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ABSTRACT

Backgrounds: Urban forests can provide citizens with various types and quantities of ecosystem 
services. However, the contribution of isolated forest fragments to this process and its value are not 
well understood. Therefore, our main goal was to analyze the patterns of ecosystem service delivery 
by three forest fragments along an urban-to-rural gradient. Carbon storage was estimated using 
three different models (general and local), with input variables such as diameter at breast height 
(DBH), total height, and wood density. Rainfall interception was assessed using water collectors 
placed inside the forest fragment, at the border, and outside, throughout the four seasons. Data were 
collected from three forest fragments of different types (urban, periurban, and rural), each covering 
an area of 1.0 hectare.

Results: Isolated forest fragments did not significantly differ (p>0.01) in terms of carbon stocks 
compared to a protected area. The urban fragment had a carbon stock of 33.70 mg.ha-1, while the 
rural fragment had a carbon stock of 37.19 mg.ha-1. Regarding rainfall interception, there were no 
significant differences (p>0.01) among the forest fragments. The highest average rainfall interception 
percentage (58.65%) was observed during the summer. The capacity for rainfall interception changed 
from the border (lower) to the center of the fragment (higher) in a similar manner for both isolated 
and connected forest fragments.

Conclusion: Isolated Forest fragments can provide ecosystem services (carbon storage and rainfall 
interception) in the same way as connected forest fragments in the periurban and rural places, like 
in protected areas. It highlights the importance of promoting the protection of forests fragments in 
cities.
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HIGHLIGHTS: 

We compared the quality of forest fragments in an urban-to-rural gradient.
Urban forest fragment delivers similar amount of ecosystem services as a protected one.
Rainfall interception values were not different, although higher for the urban fragment
Carbon storage was lower in the urban fragment, but not different from the others.
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INTRODUCTION

The urbanization of rural or natural areas has led 
to significant changes in ecosystems around the world, 
which has resulted in the loss of natural habitats, forest 
fragmentation, forest and biodiversity degradation and 
homogenization (Newbold et al. 2015; Hodges; Mckinney, 
2018). The effects of urbanization on native flora and fauna 
are complex because it can simultaneously lead to high 
local extinction rates, but also create refuges for rare or 
threatened species (Madre et al. 2014; Ives et al. 2016).

The impact of fragmentation on forest species comes 
from the forest area reduction and the fragment isolation from 
the other remaining fragments (Fahrig, 2020). Both problems 
can affect forest dynamics. Generally, the closer the fragments 
are to each other, the easier the movement of species 
between them, which can reduce the risk of local extinction 
and, consequently, the loss of ecosystem services (Estavillo; 
Pardini; Da Rocha, 2013; Hillebrand et al., 2017). On the other 
hand, the conservation of urban biodiversity is essential for the 
provisioning of ecosystem services to the urban population, 
including food supply, microclimate regulation, biomass 
production, water supply and purification, pollination, and 
habitat for forest species (Luederitz et al. 2015; Decocq et al. 
2016; Liang et al. 2016; Mori et al. 2017).

In this sense, different studies have shown the 
contribution of forest fragments to the rainfall interception 
(Freitas et al., 2016; Liu et al., 2018; Groppo et al., 2019) 
and carbon storage (Cunha et al., 2009; Ferraz et al., 
2014; Azevedo et al., 2018). In addition, other studies 
reported the contribution of different types of urban green 
infrastructures (street trees, parks, private gardens) to the 
promotion of ecosystem services (Derkzen et al., 2015; 
Strohbach; Haase, 2012; Sutton; Anderson, 2016). What is 
remarkable from these studies is that they highlight the 
importance of vegetation for the provision of ecosystem 
services. However, nothing has yet been reported on the 
contribution and limitations of the isolated urban forest 
fragments to the provision of ecosystem services.

In fact, isolated forest fragments in urban areas 
are sensitive to microclimatic and anthropogenic effects, 
supporting only a small proportion of the original forest 
biodiversity composition, so their value for conservation 
is often disregarded as it alters the dispersal processes of 
plants, mainly for the ones that rely on zoocorical dispersal 
(Pfeifer et al., 2017; Gelmi-Candusso; Hämäläinen, 2019). 
However, the importance of the heterogeneity of this habitat 
for the conservation of biodiversity is increasingly recognized 
(Arroyo-Rodriguez et al., 2020; Watling; Fang, 2020).

