthening the planned GI system: protection and rehabilitation of
ecosystems, sustainable development of agricultural areas, allowed development of housing
estates, and economic activity permitted only in indicated sites.

- Group 3—units with the number of points 5, 4, 3, 2 are III-degree obligatory actions, a recommendation
of protective measures regarding the existing natural resources and limitation of housing development
and economic activity zones.
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2.1.3. Tools

The GI system design can be carried out using the Geographic Information System (GIS) digital
technique in the ArchGIS software. They can be based on the numerical model of the land cover,
for which the Topographic Object Database (BDOT) 10k data was made.

2.2. Area of Application of the LaFU Method

The method of designing the GI system using LaFU was first tested in the Wrocław Functional
Area (WFA), which is located in Poland, in the Lower Silesia region (Figure 2).
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Figure 2. Location of the Wrocław Functional Area (WFA) (a) in Poland and (b) in Lower Silesia and (c)
the WFA administrative division.

WFA includes the city of Wrocław (the capital of the region) and the zone functionally connected
with it. Now 29 municipalities are included in the WFA area. The WFA boundaries may be modified
in the future under the influence of various spatial, economic, or social factors [62]. The area accounts
for almost 12% of the area of the Lower Silesian Province, of which 17.5% is occupied by urban zones.
The WFA population accounts for approximately 30% of the entire region’s population, of which
almost 80% live in urban areas [63]. The structure of the WFA terrain is latitudinal. Such a layout
predominates in individual geographical regions of the area, as well as along the main water course
flowing centrally through this area, i.e., the River Oder. The four tributaries of the Oder flow into it
within the borders of Wrocław, including the rivers Bystrzyca, Widawa, Oława, and Ślęza. Most of its
administrative constituents (municipalities) are located on plains.

Urban functional areas in the Polish planning system are territories characterized by common
geographical, spatial, and socio-economic determinants. The obligation to designate them around all
Polish provincial cities is related to the current planning policy of the state and marks a departure
from the previously binding sectoral management for territorial integrated management.

WFA has been encountering problems typical for large city impact zones such as fragmentation
of open areas, uncontrolled development of buildings [64,65], unsatisfactory level of social and
economic cohesion, environmental pollution, and flood risk [66]. Climate changes conditioned by
global warming [67] and their effects observed locally [68] are also significant here. Of all the above
processes, the phenomenon of intense and uncontrolled development of settlement is particularly
destructive. The analysis of current planning documents for all the municipalities included in the
WFA has shown that the municipalities located near Wrocław have a large percentage of housing
areas that are planned in relation to their area capacities, e.g., Czernica, 26.3%; Siechnice, 24.4%;
and Oborniki Śląskie, 23.8% [62]. These areas intended for housing development form, in many places
along the borders of Wrocław, are an uninterrupted continuous sequence. The second noticeable
problem is the enormous pressure to transform open areas—agricultural ones, especially within the
urban fringe—into zones of economic activity. The above-mentioned planning documents do not
provide for green zones and open areas that would be a continuation of those that are already planned
within the city structure. The exceptions are protected areas and/or ones located along the rivers.
The south of WFA is dominated by open agricultural areas with high quality soils: black soils 41.52%,
lessive 20.33, alluvial 19.56%, and brown soils 17.94% [69]. These areas are still a potential area for
building the GI WFA system.
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3. Results

3.1. Stage I. Planning the WFA GI System Using the LaFU Method

At the first stage of the works, natural and semi natural areas with different types of vegetation
were analyzed and synthesized (steps Ia, Ib) within WFA.

The basis for the analysis was the WFA map covering all forms of natural and semi-natural
land cover, including areas already covered by legal protection of nature, such as nature reserves,
Natura 2000 sites, landscape parks, ecological areas, and protected landscape areas as well as ecological
corridors, which in Poland are not legally protected.

Analysis: Based on the above data, the analysis of the existing components of the GI WFA was
carried out, distinguishing different types of environment-friendly land covers and presenting them
in a stratified form on the map. First, river valleys were marked. The next step was to focus on the
location of protected areas. At this stage, the character of protection was not considered but only the
size and location of the protected area. The entire structure is complemented with greenery areas not
covered by any form of protection but with potentially high significance for the whole system.

