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Abstract

:

Among the UNCCD SDGs 2030, there is the recognition that land consumption can strongly affect the provision of ecosystem services. From the perspective of land degradation neutrality, urban level is the right scale when planning actions against land consumption. The aims of this research are: (1) to assess land consumption at urban landscape scale and its effects on natural capital flow provision; and (2) to identify sustainable strategic planning choices for land consumption mitigation and natural capital enhancement. We propose and test an approach based on multi-temporal landscape spatial analysis (land use/land cover map, land consumption map, and landscape metrics) and ecosystem services’ flow assessment for the identification of areas at risk of loss of natural capital flow. The results have shown that from 2006 to 2019, land consumption has increased with a consequent decrease of natural capital flow. LULC dynamics has been analyzed in terms of landscape risk to lose natural capital flow, highlighting that the management of Galatone urban landscape is still far from land consumption neutrality. Landscape metrics have allowed the analysis of the aggregation among land consumption areas. The mitigation of land consumption should be based on the identification of suitable nature-based solutions towards the balance between past land consumption and future land recovery.
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1. Introduction


Humans depend on land for their well-being, but at the same time, they represent a dominant driver able to modify land resources and services across the biosphere [1]. This strong and complex relationship between humankind and land makes land management challenging, requiring a new perspective of “humans-in-nature”, typical of a socio-ecological landscape approach.



Nowadays, land consumption as a form of land degradation represents a global issue [2,3,4,5] that requires global solutions towards land conservation. From this perspective, the 2030 Agenda for Sustainable Development promotes, among others, the Goal 15.3, focused on land degradation neutrality, and the Goal 11.3, focused on sustainable urbanization as crucial challenges towards sustainability [5,6,7,8,9,10,11,12,13,14,15,16,17].



Land provides soil, which produces food and biomass, absorbs, stores, and filters water, and transforms nutrients; as additionally, it represents the basis for biodiversity in terms of suitable habitats for several species [18]. Thus, land consumption can negatively affect the provision of ecosystem services (ES) [19,20] because it brings on the depletion of soil fertility, causing the loss of soil functions, such as nutrient recycling, sediment retention, and carbon sequestration (supporting ecosystems services) with the consequent reduction of food production (provisioning ecosystem services) [21,22,23,24,25].



Land consumption is a very common problem given that land is the place where all human activities take place, causing land-use and land-cover changes [13,19,26,27,28,29,30]. Among others, the rapid and intensive urban sprawl has led to land conversion, reducing forests or farmland for the spatial development of cities (land consumption) [19,26,31]. On the other side, grasslands and forests have been replaced by intensively farmed lands, causing land overexploitation in agricultural landscapes [19,29,32].



It is possible to speak about land consumption when “due to natural processes or human activity, land is no longer able to sustain properly an economic function and/or the original natural ecological function” [33]. The European Environmental Agency (1997) defined the consumption of land as due to the absolute extent of land that is subject to exploitation by agriculture, forestry, or other economic activities. However, more recently the concept of land consumption has been attributed to all lands characterized by the loss of multifunctional, fertile soils and in the deterioration of biodiversity and ecosystem services [34,35,36]. In this sense, land degradation, defined as the reduction or loss of biological productivity and ecological integrity [37], includes land consumption resulting from modified natural lands in urban structures [38]. Degradation factors can be many and include topography (i.e., slope), soil quality, and resilience, extreme events, land-use and land-cover change, and land mismanagement, which can cause environmental, social, and economic impacts [2,39,40].



In particular, intensive land-use and land-cover changes can have evident effects on land consumption [27,30] since they affect the structure and functioning of ecosystems, thus influencing the provision of many ecosystem services [29,31,39,39,41,42,43,44,45,46] and therefore, alter the way land affects human well-being [3,4,44]. In some cases, the human pressure on land can overpass its carrying capacity causing the decrease in land productivity and the incapacity of land to recover [2,47].



