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Abstract

Urban public spaces are an essential component of everyday life in urban communities,
and micro public spaces have become an important vehicle for improving living environ-
ment quality and enhancing ecological benefits in community renewal within built-up
areas. From an economic perspective, this study focuses on the quantification of carbon
value generated through the renewal of micro public spaces. Four micro public spaces
of comparable size but differing locational and functional characteristics, completed in
Wuhan in 2023, were selected as case studies. Plant carbon sequestration was estimated
using the biomass expansion factor method combined with field-based forestry surveys,
while indirect emission reduction associated with residents’ outdoor activities was assessed
through spatiotemporal observations of user behavior. These results were further translated
into carbon value based on China’s carbon trading standards to support comparative anal-
ysis and design-oriented recommendations. The results indicate that direct sequestration
significantly outweighs indirect reduction: the carbon storage density of trees ranges from
0.40 to 1.97 kg/m2, with the total storage of HRP reaching 11,587.36 kg; in contrast, annual
indirect reduction from resident activities is only 1.34–141.19 kg. Carbon sequestration
performance is strongly influenced by the presence of large trees, while micro public spaces
located in newly developed and commercial areas exhibit substantially lower emission
reduction efficiency than those in older and densely populated residential neighborhoods.
In addition, the functional attributes of micro public spaces shape age-specific use pat-
terns, thereby significantly affecting emission reduction outcomes. Based on these findings,
targeted optimization strategies for micro public space renewal are proposed to support
people-oriented, sustainable, and systematic low-carbon urban regeneration.

Keywords: micro public spaces; community renewal; carbon sequestration; carbon reduc-
tion; value calculation

1. Introduction
“Carbon peaking” and “carbon neutrality” are major strategic decisions formulated by

China in response to climate change. The carbon sinks and carbon emissions of urban public
spaces represent an important pathway for achieving China’s “dual carbon” goals within the
urban living environment. In the context of community renewal, micro public spaces are
small in size yet primarily serve urban residents and support everyday urban life. They also
function as the “last mile” through which urban green space development reaches communities
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and residents. Under the current paradigm of high-quality, refined, and sustainable urban
development, although micro public spaces are limited in scale, they exhibit a clear trend
of widespread implementation and are expected to play an increasingly important role in
improving living environment quality and enhancing ecological benefits in the future.

Within this policy and planning context, existing studies by both domestic and inter-
national scholars provide a solid foundation for estimating the carbon sequestration and
emission reduction benefits of urban public spaces. Drawing on this foundation, the exten-
sive body of research focusing on urban green spaces as primary carbon sinks provides
robust methodological support for the present study. Nowak et al. demonstrated that plant
species with longer lifespans, greater biomass, and faster growth rates significantly enhance
carbon sequestration capacity, while planting density and the proportion of large-diameter
trees are key determinants of urban carbon storage [1]. Strohbach et al. were among the
first to systematically apply life cycle assessment (LCA) to evaluate the carbon footprint of
urban green spaces [2].

At larger spatial scales, carbon sequestration in urban green spaces is commonly
estimated using remote sensing data combined with modeling approaches, including the
Modeling Urban Biogenic Fluxes (SMUrF) model [3], the Urban Vegetation Photosynthesis
Respiration Model (Urban-VPRM) [4], and the Carnegie–Ames–Stanford Approach (CASA)
model. For example, Wang et al. employed the CASA model with remote sensing imagery
to assess the carbon sequestration capacity and spatiotemporal dynamics of park green
spaces in Shanghai [5]. Liu et al. reviewed advances and limitations in carbon sequestration
and emission reduction research on urban blue–green infrastructure and summarized
carbon efficiency measurement methods across different spatial scales, noting that site-scale
studies mainly rely on sample extrapolation and tree proportion estimation methods [6].
In addition, Dong et al. proposed a novel approach to estimating photosynthetic rates by
integrating light response curves with meteorological data, thereby improving the accuracy
of carbon sequestration assessments for urban green spaces [7].

At the community scale, existing research on micro-scale public spaces has primarily
focused on collaborative governance mechanisms and the co-creation of green spaces. From
a placemaking perspective, Wesener et al. systematically examined the driving forces and
governance barriers involved in the transformation of urban community gardens from
physical spaces into socially embedded places [8]. Zhen and Mensah et al. explored how
community green spaces foster social capital, emphasizing differences in green space needs
among diverse population groups and investigating governance strategies based on green
space interventions [9,10]. Yang et al. applied data envelopment analysis to develop low-
carbon landscape solutions across multiple dimensions, including land use planning, plant
selection, and material application [11].

Overall, existing studies have focused primarily on empirical analyses of large-scale
urban green spaces. Although methodological frameworks for estimating carbon sequestra-
tion at the site scale have been proposed, empirical applications to small-scale green spaces
remain limited. In particular, survey-based methods for micro-scale public spaces still re-
quire validation through systematic field investigations. Moreover, while individual micro
public spaces are small in size, their cumulative carbon benefits become increasingly signif-
icant as this type of renewal is widely implemented. Although scholars have recognized
the green, low-carbon benefits and financial driving effects of community public spaces,
research that quantifies these spaces from a carbon value perspective remains scarce. To
address this gap, this study introduces a carbon-value-based approach to support renewal
strategies for community micro public spaces.