Synthesis: The overlapping layers allowed the determination of the main elements of the designed
structure. It was recognized that the hydrographic system is of key importance for the GI system: the Oder
River and its tributaries, the Widawa and Oława, which we called the axis (O1, O2). This part of the
proposed structure has the shape of an hourglass, very narrowed in the urbanized area of Wroclaw.
The areas along the next rivers, the Bystrzyca, Strzegomka, Dobra, and Ślęza, are formed by wedges
(D1–D6). The system was reinforced with connectors (L1–L6). Three green “rings” (R1, R2, R3) are planned
in the areas of the different land covers but with a relatively high share of forests and greenery (Figure 3).Sustainability 2018, 10, x FOR PEER REVIEW  9 of 25 
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Figure 3. Diagrams showing the performed analyses and the synthesis of the results as well as the
design of the GI WFA system design: (a) The initial map with the inventory of natural and semi-natural
elements; Analyses (step Ia); (b) river valleys with their impact range; (c) the protected green areas;
(d) the green areas not covered by legal protection; Synthesis (step Ib); (e) the Odra river valley
(main axis); (f) the open areas with greenery (rings); (g) the valleys of the rivers: Bystrzyca, Strzegomka,
Ślęza, and Dobra (wedges); and (h) the GI WFA system.

The GI WFA system creates a coherent network with the natural areas of Lower Silesia, located
outside WFA, and the city’s GI system based on the corridors of river valleys, parks, urban forests,
allotment gardens, and agricultural areas. They are connected to the system of wedges and rings.
The planned continuity and connectivity in the GI system were very important mainly due to ecological
reasons. In addition to the connectivity in the GI WFA system, its multifunctionality was also planned
(step Ic). Functions of the system result from the green potential, social needs, and the specificity
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of WFA. According to the authors, all the elements of the system primarily perform ecological and
climatic functions; the main axis and wedges also have additional functions related to the protection
and management of waters, recreation, and tourism, whereas the rings, due to the distinct character
of the areas that they cover, additionally allow for sustainable development of agricultural areas
(e.g., fields, meadows, and orchards) and the introduction of healthy food production in combination
with tourist and recreational functions (Table 2).

Table 2. Proposed functions of the planned system GI WFA (based on workshops with stakeholders in
the years 2016–2017).

Fu
nc

ti
on

s

Action Areas

Constituent Elements of the Planned GI WFA System

Ring R1 Ring R2 Ring R3

Wedges
D1-D5

Connectors
L1-L4

Axis
O1, O2

Pr
ot

ec
ti

on
,r

eg
ul

at
io

n

local climate
regulation x x x x x

biodiversity
protection x x x x x

water protection x x

flood protection x x

prevention of soil
erosion x x x x x

protection of natural
green heritage x x x x x

To
ur

is
m

an
d

re
cr

ea
ti

on

daily tourism x x

single-day tourism x x x

weekend tourism x x

agritourism in
network of thematic

villages
x

“edible villages,
towns” x x

lanes of fruit trees
along trails and routes x x x

tourist bases and
centres (gastronomy,

accommodation,
tourist information,

and parking facilities)

x x

tourist trails (walking,
cycling, and

horse-riding) and
thematic trails, e.g.,

environmental,
cultural, palace-park,
and palace and manor

house ones

x x x x x

cycling paths x x x x x

water tourism
(marinas and

kayaking)
x x

sport and recreation
areas x

parks x

Fo
od

pr
od

uc
ti

on

healthy food
production x x x

vineyards—wine
production x x

orchards, fruit
production x x
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In general, the first ring (R1) which is close to the urban fringe will act as a filter or buffer between
the urban and rural areas and will also serve as a place for daily recreation. The proposed and existing
functions of ring R2 are single day tourism, and within the last outer R3 ring is weekend tourism for
inhabitants of the city of Wrocław and all the regions proposed (Figure 4).
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Figure 4. Final diagram of the system GI WFA—main axis O1 and O2; rings R1, R2, and R3; wedges
D1–D6; and connectors L1–L6. (a) Conceptual diagram and (b) main functions.

3.2. Stage II. Evaluation of the WFA GI System Using the LaFU Method

3.2.1. Division of the GI WFA System into Landscape-Functional Units (LaFU) (Step IIa)

The second stage of the research began with the division of the GI WFA system into
landscape-functional units (LaFU). This allowed for further research and its evaluation on a local scale.
The sizes of LaFU in WFA are very diverse and range from approx. 43 ha to approx. 8086 ha. Their
spatial distribution is shown in Figure 5.
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About 1/3 (30.1%) of the entire GI WFA system is open areas (LaFU type K), 16.2% is areas with
a large share of greenery (LaFU type A), and areas related to water are approx. 13.6% (LaFU type F, G,
H, and I) (Figure 6).
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Figure 6. Percentage of the surface area of individual LaFU types in the entire GI WFA system.

