Ecosystem services assessment in urban green areas and urban forests: Rapid Assessment Protocol for cities
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Water-bodies presence and quality are important landscape elements.

Water bodies arouse contemplative and aesthetic interest — they affect nature perception and
permit physical and mental recreation.

Colour and clarity affect public perceptions; in opposition, litter abundance and clandestine
sewage dumps cause a reverse effect on aesthetic pleasure.

Macrophytes infestation leads to ecosystem disruption and recreation restriction.

Plant experimentation is highly appreciated.

Aesthetic value is a reason given for natural-landscapes conservation.

People appreciate plants with large, brightly coloured flowers.

Decorative flowers, mixed with the green matrix, compose an ideal and beautiful landscape.
Diversity arouses creativity and appreciation. The richer the biotic community, the more it
appeals to people, and greater the restorative effects.

Fauna appearance has recreational values.

Birds and butterflies are the most observed animals in nature, and their presence is considered
‘pleasant’ and charismatic. They often serve as key attractions in tourist destinations; and attract
individuals which travel specifically to observe butterfly aggregations.

People also appraise birds as one of the favourite biological outdoors elements. Birds are valued
for their easy-to-observe physical beauty and interesting behaviour. Their abundance and
richness are also associated with life satisfaction.

Higher bird and butterfly richness enhance psychological well-being and restorative effects.

Distance affects visitation. People are more likely to visit an area with easier and quicker access.
Most visitors come from a distance within a 1km radius to their houses, reachable within five
minutes on foot.

Physical accessibility is a design criterion for urban green spaces.

Residents with higher availability of green areas close to home are more prone to experiencing
nature, more satisfied with their neighbourhood, and are more active during workdays.
Natural environments in neighbourhoods affect the contact with nature. UGA
visitation-frequency associates with social cohesion, positive physical behaviour and

health improvements.

Different types of events and activities permit individuals to socialise and experience the
current culture.
Individuals widely visit parks to meet others or cultivate neighbourhood relationships.

The World Health Organisation recommends nature walks: they improve cognitive benefits,
well-being, positive mood and self-esteem, and reduce stress and depression.

Outdoor exercise improves the ability to cope with new pathogens.

Trails surrounded by green arouse people to exercise more regularly.

Dwellers value the presence of walking or cycle paths in the neighbourhood.

Bird richness positively relates to life satisfaction and enhances well-being. People perceive birds
due to their pleasant and highly appreciated songs.

Hearing birds and water sounds provides restorative effects e.g. attention improvement and
stress recovery.

History of use for educational proposals and presence of educational infrastructure are adequate
education indicators.
Environmental education sheds light on the importance of conservation measures.

Fruit-trees arouses nature manipulation, in contrast to the transformation of nature into a static
and untouchable showcase.

Fruit harvested in urban green areas is potentially safe for consumption.

Increased food biodiversity enhances nutrition security.

Safe water is a basic material for a good life.
Protecting springs is more feasible economically than investing in purification systems.
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« Since trees store carbon fixed during photosynthesis as biomass, carbon storage is directly related
to the amount of tree cover;

Brazilian UGA and UF covered with Atlantic Forest stock kilotons of carbon and CO2.
Urbanisation results in small and sparse green areas, with lower biotic integrity. A high biotic
integrity guarantees forest patches (and, consequently, stored carbon) survival over time, and
biotic integrity relates to patch size - areas with at least 20ha can present, along with proper
management, high integrity.

For each hectare of Semideciduous Seasonal Forest (SSF) standing, it is estimated that 108 tC/ha
are stored in the aerial part and more 120 tC/ha in the soil.

.

People prioritise microclimatic regulation. Trees moderate temperature providing humidity
and shade.

Green infrastructure absorbs heat through evapotranspiration and ameliorates heat-stress
features and moderate urban-heat-island (UHI) effects.

Cooling effects provided by green areas save buildings energy costs and reduce carbon emissions.
People evaluate UGAs as thermally comfortable in contrast to urban “grey” areas. Temperatures
gradually increase the farther the green areas get.

Sealed surfaces such as asphalt have higher heat storage capacity and retain heat when exposed
to solar radiation. The greater the paved surface, the warmer the air-layer temperature on the
near-surface gets. On the other hand, trees intercept solar radiation and provide shade, which
relates to thermal comfort and landscape improvement.

Tree coverage influences thermal variance among urban green areas. An area with dense

tree coverage has the maximum cooling effect. An area with medium tree coverage also

reduces temperatures, albeit less. An area covered only with grass is warmer than an area with
tree canopy.

The higher the green volume, the higher the temperature reduction; the cooler the park, the
greater the improvement of the outdoor space.

Whilst field measurement of temperature reduction is a direct indicator for climatic regulation,
cooling potential derived from vegetation characteristics is a valid proxy indicator.

.

Vegetation cover and non-disturbed soil contribute to erosion control by diminishing the impact
of raindrops on surfaces; thus, they prevent loss of soil stability, which may lead to soil particles
being carried to water bodies (which results in silting) or landslides.

Urban growth exposes more portions of land to extreme events. If ecosystems cannot buffer
those disasters, there may be life losses and economic losses.

If soils are sealed, river volume increases during storms, resulting in more intense and potentially
disastrous precipitation events. Moreover, floods contaminate water bodies through the pick-up
of urban street litter.