Areas strongly characterized by land degradation for their high susceptibility to desertification, such as southern Mediterranean areas [48,49], are particularly affected by land consumption due to human causes, such as urbanization [50,51,52]. However, recognized the natural dynamics of landscapes, the available land can be seen as a balance between land consumption and its restoration through suitable land planning strategies [2,6,14,15]. In this framework, urban planning can mitigate or increase land consumption with effects on the provision of ecosystem services and therefore, on human well-being [2,44,53,54,55]. Since the provision of ecosystem services is impacted by land-use and land-cover (LULC) change, land consumption can strongly affect the capacity of a landscape given by its urban, peri-urban, and rural components to maintain the flow of natural capital intended as bundle of all the services provided by the landscape [56]; therefore, the value of the consumed land can be different according to the natural capital that has been lost. It is recognized that the fast process of global urbanization can affect the provision of ecosystem services by modifying the structure and function of ecosystems in the short-, medium-, and long-term [57,58]. However, the effects of land consumption are very often taken into account in terms of amount (hectares or percentages) without considering the context where it develops. The spatial context can make the difference among land consumption areas with the same extent according to the amount of ecosystem service that have been lost This is the reason why the assessment of land consumption integrated with the ecosystem services flow has become a crucial research topic recently within urban planning [59]. From this perspective, the aims of this research are: (1) to assess land consumption at the urban landscape scale and its effects on natural capital flow provision in three different years; and (2) to identify sustainable strategic planning choices for land consumption mitigation and natural capital enhancement.



Land Consumption and Ecosystem Services Provision in Urban Landscape Planning


There are several typologies of assessment applied to land consumption in the scientific literature, such as approaches based on natural capital or on landscape recovery or on ecosystem services assessment, mixing biophysical and socio-economic assessments based on holistic frameworks able to catch the different features of land consumption [60]. To do so, several studies have estimated land-use change impacts on ecosystem service values [26,32,39,61,62,63,64,65,66], highlighting the importance to investigate the link between landscape planning and ecosystem services provision [67]. Therefore, ecosystem service assessments and their replies to land-use changes can effectively make known the human–land system links [68] and can have high usefulness for acknowledgment of ecological change and for promoting sustainable resource management [69,70,71].



Natural capital refers to the stock of natural resources that supplies flows of crucial goods and services. Therefore, ecosystem services, which represent the “flow” provided by natural capital, are the contributions that ecosystems make to human well-being [72]. Among the typologies of existing capitals, natural capital is rightly considered the fundamental one since it provides the basic conditions for human existence, among others represented by: fertile soil, multifunctional forests, productive land and seas, fresh water of good quality and clean air. These obviously include key ecosystem services, such as pollination, climate regulation, and protection from natural disasters [28]. However, natural capital can be vulnerable to human pressures with consequences on socio-economic systems since it sets the ecological boundaries where social and economic capital can develop simultaneously.



In this context, landscape spatial planning can strongly affect land consumption with effects on the provision of ecosystem services [73,74] through urban plans, regional and national plans, and plans for nature and biodiversity conservation. However, the urban scale is the right level where planning and managing actions against land consumption and sustainable development can be implemented. In particular, the urban multifunctional landscape can be seen as composed of an urban area (the core city, A) and surrounding peri-urban (B) and rural (C) areas (Figure 1).



Thus, urban landscape planning is not focused only on the core area A but also on peri-urban and rural areas. However, the intense development of human activities over the last century has led to a significant deterioration in the landscape because of an urban sprawl affecting not only the peri-urban areas but also the rural areas. This has required measures to protect the environment from human activity; thus, the European Commission has adopted the Directive 2001/42/CEE introducing the Strategic Environmental Assessment (SEA), focused on the quantification of the environmental effects of landscape plans at different scales. In particular, the strategic environmental assessment can be seen as a “plan-shaper” since it informs and is informed by the contents of the specific plan under evaluation and can mitigate its negative effects on socio-ecological systems [75,76]. This tool seems promising to mainstream ecosystem services into urban land-use policy and planning decisions [77,78]. Therefore, it can represent a key environmental prevention tool to make sustainable both the planning and the management step, considering the crucial role played by the environmental monitoring system before, during, and after the plan implementation.