Considering the general assumption that urban forest 
fragments lack quality and species diversity, we hypothesized 
that this kind of urban green infrastructure cannot provide 
ecosystem services in the same amount as forests in 
protected areas or more connected ones in the landscape. 
Although all the problems and importance of forests to 
the urban population the main goal of this research was to 
verify the distinctions in the supply of ecosystem services of 
different forest fragments along an urban-to-rural gradient, 
due to different characteristics of connectivity and isolation.

MATERIAL AND METHODS

Study area

This exploratory and experimental-based study was 
conducted in three different areas along the urban-to-rural 
gradient. Two of the study areas were situated in the urban and 
periurban regions of Irati, Paraná State, Brazil, while the third 
area was located in the countryside of Fernandes Pinheiro, 
within the Irati National Forest (Figure 1). These study sites are 
approximately 150 km away from the capital city, Curitiba, in the 
south-central region of Paraná State. They are situated within 
the Mixed Ombrophilous Forest (MOF) ecosystem. The local 
climate is classified as Cfb according to the Köppen-Geiger 
classification, characterized by mild summers and winters with 
frequent and severe frosts, but no distinct dry season. The 
average annual temperature is 17.5°C, with a monthly average 
rainfall of 193.97 mm. The annual rainfall reaches 1,582 mm, 
and the average monthly relative humidity is 80.3% (Sawczuk 
et al., 2014; Roveda et al., 2018).

The urban forest fragment, named São Francisco 
Forest, is situated in the downtown area of Irati, near one of 
the main avenues. It occupies a slightly larger area of 1.0 ha 
and is surrounded by sidewalks and streets. Beyond the forest, 
there are various residential buildings with diverse patterns 
and associated gardens (Figures 1 and 2). The periurban 
fragment is located within the campus of Midwestern State 
University (UNICENTRO) in Irati. It represents an urban-rural 
transition area, covering approximately 32.0 ha of forest. For 
the study, we selected a forest sample of 1.0 ha located at the 
forest edge adjacent to the campus buildings to replicate the 
uncovered-to-covered land pattern observed in the urban 
fragment (Figures 1 and 2). The rural fragment encompasses 
a total area of 3,495 ha and is situated within the Irati National 
Forest (FLONA). FLONA is a Conservation Unit classified as 
Sustainable Use and is in an advanced stage of secondary 
succession (Sawczuk et al., 2014). In 2002, 25 permanent 
sample plots were established in one section of FLONA, each 
measuring 1.0 hectare. For this study, data from block 17 
were utilized as it is located at the forest edge adjacent to an 
agricultural area, resembling the uncovered-to-covered land 
pattern found in the urban fragment (Figures 1 and 2).

Estimation of the above-ground biomass and carbon 
storage

To ensure comparability between the forest fragments, 
the study areas were established with a total area of 1.0 ha, 
considering the limiting size of the urban fragment for field 
data acquisition. In each forest fragment, data were collected 
from fifty plots, each measuring 200 m² (10 m x 20 m). All trees 
with a diameter at breast height (DBH) of ≥ 10 cm (Sawczuk 
et al., 2014) were measured for their perimeter at breast 
height (PBH) using a measuring tape, and their total height 
using a digital clinometer Vertex. When it was not possible to 
measure the total height directly due to crown density, it was 
estimated based on a 3.0-meter-high vertical reference. Small 
branches and leaves were collected from all species for proper 
identification, and the species were recorded in the herbarium 
of the Forest Engineering Department (HUCO).
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Figure 1: Localization of the forest fragments studied: Paraná State in Brazil and South America (A), the Irati Municipality 
in Paraná State (B) and the forest samples in the city of Irati (C).

Figure 2: Surrounding landscape in the border of forests studied (A1, A2, A3), the general canopy structure (B1, B2, B3), and 
the understory regeneration (C1, C2, C3), for the rural (A1 to C1), the periurban (B1 to B3), and the urban forest (C1 to C3).
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The estimation of above-ground biomass and carbon 
storage was performed using indirect methods and models 
(Chart 1) proposed by Chave et al. (2014), Martins (2011), and 
Ratuchne (2010). To ensure repeatability within each fragment 
and enable comparative analysis with the tested models, 
data from 10 plots of 200 m² were combined, resulting in 5 
plots of 2,000 m² per study area. The first model used was 
the pantropical allometric model proposed by Chave et al. 
(2014), which estimates above-ground biomass (Table 1, 
Equation 1). This model was developed based on a global 
tree database, incorporating information from 58 different 
locations that cover a wide range of climatic conditions and 
tropical vegetation types. The specific mass values used in 
this model were obtained from the literature (Carvalho, 1994; 
Lorenzi, 2000), and for species without available information, 
average values were calculated using available values for 
the same genus. From the above-ground biomass values 
obtained from this model, carbon storage per tree was 
estimated by multiplying the values by 0.5. This procedure 
was adopted considering that, on average, carbon content 
represents 50% of tree biomass in the Mixed Ombrophilous 
Forest (Watzlawick et al., 2014). Additional models used for 
comparisons were proposed by Ratuchne (2010) and Martins 
(2011) based on data acquired from forest fragments in 
the Mixed Ombrophilous Forest ecosystem, specifically the 
Montana type. Both authors proposed models for estimating 
above-ground biomass (Table 1, Equation 2 and 4) and 
carbon storage (Table 1, Equations 3 and 5).

