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Analyzing the landscape configuration factors where they are located can ensure a more accurate spatial
assessment of the supply of ecosystem services. It can also show if the benefits promoted by ecosystems depend
not only on the supply of these services but also on the demand, the cultural values, and the interest of the society
where they are located.

landscape metrics urban forest ecosystem services

| 1. Introduction

The ecosystem services concept covers ecological, economic, and social aspects by emphasizing the values of
nature for humans. Thus, this approach provides a suitable framework to address complex problems related to the
sustainable use of resources that societies face today 2, Ecosystem services can also be regarded as benefits
derived from ecosystem functions, for which there is a demand. Thus, in this context, ecosystem services also
embrace the goods derived from ecosystems [Bl. Rapid urban expansion has turned natural ecosystems into semi-
natural or artificial ecosystems MEI8 resulting in dramatic changes in both ecosystem structure and functions 8
(8. Life in cities needs increasing amounts of ecosystem services (ESs) in the form of food, drinking water, clean
air, and recreation 9. Simultaneously, urbanization is an increasingly important driver of land-use change,
biodiversity loss, and ecosystem service deterioration [11l12Il13114] The ESs therefore became vulnerable with the
rapid alteration of ecological landscapes caused by urbanization L2187 |n g context of generalized decline of
ESs (28 putting in place governance systems that secure long-term delivery and use of ESs is one of the biggest
challenges for cities in the 21st century 191201[21]

In this context, urban planning can be associated with ecosystem services supply and demand: in supply, by
estimating the potential of these services in terms of conservation, management, and deployment of green
infrastructure, and in demand, through the organization of land use and cover, so that the demand matches the
available supply 22,

In addition to this assessment based on supply and demand, ecosystem services can be approached through
conceptual models that analyze them from the structural characteristics in the environment that ensure the
production of these benefits (2223l This is because the capacity to provide ecosystem services can be, and is, also
affected by the pressures acting on the ecosystem. These pressures are most often associated with the spatial

distribution of the population and anthropic factors arising, in particular, from urbanization 22,
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As these pressures vary, so does the ability to generate ecosystem services and the demand for them. The
urbanization of a given region, for example, results in a drop in the supply of ecosystem services because of soil

sealing, while at the same time, the demand for ecosystem services increases as the number of urban inhabitants
grows [221[24],

Correctly understanding the correlation between supply and demand of ecosystem services is a very important
condition to promote a sustainable management of such services, contributing significantly to improving human
welfare 2511281 However, in practice, choosing appropriate tools to address ecosystem services in planning is still
difficult because they differ in their complexity, transferability, and time and data requirements . For example,
urban forests benefit cities with different ecosystem services, such as groundwater recharge, retention of
particulate emitted by motors, surface runoff of rainwater, thermal comfort and local climate regulation, and carbon
uptake [,

In natural landscapes, but more especially in urban landscapes, the relationship and impact caused by measurable
variables such as size, shape, and structure of natural habitat fragments on their ecological function are still
unclear 28, But the identification of spatial and temporal changes in the supply and demand of ecosystem services
faces challenges; it is still necessary to incorporate relevant indicators that relate the supply and demand of

ecosystem services, considering a spatial and temporal analysis 22,

Most of the operational tools that address the provision of ecosystem services present their outputs as spatial
information or in a form easily connected to GIS software (ArcGIS, version 10.8.1, ESRI). This is very interesting,
as it allows the location of hotspots of provision of these services, the analysis of synergies and trade-offs between

them, or the spatial comparison of supply and demand, also revealing areas under pressure 21,

| 2. Ecosystem Services in Forest Remnants

Given this need to approach ecosystem services associated with spatial planning, especially urban planning,
multicriteria decision analysis (MCDA) approaches have proven to be quite suitable [22[BUBLIS2EEE4] This js
because they allow the integration of ecological and socioeconomic aspects in planning related to changes in land
use and land cover, in addition to allowing dealing with subjectivity and the different demands of stakeholders

involved in the decision-making process &,

It is worth remembering, however, that these indicators of the state of the ecosystem provide an incomplete picture
of the overall level of service provision, especially in an urban setting where many services result from a
combination of human and ecosystem inputs [22. Although progress has been made in decision support systems
(DSSs), choosing the appropriate tools to assess ecosystem services, aiming at a specific decision process, is still

complicated because there are no clear guidelines for the implementation of these tools 2.

