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Abstract: Different types of nature-based solutions (NBS) affect various dimensions of ecological 13 

landscape quality (ELQ) in a range of ways. To analyze this issue, the study assessed 14 ELQ indi- 14 

cators based on the application of spatial data. Five potential types of NBS based on existing ele- 15 

ments of green and blue infrastructure (GBI) were analyzed at the city level (Lublin, Poland), in- 16 

cluding: parks (Ups), forests (UFs), waters (UWs), allotment gardens (AGs) and woods (Ws). The 17 

analysis revealed that different types of potential NBS contribute in contrasting ways to the im- 18 

provement of various dimensions of ELQ. UFs were found to make the biggest contribution to the 19 

maintenance of ecological processes and stability as well as to aesthetic values. Ws together with 20 

AGs proved crucial to maintaining a high level of diversity at the landscape scale and also contrib- 21 

uted to preserving the ecological structure. UWs and UPs, mainly due to their high level of anthro- 22 

pogenic transformation, had no outstanding impact on ELQ. The application of landscape-based 23 

surrogates proved useful in providing approximate information on the ecological values of different 24 

types of NBS when other data types are either unavailable or are only available at a high cost and 25 

with considerable time and effort. 26 

Keywords: urban ecology; ecological indicators; green/blue infrastructure; landscape quality; Na- 27 

ture based solutions; remote-sensing  28 

 29 

1. Introduction 30 

Nature-based solutions (NBSs) are a multidisciplinary umbrella concept which links 31 

social and economic benefits with the notion of ‘nature’. These solutions should be either 32 

inspired by, supported by or copied from nature; furthermore, the use of nature should 33 

be treated as a priority and not a supplement to conventional infrastructure. NBS should 34 

also be cost-effective, resource-efficient and locally adopted [1] and lead to multiple ben- 35 

efits by supporting sustainable development [2]. Moreover, stakeholders’ participation, 36 

policy and management capability and performance in the long term are emphasized as 37 

core features of NBS [3,4,5]. Consequently, NBS can be defined as solutions that are ori- 38 

ented to urgent problem(s), that simultaneously address environmental, social and eco- 39 

nomic challenges by the use of plants, water and/or chemical processes, that are inspired 40 

by nature, that provide multifunctional benefits and that have considerable management 41 

potential and economic efficiency [6]. The broad goals of NBS reflect the idea of sustaina- 42 

bility, by searching for innovative solutions to manage the natural environment in a way 43 

that balances benefits for both nature and society [7]. By working with nature rather than 44 
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against it, communities can develop and implement solutions that will pave the way to- 45 

wards sustainable city development [8]. The NBS concept is congruent with many ‘Sus- 46 

tainable Development Goals’, including tackling poverty (e.g. urban gardens), good 47 

health and well-being (e.g. urban forests), reducing inequalities (e.g. open green spaces), 48 

clean water (e.g. constructed wetlands), climate actions (e.g. avenue of trees), life on land 49 

(e.g. plant shelter belts) and industry, innovation and infrastructure (green roofs). 50 

The NBS concept is closely connected with many existing concepts, including green 51 

and blue infrastructure, urban green spaces, urban gardens, urban forests and urban wa- 52 

ters. Therefore, according to a report by the EC [3], actions that enhance the existing green 53 

(historical) infrastructure to resolve urgent challenges should be treated as a sort of NBS, 54 

alongside next to more novel solutions such as constructed wetlands and green roofs and 55 

walls. Elements of urban green/blue infrastructure (GBI) may be created as independent 56 

NBS actions, or enlarged, fitted out, linked and improved in order to implement NBS pro- 57 

jects [9]. Different types of NBS, however, affect ecological landscape quality (ELQ) ina 58 

range of ways. ELQ is understood as an ecological condition of a given landscape, being 59 

an effect of superimposing upon a set of environmental components, processes and phe- 60 

nomena that are subjected to a direct outcome or a side effect of human activity [10]. ELQ 61 

can be assessed both: (1) from the ‘ground’ perspective, by the direct, in-situ analysis of 62 

quality of different components of the environment, such as water, air and soil; and (2) 63 

from ‘a bird's-eye view’ perspective, by analyzing the structure and connectivity of land 64 

use/land cover (LU/LC) patches based on remote sensing data and a spatial approach [11]. 65 