Accordingly, this study selects four micro public spaces of similar size but differ-
ing characteristics from 24 projects completed during community renewal initiatives in
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Wuhan in 2023. Focusing on the construction of a carbon accounting framework for com-
munity micro public spaces, the study combines on-site forestry surveys of vegetation
with continuous observations of pedestrian activity. By integrating national standards
for carbon emission and sequestration conversion with carbon trading valuation systems,
the study quantifies direct carbon sequestration by green spaces and estimates indirect
carbon reduction benefits associated with reduced indoor energy consumption resulting
from increased outdoor activity. Compared with previous studies that focus primarily on
park-scale or single carbon sequestration measurements, this study develops an integrated
accounting framework tailored to micro public spaces. It further proposes an economic
valuation method for carbon benefits, providing empirical evidence to inform low-carbon
development pathways in community renewal.

2. Materials and Method Methodology
2.1. Case Study Area

Wuhan is located in the eastern Jianghan Plain and serves as the capital of Hubei
Province. In recent years, Wuhan has continuously promoted urban greening and environ-
mental quality improvement, aiming to establish an urban green space system with distinct
local characteristics. In addition to advancing the development of large urban parks and
road-side greenery [12], the city has actively implemented a refined landscape initiative. As
early as 2016, Wuhan organized the preparation of planning schemes for community-level
micro public spaces in seven central urban districts, resulting in a relatively comprehensive
and well-documented planning database for micro public spaces [13].

In 2022, the Wuhan Municipal Bureau of Natural Resources and Planning issued
the Three-Year Action Plan for “Seeing the City through Micro Spaces—Refined Wuhan”
(2022–2024), which aims to promote community renewal projects for 1000 micro public
spaces within the central urban area over three years [14]. The plan defines micro public
spaces as small, publicly accessible open spaces ranging from 300 to 4000 m2 in area (smaller
than neighborhood parks), designed to support recreation and leisure activities, allow for
short stays, and facilitate convenient use by nearby residents. Through the activation of
underutilized micro spaces, these projects seek to meet diverse community needs and
improve everyday living environments [15].

In 2023, the Wuhan Municipal Bureau of Natural Resources and Planning collected
24 representative micro public spaces completed that year from different districts and
showcased them as outcomes of the city’s urban renewal initiative. Based on this set of
projects, the present study selects four micro public spaces of similar size but differing char-
acteristics as case studies (Table 1). Among them, Yuetai Park (YTP), Jixiang Road Pocket
Park (JRP), and the Phase II Central Garden of the Bio-Innovation Park (BIP) are newly
developed green spaces, while Huaihai Road Pocket Park (HRP) represents a renovated
green space. In terms of typology, the four cases correspond, respectively, to a themed
pocket park (YTP), a community park (JRP), a street-side pocket park (HRP), and a green
space supporting an industrial park (BIP). Their layout plans are shown in Figure 1.

Table 1. Summary of Study Area.

Study Site Park Type Construction Mode Year of Construction/Renovation Total Area (m2)

YTP themed pocket park New-built 2023 5490
JRP community park New-built 2023 5025
HRP street-side pocket park Renovation 2023 5888

BIP green space supporting an
industrial park New-built 2023 3950
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Figure 1. The layout plans of four micro public spaces: (a) YTP; (b) JRP; (c) HRP; (d) BIP.

2.2. Calculating Carbon Storage and Carbon Reduction in Community Micro Public Spaces

For the four representative micro public spaces, this study estimates both the direct
carbon sequestration performance of urban green spaces and the indirect carbon reduc-
tion benefits associated with human activity by integrating the biomass expansion factor
method, on-site forestry survey methods, and spatiotemporal observation of human activi-
ties. Furthermore, by incorporating national standards for carbon emission–sequestration
conversion and carbon trading valuation systems, the carbon storage of trees and the carbon
reductions resulting from activity-induced energy savings are converted into economic
values. These estimates provide a quantitative basis for low-carbon design strategies in the
renewal of community micro public spaces (Figure 2).

Figure 2. Research technical route.
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2.2.1. Direct Carbon Sequestration of Micro Public Spaces: Carbon Storage of Trees

Carbon storage refers to the total amount of carbon contained within a specific carbon
pool. In this study, each micro public space is treated as a basic unit to estimate its total
carbon storage. Because shrubs and herbaceous plants contribute far less to total carbon
storage than trees [16], their contributions are excluded. Previous urban green space
studies indicate that shrubs and herbaceous layers typically account for less than 5–15% of
total aboveground carbon storage in tree-dominated parks, suggesting that their omission
may lead to a slight underestimation but does not substantially affect overall magnitude
comparisons [7]. However, in shrub-dominated or newly established green spaces with
limited tree canopy, this exclusion may have a more noticeable impact [17]. Accordingly,
in this study, only trees within each micro public space are considered, including both
aboveground and belowground carbon storage.

To enhance methodological rigor and replicability, we reviewed existing open-source car-
bon (https://www.wkcgroup.com/tools-room/carbon-sequestration-calculator/, accessed
on 16 February 2026) and biodiversity assessment tools (https://www.biodiversity-metrics.o
rg/, accessed on 17 February 2026). Compared with widely used platforms primarily devel-
oped for large-scale forests, parks, or ecological restoration projects, we adopted a finer-scale
approach tailored to the specific sites, using detailed forestry surveys to capture biomass char-
acteristics within micro public spaces. This highlights the necessity of scale-sensitive carbon
assessment methods in the context of community renewal. Accordingly, field measurements
were conducted using measuring tapes, infrared rangefinders, and a CGQ-1 hypsometer.
Following standard forestry carbon sink assessment methods, the species name, diameter at
breast height (DBH), and tree height were recorded for each tree. Individual tree volume and
biomass were calculated, and total biomass was estimated using the biomass expansion factor
method. Carbon storage was then derived based on biomass and carbon content ratios. The
main calculation procedures and formulas are as follows.