2. Materials and Methods


2.1. Study Area


The study area is represented by the urban landscape of Galatone, a municipality in the Apulia region of southern Italy (Figure 2), which extends for 46.54 km2 in a predominantly flat landscape.



Recently, the decision makers of the Municipality of Galatone have elaborated a new urban landscape plan that will be in force until 2030 through the design of innovative urban planning within the framework of the strategic environmental assessment and the goals of the 2030 Agenda for Sustainable Development. In particular, the challenge is to identify possible strategies to allow urban development while mitigating or compensating land consumption and maintaining the flow of natural capital.




2.2. Assessing Land Consumption at Urban Landscape Scale


The approach has been based on landscape spatial analysis, which has been divided into three steps:




	(1)

	
Processing of the land-use/land-cover (LULC) map, change detection analysis, and land consumption map: landscape has been classified in 2006, 2011, and 2019 according to the CORINE land-cover fourth level classification. Then, the LULC changes of 2006–2011 and 2011–2019 have been analyzed, quantifying the amount of land consumption. To this aim, all the urban classes have been aggregated into one single class, and its dynamics has been analyzed both quantitatively and spatially to assess the level of aggregation among areas characterized by land consumption. Finally, land consumption has been analyzed in terms of spatial configuration in 2006 and in 2019 through the use of landscape metrics, such as number of patches, mean patch area, and effective mesh size, which are useful for analyzing quantitively the spatial aggregation among areas characterized by land consumption; in particular, an increase in the number of patches and of the effective mesh size can denote an incremental trend of land consumption patch fragmentation, while the increasing of land consumption patch size can indicate an aggregation trend.




	(2)

	
Valuation of natural capital flow (NCF): the flow of ecosystem services provided by the multifunctional landscape of Galatone have been estimated using the economic coefficients proposed by Costanza and colleagues in 2014 [79] as a surrogate allowing a first approximation of the total flow of natural capital. In particular, the LULC classification has been simplified from thirty-six classes to five classes (forests, grasslands/rangelands, croplands, urban, rock), and then, an economic coefficient has been associated with each LULC class (Table 1).









This method has made it possible to estimate the comprehensive flow of natural capital provided by the multifunctional landscape of Galatone in 2006, 2011, and 2019. The focus of the research was not the economic valuation of ecosystem services; therefore, the natural capital flow has been classified in low, medium, and high just to have an indication of the areas that contribute more to the provision of natural capital. In particular, all the values have been divided in three homogeneous intervals.



	(3)

	
Mapping areas more at risk to lose NCF: the areas more at risk of losing natural capital flow because of land consumption threat have been mapped. In particular, the natural capital flow in 2006 has been used as a starting point (base layer) to analyze the land consumption rate along the time. The different levels of risk of losing the flow of natural capital have been based on the land consumption dynamics from 2006 to 2019.







Finally, to better identify sustainable strategic planning choices, we have used the bivariate local Moran’s I statistic to describe the correlation between the variable NCF in one location and land-consumption variable in an adjacent location in 2019. We, then, visualized the results using a local indicators of spatial autocorrelation (LISA) cluster map, which describes the association between a spatial unit that provides NCF and the surrounding spatial unit characterized by land consumption, defining four types of LISA cluster: high-high (H-H) indicates that a spatial unit with high NCF was surrounded by high-land consumption units; high-low (H-L) indicates a spatial unit with a high NCF that is surrounded by low-land consumption neighbors; low-high (L-H) indicates a spatial unit with a low NCF that is surrounded by neighboring units that have a high land consumption; and low-low (L-L) indicates a spatial unit with a low NCF that is surrounded by low-land consumption spatial units. H-H represents the most threatened relationship that requires attention from the decision makers. The spatial pattern of these areas has been used to give insights towards sustainable urban landscape planning to achieve land consumption-neutrality in terms of suitable strategic planning choices towards the land consumption mitigation and natural capital enhancement. This has been based on the analysis of alternative scenarios useful for the decision-making process.