Regarding the first perspective, given that most NBS projects deal with conservation, res- 66 

toration and cultivation goals [9], they have a multitude of positive effects on all environ- 67 

mental components. These include enhancing natural capital, promoting biodiversity, 68 

mitigating water runoff, increasing water retention and infiltration, contributing to cli- 69 

mate change adaptations and carbon sequestration, reducing emissions, mitigating the 70 

urban heat island effect and removing pollutants [12,13,14]. Regarding the second per- 71 

spective, NBS generally contribute to improving ELQ and promoting ‘good-quality’ land- 72 

scapes by bringing more natural features and processes into landscapes and seascapes [3]. 73 

NBS may also improve the connectivity of biologically active areas at the city level and 74 

provide a bridge between urban/peri-urban areas and natural areas. NBS are particularly 75 

applied when considering ‘landscape-scale’ initiatives, such as regional/national strategy 76 

for afforestation or flood protection. In addition, the area and the configuration of vegeta- 77 

tion patches influence the stability of ecological processes and affect the amount of carbon 78 

capture [5]. However, the extent to which different types of NBS help to improve ELQ at 79 

the landscape scale remains unclear. 80 

To answer this question, the main aim of the research was to assess the ELQ of di- 81 

verse types of NBS (limited to existing elements of green and blue infrastructure with the 82 

potential to be considered NBS) at the city scale (Lublin, Poland) via the application of 83 

landscape-based indicators. The practical  aim was to indicate which NBS action makes 84 

the greatest contribution to improving the ecological state of the urban landscape and thus 85 

sustainable urban development. 86 

2. Materials and Methods 87 

The study consisted of three main stages: (1) identifying potential NBS among the 88 

existing elements of green and blue infrastructure (GBI) functioning in the analyzed area; 89 

(2) detecting spatially the NBS within the study area; (3) calculating the ELQ indicators 90 

(Figure 1). The approach adopted did not include a detailed assessment of each element 91 

of GBI in Lublin from the point of view of fulfilling all the necessary criteria of NBS pro- 92 

posed by Sowińska-Świerkosz and García [6]. Instead, it was assumed – according to the 93 

criteria presented in Table 1 and Table 22 – that they have the potential to be considered 94 

NBS as either an independent action or one that may be enlarged, fitted out, linked and 95 

improved to implement NBS projects [9]. 96 
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 98 

Figure 1. Methodological framework. 99 

2.1. Study area 100 

The city of Lublin is a cultural, scientific and economic centre and communication 101 

hub in eastern Poland. It is the capital of the Lubelskie Voivodeship. In 2020, the popula- 102 

tion of Lublin reached almost 340,000. Lublin is characterized by a varied topography, a 103 

low river network density and a moderately developed natural structure dominated by 104 

forests, which constitute 11% of the city’s area. The ecological system of the city is inextri- 105 

cably linked with three river valleys, which also represent the main ecological corridors. 106 

The most important of these corridors is the Bystrzyca River valley, on which a retention 107 

reservoir was built in the 1970s (Zalew Zemborzycki). This is located in the southern part 108 

of the contemporary city. In addition to river valleys, there are dry valleys in the city, 109 

which have been developed as urban parks or wooded areas. Allotment gardens form 110 

another  important element of Lublin’s green infrastructure, patches of which are located 111 

throughout the city, including in the centre (Figure 2). 112 
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 113 

Figure 2. Location of the study area and spatial structure of the city. 114 

2.2. Identification of potential NBS among existed elements of GBI at the Lublin city scale 115 

To detect GBI actions that can be regarded as NBS among the existing elements in 116 

Lublin, a four-level procedure was adopted. This procedure was based on the perfor- 117 

mance questions referring to the four core ideas for clarifying the NBS concept proposed 118 

by Sowińska-Świerkosz and García [6] (Table 1).  119 

Table 1. Performance questions and criteria of considering existed elements of GBI as potential NBS. 120 

Is an action based on or use natural processes? 

NBS refer to actionsthat ‘use nature’ or are ‘powered by nature’ [3]. The conscious use of 

plants and/or water must be a priority and not a supplement to conventional infrastruc-

ture [15]. As there is no consensus on the scope of human intervention on NBS [16, 17,18], 

minimal or no-intervention management approaches that involve some intervention as 

well as intrusive ecosystem management approaches may be treated as NBS. 