Tree volume (V):
V = G1.3(h + 3) f3 (1)

where V is the volume of an individual tree, G1.3 is the cross-sectional area at 1.3 m height,
h is the tree height (m), and f3 is the experimental form factor. Reference values for f3 are
provided in Table 2 [18].

Table 2. Average form factors of major tree species.

Stem Form Class Tree Type Average Form Factor Applicable Species

I

Coniferous trees

0.45 Pinus yunnanensis, fir, and generally highly
shade-tolerant coniferous species

II 0.43 Seed-origin Chinese fir, spruce, and generally
shade-tolerant coniferous species

III 0.42
Chinese fir (regardless of origin), Korean pine,

Chinese white pine, Huangshan pine, and generally
shade-tolerant to intermediate coniferous species

IV 0.41

Cutting-origin Chinese fir, Tianshan spruce,
Japanese cedar, Dahurian larch, Xinjiang larch, Scots

pine, Japanese red pine, black pine, Chinese pine,
and generally light-demanding coniferous species

V Broad-leaved trees 0.40

Poplar, birch, willow, linden, Manchurian ash,
Mongolian oak, oak, ring-cupped oak, black locust,
elm, camphor tree, eucalyptus, and other common

broad-leaved species; mixed broad-leaved forests in
Hainan, Yunnan, and similar regions

VI Coniferous trees 0.39 Masson pine and generally strongly
light-demanding coniferous species
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Tree biomass (P):
P = V · D (2)

where P is the biomass of an individual tree, V is tree volume, and D is basic wood density.
Reference values for basic wood density are listed in Table 3. When species-specific data
were unavailable, densities of taxonomically similar species or generalized densities for
hardwood and softwood species were used [19–22].

Table 3. Reference values of basic wood density.

Tree Species Family Genus Basic Wood Density

Camphor tree (Cinnamomum camphora) Lauraceae Cinnamomum 0.46
Zelkova (Zelkova schneideriana) Ulmaceae Zelkova 0.66
Soapberry (Sapindus mukorossi) Sapindaceae Sapindus 0.57

Dawn redwood (Metasequoia glyptostroboides) Cupressaceae Metasequoia 0.262
Crape myrtle (Lagerstroemia indica) Lythraceae Lagerstroemia 0.55

Chinese tallow tree (Triadica sebifera) Euphorbiaceae Triadica 0.40
Shumard oak (Quercus shumardii) Fagaceae Quercus 0.64

Golden rain tree (Koelreuteria paniculata) Sapindaceae Koelreuteria 0.57
Southern magnolia (Magnolia grandiflora) Magnoliaceae Magnolia 0.47

Trident maple (Acer buergerianum) Sapindaceae Acer 0.625
Pagoda tree (Styphnolobium japonicum) Fabaceae Styphnolobium 0.674

Silk tree (Albizia julibrissin) Fabaceae Albizia 0.70
Paper mulberry (Broussonetia papyrifera) Moraceae Broussonetia 0.46

Chinaberry tree (Melia azedarach) Meliaceae Melia 0.476

Total carbon storage of all trees (Ctree):

Ctree = ∑i=1{Pi·BCFsi ·(1 + Ri)·δ·CFi·θ} (3)

where Ctree is the total carbon storage of all trees; Pi is the biomass of the ith tree; BCFsi is
the biomass expansion factor; Ri is the ratio of belowground to aboveground biomass, set
to 0.21 according to the IPCC default value; CF is the carbon fraction of dry biomass, set
to 0.47 following IPCC guidelines; δ is the urban tree biomass correction coefficient (0.9),
accounting for biomass loss due to pruning; and θ is a tree health coefficient, set to 1.0 for
healthy trees, 0.8 for average condition, and 0.6 for poor condition [17,23,24].

It should be noted that the estimation of tree carbon storage depends on several key
parameters, including the form factor, biomass expansion factor, wood density, below-
ground biomass ratio, and carbon fraction recommended by the IPCC. Although these
parameters are widely adopted in urban forest carbon accounting studies, moderate varia-
tion in their values may influence the absolute magnitude of carbon storage estimates [7,16].
To examine the robustness of the results, a sensitivity test was conducted by varying key
coefficients (biomass expansion factor and carbon fraction) within a ±10% range. The anal-
ysis indicates that while total carbon storage values change proportionally under different
parameter scenarios, the relative ranking among the four case sites and the dominance
of vegetation-based sequestration over activity-induced emission reduction remain un-
changed. Therefore, the main conclusions of this study are not sensitive to reasonable
parameter variation.

2.2.2. Indirect Carbon Reduction Benefits of Micro Public Spaces: Carbon Emissions Saved
Through Human Outdoor Activity

High-quality micro public spaces can attract residents to remain outdoors during
leisure hours, potentially substituting time that would otherwise be spent indoors. In
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residential communities, evening leisure activities are typically associated with electricity
use for lighting, air conditioning, and electronic appliances. Therefore, when outdoor
stay occurs during peak residential electricity demand periods, a substitution effect may
arise, whereby part of indoor operational energy consumption is avoided. To estimate
the total carbon emission reductions attributable to outdoor activity, pedestrian counts
were manually recorded in each study site during the fixed time period from 16:00 to
21:00, which corresponds to peak usage hours for micro public spaces. Compared with
morning periods, this time window coincides with peak residential electricity demand,
making potential energy savings particularly relevant for carbon reduction. According to
publicly available residential electricity load characteristics in central China, household
electricity demand generally increases in the late afternoon and evening due to cooking,
cooling/heating, and lighting needs [25]. The selected observation period overlaps with
this demand peak in Wuhan, strengthening the plausibility that outdoor recreation during
this time may partially replace indoor electricity consumption. While not all outdoor
activities necessarily substitute indoor energy use, focusing on peak-hour recreational stays
increases the likelihood of a substitution effect rather than purely additional activity.

