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The global significance of nature-based solutions (NbS) is increasingly emphasized, yet practical and evidence-based 
guidance on defining and implementing effective NbS strategies remains limited. This review synthesizes findings 
from twenty key empirical studies that examine the role of urban green and blue spaces (GBS) in addressing two of 
the IUCN’s societal challenges: (1) climate change mitigation and adaptation, with a focus on urban heat reduction, 
and (2) disaster risk reduction, with a focus on urban flood mitigation. Evidence across the literature shows that 
GBS meaningfully reduce both surface temperatures and flood risks. The effectiveness of GBS is determined not 
only by expanding their coverage but also by designing interconnected ecological systems with optimized spatial 
configuration, vegetation structure, hydrological linkages, and by ensuring that they are positioned in the urban areas 
most vulnerable to heat and flooding. To enhance urban climate resilience, cities should adopt scale-appropriate 
design and placement strategies and integrate GBS within existing infrastructure networks. Future research should 
develop standardized performance metrics, assess long-term outcomes under climate change scenarios, and 
strengthen evidence-based urban planning that positions NbS as a central component of sustainable and resilient city 
development.
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Introduction

Rapid urbanization and climate change are intensifying 
environmental and social pressures on cities worldwide. 
Globally, more than half of the world’s population now 
resides in urban areas, and this proportion is projected to 
reach approximately 68% by 2050 (United Nations, 2019). 

As urban populations continue to increase, expanding 
built-up areas accelerate the conversion of permeable 
surfaces into impervious ones, reducing infiltration and 
increasing runoff (Ongaga et al., 2024; Wu et al., 2020). 
The decline in urban green spaces and water bodies exac-
erbates multiple socio-environmental challenges, includ-
ing the urban heat island effect, heightened flood risk, 
deteriorating air quality, and the loss of biodiversity (Saiz-
Rodríguez et al., 2021).

Given these growing pressures, the International Union 
for Conservation of Nature (IUCN, 2016) identifies seven 
key societal challenges: (1) climate change mitigation and 
adaptation, (2) disaster risk reduction, (3) economic and 
social development, (4) human health, (5) food security, 
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(6) water security, and (7) environmental degradation and 
biodiversity loss. To address these multifaceted challeng-
es, nature-based solutions (NbS) have gained significant 
global attention. According to the IUCN (2016), NbS are 
defined as “actions that protect, sustainably manage, or 
restore natural or modified ecosystems to address societal 
challenges in an effective and adaptive manner, while 
simultaneously delivering benefits for human well-being 
and biodiversity.” Although formally defined only recently, 
the underlying principles—such as wetland restoration, 
riparian conservation, and the integration of vegetation 
into urban design—have long been embedded in ecologi-
cal management and landscape planning practices.

NbS encompass a broad and inclusive framework con-
sisting of three major categories: (1) existing natural or 
protected ecosystems, (2) sustainably managed or restored 
ecosystems, and (3) newly created ecosystems. While this 
framework covers a wide range of approaches across dif-
ferent landscapes, this review focuses specifically on green 
and blue space (GBS)–based NbS within urban environ-
ments. These interventions—including parks, urban forests, 
waterways, wetlands, and constructed green infrastructure 
systems—represent some of the most widely implemented 
NbS strategies in cities.

The international community has also increasingly 
highlighted the expansion and restoration of urban GBS 
as a core component of sustainable urban development. 
The Kunming–Montreal Global Biodiversity Framework, 
adopted in 2022, establishes 23 global targets to be 
achieved by 2030; among these, Target 12 explicitly calls 
for enhanced access to GBS in urban areas (CBD, 2022), 
emphasizing the essential role of urban ecosystems in 
strengthening climate resilience and improving human 
well-being.

Despite the growing global emphasis on the importance 
of NbS, clear guidance on what makes an NbS effective 

and how such strategies should be designed and imple-
mented in practice remains limited (IUCN, 2020). Rather 
than simply increasing the quantity of GBS, cities need a 
deeper understanding of how these measures should be 
strategically applied to address specific urban challenges. 
Accordingly, this study reviews a wide range of empiri-
cal research to examine evidence-based NbS applications, 
with particular emphasis on two of the IUCN’s societal 
challenges: (1) climate change mitigation and adaptation, 
focusing on urban heat reduction, and (2) disaster risk re-
duction, focusing on flood mitigation. This research aims 
to synthesize quantitative evidence and to identify design 
and implementation strategies that maximize the effec-
tiveness of urban GBS measures for climate resilience.