Recent times have seen progress in research about the mapping and evaluation of ecosystem services, but these

studies have mostly focused on aspects of ecological change and economic valuation; the discussion has not
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included the perspective of beneficiaries, i.e., stakeholders and their perceptions. And these groups have different

interests and preferences regarding ecosystem services 2],

Thinking about this growing demand to incorporate management factors in the valuation of ecosystem services, a
study proposed an analytical framework to identify similarities and differences in social preferences and values
associated with ecosystem services and recognized by key stakeholders 3. It can be highlighted that there is a
gap between scientific perception and human preference, and therefore, studies aimed at broadening and including

knowledge about these services are needed [28],

As for the approach to ecosystem services integrated into the planning process, it is worth noting that the different
types of ecosystem services currently have a patchy participation in these processes. What researchers do find is
that in public policy sectors with long traditions in natural resource management, such as forestry, agriculture, and
water, the ecosystem services approach is already fairly well established. These are also the sectors that involve

the most usual operational tools in terms of ecosystem services valuation 2.

Therefore, it is now necessary to find new methods that take into account the unique characteristics and scale
demands of the urban environment. They should also consider the diversity of stakeholders involved, their interests
and ideas as a support tool for sustainable ecosystem management practices; this is essential, especially for

guiding land-use policies, lessening land-use conflict, and promoting the building of an ecological civilization 2823],

However, few studies have considered human needs, i.e., demand, in approaches to assessing ecosystem
services 4. This is quite inconsistent, according to the authors, since the very definition of ecosystem services
was born from the search for human well-being and the focus on sustainable development 28], In this regard, some
new approaches have been established to structure the assessment of ecosystem services considering three
concepts: (1) the capacity or potential to provide services (PS); (2) the flow of provision of these services (AS); and

(3) the demand for such ecosystem services [221[251[35],

Nevertheless, studies show that there is an incompatibility between the supply and demand of ecosystem services,
especially in urban, peri-urban, and expanding areas. And generally, areas with high demand for these services are
those with the lowest supply, hence the imbalance 8. Therefore, only through strategies that combine both supply

optimization and demand reduction can the supply of these services be enhanced B2,

It can thus be noted that changes in the type of land use are among the main reasons for the decrease in the
supply—demand relationship, since they directly affect the potential of ecosystem services and the flow of services.
But more than that, especially when it comes to regulating ecosystem services, which are intrinsically related to
demand, urban planning decisions significantly affect the provision of such services and how they are related to the

benefits provided in the city environment 22,

As example, Cortinovis & Geneletti 22 considered seven regulating services (air purification, global climate

regulation, moderation of extreme events, noise reduction, runoff and flood control, urban temperature regulation,
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and sewage treatment), and correlated them to common indicators in urban planning. Such indicators include
population density, census data, locations, and presence of infrastructure. With this association, the researchers
sought to understand what the demands of ecosystem services are, multiplying the intensity of ecological pressure

and the amount of urban population or physical assets exposed 22,

This is because it is also important to consider that inequalities between the supply and demand of ecosystem
services change over time, influenced by biotic factors such as richness and diversity, abiotic factors, such as
geospatial factors, and by anthropic factors such as population growth, for example [B8l23, These are concepts that
are usually associated with the spatiality of land-use and land-cover changes and can be used as tools for rural
and urban development planning at both local and regional levels [22](231(35](38]

The actual magnitude of changes in the supply of ecosystem services and the relevance of considering these
services in decision-making also depend on factors such as landscape configuration and geopolitical and
management issues. In other words, considering these other factors would ensure a more precise and accurate
spatial assessment of the supply of ecosystem services, as would considering that the benefits promoted by

ecosystems depend not only on the supply of these services but also on demand, cultural values, and interest 49,

Furthermore, by focusing on the assessment of ecosystem services, based on the peculiar characteristics of each
small basin or sub-basin and integrated with socioeconomic development planning, it will be possible to develop a
much more effective ecosystem services management policy, since it will be based on a specific management

model that is more appropriate for each landscape 411,
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