Within each ring, open areas (LaFU type K) occupy a similar area of just over 30%, only in the
R2 ring is it slightly smaller and amounts to approx. 22%. The share of areas with water elements
(LaFU type F, G, H, and I) in the ring R1 exceeds 40%, and in the ring R3b, it is only approx. 6%.
In addition, the northern part of the ring 3 (R3a) differs from its southern part (R3b). The north is
dominated by areas covered with forest complexes and groups of trees (over 70%); in the south, there
is 80% of open areas and areas associated with surface waters (Figure 7).
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3.2.2. LaFU Categorization. Analysis of the Units in Terms of their Importance for the Maintenance of
Continuity (Step IIb)

In step IIb, individual LaFU units were analyzed in terms of their importance for the continuity
of the planned system and communication of its most important elements: the units constituting
the core of rings and wedges (units K1) and units K2 and U—supporting and supplementing
ones—were determined.

The analysis of the LaFU categories in the entire GI WFA system has shown that about 50% of the
whole is the LaFU category K1 that ensures the continuity of the GI system. In rings R1 and R2, the K1
units account for almost half of all the LaFU. In ring R3, in its northern part, nearly 64% of all the units
are K1 units, which proves a strong structure of this element, while in the southern part of ring R3,
K1 units are only 1/3 of all LaFU (Figure 8).Sustainability 2018, 10, x FOR PEER REVIEW  13 of 25 
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3.2.3. LaFU Hierarchization (Step IIc) 

In the analyzed GI system in WFA, two types of nodal units were adopted: the ones located at 

sites of intersecting rings and wedges (marked with the LaFU symbol (1)) and ones located at the 

intersection of connectors and rings (marked LaFU (2)) (Figure 10). 

Figure 8. Distribution of units K1, K2, and U (a) in the entire GI WFA system; (b) in the R1 ring, (c) in
the R2 ring, (d) in the R3a ring, and (e) in the R3b ring.

The units of category K1 are mainly units covered with high greenery and waters (types A, B,
and G), whereas units K2 and U designed to complement and support the system are large open spaces
(type K) (Figure 9).
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3.2.3. LaFU Hierarchization (Step IIc)

In the analyzed GI system in WFA, two types of nodal units were adopted: the ones located at
sites of intersecting rings and wedges (marked with the LaFU symbol (1)) and ones located at the
intersection of connectors and rings (marked LaFU (2)) (Figure 10).Sustainability 2018, 10, x FOR PEER REVIEW  14 of 25 
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Figure 10. The scheme of determining nodal LaFU (1) and (2) in the GI WFA system: (a) Diagram of
the GI WFA system and selected area; (b) LaFU node units (1) (red color) in the selected part of the GFA
WFA system, junction of main elements (rings and wedges); and (c) LaFU node units (2) (red color) in
the selected part of the GI WFA system, junction of connectors and rings.

A significant part, approx. 43% of the nodal units in LaFU (1), are units in which there are
areas covered with waters (F, G, and H) (Figure 11a); they are located at the intersections of the most
important elements of the system, i.e., rings with wedges based on the tributaries of the Oder River
(Widawa, Ślęza, and Bystrzyca).
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Figure 11. (a) Relation between LaFU nodal units (1) with units of a given type related to the type of
land cover (LaFU A-L) and (b) Relation between LaFU units (1) and K1, K2, and U units. Most LaFU
(1) are also K1 units. In about 73% they are also units of category K1 constituting the backbone of the
whole system.

After considering the second criterion regarding the ecological value, classes (C)—from C to
C IV—were determined. Their distribution shows that the LaFUs of the highest class (located in
the nodes and the most valuable natural areas) are in the south-western part of the GI WFA system
(Figure 12).
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3.2.4. LaFU Hierarchization (Step IId)

The next step examined the threats occurring in individual units of the proposed GI WFA system
resulting from the current development (dispersion of buildings and fragmentation of natural areas),
as well as from the provisions contained in the local planning documents (studies of conditions and
directions of spatial development) regarding the planning expansion of areas designated for building
development and other infrastructure investments (Figure 13).
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Figure 13. Map showing conflict areas and areas threatened with degradation due to the planned
building development. Data based on the planning documents: studies of conditions and directions of
spatial development—not yet legally binding.