3. Results


Spatial Analysis of Land Consumption


Land consumption has been analyzed quantitatively and spatially. The amount of land consumption is shown in Figure 3, highlighting an increase from 2006 to 2019.



More in detail, land consumption has shown an increase of 66.40 ha from 2006 to 2011 and 174.11 ha from 2006 to 2019 with an annual increase rate more or less constant from 2006 to 2019 (Table 2). The data about land consumption per capita have shown the increase of about 130 m2/capita from 2006 to 2019 due to the increase of land consumption but also to the decrease of population.



On the other hand, the assessment of ecosystem services’ flow has made it possible to analyze the trend of natural capital showing a general decrease from 2006 to 2019 as a result of the increase of land consumption (Figure 4).



Spatially, the areas characterized by land consumption have been mapped in 2006 (Figure 5a), 2011 (Figure 5b), and 2019 (Figure 5c), and a change detection analysis has been carried out to identify the hot areas in terms of land consumption (Figure 5d). On the other side, the areas providing natural capital flow have been classified in three classes (low, medium, and high) according to the amount of ecosystem services provided; then, they have been mapped in 2006 (Figure 5a), 2011 (Figure 5b), and 2019 (Figure 5c). From this perspective, Figure 5d shows the effect of land consumption in terms of natural capital flow loss, using the natural capital flow in 2006 as a base layer to make comparisons. This new perspective of land-consumption analysis has allowed us to reinterpret it in terms of risk to lose natural capital flow. Therefore, this means that the amount of land consumption is important as its spatial configuration. In this way, land consumption can have different values not only in terms of the amount of available land loss but also in terms of natural capital flow provision related to those lands. In this sense, land consumption has been re-classified and then, mapped by taking into account the level of natural capital flow loss (high, medium, and low) (Figure 5d). As it is possible to see in Figure 5d, the effect of where land consumption has been recorded in the period 2006–2019 can have a different meaning in terms of ecosystem services’ loss.



In general, it has been evident that the landscape was already characterized by a significant level of land consumption in 2006 (red areas in Figure 5a) that has increased during the time by including areas able to provide different levels of natural capital flow (Figure 5b,c). In this sense, land consumption can affect the landscape differently depending on where it spreads and how it aggregates: the number of land consumption patches have increased from 2006 to 2019, while the mean patch area has decreased (Table 3). This means that the increase in land consumption has been given by several small patches that have made the areas of land consumption more aggregated, noticed by the increase of the effective mesh size.



Finally, according to the LISA cluster maps, it has been possible to highlight the possible spatial correlation among areas with high NCF surrounded by high-land consumption units (H-H). In Figure 6 the LISA cluster map using p = 0.01 has been shown where it has been possible to notice that in 2019 the cluster H-H have resulted mainly in the southern part with some small areas in the northern part. In general, land consumption did not seem to be determined by the presence of high natural capital flow. However, in the areas where a spatial correlation of the cluster H-H has been identified, this should represent a point of attention for identifying possible landscape development strategies suitable to mitigate land consumption in areas with great ecological value.





4. Discussion


In the framework of the 2030 Agenda for Sustainable Development, this research has been focused on a better understanding of the linkages among LULC change, land consumption as a form of landscape degradation, and the provision of ecosystem services. The goal of zero net land consumption can have beneficial effects on several sustainability goals, such as climate change mitigation and adaptation actions at local scale, zero hunger, by keeping pristine the fertile lands, and biodiversity conservation, which can be strongly affected by urban sprawl with consequent landscape fragmentation.



The quantification of land consumption (in ha) for 2006, 2011, and 2019 (Figure 3) has highlighted that the management of Galatone urban landscape is still far from the zero net land consumption since it has been evident that land has been strongly consumed across the years. Hence, there is a tendency to increase soil occupation and waterproofing, causing a loss of agricultural and/or natural areas in place of artificial surfaces. More specifically, the estimations in % of artificial land-covers characterizing the urban landscape of Galatone (22.7%) in 2019 are higher than those recorded at national level (7.11%) and at European level (4.2%) for the same year [13].