Materials and Methods

This research conducted a systematic literature review 
targeting peer-reviewed academic papers and official re-
ports from international organizations published during 
the 2010-2025 period. Key databases (Web of Science, 
Scopus, PubMed, Google Scholar) were utilized, searching 
with the keywords “Urban green spaces", “Nature-based 
Solutions", “GBS", “Flood risk reduction", “Cooling ef-
fect", “Biodiversity", and “Climate Adaptation." The litera-
ture selection criteria were limited to studies presenting 
quantitative effects of urban green spaces and NbS. Out 
of a total of 157 papers, 20 core documents were ulti-
mately selected for analysis (Fig. 1).

Results

Cooling effects of urban green and blue spaces
Evidence from ten key studies shows that urban GBS 

contribute meaningfully to surface temperature reduction 
(Table 1). Overall, the reviewed literature indicates that 
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Fig. 1. Screening and selection 
flow diagram for green and blue 
spaces–temperature and flood 
mitigation studies.
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cooling performance is influenced by multiple factors in-
cluding patch size, vegetation structure, and surrounding 
land-use characteristics among others.

One of the most consistent determinants of cooling 
effect is the size of green spaces, with most empirical 
studies indicating that larger patches exhibit both higher 
cooling intensity and wider spatial cooling reach. An 
analysis of 92 parks in Japan by Cao et al. (2010) showed 
that parks smaller than 2 ha produced little to no cooling, 
whereas meaningful cooling emerged only beyond this 
threshold. In particular, parks larger than 10 ha displayed 
the strongest cooling effects. Similarly, Monteiro et al. 
(2016), examining eight greenspaces in the United King-
dom, reported that very small parks (<0.5 ha) generated 
minimal cooling of about 0.3°C and exhibited virtually 
no cooling beyond their boundaries. Small parks (0.8-3.8 
ha) cooled surrounding areas by roughly 0.4-0.8°C, while 
medium parks (10-12 ha) produced stronger cooling of 
0.6-1.0°C and extended their influence over distances of 
180-330 m. However, increases in park size do not yield 
unlimited gains. Du et al. (2017), analyzing 68 parks in 
Shanghai, identified a diminishing marginal effect around 
40 ha, beyond which additional area provided limited ex-
tra cooling.

Vegetation structure also strongly influenced the mag-
nitude of urban cooling. Overall, tree-dominated green 
spaces exhibited substantially greater temperature-reduc-
tion effects than shrub- or grass-dominated areas (Cao 
et al. 2010; Chang & Li, 2014; Feyisa et al., 2014). For 
example, Bowler et al. (2010) noted that several included 
studies reported stronger cooling effects in parks with 
substantial tree cover compared with grass-dominated 
areas. Feyisa et al. (2014) found that land-surface tem-
perature decreased by approximately 0.02°C for every 
1% increase in canopy cover, demonstrating that higher 
canopy density substantially enhances local cooling. Simi-
larly, Hamada and Ohta (2010) reported a strong negative 
correlation between forest-cover ratio (within 200 m) and 
daytime air temperature, suggesting that greater forest 
cover effectively mitigates urban heat. Regarding species 
composition, broadleaf trees were generally more effective 
than conifers. Feyisa et al. (2014) found that Eucalyptus 
spp. provided the strongest cooling, while Cupressus and 
Grevillea (coniferous and semi-evergreen species) were less 
effective. Hamada and Ohta (2010) observed that mixed 
deciduous–evergreen stands within the study park exhib-
ited higher specific humidity in summer, which contrib-
uted to daytime cooling.

The cooling performance of GBS is also influenced 
by the characteristics of adjacent land-use types. Yu et 
al. (2017) found that green spaces adjacent to or con-
nected with water bodies showed a markedly enhanced 
cooling effect compared with green-only areas. Green–
blue combinations reduced land surface temperatures by 
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about 6.38°C relative to built-up areas, which is nearly 
3°C stronger than the cooling observed in green spaces 
without water adjacency, and they also exhibited larger 
cooling extents and intensities. Similarly, Chen et al. (2014) 
reported that larger green patches and a higher propor-
tion of neighboring green areas were associated with 
stronger surface urban cool island effects. Among green 
types, rivers and lakes exhibited the most pronounced 
cooling, and tree-dominated patches were consistently 
cooler than areas dominated by shrubs or grass.