It has been shown that nearly 70% of all LaFUs are units of type a—not threatened by
urbanization—and over 30% of all LaFUs are units at risk of degradation because of the planned
development of buildings—units of type b and c (Figure 14a). Nearly half of the units of category K2
and U (important for connectivity in the system GI WFA) are units at risk of the planned development
of buildings (Figure 14b). These are at the same time units of type K, D, and E (Figure 14c).
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3.2.5. Obligatory Actions within the WFA Area (Step IIe)

The summary of the conducted research was the identification of units requiring protective
and strengthening measures or ones reducing threats in order to define the necessary actions. Such
results and action recommendations form the basis for the provisions in the planning documents.
In the case of WFA, they are the spatial development plan for the Lower Silesian Voivodeship
(Province), the documents at the local level, the studies (studies of conditions and directions of
spatial development), and the local plans.

For this purpose, values have been assigned to particular categories, classes and risks of LaFUs
defined in the previously described stages. Then, the obligatory measures (O) were determined
according to the following score:

1. Units with a total score 18, 15, 12 are I-degree obligatory measures
2. Units with a total score 9, 8, 7, 6 are II-degree obligatory measures
3. Units with a total score 5, 4, 3, 2 are III-degree obligatory measures

The analysis of the obligatory nature of taking protective measures and strengthening the GI
WFA system has shown that the I-degree measures should be taken in the area of about 50% of the
system, II-degree measures should be taking in the area of 38% of the system, and the III-degree
measures should cover almost 8% of the system’s area (Figure 15a). The most of such actions should be
undertaken in LaFU categories K1 and K2 constituting the core of the system. The II-degree obligatory
actions apply to all LaFU categories equally (Figure 15b). Obligatory actions apply in particular to
units of type D, E, G, and K (Figures 15c and 16).

Next, a set of examples of activities within the particular types of units was prepared.
These activities are aimed at strengthening the system and are addressed to all stakeholders
(municipalities, planners and designers, NGOs, and citizens) (Table 3).
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Table 3. List of actions that need to be taken in different types of LaFU.

Types
of Area

Action Examples (Open Set) Types of LaFU

A B C D E F G H I J K L /Z

1

N
on

-u
rb

an
iz

ed
ar

ea
s

Introduction of green buffer strip
between fields x x x x

2
Recreating historic alleys and rows,

tree plantings along roads
(e.g., fruit trees)

x x x x x

3 Planting new alleys and rows of
vegetation x x x x x x x

4 Recreation of vegetation
accompanying water reservoirs x x x x x

5 Renaturalisation of water courses
and reservoirs x x x

6 Protection of wetlands x x x x

7 Healthy food
production—eco-farming x x x x x x

8 Creating of eco-orchards x x x

9 Forestation of areas of low
valuation class soils x

10 Restoration of proper natural
habitat conditions x x x x x x x x x x x x x

11

A
re

as
of

th
e

vi
ll

ag
e

an
d

ot
he

r
ar

ea
s

w
it

h
bu

il
di

ng
s

Planting trees in private property
areas x x x x x x x x x x x x x

12 Planting trees in public spaces (also
fruit trees) x x x x x x x x x x x x x

13 Introducing of native species x x x x x x x x x x x x x

14 Creation of orchards and
eco-orchards x x x x x x x x x x x x x

15 Creation of parks x x x x x x x x x x x x x

16 Creation of green squares and
communal gardens x x x x x x x x x x x x x

17 Introducing greenery of
multilayered structure x x x x x x x x x x x x x

18 Isolating vegetation near industrial
and service facilities x x x x x x x x x x x x x

19 Creation of floral meadows x x x x x x x x x x x x x

20 Creation of vegetable gardens x x x x x x x x x x x x x

21 Creation of green roofs, green walls x x x x x x x x x x x x x

22
Application of pro-ecological

solutions for rainwater
management

x x x x x x x x x x x x x

23
Non-dispersion of buildings and
location of new buildings within

designated built-up areas
x x x x x x x x x x x x x

4. Discussion

4.1. Planning of the GI System

In GI planning, the occurrence of natural and semi-natural areas with high natural potential
was taken into account, which is in line with the known, general recommendations [70,71]. The final
layout of the GI WFA system also results from the need to adapt to the requirements of the planning
regulations—the Concept of National Spatial Planning [59] and the need to introduce “green ring
systems” in Polish city-regions. Therefore, the GI system, apart from its axis, wedges, and connectors
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(based mainly on hydrographic systems and combining high value natural areas), also consists of
rings, with a large percentage of agricultural land. These open areas included in the GI system require
sustainable management, among others: protection of mid-field tree clumps and greenery along smaller
watercourses, planting trees along roads (including fruit trees), development of organic farming,
recreation, and tourism, as well as inhibition of dispersed building development and fragmentation
of land.