On the other hand, the European Union in 2021 has promoted sustainable land management so that the land ability to provide ecosystem services is not hindered. For the quantification of ecosystem services, several studies have highlighted that it can be useful for their estimation the use of coefficients developed globally for different biomes [2,54]. Their use can help to quickly estimate the state of ecosystems in providing the necessary services and informing decision makers on the proposal of suitable policies for effective natural resources’ management [80,81]. However, the combination of LULC classes into five broad classes has strongly affected the accuracy of the evaluation results of ecosystem services value. Thus, a research future perspective is to identify methodologies to quantify the effects of land consumption on specific ecosystem services easy to be used by decision-makers.



Over time, the multifunctional landscape of Galatone has shown a continuous decreasing trend of natural capital flow (Figure 4), but to better understand the consequences and identify the right policies to invert this trend, a spatial approach is crucial [29,43,82] to analyze land consumption in terms of its amount and spatial configuration. From this perspective, the combined spatial analysis of land consumption and natural capital flow in the study area (Figure 5d) has helped in identifying areas more at risk to lose natural capital because of land consumption, supporting decision makers in finding appropriate policy solutions. From the analysis, it has emerged that artificial areas have increased at the expense of natural or agricultural areas, which can provide different levels of natural capital flow. As a result, the increase in artificial surfaces can negatively affect the flow of natural capital, with consequences on people living in urban, peri-urban, and rural spaces.



The case of Galatone is only an example to figure out a way to operationalize land consumption neutrality through its inclusion into the planning process. The urban planning process focused on the urban, peri-urban, and rural landscape of a city can represent a good starting point to test possible strategies based on sustainable land-use priorities towards the zero net land consumption [16]. At the European level, each landscape plan is accomplished by the strategic environmental assessment that, as in the case of adaptive management approach, has the aim to learn from the past management choices and improve the future environmental policies. In the case of Galatone, the recent urban planning process has been informed by the results of this research; therefore, the decision makers have identified several mitigation and compensation policies based on nature-based solutions to avoid that the new plan will negatively affect the environment. Further assessments will allow distinguishing between permanent and temporary land consumption to identify recovery areas currently at risk that can support high levels of natural capital flow, as those in the northern part of the study area (Figure 5d).



When planning for future sustainable development of urban landscapes, it could be useful to build up some development scenarios based on business as usual (negative alternative), implementation of some mitigation policies (realistic positive alternative) towards the zero net land consumption, and complete landscape recovery (ideal positive alternative). Among the mitigation policies, it is possible to consider the identification of new building sustainable standards for energy efficiency and green roofs, while among the compensation policies it is possible to list some nature-based solutions focused on the ecological recovery of some areas at risk in rural area, the design of some urban green areas in the peri-urban context, the requalification of some roads of cultural value useful to link urban, peri-urban, and rural areas through cycling routes.



These planned actions will require public and private investments for the prevention and restoration of land consumption. The land-consumption neutrality represents an important target at local scale, and it could be enhanced by data spatialization that, as in this case, can help decision makers in interpreting the possible consequences of alternative choices on landscape pattern [4].




5. Conclusions


The inclusion of natural capital valuation within the strategic landscape planning and management has been already introduced and debated in the scientific literature [67,77]. The novelty of this research has been the spatial approach allowing the identification of lands that when “consumed” can result in an important loss of ecosystem services. In comparison with previous notable studies [83,84,85,86] more focused on the amount of land consumption and its mapping, this research has allowed us to classify land consumption in terms of natural capital flow loss as well as to analyze the spatial correlation between areas with high land consumption and areas with high natural capital flow. The results of this research have demonstrated that the spatial analysis of land-use and land-cover change based on the accounting of ecosystem services can support the strategic land-use planning of urban areas from the perspective of land consumption neutrality. Managers should mitigate the risk of losing areas with high natural capital value, while they should compensate degraded lands through restoration programs and sustainable land management practices [37]. The typologies of recovery strategies can be different according to the specific landscape to be recovered but also the typology of land consumption (permanent or temporary). However, further research are needed to take into account the temporal dynamics of ecosystem services flow as well as a more detailed classification of the different land consumption typologies.