To analyze data to found out if there would be 
difference in the above-ground biomass and carbon storage 
values among the forest fragments and the models applied, 
we adopted a Randomized Block Design, considering each 
forest fragment as a block and each model applied as the 

experimental treatment. The ANOVA was performed by 
verifying the residues homoscedasticity by the Bartlett test 
(p-value>0.05). If there were significant differences, the 
means were compared by Tukey’s test at 5% error probability. 
All statistical analyzes were performed in the statistical 
programming language R (R Development Core Team, 2019), 
through the R Studio interface version 4.0.0.

Estimation of the rainfall interception and its distinctions

To understand if the three different forest fragments 
would provide different responses to the rainfall interception, 
we estimated the rainfall interception capacity from data 
collected in homemade rainfall collectors (Figure 3A and 3B). 
Those devices were created from PET bottles (same model, 
same size), with standardized dimensions of 22.0 cm length 
and 10.1 cm upper diameter opening. The collectors were 
fixed on bamboos at 1.0 m above soil surface (Figure 3A 
and 3B) in three different positions according to the forest 
fragment, with three repetitions each (Figure 3C), as follows: 
outside the forest, on the edge (~5.0m from the border limit) 
and in the middle of the fragment. The collectors installed 
outside the fragments were used as a control point, to 
get information on the real precipitation occurred in the 
place, without interference from the canopy cover of trees. 
On the other hand, collectors installed on the edge of the 
fragments were used to verify the influence of the edge 
effect on the rainfall interception due to the wind movement 
over the crowns. The collectors installed in the middle of the 
fragments served as a source of information to understand 
how much rainfall the urban, the periurban and the rural 
forest fragments would intercept.

Equations
P = 0.0673 * (ρ * DBH² * h) 

0.976 
(1)

P = 284.499-(58.61*DBH)+(4.213*DBH²)-(0.107*DBH³)+(0.001*DBH4)-(5.68
6
)*dap

5 
(2)

C = 1.343 + 0.088*DBH2  +  0.005*(DBH2*h)
 
(3)

P = 0.04821*DBH
1.34374 

* h 
1.26829 

(4)
C = 0.01996*DBH

1.35703 
* h 

1.28396 
(5)

Where: P – above-ground biomass (kg); C - stored carbon (kg/tree); ρ - wood specific mass (g.cm-1); DBH - diameter at breast height (1.3 m); Ht - tree 
total height (m).

Table 1: Equations from the models used to estimate the above-ground biomass (P) and the carbon storage (C), being 
Equation 1 from Chave et al. (2014), Equations 2 and 3 from Ratuchne (2010), and Equations 4 and 5 from Martins (2011).

Figure 3: Image of the rain collector made and installed (A), illustrative scheme of the dimensions of the collector (B), 
and an illustrative scheme of the collector distribution in the outside, on the edge and in the center of the study areas (C).
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Data acquisition was carried out on each rainy day 
for an entire month, in the period corresponding to the 
middle of the different seasons from 2019 to 2020, that is, 
between April and May (autumn), July and August (winter), 
October and November (spring) and January and February 
(summer). This seasonal evaluation is justified mainly taking 
into account that in Paraná State there is a wide spatial 
variability of precipitation evidenced by Baú et al. (2006), who 
evaluated monthly rainfall series in the western mesoregion 
of Paraná State. The amount of water collected during each 
day at each rainfall collector was transferred to a Glass Becker 
to check the amount of rain (mL). Values of each collector, in 
mL, were transformed in precipitation values, in mm, through 
the equation [6] proposed by Oliveira (2014). Where: collector 
opening area - πr², r - collector opening radius (meters)

homoscedasticity of the residues, using the Bartlett test 
(p-value>0.05). If there were significant differences, 
the means were compared by Tukey’s test at 5% error 
probability. All statistical analyzes were performed in the 
statistical programming language R (R Development Core 
Team, 2019), through the R Studio interface version 4.0.0.