In this respect, certain analogies to the GI project in the Milan city-region area can be found
in the GI WFA project [72], where the enormous urban expansion and decline of agricultural areas
and other green semi-natural areas was an inspiration to take actions that were not only protective
but also aimed at the restoration and rehabilitation of the GI. Before 1945, Lower Silesia was the
base of food production and processing, not only for the region but also for the whole country
(then, Germany). Also, today’s southern WFA, together with the preserved historic palace and park
complexes, can become a tourist base and a place of healthy food production for the inhabitants of
Wrocław and the region.

The need for changes in the management of agricultural areas in city-regions is observed not only
in Europe [73,74] but also in dynamically changing peri-urban areas in China [75].

The issue of a multifunctionality of the GI system was considered at the level of creating the GI
framework (stage I). Based on the current potential of individual sites, it includes both strengthening
of the current functions of individual areas and the introduction of new ones.

There was no consideration of the temporal variability of functions in individual parts of the
system or potential conflicts between functions, which is a challenge for multifunctional planning [76].
In the planned GI WFA system, conflicts could arise between ecological and social functions, especially
with the intensive use of high-quality nature areas [77]. Issues related to the multifunctionality of
the GI WFA system constitute an area for further work at the local level. This would allow for the
application and verification of approaches used in multifunctional planning at the city level [9,10].

4.2. Evaluation of the System GI

The evaluation of the GI system proposed in the LaFU Method was dictated by the Polish
tradition of landscape research and guidelines concerning the need to formulate provisions for 1)
studies of conditions and directions of spatial development, which are a kind of development strategy
but not an act of local law, and 2) spatial development plans, developed for the whole or part of
an administrative unit (municipality), and which are acts of local law.

The division of the area covered by the GI system into LaFUs with possible because the most
similar land cover type was considered universal and applicable in all other city-region areas.

The adoption of the administrative division in the designation of units used was considered less
appropriate because in Poland, the size of the basic administrative unit—the municipality—would
be too large for the GI assessment. In addition, the use of LaFUs allowed us to refer to the variability
and specificity of the landscape in the studied area, which cannot be obtained by using administrative
divisions or geometric divisions (e.g., dividing into a grid of squares), as proposed for example in the
design of the “National Green Network” in Australia [78].

4.3. Next Steps—Implementation of the GI System

The GI system should be included in regional and local planning documents to be meaningful in
a sustainable and resilient development of city-regions. Dissemination of the GI concept in scientific
and political circles does not always guarantee its inclusion in spatial development policies [79–81].

Therefore, a good step on the part of the local authorities of Wrocław and the institutions responsible
for the implementation of the strategic and planning documents for WFA is not only to initiate and finance
the GI WFA project but also to enter the accomplished GI project into the WFA spatial development plan
(2018), which is currently being developed. It is an important planning document due to the fact that its
provisions are mandatory in individual municipalities. It is an opportunity for the systemic inclusion of
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GI in municipalities’ investment activities and decisions and its gradual implementation. The intention
is also to introduce the concept of GI to the superior spatial development plan for the region of Lower
Silesia—a document regulating the spatial development of the entire region. Currently, there are works
underway to change it; the works will also include recommendations regarding the GI WFA system
as well as the very concept of the GI.

However, not only records in planning documents but also management and financing decide on
undertaking real spatial activities for GI. It would be beneficial and necessary to involve also NGOs
and their participation in the implementation of works related to projects for protecting, restoring,
and creating GI. It would be advisable, for example, to draw the attention of the Association of Wrocław
Agglomeration Municipalities, which comprises the majority of WFA municipalities. As shown by the
examples of other GI projects, the involvement of NGOs contributes to their success; this commitment
is often also important in the initial stage, as an impulse for the creation of GI plans, as, for example,
in the Montreal region [82], as well as during the implementation of the proposed solutions [83].

According to the original assumptions of the spatial policy of the state, a metropolitan union
(an association of territorial self-government units) was to coordinate the planning and management
of the functional area, which is practiced in various metropolitan areas around the world. It would
give a certain kind of independence to WFA and the possibility of coherent management of the
whole area. This form of management has worked well in Milan, where in 2015, the Province of Milan
established an institution named Metropolitan City, which was responsible, among others, for shaping
and protecting greenery in the metropolitan area [2]. Currently, however, there is no legal possibility at
the level of the national spatial policy to establish a metropolitan union in the WFA.