To ensure that the estimated carbon savings closely reflect real conditions, one weekday
and one weekend day with similar weather conditions were randomly selected between
October and November for each site. Only recreational users were counted; on-site staff,
such as property managers and maintenance workers, were excluded. The carbon emission
reduction was calculated as follows:

Csave = (Nwd · Twd · 5 + Nwe · Twe · 2) · Eh ·
355
7

· EF · 12
44

(4)

where Csave is the annual carbon emission reduction induced by outdoor activities; Nwd and
Nwe are the peak numbers of users during weekdays and weekends, respectively; Twd and
Twe denote the average stay time per person during weekdays and weekends, respectively
(h); Eh is the per capita hourly electricity consumption (kWh); EF is the regional electricity
CO2 emission factor (kgCO2/kWh).

The average stay times for weekdays and weekends were obtained through random
sampling during field surveys. Per capita hourly electricity consumption in Wuhan was
calculated as 0.1046 kWh based on officially published data on total residential electricity
consumption and permanent population in 2023 [26]. The average CO2 emission factor
for electricity generation in Hubei Province was set to 0.3672 (kgCO2/kWh) according
to official announcements by the Ministry of Ecology and Environment and the National
Bureau of Statistics [27]. The factor 12/44 represents the molecular weight ratio of carbon
to carbon dioxide.

2.3. Valuation of Carbon Sequestration and Emission Reduction Based on Carbon Trading Prices

To explicitly reflect the carbon benefits of micro public spaces, the carbon storage of
trees and the emission reductions resulting from increased outdoor activity are converted
into economic values. To improve methodological transparency and ensure the reliability
of economic valuation, this study further clarifies the specific carbon trading standards
and pricing benchmarks adopted. Carbon prices are selected based on officially released
transaction data from China’s regional carbon trading markets, which provide the most
policy-relevant and market-oriented valuation references currently available. In China’s
national voluntary greenhouse gas emission reduction trading system, tradable products
mainly include carbon emission allowances, China Certified Emission Reductions (CCERs),
and other related products, all priced per tonne of carbon dioxide equivalent (tCO2e).
Carbon emission allowances are primarily traded by enterprises to meet compliance re-
quirements, whereas CCERs represent verified emission reductions generated by specific
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mitigation projects, including forestry carbon sink projects [28]. To ensure consistency
in the valuation of carbon storage and emission reductions associated with micro public
spaces, this study adopts transaction prices of comparable products from the national
voluntary carbon market as reference values [29].

The emission reductions generated by micro public spaces through attracting outdoor
activities mainly result from decreased electricity consumption in residential buildings. As
electricity production is directly linked to enterprise-level carbon emissions and emission
allowance trading, the economic value of these emission reductions is assessed using carbon
emission allowance prices. According to transaction data released by the Hubei Emissions
Exchange since January 2023, the trading price of emission allowances (Hubei Emission
Allowances, HBEA) ranges from 37.20 to 52.13 CNY per tCO2e. Based on 456 transaction
records between 1 January 2023 and 30 November 2024, the average transaction price of
42.25 CNY per tCO2e is adopted to estimate the economic value of emission reductions
associated with outdoor activity in the study sites [30].

Although trees in community micro public spaces do not formally qualify as CCER
projects, their carbon sequestration pathways and accounting principles are comparable to
those of forestry carbon sink projects. Therefore, this study uses recent transaction prices of
forestry carbon sink projects as a reference to estimate the economic value of tree carbon
storage in micro public spaces. As transaction data for forestry carbon sink projects are
unavailable in the Hubei Emissions Exchange, this study refers to forestry carbon sink
transactions recorded on the Beijing Carbon Emissions Trading Platform between 1 January
2023 and 30 November 2024. Based on seven transaction records with an average price
of 96.16 CNY per tCO2e, and adjusted using the relative price ratio between Beijing and
Hubei carbon markets, an estimated forestry carbon sink price of 36.05 CNY per tCO2e is
adopted for Hubei Province [31].

The economic value of carbon benefits for a single micro public space is calculated as follows:

EV = Ctree ·
44
12

· Pf + Csave · Pe (5)

where EV is the total carbon-related economic value of a micro public space; Pf is the unit
price of forestry carbon sinks; Pe is the carbon emission allowance trading price.

It should be clarified that tree carbon storage represents an existing carbon stock
measured at the time of assessment, whereas emission reductions induced by outdoor
activity are treated as cumulative carbon flows over a five-year period. In this study, both
components are converted into monetary values using prevailing carbon trading prices to
enable a unified comparative evaluation framework. Given the relatively short analytical
horizon and the study’s primary objective of cross-site comparison rather than long-term
carbon accounting, discounting and dynamic tree growth modeling were not incorporated.