Does an action provide or improve social, environmental and/or economic benefits? 

The second criterion is based on three questions proposed by the EC [8] to define whether 

an action can or cannot be framed as NBS. These questionspertain to different types of 

benefits: social, environmental and economic. The fourth question – ‘Does it have a net 

benefit for biodiversity?’ is not included in the procedure to avoid restricting types of ac-

tion to those that focus on biodiversity. 

Does an action refer to the ‘Sustainable Development Goals? 

The third criterion reflects the challenge–orientation of NBS,seeking to alleviate a well-

defined environmental, social and economic challenge. This challenge–orientation means 

that it is directed to providing a solution to a previously detected problem [19]. This as-

pect is crucial to distinguishing among NBS and other green interventions [20]. Taking 

the present study’s aim into account, whether a given action relates to the idea of sustain-

able urbanization was determined by indicating the Sustainable Development Goal [21] 

to which it contributes. 

Is an action cost- and resource-efficient? 
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The fourth criterion relates to the efficiency of NBS actions in terms of costs and resources 

[1,7, 22], i.e. the cost of a solution’s implementation, management, monitoring and dam-

age over a certain period of time should not exceed the potential environmental and so-

cial benefits. In addition, economic viability refers tothe promotion of renewable sources 

of energy and the use of rainwater or treated water instead of drinking water to irrigate 

and maintain solutions [5]. 

2.3. Spatial detection of the potential areas of NBS within the study area 121 

Different types of GBI were spatially detected as potential NBS in the previous stage 122 

of the research, based on the Polish Database of Topographic Objects [23], updated to Or- 123 

thophotomap (pixel size 0.5m, 2019). In reference to each type of GBI as potential NBS 124 

were treated areas fulfilling the criteria presented in Table 2. 125 

Table 2. Criteria of considering each type of GBI as potential areas of NBS. 126 

As potential areas of NBS based on Urban Waters (UWs) were considered: 

• polygons of the minimum area of 500m2 (0.05ha) (adopted by the authors due to 

the lack of formal and methodological foundations); 

• water easily accessible to every citizen (private ponds next to houses were ex-

cluded); 

• water bodies which serve social functions such as angling, swimming, nature ob-

servation, relaxation. 

As potential areas of NBS based on Urban forests (UFs) were considered: 

• polygons of the minimum area of 1000m2 (0.1ha) (according to the minimum area 

of forest patch in Polish regulation); 

• areas which serve social functions such as jogging, biking, mushroom picking, na-

ture observation, relaxation. 

As potential areas of NBS based on Allotment Gardens (AGs) were considered: 

• all the plots of gardens according to BDOT classification. 

As potential areas of NBS based on Urban Parks (UPs) were considered: 

• Ups according to BDOT classification with a predominance of grassy or semi-per-

meable surfaces 

As potential areas of NBS based on Wooden Areas (Ws) were considered: 

• polygons of the minimum area of 1000m2 (0.1ha) (by analogy to the minimum area 

of forest patch in Polish regulation) 

• dense rows of trees along roads 

• dense rows of trees along rivers  

• green squares within or next to residential areas 

2.4. Calculation of ELQ indicators 127 

Based on a non-systematic review of previous papers [10, 11, 24, 25, 26], certain ELQ 128 

indicators were selected and calculated at the class level. A correlation analysis of these 129 

indicators was performed to reduce the number of indices to a practicable level and to 130 

avoid duplication . This analysis based on the results of a Spearman’s rank correlation (p 131 

= 0.05) for each pair of indices. If the obtained absolute correlation coefficient amounted 132 

to 0.9 or more, only one of the two indices was retained. As a result, 14 indicators were 133 

analyzed further (Table 3), referring to the four main aspects crucial for assessing ecolog- 134 

ical quality at the landscape scale: (1) maintenance of ecological processes and ecosystem 135 

stability; (2) diversity; (3) continuity of ecological structures; and (4) aesthetic landscape 136 

values [27]. 137 

Table 3. Calculated ELQ indicators . 138 
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Abbreviation Indicator name Unit 

 