Unsealed soils combined with green infrastructure permit water to infiltrate instead of flow as
surface runoff, reducing the pressure on urban drainage systems.

Urban gardens and parks with multiple uses can be an option for the enhancement of
stormwater management in cities, since this practice has the potential to improve the physical
characteristics of urban soils.

The quantification of unsealed surface is a common proxy indicator to estimate the ability to
reduce exposure to flooding.

Noise levels (dB (A)) indicate pressures due to the consistent increase in traffic noise.
Conventional noise abatement methodology has been demonstrated to be

economically infeasible.

Vegetation barriers diminish noise levels through insertion loss. A relatively narrow green strip
provides a measurable noise reduction.

Deforestation turns trees into CO2 sources, and leads to global warming and desertification,
hence reducing local precipitation. A rainfall-rate drop reduces reservoirs supply and menaces
urban forests, whose existence depends on precipitation. The relation between tree loss and
rainfall drop leads to a positive feedback loop

Vegetation cover influences usable water availability. Tree density, vegetation cover percentage
and vegetation structure indicate hydrological cycle maintenance as both urban forest canopy
(trees), or shallow rooted vegetation types (e.g. shrubs and grasslands), reduce runoff and
increase infiltration. Trees, however, potentially intercept more, endure higher stem and
through-fall.
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Since the classic studies of forest ecology in Tropical Rain Forest (Budowski, 1965), the positive

relationship between forest successional stage and vertical stratification has been known, i.e. the

more stratified a tropical forest is, the more mature or well preserved it is.

Studies in Brazil have shown that the species composition of the different strata (understory and

canopy epiphytes) can be used as indicators for monitoring forest quality (Castello et al., 2017).

Plewa et al. (2017), in a study of saproxylic beetles carried out in Poland, demonstrated that the

stratification of the canopy layers significantly influenced the species richness of these beetles,

as well as the functional groups of predators and scavengers, and as the guilds of decaying dead

wood and cavity- dwelling organisms.

A study carried out in the Brazilian Amazon, analyzing bats and vegetation structure (Martins

etal. 2017) recorded that taxonomic biodiversity (species diversity and dominance) and total

abundance were significant, increasing with tree height. It also showed that abundances of fruit

bats were related to vegetation structure, and of nectarivorous bats, to the presence of more

mature (and consequently more stratified) forests. The authors noted that protecting areas with

large trees and closed canopies increases the persistence of pollinators and seed dispersers,

especially bats.

A study in a tropical forest in South Africa demonstrated the existence of a relationship between

stratification, species diversity and above-ground biomass, recording that the sub-canopy layer

had the highest species richness and diversity, while the emergent layer had the highest biomass, Budowski (1965); Castello et al. (2017);
concluding that the relationship between species richness and above-ground biomass was Martins et al. (2017); Plewa et al. (2017);
positive (and differentiated) for each stratum of the forest, but stronger for the sub-canopy Mensah et al. (2018); Campos Silva
layer than for the canopy and emergent layers (Mensah et al. 2018), i.e. a mature tropical forest et al. (2020); Melo et al. (2020); Oliveira
has different strata and this stratification conditions species richness in the different strata by and Scheffers (2019); Wildermuth
creating differentiated niches. etal. (2024).

Studies with amphibians (Oliveira and Scheffers, 2019) have shown that arboreality (in

amphibians) is strongly associated with climatic stability, precipitation and vegetation structure.

The results of this study highlighted the importance of vertical stratification for species

coexistence in species-rich regions (tropical forests).

A study of birds in a tropical forest in Brazil (Melo et al. 2020) showed that the increase in

vegetation structure (in restored sites and forest fragments) promoted a reorganization and

addition of functional characteristics of birds, which positively influenced the functional

richness of this group. Campos-Silva et al. (2020) studied the relationship between vegetation

structure and bird taxonomic diversity. The authors predicted that increasing vegetation

structure would select birds that depend on forest environments and the resources they support.

The results confirmed their prediction, i.e. vegetation structure (canopy cover and stock of dead

trees) shaped the ecological attributes of birds, increasing their richness.

Studying temperate forests in Europe, Wildermuth et al. (2024) investigated which architectural

properties of the canopy affected canopy arthropod communities. The authors identified

that structural heterogeneity (vertical layers and variability of canopy openings) were strong

predictors of arthropod abundance and diversity. In other words, even in temperate forests,

which have a simpler composition and structure than tropical forests, vertical stratification

influences the creation of niches and the abundance and richness of animal species.

.

.

.

.
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Litter, or burlap, (plant material deposited on the soil surface) stores and releases nutrients

through decomposition. Nutrient cycling produces high-quality soils, which improve forest

Nutrient recovery potential. MEA (2005); Scoriza and Pina-Rodrigues
cycling Litter acts like a protective cover to soil disturbances, maintains its moisture and reduces erosion  (2012); Gaudereto et al. (2019); Pedro
(Litterfall) and fire risks. etal. (2019).

Litter deposition differs among forest fragments, reflecting anthropic influence (management

and removal), in addition to biotic and abiotic characteristics (e.g. species and seasons).

'Insertion loss: noise-level difference measured before and after a vegetation barrier insertion.
*This table format was based on Brzoska et al. (2021) and Veerkamp et al. (2021) which selected ES definitions and their benefits to people, along with possible indi-
cators, through the grouping of key-findings and cluster of references.
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