To illustrate the overall carbon benefits of micro public spaces within community
renewal initiatives, this study further estimates the total economic value of carbon seques-
tration and emission reduction generated by micro public spaces across Wuhan. According
to the “Seeing the City through Micro Spaces: Refined Wuhan” Three-Year Action Plan
(2022–2024), approximately 1000 micro public spaces are planned for construction in the
central urban area of Wuhan, with a total land area of about 200–400 ha. Using a study
site with moderate carbon benefits as a representative sample, the total carbon-related
economic benefits of micro public spaces citywide are estimated as follows:

TEV = EVu · Atotal (6)

https://doi.org/10.3390/buildings16050945

https://doi.org/10.3390/buildings16050945


Buildings 2026, 16, 945 9 of 18

where TEV is the total carbon economic benefit of micro public spaces in Wuhan; EVu is
the unit area economic benefit of the sample site; Atotal is the total land area of micro public
spaces in Wuhan.

Given the market-based and policy-influenced nature of carbon trading systems,
carbon prices may fluctuate over time and across regions. To assess the robustness of
the valuation results, we compared economic estimates using observed price ranges from
regional carbon markets. The results indicate that although absolute economic values vary
under different pricing scenarios, the relative differences among micro public spaces and
the overall magnitude of carbon benefits remain consistent. Therefore, price fluctuations
do not substantially alter the study’s core conclusions regarding the carbon value and
comparative performance of micro public spaces.

3. Results
3.1. Direct Carbon Sequestration Performance of Green Spaces

Based on field surveys, a total of 448 trees were recorded across the four study sites. For
each tree, diameter at breast height (DBH), height, and growth condition were measured
individually. The species composition, number of trees, and average height measured
on site are summarized in Table 4. Using these data, the total tree carbon storage and
carbon storage per unit area were calculated for each site (Table 5). Among the four
cases, HRP exhibited the highest total tree carbon storage. This site is characterized by a
high proportion of large, mature trees with greater average DBH and height, resulting in
substantially higher carbon storage. In contrast, although JRP contains 112 trees, many
of them are small ornamental species, leading to relatively low overall carbon storage
compared with the other sites. YTP and BIP showed intermediate levels of carbon storage,
reflecting differences in tree composition, planting structure, and site area.

Table 4. Tree species composition, number of individuals, and average height in four study sites.

Study Site Species Number Average
Height (m) Species Number Average

Height (m)

YTP

Cinnamomum camphora 14 7.30 Osmanthus fragrans 4 3.82
Zelkova schneideriana 11 6.15 Magnolia denudata 2 6.07

Prunus serrulata 14 4.31 Metasequoia
glyptostroboides 5 6.75

Ulmus spp. 7 7.01 Prunus armeniaca 1 4.97
Acer palmatum 8 3.90 Celtis sinensis 21 7.14
Citrus grandis 13 4.29 Lagerstroemia indica 8 4.66

Malus spp. 3 4.87 Triadica sebifera 15 7.24
Sapindus mukorossi 16 7.58

JRP

Prunus armeniaca 12 2.50 Celtis sinensis 1 8.00
Citrus reticulata 2 2.88 Zelkova schneideriana 14 5.21

Quercus shumardii 3 6.60 Triadica sebifera 1 3.30
Osmanthus fragrans 12 3.16 Koelreuteria paniculata 42 5.09

Cinnamomum camphora 8 5.39 Lagerstroemia indica 1 3.50
Magnolia denudata 2 3.03 Prunus serrulata 7 3.06
Vitex negundo var.

heterophylla 1 1.60 Malus spp. 6 2.00
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Table 4. Cont.

Study Site Species Number Average
Height (m) Species Number Average

Height (m)

HRP

Acer palmatum 16 2.37 Prunus armeniaca 1 3.50
Cinnamomum camphora 30 8.52 Osmanthus fragrans 6 3.92

Magnolia denudata 6 8.32 Photinia serratifolia 5 3.88
Malus spp. 10 3.53 Broussonetia papyrifera 1 11.90

Citrus aurantium 1 5.20 Prunus serrulata 9 4.52
Acer buergerianum 1 5.00 Melia azedarach 1 11.50
Sophora japonica 1 8.50 Liquidambar formosana 3 9.13

Celtis sinensis 1 7.10 Ginkgo biloba 16 10.63
Koelreuteria paniculata 5 10.84 Cedrus deodara 1 11.00

Albizia julibrissin 6 13.38

BIP

Prunus avium 1 4.70 Prunus serrulata 19 4.53
Citrus limon 1 3.40 Ginkgo biloba 35 6.42
Metasequoia

glyptostroboides 17 5.15 Celtis sinensis 1 7.50

Table 5. Total tree carbon storage and carbon storage per unit area in four study sites.

Study Site Number of
Species

Total
Number of

Trees
Area (m2)

Total
Biomass

(kg)

Aboveground
Carbon
Storage

(kg)

Belowground
Carbon
Storage

(kg)

Total
Carbon
Storage

(kg)

Carbon
Storage per
Unit Area
(kg/m2)

YTP 15 142 5490 15,258.07 5976.07 1195.21 7171.29 1.31
JRP 14 112 5025 4292.01 1681.04 336.21 2017.25 0.40
HRP 19 120 5888 24,653.95 9656.13 1931.23 11,587.36 1.97
BIP 6 74 3950 5069.40 1985.52 397.10 2382.62 0.60

3.2. Indirect Carbon Reduction Performance of Human Outdoor Activities

Based on manual observations, pedestrian flows in the four study sites were recorded
during both weekdays and weekends from 16:00 to 21:00, and the temporal variation in
visitor numbers is illustrated in Figure 3. Overall, YTP and JRP exhibited relatively high
visitor volumes with pronounced temporal fluctuations, whereas BIP showed consistently
low levels of pedestrian activity.