Formula/description 

Reference to 

dimensions of 

ELQ 

MPA Mean Patch Area ha - S; C 

PLAND Percentage of 

landscape 

occupied by a 

given potential 

type of NBS  

% - S; D; C 

BAA Biologically Active 

Area  

% As BAA was 

considering areas 

covered by vegetation 

and water  

S; C; A 

ATnatural/semi-

ntural/antr no 1/ antro no 2 

Percentage of 

areas occupied by 

patches of 

different levels of 

anthropogenic 

transformation  

% Levels of 

anthropogenic 

transformation of LC 

forms according to 

Sowińska-Świerkosz 

(2016) 

S; D; C 

ECOLBAR Density of 

Ecological Barriers 

m/ha As Ecological Barriers 

were considering 

paved roads  

S; C; A 

PD Patch Density  nos/100 ha 

 

ni = number of 

patches in the land-

scape of patch type 

(class) i  

A = total landscape 

area (m2) 

S; D; C 

ED Edge Density m/ha 

 

eik = total length (m) of 

edge in landscape be-

tween patch types 

*(classes) i and k; in-

S; D; C; A 
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cludes the entire land-

scape boundary and 

some or all background 

edge segments involv-

ing class i 

A = total landscape area 

(m2) 

LPI Largest Patch 

Index 

% 

 
 
aij = area (m ) of patch ij.  

A = total landscape area 

(m ) 

 

S; D 

FRAC_MN Mean Fractal 

Dimension Index 

- 

 
pij = perimeter (m) of 

patch ij  

aij = area (m2) of patch ij 

 

S; A 

COHESION  Patch Cohesion 

Index 

- 

 
pij = perimeter of patch ij 

in terms of number of 

cell surfaces. 

aij = area of patch ij in 

terms of number of cells. 

Z = total number of cells 

in the landscape 

S; D; C 

SLOPE Slope  % - D 

Note: S: Maintenance of ecological processes and ecosystem stability; D: Diversity; C: Con- 139 

tinuity of ecological structures; A: Aesthetic landscape values 140 

3. Results 141 

3.1. Identification of potential NBS types 142 

The assessment based on the four-level procedure showed that within Lublin, five 143 

elements of GBI can be regarded as potential NBS types (Table 4): (1) urban parks, (2) 144 

urban forests, (3) urban water, (4) allotment gardens and (5) wooded areas. These repre- 145 

sent elements of historical urban GBI that may be regarded as unsophisticated NBS, their 146 

effectiveness being limited [9]. Given that for an action to be regarded as an NBS it is not 147 

always necessary that 100% of the ingredients are present, but merely a majority [6], ac- 148 

tions with partial effectiveness were also included in the subsequent part of the research. 149 

Table 4. Criteria of considering analyzed elements of GBI as potential types of NBS. 150 
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Does an action 

use nature/nat-

ural process? 
 

Does an action 

provide/improve 

social benefits? 

Does an action 

provide/improve 

environmental 

benefits? 

Does an action 

provide/im-

prove economic 

benefits? 

Does an action re-

fer to the ‘Sus-

tainable Develop-

ment Goals? 

Is an action cost- and 

resource-efficient? 

Urban parks (UPs)[13,28, 29]  

YES 
UPs consist of 

lawns, trees, 

shrubs and flow-

ers; paved paths 

and playgrounds 

are gradually re-

placed by semi-

permeable or 

green surfaces. 

YES 
UPs possess rec-

reational and his-

torical value; they 

are of great orna-

mental and per-

ception value; 

UPs are meeting 

places and offer 

contact with na-

ture. 

YES 
UPs contribute to 

carbon sequestra-

tion, seed disper-

sal, erosion pre-

vention, water 

purification, air 

purification, habi-

tat quality and 

noise reduction. 

YES 
UPs provide 

benefits in terms 

of the economic 

development of 

the community 

and tourism. 

YES 
• Good health and 

well-being; 

• sustainable cities; 

• life on land; cli-

mate actions; re-

duce inequalities. 

PARTIALLY 
Maintenance of UPs 

requires continuous 

and usually costly ac-

tions such as plant-

ing, watering and 

mowing, restoration 

and repair of ele-

ments of small archi-

tecture, lighting and 

cleaning. 