RESULTS

No significant difference was found (p>0.05) among 
the types of forest fragments evaluated (treatments tested) 
for the above-ground biomass estimation nor to the 
carbon storage (Table 2). Otherwise, the models used to 
estimate those variables promoted significant differences on 
estimations made (p<0.05). The number of trees sampled, 
the average DBH and basal area for each forest fragment 
were: 510 trees, 24.65 cm and 6.46 m².ha-1 (urban fragment), 
521 trees, 24.75 cm and 6.37 m².ha-1 (periurban fragment), 
and 737 trees, 22.19 cm and 7.53 m².ha-1 (rural fragment).

The comparison of the pantropical model proposed 
by Chave et al. (2014) with the Ratuchne (2010) model for 
above-ground biomass estimation showed similar values 
(Table 3). However, when comparing the mean values of 
carbon storage estimations, there was a significant difference 
(p<0.01). The carbon storage values estimated by the Chave 
et al. (2014) model were 30.66% higher than those estimated 
by the Ratuchne (2010) model and 84.02% higher than the 
values estimated by the Martins (2011) model. It should be 
noted that the Martins (2011) model tended to underestimate 
both above-ground biomass and carbon storage estimations.

Preciptation (mm) = _____________________________ rainfall amount (liters)
2collector opening area (m )

(6)

SV
Carbon Storage Above-ground Biomass

DF MS p-value DF MS p-value
Fragments 2 6492.1 0.3893 2 1.75-2 0.3029

Models 2 208.7 2.26 -16 2 1.93-4 2.26-16

Residual 40 216.1 40 1.57-4

Bartlett test: χ²=5.8208, DF=2, p-value=0.0545 Bartlett test: χ²=5.7623, DF=2, p-value=0.0565

Table 2: Summary of the analysis of variance for carbon storage and above-ground biomass estimations in different 
forest fragments and according to different models tested, with the source of variation (SV), degree of freedom (DF) 
and mean square (MS).

Carbon Storage (mg.ha-1)
Model Average Fragment Average

Chave et al. (2014) 91.1166 a Rural 74.3973 a
Ratuchne (2010) 69.7340 b Periurban 67.5308 a
Martins (2011) 49.5141 c Urban 68.4366 a

Above-ground biomass (mg.ha-1)
Model Average Fragment Average

Chave et al. (2014) 182.2382 a Rural 148.9581 a
Ratuchne (2010) 200.5713 a Periurban 123.9432 a
Martins (2011) 56.61020 b Urban 166.5135 a

Means followed by the same letter, in the columns, do not differ from each other by Tukey’s test (p>0.05)

Table 3: Differences among the mean values of above-ground biomass and carbon storage at 5% error probability for 
the models’ estimations and the type of forest fragment analyzed.

The rainfall interception was calculated by the 
difference from the mean values between the precipitation 
outside and inside each forest fragment to explore the 
contribution of them to this ecosystem service. Differences 
among forest fragments and seasons were determined 
by analyzing the amount of precipitation in the center of 
each fragment (from rainfall collectors inside each forest 
fragment) through a Randomized Block Design. Seasons 
of the year were used as treatments and the three forest 
fragments as blocks to control possible local environmental 
variations. The Anova was performed by verifying the 
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The urban fragment presented the highest mean 
value for the above-ground biomass, 11.78% greater 
than the rural fragment, but no difference among forest 
fragments were found (p>0.05). On the other hand, the 
rural fragment presented mean value 9.23% greater than 
the periurban and 8.01% than the urban fragment, for the 
carbon storage estimated.

Concerning the rainfall interception, we did not 
find a significant difference (p>0.01) for the mean values 
in each season, and not among the mean values obtained 
at each forest fragment (Table 4 and Figure 4). Although, 
the urban fragment promoted more rainfall interception 
than the other fragments compared. The precipitation 
tends to be more variable in the Autumn and less variable 
in the Winter, but with a greater number of events in the 
Summer and less in the Winter (Figure 4 A). At the same 
time, a small quantity of rainfall interception during the 
Winter and greater in the other seasons (Figure 4 C). 