 
Figure 3. Temporal variation in pedestrian flow during weekdays and weekends in four study sites.

Visitor numbers observed during peak periods, dominant user groups, primary ac-
tivities during peak hours, and the estimated annual carbon emission reductions are sum-
marized in Tables 6 and 7. YTP and JRP both include dedicated children’s activity areas,
which attract a large number of children accompanied by parents for outdoor recreation. In
addition, JRP provides an open neighborhood interaction space with adequate nighttime
lighting, making it particularly attractive to middle-aged and elderly residents for activities
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such as square dancing, singing, and physical exercise. In contrast, the dominant users of
Huaihai Road Pocket Park (HRP) were mainly flexible or informal workers engaging in
short-term rest. Due to insufficient nighttime lighting, the park experiences very limited
user presence after dark. As BIP-CG functions primarily as part of an industrial park, no
stable or long-term stay behavior was observed on either weekdays or weekends. Conse-
quently, its contribution to indirect carbon emission reduction through outdoor activity
substitution is negligible and was not included in the calculation of annual carbon emission
savings. In terms of the estimated annual carbon emission reduction achieved through
attracting outdoor activities, JRP demonstrated the highest total savings, outperforming the
other micro public spaces due to its higher visitor numbers, longer average stay duration,
and diversified activity patterns.

Table 6. Observation results of resident user groups and peak-period activities in four study sites.

Study Site Survey Period Main Resident User Groups Dominant Behaviors During Peak Periods

YTP
Weekdays Children and accompanying parents Parent–child recreation
Weekends Children and accompanying parents; dog walkers Parent–child recreation; dog walking

JRP
Weekdays Middle-aged and elderly adults; children Square dancing, singing, physical exercise,

parent–child recreation

Weekends Middle-aged and elderly adults; children Square dancing, singing, physical exercise,
parent–child recreation

HRP
Weekdays Middle-aged adults Resting; dog walking
Weekends Middle-aged adults Resting; dog walking

BIP
Weekdays No clearly identifiable resident user groups –
Weekends No clearly identifiable resident user groups –

Table 7. Estimated carbon emission reductions associated with outdoor activities in four study sites.

Study Site Survey
Period

Peak Time
Period

Maximum Number of
Resident Users

Average Sampled
Stay Time (min)

Estimated Annual
Average Carbon Emission

Reduction (kg)

YTP
Weekdays 16:30–17:30 52 30

91.41Weekends 19:35–20:35 19 21

JRP
Weekdays 19:10–20:10 61 30

141.19Weekends 19:05–20:05 59 35

HRP
Weekdays 16:00–17:10 7 20

10.02Weekends 17:10–18:10 11 11

BIP
Weekdays 16:30–17:30 12 2

1.34Weekends – 3 1

3.3. Economic Valuation of Carbon Sequestration and Emission Reduction

By aggregating the existing tree carbon storage and the carbon emission reductions
achieved through attracting outdoor activities over a five-year period, and by referencing
relevant carbon trading prices, the economic benefits of carbon sinks in each study site
were estimated (Table 8). The results indicate that HRP exhibits the highest economic
value derived from existing carbon storage, amounting to CNY 1531.66, while JRP achieves
the highest economic benefit from carbon emission reductions associated with attracting
residents, with an estimated five-year value of CNY 113.89.
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Table 8. Estimated economic benefits of carbon sequestration and emission reduction.

Study Site
Economic Value of

Existing Carbon
Storage (CNY)

Unit Area Economic
Value of Carbon

Storage (CNY/m2)

Economic Value of
Carbon Emission
Reduction from

Attracting Residents
over 5 Years (CNY)

Unit Area Economic
Value of Carbon

Emission Reduction
over 5 Years (CNY/m2)

YTP 947.93 0.17 73.74 0.013
JRP 266.65 0.05 113.89 0.023
HRP 1531.66 0.26 8.08 Negligible
BIP 314.94 0.08 1.08 Negligible

Note: Economic benefits lower than 0.01 CNY/m2 are considered negligible.

4. Discussion
4.1. Carbon Sequestration Dominates over Emission Reduction in Pocket Parks: Implications for
Coordinated Green Space and Building Renewal Strategies

Based on the unit area economic benefits of tree carbon storage and emission reduc-
tions from reduced electricity use, the MTR was taken as a reference case (Table 8) to
estimate the overall carbon-related economic benefits of the “Seeing the City through Micro
Spaces: Refined Wuhan” Three-Year Action Plan (2022–2024). Given the planned total
land area of approximately 200–400 ha, the cumulative economic value of carbon storage
from newly built and renovated micro public spaces in Wuhan is estimated at about RMB
0.74–1.48 million, while the economic benefits derived from emission reductions through
attracting outdoor activities over five years are only about RMB 26,000–52,000. These results
indicate that, in community renewal projects, the direct carbon sequestration capacity of
vegetation in micro public spaces exceeds the indirect carbon reduction benefits associated
with human activity by one to two orders of magnitude. This finding is consistent with
broader patterns observed in the building sector. According to a 2024 report by the China
Association of Building Energy Efficiency [32], life cycle carbon emissions from buildings
account for 38.2% of national energy-related carbon emissions, with operational emissions
representing the largest share (56.6%). This comparison highlights that differentiated
low-carbon strategies aligned with functional space characteristics are both necessary and
consistent with empirical evidence.