Urban forests (UFs) [30, 31, 32]  

YES 
UFs consist of 

trees and shrubs; 

paved surfaces 

such as parking 

and roads are a 

rarity. 

YES 
UFs offer recrea-

tional functions 

and contact with 

nature; they con-

tribute to psycho-

logical and physi-

cal health; they 

have educational, 

research and 

teaching func-

tions. 

YES 
UFs contribute to 

air purification, 

global climate 

regulation, 

urban tempera-

ture regulation, 

noise reduction 

and runoff miti-

gation. 

YES 
UFs provide 

benefits in terms 

of the economic 

development of 

the community 

and tourism. 

YES 
• Good health and 

well-being; 

• sustainable cities; 

• life on land; cli-

mate actions; 

reduce inequalities. 

YES 
UFs require a mini-

mum level of human 

intervention and do 

not involve the use of 

electricity and run-

ning water. 

Urban waters (UWs) [33, 34, 35, 36, 37] 

YES 
Both natural and 

artificial UWs 

function based on 

natural processes. 

YES 
UWs support 

aquatic life, ena-

ble relaxation and 

improve physical 

and mental 

health; they pos-

sess intangible 

values to citizens 

such as amenities 

and a sense of 

place for fishing 

communities; 

they are of great 

aesthetic value. 

YES 
UWs support bio-

diversity, fresh-

water storage, 

hydrological bal-

ance, climate reg-

ulation, flood 

protection, water 

purification and 

oxygen produc-

tion and fertility; 

they provide a 

physical refu-

gium from preda-

tion and are used 

as nursery and 

feeding areas. 

YES 
UWs are a 

source of food 

provisioning, en-

ergy production 

and drinking 

water supply; 

they contribute 

to flood hazard 

reduction; they 

are used in in-

dustry and agri-

culture produc-

tion 

YES 
• No poverty; 

• good health and 

well-being; 

• sustainable cities; 

climate actions; 

life below water; 

• life on land. 

PARTIALLY 
UWs’ efficiency de-

pends on the case 

study. There are re-

source-efficient water 

bodies and water 

bodies, especially 

dam reservoirs, 

which require 

maintenance and 

large amounts of 

money. 

Allotment gardens (AGs) [10, 38, 39, 40] 

YES 
The key “building 

material” of AGs 

is greenery: edible 

and flourishing 

plants, fruit trees, 

herbs and grasses 

and in some cases 

also water struc-

tures. 

YES 
AGs provide a 

source of relaxa-

tion, hobbies and 

contact with na-

ture; they pro-

mote outdoor ac-

tivities. 

YES 
AGs provide a 

source of relaxa-

tion, hobbies and 

contact with na-

ture; they pro-

mote outdoor ac-

tivities. 

YES 
AGs provide 

low-cost food 

and have a posi-

tive impact on 

reducing medi-

cal expenses. 

YES 
• Tackling pov-

erty;good health 

and well-being; 

• clean water; 

• sustainable cities; 

• responsible con-

sumption; 

• life on land. 

PARTIALLY 
Most AGs possess 

rainwater recovery 

devices and compost-

ers and are not 

equipped with elec-

tricity; some AGs 

possess photovoltaic 

panels and re-used 

building materials. 

Woods(Ws)[41,42, 43] 

YES YES YES YES YES YES 
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Trees and shrubs 

are the only ma-

terials. 

Ws contribute to 

noise reduction; 

they increase 

walkability 

through provid-

ing greater feel-

ings of safety; 

they are of great 

ornamental, aes-

thetic and amen-

ity value; they are 

ofgreat recrea-

tional value when 

other forms of 

greenery are not 

available. 

Ws reduce pollu-

tant emissions, 

improve surface 

run-off, improve 

soundscape qual-

ity, create habi-

tats and have a 

shading and cool-

ing effect. 

Wide strips of 

trees along roads 

can to some ex-

tent replace ex-

pensiveacoustic 

screens; they 

may produce 

fruits. 

• Good health and 

well-being; 

• sustainable cities; 

climate actions; 

• life on land. 

Ws require watering 

only during the first 

few years after plant-

ing; after these peri-

ods they are self-suf-

ficient. 