The highest percentage of rainfall interception was 
observed in the Summer season (58.65%), followed by the 
Winter (52.31%), the Autumn (42.85%), the Spring (37.69%) 
seasons. Concerning the forest fragments studied, the 
urban fragment promoted the highest rainfall interception 
percentage (54.50%), followed by the periurban (47.65%) 
and the rural fragments (45.47%).

The number of species and the three main species were 
different among forest fragments. For the urban fragment, 
we have found 21 species with the main ones Parapiptadenia 
rigida, Gymnanthes klotzschiana and Bauhinia forficata. For 
the periurban fragment, we have found 31 species with the 
main ones Parapiptadenia rigida, Cinnamodendron dinisii and 
Allophylus edulis. For the rural fragment, we have found 57 
species with the main ones Araucaria angustifolia, Nectandra 
grandiflora and Ilex paraguariensis. The species Parapiptadenia 
rigida, Gymnanthes klotzschiana, Bauhinia forficata, and 
Allophylus edulis are deciduous in the Mixed Ombrophilous 
Forest ecosystem (Carvalho, 1994; Lorenzi, 2000).

Figure 4: Precipitation (A and B) and rainfall interception (C and D) along the seasons of the year (A and C) and in the 
forest fragments studied (B and D). Each boxplot bar represents the 25th and 75th percentile, with the median vertical 
line inside.

SV DF MS p-value Fragment Rainfall interception (mm)
Seasons 3 36.189 0.2485 Urban 7.8270 a

Fragments 2 12.939 0.6076 Perirurban 6.7231 a
Residual 76 25.802 Rural 6.8194 a

Bartlett test: χ²=8,74, DF=3, p-value=0.0328

Table 4: Analysis of variance for the rainfall interception along the four seasons of the year and for the three forest fragments 
studied, with the source of variation (SV), degree of freedom (DF) and mean square (MS).
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DISCUSSION

The significant difference for the results obtained 
from the models (Tables 2 and 3) can be justified since each 
model is adjusted for a certain region and forest composition. 
Therefore, the most suitable model to use for the indirect 
carbon storage estimation is Ratuchne (2010), as it was adjusted 
for a database from forest in initial, medium, and advanced 
successional stages, and can be applied to different areas in 
the Montane Mixed Ombrophilous Forest ecosystem. The 
Martins model is also adjusted for the same phytophysionomy, 
but its adjustment was carried out for forest in the initial stage 
of secondary succession (Martins, 2011).

The statistical similarity among forest fragments in 
relation to the above-ground biomass and carbon storage 
might be related to the fact that the urban area, despite 
being isolated and inserted in an environment with frequent 
human activities, does not suffer from frequent management 
or annual disturbances (Pouyat et al., 2006; Edmondson et al., 
2014) providing the ecosystem service of carbon storage in 
the same way as the conservation unit area (rural fragment).

Generally, carbon storage values ​​are higher in better 
conserved sites (Muhd-Ekhzarizal et al., 2018; Kendie et al., 
2019). The rural area is part of a conservation unit (National 
Forest category), although the portion studied is bordering 
an agricultural site, but the area sampled is distant from 
urbanized areas that poses continuous anthropic pressure. 
However, urban, and peri-urban areas, even under great 
anthropic pressure and consequently being characterized 
as low environmental quality, are storing carbon in the 
same way as the best-preserved area. This is an important 
finding since these areas play fundamental roles in the urban 
environment enabling a diversity of functions or services to 
be promoted (Dacanal, 2010; Schreyer et al., 2014; Zhang et 
al., 2015; Kendie et al., 2019).

The landscapes surrounding the forest fragments 
sampled (Figure 2) are formed by areas of different 
compositions, from a more urbanized and impervious land 
cover in the urban environment, to a transition between land 
covers and not so urbanized in the periurban area to a not 
urbanized but altered area in the rural place. These different 
landscapes changes can affect precipitation at local scale 
(their duration and frequency) by having characteristics of 
more continuous tree cover to a less continuous one, with 
more or less impervious surfaces (Torres-Valcárcel et al., 
2014; Zhang et al., 2018). 

The analysis of variance (Table 4) indicates that there 
was no significant difference (p>0.05) among the seasons 
of the year, which confirms that there is not a remarkable 
seasonality in rainfall distribution in the Mixed Ombrofilous 
Forest ecosystem (Salton et al., 2016; Gonçalves; Back, 2018; 
Back; Sônego; Pereira, 2020). It was found that in autumn 
there was the highest average of precipitation among all 
seasons (17.93 mm). Although the summer is considered the 
season with the highest precipitation trend in the State of 
Paraná (Gonçalves; Back, 2018), the season had the second 
lowest average in this study (12.72 mm). Summer was the 
season with the highest number of rainy days (12 days in 
30 days sampled), but precipitation was well distributed 

throughout the days, unlike autumn, which had the highest 
average, because despite having fewer rainy days (6 days in 
30 days sampled), precipitation was more intense. 