Green and blue spaces contributions to urban flood 
mitigation

Urban GBS are widely utilized in urban areas as effec-
tive measures for flood mitigation. Following the micro-, 
meso-, and macro-scale classification proposed by Esraz-
Ul-Zannat et al. (2024), this review organizes ten repre-
sentative papers accordingly to examine how different 
types of NbS contribute to urban flood mitigation across 
spatial scales (Table 2).

Micro-scale GBS, including blue roofs, green roofs, 
green walls, permeable pavements, and rainwater harvest-
ing, function primarily at the building or block level to 
directly reduce stormwater runoff. Across the reviewed 
studies, these measures consistently demonstrated sub-
stantial improvements in drainage performance. For 
example, Song et al. (2019) reported that implementing 
LID-type GBS across a 37.68 km² area in Shenzhen in-
creased absorption duration, enhanced recovery capacity 
from 76.38-98.19%, and eliminated flooding in 35% of 
previously flooded areas. For blue–green roofs, Richter 
and Dickhaut (2023) reported that these systems retained 
64-74% of rainfall, reduced peak runoff to extremely low 
levels (Cp=0.02-0.04), and delayed discharge for several 
hours. For green walls, Palermo et al. (2023) found that a 
modular living wall system performed robustly under 32 
simulated rainfall events, with runoff coefficients span-
ning 0-81.6% and outflow initiation delayed by 4-35 
minutes. Such performance indicates that even individual 
micro-scale units can exert measurable influence on 
stormwater behavior during storm events.

Meso-scale GBS operate at the neighborhood or sub-
catchment scale and include systems such as swales, 
green streets, infiltration trenches, rain gardens, deten-
tion ponds, retention ponds, and sand filters. These GBS 
elements extend hydrological regulation beyond the im-
mediate installation site by reducing peak flows, enhanc-
ing infiltration, and stabilizing runoff dynamics across 
connected urban drainage networks. The reviewed studies 
consistently show that meso-scale measures provide sub-
stantial buffering capacity during storm events. For ex-
ample, Giermek (2015) showed that small urban wetlands 
in Cape Town reduced peak flows by up to 42% during 
flash events and approximately 20% during longer-dura-

tion storms. Laub et al. (2024) further showed that two 
small bioretention basins in Texas reduced peak flow by 
approximately 77-83% on average and decreased hydro-
graph flashiness by 83-93%. In the case of rain gardens, 
Jeon et al. (2021) showed that the system maintained a 
consistent 88% reduction in runoff over a five-year moni-
toring period. These results suggest that meso-scale bio-
retention facilities can provide long-term, stable buffering 
capacity under repeatedly occurring storm events in real 
urban environments.

Macro-scale GBS encompass large-scale ecological and 
hydrological interventions—such as riparian buffers, urban 
agriculture, urban forests, and constructed wetlands—
that operate at the metropolitan or basin scale. These 
measures influence hydrological regimes across expansive 
regions, providing structural and long-term flood miti-
gation benefits. Staccione et al . (2024) demonstrated 
through city-scale pluvial flood modeling that expanding 
green infrastructure by 25% across the Milan metropoli-
tan area could reduce building damages by 50%, lower 
population exposure by 40%, and decrease flood dam-
ages by up to 60% under extreme rainfall conditions. At 
even larger spatial extents, multiple studies showed that 
wetland-based and retention systems are highly effective 
in reducing basin-scale flood hazards (Gupta et al., 2024; 
Khalafallah et al., 2025; Peng et al., 2025). For example, 
Gupta et al. (2024) reported that rejuvenated wetlands 
across the 190,000 km² Brahmaputra River basin reduced 
peak streamflow by 5.1-8.3% and lowered the frequency 
of flood-threat events by 30-65% in major cities. Col-
lectively, these studies demonstrate that macro-scale GBS 
deliver the most substantial and durable reductions in 
urban and regional flood risk, particularly when imple-
mented as interconnected ecological networks spanning 
catchments, river corridors, and metropolitan systems.

Discussion

NbS are increasingly recognized as having strong poten-
tial to address multiple societal and environmental chal-
lenges, yet further empirical evidence is needed to guide 
their optimal design and application across different 
scales and contexts (e.g., Chausson et al., 2020;  IUCN, 
2020; Seddon et al., 2020; United Nations Environment 
Programme, 2021). In response to this need, the present 
review synthesizes empirical findings on NbS in urban en-
vironments, demonstrating that GBS play a critical role in 
addressing two of the IUCN’s major societal challenges—
climate change mitigation and adaptation, and disaster 
risk reduction—through measurable reductions in urban 
heat and flooding.