3.2. Detection of the potential areas of NBS within the study area 151 

Based on the existing elements of GBI, potential NBS occupy nearly 20% of the city’s 152 

area (Figure 3). The largest area and thus the highest percentage share comprises patches 153 

of UFs (60% of the area of potential NBS, i.e. 12% of the city area) (Table 5). This type, 154 

however, is characterized by the smallest number of patches (8), but with a significant 155 

mean area amounting to 219.54 ha. The smallest area and thus the lowest percentage share 156 

comprises patches of UPs (3.4% of the area of potential NBS, i.e. 0.67% of the city area). 157 

The share of other potential NBS types is quite similar and amounts to approximately 2% 158 

of the city’s area. AGs and Ws feature the highest numbers of patches (70 and 71, respec- 159 

tively), with average sizes of 6 ha and 3.58 ha, respectively. In addition, patches constitut- 160 

ing AGs together with patches of UPs feature quite similar areas (AGs: AREAmin = 6.00; 161 

S.D. = 8.15; UPs: AREAmin = 8.26; S.D. = 6.37). 162 
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 163 

Figure 3. Localization and typology of NBS detected within the study area. 164 

Table 5. Spatial characteristic of different types of potential NBS. 165 

 
Number of 

patches 

Total area 

 (ha) 

% of potential 

NBS 

% of Lublin 

area 

Mean  

area (ha) 

Area standard  

deviation 

(S.D.) 

Urban parks 12 99.16 3.41 0.67 8.26 6.37 

Urban forests 8 1756.28 60.47 11.91 219.54 385.89 

Urban waters 32 347.57 11.97 2.36 10.86 59.07 

Allotment gardens 70 420.22 14.47 2.85 6.00 8.15 

Wooden areas 71 280.98 9.67 1.91 3.58 6.51 

Sum: Area (ha) 2904.21 

Sum: % of Lublin area 19.69 

3.3. Calculation of ELQ indicators 166 

The analysis of the obtained results of landscape-based indictors, showed that differ- 167 

ent potential types of NBS contribute differently to the ecological quality at the landscape 168 

level.  169 

Regarding the maintenance of ecological processes and ecological stability, the big- 170 

gest potential possesses UFs. They feature the highest values of indicator such as PLAND 171 

(11.91), MPA (219.54) and LPI (7.91) pointing indirectly that analyzed type of LC possess 172 

sufficient total habitat area for existence of species inhabited it such as birds and predatory 173 
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mammal species [25, 27]. Besides, patches of UFs are characterized by 98% contribution 174 

of biological active areas including both natural (nature reserve) and semi-natural LC 175 

forms (Table 6). The lowest contribution to maintenance of ecological stability features Ws 176 

of relatively low values of MPA (3.58ha) and the highest values of ED (7.81) as well as the 177 

most disperse spatial structure (COHESION=95.41). As so, from the spatial perspective, 178 

except for a few species of birds and synanthropic plants, they do not constitute a potential 179 

habitat for a wider group of organisms.   180 

From the point of view of the diversity analysis at the landscape level, AGs and Ws 181 

are of the highest contribution as they are characterized by the large number of patches 182 

(70 and 71 respectively), the highest density (PD=0.47), and disperse located (COHE- 183 

SION=96.75 and 95.41 respectively) within the entire city structure. Besides, geomorpho- 184 

logical indictors including SLOPE proven the Ws high contribution to diversity dimen- 185 

tion: varied topography promote the existence of different plant species [44]. Due to the 186 

aggregated character of UFs patches, they are of low impact on landscape-level diversity. 187 

The analysis of continuity of ecological structures showed the law negative impact of 188 

ecological barrier in the case of UPs, and Ws (ECOLBAR=0.00 and 3.21 respectively).  189 

Besides, Ws and AGs are evenly distributed with the study area thus positively con- 190 

tribute to the continuity of forms of greenery. The positive impact of the latter, however, 191 

is affected by the high quite density of paved roads crossing gardens structures 192 

(ECOLBAR=5.97). The same applied to UFs of the highest density of ecological barriers 193 