Accordingly, in community renewal, green and outdoor public spaces should pri-
oritize enhancing vegetation-based carbon sequestration, whereas residential and office
buildings should focus primarily on improving operational energy efficiency to achieve
emission reductions. Although the potential for micro public spaces to reduce indoor
energy consumption by attracting residents outdoors remains limited in carbon terms, their
value should not be evaluated solely through indirect emission reduction, but also through
broader co-benefits such as promoting physical and mental health, facilitating social inter-
action, and stimulating local consumption. From a practical planning perspective, pocket
park renewal should therefore emphasize increasing tree canopy coverage, optimizing mul-
tilayer planting structures, and reserving adequate soil volume for long-term tree growth,
alongside coordinated building retrofits—such as façade insulation and energy-efficient
lighting—to maximize integrated low-carbon benefits at the community scale.

From a methodological perspective, the primary innovation of this study lies in
integrating vegetation-based carbon sequestration with activity-induced building emission
reductions. Unlike conventional site-scale carbon accounting, which focuses solely on
ecological carbon sinks [3,5], this dual approach captures both direct biophysical and
indirect human-mediated carbon benefits. By linking user activity patterns to reductions
in indoor energy use, the framework extends carbon assessment beyond vegetation alone,
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providing a more comprehensive and planning-relevant evaluation model for micro public
spaces in community renewal.

To further support strategy development, the four case sites were evaluated through
a multi-dimensional assessment of locational attributes and internal spatial characteristics
(Table 9), followed by a comparative analysis of multiple factors influencing emission reduction
performance (Figure 4), providing a basis for targeted low-carbon optimization strategies.

Table 9. Locational attributes and internal spatial characteristics of four case sites.

Study
Site

Locational
Attributes

Proportion of
Residential

Land Within
200 m

Locational
Score

Internal Spatial
Characteristics

Internal
Facilities Score

Total
Score

YTP

Located within the
Second Ring Road;
surrounding areas
are mainly newly

developed residential
communities, with a
very limited presence

of commercial
service facilities.

72% 3

Equipped with a
neighborhood

interaction space and
a children’s activity

area; includes
preserved historic

structures; designed
with a metro-station

theme; moderate
vegetation coverage;

well-equipped
lighting facilities.

5 8

JRP

Located within the
Third Ring Road;

surrounded by a mix
of newly developed
and older residential

communities;
adjacent to a nursing

home on the
northern side.

65% 4

Equipped with a
children’s activity

area and
neighborhood

interaction spaces;
relatively low

vegetation coverage;
well-equipped

lighting facilities.

3 7

HRP

Located within the
Second Ring Road at
a road intersection;
surrounded mainly

by commercial areas,
with a small

proportion of older
residential

neighborhoods nearby.

7% 4

No children’s activity
area; two open

interaction spaces;
high vegetation

coverage; no
lighting facilities.

2 6

BIP

Located within the
Bio-Innovation
Industrial Park;

functions as internal
green space within

an industrial campus.

0 0

No children’s activity
area; one open

interaction space; low
vegetation coverage;

well-equipped
lighting facilities.

3 3

Note: Locational scores were calculated based on six bonus criteria, with one point assigned for each criterion
met and summed to obtain the final locational score. The criteria include (1) a high proportion of surrounding
residential land use; (2) the presence of a certain number of other public service facilities in the surrounding area;
(3) a development history of surrounding land parcels exceeding 10 years; (4) location within Wuhan’s Inner Ring
Road; (5) location within Wuhan’s Second Ring Road; (6) location within Wuhan’s Third Ring Road. Internal
facilities scores were calculated using five bonus criteria, with one point assigned for each criterion met and
summed to obtain the final internal facilities score. The criteria include (1) provision of a children’s activity area;
(2) provision of open spaces for social interaction; (3) complete lighting facilities; (4) relatively high vegetation
coverage; (5) the presence of a distinct thematic design feature.
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Figure 4. Standardized scores of multiple indicators across the study sites.

Based on the various calculations and statistical analyses, all indicators were uniformly
converted into standardized scores, with the maximum possible score set at 100. A compar-
ative overview of the standardized indicator scores across the four case sites is presented
in Figure 4. The results indicate that HRP performs substantially better than the other
sites in indicators related to vegetation carbon storage. YTP shows relatively balanced and
consistently high performance across all indicators. In contrast, JRP exhibits comparatively
lower scores in carbon storage and tree planting indicators, but demonstrates relatively
high levels of popularity and user attraction.

4.2. Uneven Effectiveness of Pocket Parks in Attracting Users Across Urban Contexts: Prioritizing
Renewal in Dense Residential and Older Urban Areas

As shown in Figure 4, pocket parks YTP and JRP, located in residential areas, attract
substantially more users than HRP and BIP, situated in commercial and industrial contexts.
HRP is located at a four-way intersection with limited surrounding residential communities
and a dominance of commercial land uses. Strongly oriented commercial activities partially
substitute recreational demand, while physical barriers separating the site from nearby
housing further constrain accessibility. Similarly, BIP is embedded within an industrial
campus and primarily serves company employees; with surrounding land uses dominated
by industrial functions, public use remains minimal after working hours. These findings
indicate that the locational context of pocket parks plays a decisive role in determining
overall utilization intensity. Therefore, in strategies aimed at the citywide promotion of
pocket park renewal, spatial prioritization is essential. Concentrating renewal efforts in
older urban districts and densely populated residential areas is more likely to enhance
carbon reduction efficiency while simultaneously improving the perceived quality and
equity of benefits for a broader population. In practical terms, planners should prioritize
pocket park provision within 5–10 min walking catchments of high-density residential
neighborhoods, particularly in aging communities lacking green amenities.