4.4. Conclusion

The LaFU method tested in WFA, which is presented in the article, shows an approach to designing
a coherent and multifunctional system of GI on a regional scale (“structural-multifunctional” approach).
At the same time, it creates the possibility to determine the crucial areas for the proper functioning
of the system as well as those that require certain strengthening activities. The LaFU method is
appropriate for the areas surrounding large cities where it is necessary to preserve biologically active
areas and connections between them and to plan the functions of these areas. This is important not
only for the sustainable development of the region but also for the city itself, which uses the green
infrastructure of the area around it.
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urban and peri-urban green infrastructure across different European countries. Urban For. Urban Green. 2017,
24, 236–248. [CrossRef]

27. Bowen, K.J.; Lynch, Y. The public health benefits of green infrastructure: The potential of economic framing
for enhanced decision-making. Curr. Opin. Environ. Sustain. 2017, 25, 90–95. [CrossRef]

28. Nature and Countryside within the Urban Fringe, European Periurban Areas: Characterization and
a Management Recommendation. Junta de Andalucía. Consejería de Agricultura, Pesca y Medio Ambiente,
collaboration European Federation of Metropolitan and Periurban Natural and Rural Spaces (Fedenatur).
2012. Available online: https://www.europarc.org/wp-content/uploads/2017/10/R_2012_Nature-and-
Countryside-within-the-Urban-Fringe.-European-Periurban-areas-characterisation-manag.pdf (accessed
on 11 December 2018).

29. Meeus, S.J.; Gulinck, G. Semi-Urban Areas in Landscape Research: A Review. Living Rev. Landsc. Res. 2008,
2, 1–45. [CrossRef]

30. Thorbeck, D. Architecture and Agriculture: A Rural Design Guide, 1st ed.; Routledge: London, UK, 2016;
ISBN 9781317384359.

31. European Environmental Agency. Urban Sprawl in Europe. The Ignored Challenge; Technical Report
No. 10/2006; Office for Official Publications of the European Communities: Luxembourg, 2006;
ISBN 92-9167-887-2. Available online: https://www.eea.europa.eu/publications/eea_report_2006_10/
eea_report_10_2006.pdf/view (accessed on 11 December 2018).

32. Robinson, D.T. Land-cover fragmentation and configuration of ownership parcels in an exurban landscape.
Urban Ecosyst. 2012, 15, 53–69. [CrossRef]

33. Shrestha, M.K.; York, A.M.; Boone, C.G.; Zhang, S. Land fragmentation due to rapid urbanization in the
Phoenix Metropolitan Area: Analyzing the spatiotemporal patterns and drivers. Appl. Geogr. 2012, 32,
522–531. [CrossRef]

34. Liu, J.; Daily, G.C.; Ehrlich, P.R.; Luck, G.W. Effects of household dynamics on resource consumption and
biodiversity. Nature 2003, 421, 530–533. [CrossRef]

35. McKinney, M.L. Urbanization, Biodiversity and Conservation. BioScience 2002, 52, 883–890. [CrossRef]
36. Carter-Whitney, M.; Esakin, T.C. Ontario’s Greenbelt in an International Context; Friends of the Greenbelt

Foundation: Toronto, ON, Canada, 2010; Available online: http://www.greenbelt.ca/ontario_s_greenbelt_
in_an_international_context2010 (accessed on 10 December 2018).

37. Lemes de Oliveira, F. Green Wedge Urbanism: History, Theory and Contemporary Practice; Bloomsbury Academic:
New York, NY, USA, 2017; ISBN 9781474229180.

38. Ahern, J. Greenways as a planning strategy. Landsc. Urban Plan. 1995, 33, 131–155. [CrossRef]
39. Bryant, M.M. Urban landscape conservation and the role of ecological greenways at local and metropolitan

scales. Landsc. Urban Plan. 2006, 76, 23–44. [CrossRef]
40. Fabos, J.G. Greenway planning in the United States: Its origins and recent case studies. Landsc. Urban Plan.

2004, 68, 321–342. [CrossRef]
41. Walmsley, A. Greenways: Multiplying and diversifying in the 21st century. Landsc. Urban Plan. 2006, 76,

252–290. [CrossRef]
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