(ECOLBAR=6.87).  194 

Regarding the aesthetic landscape values, quite similar values of FRAC_MN ap- 195 

proaching to ‘1’ indicated that shape of analyzed potential NBS types is approaching to 196 

square, which is characteristic for city structures dominated by rectilinear man-made ele- 197 

ments. Values of BAA and AT indicators, however, showed that due to the high share of 198 

natural and semi-natural green and blue areas which are generally positively perceived 199 

by people, UFs are of the highest contribution to aesthetic values; and analogues Ws of 200 

the lowest.   201 

Table 6. Results of ELQ indicator calculation. 202 

Indicator 

abbreviation 
Urban parks Urban forests Urban waters 

Allotment 

gardens 
Wooden areas 

MPA [ha] 8.26 219.54 10.86 6.00 3.58 

PLAND [%] 0.67 11.91 2.36 2.85 1.91 

BAA [%] 88.12 98 100 ⁓90* 95.15 

ATnatural [%] 0.00 1.43 0.00 0.00 0.00 

ATsemi-natural [%] 0.00 96.57 10.93 0.00 0.00 

ATantro no 1[%] 88.12 0.00 89.07 90.00 95.15 

ATantro no 2[%] 11.88 2.00 0.00 10.00 4.85 

ECOLBAR [m/ha] 0.00 6.87 not applicable  5.97 3.21 

PD [nos/100 ha] 0.08 0.07 0.20 0.47 0.47 

ED [m/ha] 1.26 3.72 6.61 6.76 7.81 

LPI [%] 0.16 7.91 2.30 0.38 0.38 

FRAC_MN [-] 1.07 1.11 1.13 1.09 1.15 

COHESION [-] 96.87 99.69 99.89 96.75 95.41 

SLOPE [%] Max 20 

Avarage 3 

Max 36 

Average 2 

Lack of data Max 5 

Avarage 1 

Max 48 

Avarage 8 
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*Calculated based on data from Sowińska-Świerkosz et al. (2021) based on the mean area of AGs and mean 203 
area of cabin and paved surfaced.   204 

4. Discussion 205 

4.1. Elements of urban GBI as potential types of NBS 206 

The research conducted was based on the assumption that elements of GBI within 207 

the city of Lublin have the potential to be regarded as unsophisticated types of NBS. The 208 

result presented in Table 4 was found to support this statement, as the analyzed types of 209 

GBI fulfilled most of the criteria proposed by Sowińska-Świerkosz and García [6]. First, 210 

these elements were found to provide and/or improve environmental, social and eco- 211 

nomic benefits, such as with respect to recreational and spiritual or cultural ecosystem 212 

services, physical and mental health, carbon sequestration, air purification, noise reduc- 213 

tion, biodiversity and, in the case of AGs and UWs, food provisioning [9, 13, 45]. In addi- 214 

tion, the analyzed elements of GBI were found to help tackle various global problems, 215 

reflecting the Sustainable Development Goals, primarily good health and well-being, sus- 216 

tainable cities, responsible consumption, climate actions and life on land and in water [46]. 217 

A more complex issue, however, was the aspect of GBI’s cost- and resource-efficiency. To 218 

be regarded as NBS, an action should be both cost-efficient (meaning that it produces good 219 

results without costing a lot of money) and resource-efficient (meaning that it uses build- 220 

ing materials, natural resources and energy in a sustainable manner, while having mini- 221 

mal impact on the environment) [1, 47]. Furthermore, the cost of a solution’s implementa- 222 

tion, maintenance or transformation should not exceed the potential benefits gained [3, 5]. 223 

Understanding of the economic efficiency of most of the analyzed elements of GBI re- 224 

mains limited. For example, UGs require continuous planting, watering and mowing; 225 

moreover, most AGs are not equipped with renewable sources of energy. Therefore, we 226 

considering analyzed elements of GBI as unsophisticated types of NBS of which effective- 227 

ness is limited.  To unambiguously define whether a given element can or cannot be clas- 228 

sified as NBS, each element should be analyzed separately based on detailed criteria, for 229 

example, by calculating the NBS effectiveness indicators proposed by Sowińska-Świer- 230 

kosz and García [5], which include level of social acceptance, perceived level of aesthetic 231 

value, existence of political support and guidance, existence of rainwater recovery de- 232 

vices, amount of energy produced from renewable sources and carbon and heat absorp- 233 

tion capacity. Such an approach is necessary, as possessing all the major features linked 234 

to NBS does not axiomatically render elements of GBI a successful ecosystem-based solu- 235 

tion. We agree with Nesshöver et al.’s [7] conclusion that the biggest difference between 236 

the concepts of GBI and NBS pertains to the difference between the terms “infrastructure” 237 

and “solution”. GBI can be regarded as NBS provided that it contributes to the solving of 238 

the problem(s) encountered [48] and has a high level of economic efficiency [6]. Therefore, 239 

in order to be congruent with the concept of NBS, the analyzed elements of (historical) 240 