The smaller difference (Figure 5) between rainfall 
in the border part (mean value = 10.41 mm) and inside the 
fragments (mean value = 7.80 mm), compared to the total 
precipitation outside (mean value = 14.36 mm) is justified 
by the edge effect promoted by the wind movement in the 
border part, with greater precipitation values than in the 
fragment center where there is greater canopy density with a 
not so intense movement due to the wind influence (Van Stan 
et al., 2015). So, studies aiming to show the effect of forest 
fragments over the rainfall interception must be performed 
in the core of the forest fragment avoiding the edge effect 
promoted by the wind during precipitation events.

For the seasons of the year, it was found that there 
was greater rainfall interception in the summer (58.65%), 
which usually is the season with the highest number of 
rainfall episodes (Salton et al., 2016). This result is extremely 
important for cities, since the presence of forest cover 
influences the redistribution of rainfall water, by damping, 
redirecting, and retaining the rainfall drops that could reach 
the ground (Oliveira Júnior; Dias, 2005), which consequently 
promote a positive impact by avoiding the runoff effect and 
mitigating problems caused by storms in urban areas, such 
as floods (Silva et al., 2008).

For autumn, there were high averages of precipitation, 
surpassing the wettest periods of the year, summer, and 
spring. According to SIMEPAR (2020), the autumn of 2019 
suffered an adversity from the El Niño phenomenon, which 
caused more rainfall during the period than the usual (an 
increase of 35% to 45% in precipitation). In Paraná State, 
there is a tendency for a greater quantity of rainfall during 
the Spring and Summer seasons, but a greater volume and 
duration of each precipitation event during the Autumn 
and Winter seasons (Salton et al., 2016), which might have 
influenced the greater volume of rainfall collected during 
the Autumn (Figure 4A).

It can be seen that the three forest areas do not show 
significant differences among them regarding the rainfall 
interception (Table 4 and Figure 4D), suggesting that besides 
their different diversity and deciduous trees dominance, they 
promote the same contribution to this ecosystem service. 
The presence of tree cover, despite being less dense in urban 
and peri-urban areas when compared to rural areas, by 
with high plant density in the regenerating stratum, directly 
influence the distribution of precipitation and its interception 
(Fleischbein et al., 2005; Giglio; Kobiyama, 2013).

The importance of green areas within urban centers 
is not only related to their efficiency in intercepting and 
retaining rainfall, but also as climate regulators (Martini; 
Biondi, 2015). In conserved areas, knowledge about 
interception is essential to support species management 
rules, while for isolated fragments these studies are critical to 
support their protection and value which helps to avoid the 
risk of flooding in cities (Xiao; McPherson, 2003). In general, 
the results obtained showed the importance of maintaining 
urban green areas as isolated forest fragments to promote 
the rainfall interception, which is an important process in the 
hydrological cycle in forest ecosystems (Wang et al., 2016).
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As exploratory and experimental-based research, this 
study showed the value of isolated urban forest fragments to 
promote ecosystem services. Although the small scale of this 
study could be one limitation to point out and apply results, 
it brings and highlights new research perspectives to one 
not new but emerging interest to tackle climate change: the 
complex urban environment and its nature-based solutions.

CONCLUSIONS

In this exploratory and experimental-based research, the 
urban forest fragment, although lacking connectivity, showed a 
similar capacity to provide ecosystem services as other more 
connected or preserved forest fragments, in the periurban and 
rural areas. The carbon storage and the rainfall interception were 
provided in the same way in all forest fragments studied, which 
highlights the importance of maintaining and encouraging the 
increase of green areas and more continuous forest cover in 
cities to tackle climate change problems. As it is not possible 
or interesting to use direct methods to estimate the carbon 
storage in urban forest fragments, by cutting, measuring, and 
weighting whole trees, the use of local equations previously 
developed to be applied in the forest ecosystem studied 
promotes more reliable estimations than more general 
equations as a pantropical model. The position of the rainfall 
collector in the forest fragment, if in the center or in the border, 
does really affect the total precipitation evaluation and the 
rainfall interception estimates.
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