4.3. Functional Attributes Shape Age-Specific Use Patterns and Carbon Reduction Benefits of
Pocket Parks

Although both YTP and JRP are located within residential areas, Table 7 reveals clear
differences in surrounding demographic structure and associated usage patterns. YTP is
surrounded mainly by newly developed housing, with a higher proportion of young and
middle-aged residents. Its user flows are dominated by children’s recreational activities,
with peak visitation occurring between 16:30 and 17:30. In contrast, JRP is embedded in an
older residential neighborhood with a higher proportion of elderly residents, and its peak
usage period occurs later in the evening, between 19:35 and 20:35. These temporal differ-
ences result in distinct carbon reduction effects. Accordingly, renewal strategies for pocket
parks should be differentiated based on target user groups. The “Time Train” themed play-
ground at YTP effectively attracts children and accompanying parents (Figure 5); enhancing
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linear and point-source lighting along play facilities and pathways could further increase
evening use and indirectly improve indoor energy-saving-related emission reductions.
Meanwhile, the seating-oriented open spaces in JRP (Figure 6) support social interaction
and group activities among middle-aged and elderly users. Here, greater emphasis should
be placed on area-based lighting solutions, combined with clean energy technologies such
as outdoor solar-powered facilities, to achieve a synergistic balance between low-carbon
performance and human-centered benefits.

 
Figure 5. The “Time Train” themed playground at YTP.

 

Figure 6. The communication space of JRP.

4.4. The Critical Role of Large Trees in Enhancing Carbon Sequestration: Implications for Planting
Structure in Pocket Park Renewal

Figure 4 demonstrates that, compared with user-induced emission reduction, vegetation-
based carbon sequestration plays a more dominant role in the overall carbon benefits
of pocket parks. The ranking of carbon storage per unit area closely corresponds to the
ranking of average tree height across sites. Although BIP contains fewer tree individuals
and species than JRP, its carbon sink performance remains higher due to the predominance
of tall tree species. From the perspective of improving urban environmental quality and
supporting carbon mitigation, tree species selection in pocket parks should prioritize a
sufficient quantity and diversity of large-canopy trees, such as camphor, zelkova, elm,
dawn redwood, and hackberry. At the same time, while emphasizing carbon sequestration
capacity, planting design should also address esthetic quality and service functions by
incorporating ornamental small trees and shrubs. Such layered planting structures can en-
hance spatial hierarchy and visual appeal, thereby creating more comfortable and attractive
urban environments for surrounding residents.

5. Conclusions
The carbon footprint associated with pocket parks in community renewal extends

across the entire life cycle of demolition, construction, and operation, and is not limited
to the components examined in this study. Nevertheless, the results effectively demon-
strate differentiated low-carbon priorities across functional spaces within a full life cycle
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framework of urban construction carbon management. Specifically, while public spaces
may encourage outdoor activities and thereby reduce indoor energy use, their contribution
to emission reduction during the building operation phase remains limited and must pri-
marily be addressed through carbon mitigation strategies at the building level. In contrast,
vegetation-based carbon sequestration within public spaces represents the most substan-
tial source of low-carbon benefits, highlighting the importance of increasing tree density
and adopting stratified planting structures dominated by large-canopy trees to enhance
carbon storage performance. In addition, this study does not account for embodied carbon
emissions arising from building material production, transportation, and construction
processes. Incorporating these hidden emissions represents an important direction for
future research aimed at improving the completeness of life cycle low-carbon assessments
in community renewal projects. Future studies may further differentiate carbon stock
and flow dynamics by incorporating tree growth trajectories and appropriate discounting
mechanisms to enhance long-term valuation robustness.

Notably, this study focuses on the influence of pocket parks on the carbon footprint
of surrounding buildings, specifically through the reduction in building operational emis-
sions associated with user attraction to outdoor spaces. Although the carbon reduction
achieved through this pathway is relatively small in absolute terms, the analysis provides
a valuable comparative perspective that supports differentiated renewal strategies for
pocket parks across varying community contexts. It should be acknowledged that this
estimation relies on a behavioral substitution assumption, namely that part of the time
spent outdoors replaces indoor electricity consumption, and therefore warrants further
empirical validation through time use or smart meter data in future research. Moreover,
as urban renewal increasingly enters a low-profit phase, pocket parks—characterized by
small-unit carbon benefits but large beneficiary populations—remain an important category
worthy of attention. It should be noted, however, that the empirical analysis is based on
four pocket park cases completed in Wuhan, which may not fully represent the diversity of
micro public spaces across different urban contexts. Therefore, future research should not
only expand the geographic diversity of cases but also refine biomass accounting models
by incorporating understory vegetation, such as shrubs and herbs, to provide a more
comprehensive assessment of site-scale ecological benefits. Future efforts may integrate
low-carbon benefits with broader dimensions such as public health, mental well-being,
and consumption agglomeration, thereby generating synergistic effects. Within a people-
oriented, ecologically driven, and economically sustainable framework for urban renewal,
such integrated approaches can contribute to mutually beneficial outcomes for residents,
cities, and the natural environment.
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