Understanding the value of natural capital can help decision makers in managing risks by avoiding unexpected and costly outcomes deriving from land use decisions that are not ecologically pondered. However, frameworks that can translate complex concepts, such as ecosystem services and natural capital, into practice are still missing [87]; therefore, it is often difficult the inclusion of these concepts into strategic landscape planning [67,88]. In this direction, the approach presented in this paper has made it possible to incorporate the valuation of natural capital into the urban planning of the urban landscape of Galatone. Furthermore, the integration among land consumption, natural capital, and urban planning can support decision makers in reaching several goals of the UN 2030 Agenda for sustainability at local scale. In this context the strategic environmental assessment can play a crucial role because it helps decision makers both during the planning phase in identifying sustainable policies and during the management phase in monitoring the effectiveness of the selected management actions in reaching the planned goals.



Finally, the strategic environmental assessment requires a strong public participation with the effect of making people aware of the sustainable planning targets regarding the places where they live. Therefore, the strategic environmental assessment represents a way to put in practice the adaptability of environmental management in a changing world by guiding the managers in the challenge of making the management more flexible and resilient to unexpected changes towards the 2030 sustainability targets.
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Figure 1. A schematic view of the urban multifunctional landscape where A indicates the core city, B represents the peri-urban area, and C is the rural area. 
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Figure 2. Study area: urban landscape of Galatone Municipality. 
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Figure 3. Estimated annual land consumption (ha) for the years 2006, 2011, and 2019. 
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Figure 4. Trend of natural capital flow in ($/year) for the years 2006, 2011, 2019. 
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Figure 5. Land consumption and natural capital flow in 2006 (a), 2011 (b), and 2019 (c). In (d) land consumption 2006–2019 has been classified in terms of the lost capacity shown by consumed patches to provide natural capital flow. 
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Figure 6. LISA cluster maps (p = 0.01). H-H cluster indicates that a spatial unit with high NCF is surrounded by high-land consumption units; H-L cluster indicates a spatial unit with a high NCF that is surrounded by low-land consumption neighbors; L-H cluster indicates a spatial unit with a low NCF that is surrounded by neighboring units that have a high land consumption; and L-L cluster indicates a spatial unit with a low NCF that is surrounded by low-land consumption spatial units. 
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Table 1. Coefficients associated with the LULC classes (source of data [79]).
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	LULC Class
	Total Value

$/ha/yr





	Forest
	3800



	Grasslands/Rangelands
	2974



	Croplands
	5567



	Urban
	921



	Rock
	0
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Table 2. The total land consumption (ha) in 2006, 2011, and 2019, the land consumption increase (ha) in 2011 and in 2019 compared to 2006, the land consumption annual rate in 2011 and in 2019 compared to 2011, and the land consumption per capita (m2/capita) in 2006, 2011, and 2019.






Table 2. The total land consumption (ha) in 2006, 2011, and 2019, the land consumption increase (ha) in 2011 and in 2019 compared to 2006, the land consumption annual rate in 2011 and in 2019 compared to 2011, and the land consumption per capita (m2/capita) in 2006, 2011, and 2019.











	
	2006
	2011
	2019





	Land consumption (ha)
	956.50
	1022.90
	1130.61



	Land consumption increase compared to 2006 (ha)
	
	66.40
	174.11



	Land consumption annual rate (ha/year)
	
	13.28
	13.39



	Land consumption per capita (m2/capita)
	602.17
	649.29
	732.73
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Table 3. Landscape metrics to analyze the spatial configuration of the areas characterized by land consumption. In the range 2006–2019 ↑ indicates increasing trend while ↓ decreasing trend.
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	Land Consumption Class
	2006
	2019
	Trend 2006–2019





	Number of patches
	79
	149
	↑



	Mean patch area (ha)
	13.43
	7.37
	↓



	Effective mesh size (ha)
	993.92
	1027.78
	↑
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