GBI should be somehow altered, for example by enlarging their area, fitting out with de- 241 

vices dedicated to the use of rainwater, linking renewable sources of energy and imple- 242 

menting NBS projects [9]. 243 

4.2. Impact of analyzed potential types of NBS on ecological landscape quality 244 

The analysis clearly revealed that with regard to the Lublin city scale, different types 245 

of potential NBS contribute in varied ways to improving ecological quality at the land- 246 

scape level. Among them, however, UFs and Ws proved to be of the greatest importance 247 

(Figure 4). UFs, due to their high compactness, were found to make the biggest positive 248 

contribution to the maintenance of ecological processes and ecosystem stability, but on 249 

the other hand, the same spatial characteristic indirectly explained on their low impact on 250 

diversity as well as the continuity of ecological structure at the landscape scale. UFs also 251 

proved to be particularly important from the aesthetic point of view, as natural LC forms 252 

are widely perceived as having the highest value, followed by semi-natural and anthro- 253 

pogenic forms [49]. Ws also proved to have a different impact depending on the analysis 254 
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level of EQ. These areas are crucial for the maintenance of a high level of diversity and the 255 

continuity of ecological structure at the landscape scale, as presented within the entire city 256 

spatial structure. Their low mean area of patches, however, indicates that they are not 257 

capable of maintaining important ecological processes and having a significant positive 258 

impact on ecosystem stability. AGs, which were found to be evenly distributed across the 259 

study area, positively contribute to the continuity of ecological structure as well as diver- 260 

sity analysis at the landscape scale, as has also been demonstrated by another study [9]. 261 

Their positive impact, however, was found to be affected by the rather high density of 262 

paved roads and the homogeneous relief of the land. Surprisingly, the obtained results 263 

indicated that UWs have no outstanding impact on ELQ. This is primarily due to the high 264 

level of anthropogenic transformation of the two main water bodies within the Lublin city 265 

structure: the Zemborzycki Reservoir (which is a dam reservoir) and the Bystrzyca River 266 

valley (which is subjected to strong anthropopressure) [50]. UPs also showed no specific 267 

impact on the analyzed dimensions of ELQ, due to the small number of parks and their 268 

modest total area as well as the relatively low share of biologically active areas.  269 

 It must be stressed here, however, that the above conclusions were formulated only 270 

based on the landscape-based surrogates, which indirectly explain the ecological state of 271 

a given area based on the application of substitute data. They provide only approximate 272 

information on ecological values, although they are of great importance when other data 273 

types are not available or are solely available at a high cost and with considerable time 274 

and effort [25, 44]. We are aware of the fact that an overall conclusion on the impact of 275 

different types of NBS on ELQ must be based on the application of a set of data sources 276 

and methods [8, 51]. The usefulness of surrogates, however, has been proved by some 277 

previous researchers when assessing the effectiveness of NBS projects [4, 19, 52, 53]. As 278 

there is a lack of available data to calculate a total set of indicators crucial for a compre- 279 

hensive assesment of NBS’ environmental impacts [3,7, 52], the result of this study may 280 

be treated as a rough estimate of the actual impact. 281 

 282 

Figure 4. Ideogram of analysed potential types of NBS based on the GBI impact on Ecological Land- 283 
scape Quality. 284 

Author Contributions: For research articles with several authors, a short paragraph specifying their 285 
individual contributions must be provided. The following statements should be used “Conceptual- 286 
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M.M.Ś.; formal analysis, B.S.Ś.; investigation, B.S.Ś.; resources, B.S.Ś., J.W., M.M.Ś; data curation, 288 
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turn to the CRediT taxonomy for the term explanation. Authorship must be limited to those who 292 
have contributed substantially to the work reported. 293 
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