A review of ten empirical heat-mitigation studies shows 
that cooling benefits are maximized when ecological 
systems are designed to be interconnected and to in-
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clude optimized spatial configurations, diverse vegetation 
structures, and hydrological connectivity. This suggests 
that not only the quantitative expansion of green–blue 
spaces but also their qualitative characteristics are critical 
for enhancing cooling performance. For example, park’s 
internal thermal condition is the strongest determinant 
of the surrounding air temperature (Chang & Li, 2014), 
indicating that vegetation quality within a park plays a 
decisive role in regulating near-park microclimates. In 
particular, the shading capacity and evapotranspiration 
potential of tree canopies were identified as the primary 
drivers of enhanced cooling, indicating the importance of 
increasing tree-canopy cover while reducing the amount 
of bare soil in green spaces. Moreover, because cooling 
effects typically extend about 35-840 m from individual 
parks (Hamada & Ohta, 2010; Lin et al., 2015), distribut-
ing multiple medium-sized green patches throughout the 
urban is likely to provide broader city-wide cooling ben-
efits than concentrating vegetation in a single location.

For flood mitigation, GBS implemented at micro-, 
meso-, and macro-scales each play complementary and 
mutually reinforcing roles. Even individual micro-scale 
units can measurably influence stormwater behavior dur-
ing rainfall events. Because they can be deployed cost-ef-
fectively and in a highly distributed manner across dense 
urban areas, micro-scale NbS are particularly suitable for 
managing localized pluvial flooding. Their performance 
is further enhanced when installations are strategically 
positioned in low-lying or flood-prone zones, where flood 
volumes, inundation depths, and infrastructure vulnera-
bilities are greatest (Song et al., 2019). At the meso scale, 
NbS moderate stormwater volumes, delay hydrograph 
responses, and strengthen flood resilience at the district 
level—especially when they are hydrologically integrated 
with existing stormwater networks and natural flow path-
ways. Macro-scale GBS provide the most substantial and 
durable reductions in urban and regional flood risk, par-
ticularly when implemented as interconnected ecological 
networks spanning catchments, river corridors, and met-
ropolitan systems. These large-scale interventions shape 
hydrological regimes, enhance storage capacity, and redis-
tribute runoff across broader landscapes, thereby offering 
long-term flood mitigation benefits that smaller-scale 
interventions alone cannot achieve (Gupta et al., 2024).

Despite these insights, several limitations should be 
acknowledged when interpreting the findings of this re-
view. The cited empirical studies (e.g., London, Milan, and 
Shenzhen) encompass diverse climatic contexts, and the 
effectiveness of GBS is likely to vary substantially across 
climate regimes. In monsoon regions such as Korea, where 
rainfall is highly concentrated during the summer months, 
the flood-mitigation efficiency of GBS may differ mark-
edly from those observed in arid, temperate, or oceanic 
climates. This climatic heterogeneity was not explicitly 

addressed in the reviewed studies, representing a limita-
tion. Moreover, the synthesis presented here does not 
fully account for the influence of urban morphological 
factors—such as building density, street canyon geometry, 
and prevailing wind pathways—which are known to medi-
ate both the intensity and spatial reach of GBS-induced 
cooling and hydrological effects. Given these limitations, 
the application of GBS for heat and flood mitigation 
should be guided by empirical evidence tailored to local 
climatic conditions, urban structures, and hydrological 
settings. Future research would benefit from comparative, 
multi-city analyses that explicitly examine how climate, 
morphology, and spatial configuration interact to deter-
mine GBS performance across scales.

Conclusion

This review demonstrates that urban GBS play a critical 
role in addressing two of the IUCN’s major societal chal-
lenges—climate change mitigation and adaptation, and 
disaster risk reduction—through measurable reductions in 
urban heat and flooding. Across the reviewed studies, the 
effectiveness of GBS depends strongly on spatial scale, 
ecological configuration, and the biophysical character-
istics of both the intervention site and the surrounding 
landscape. These findings highlight that the value of NbS 
lies not only in increasing the quantity of urban GBS but 
also in designing interventions that function effectively 
as interconnected ecological systems. To maximize cli-
mate resilience, cities must consider scale-appropriate 
placement, vegetation structure, connectivity, and the 
integration of GBS into existing urban infrastructure. Fu-
ture research should build on these insights by develop-
ing standardized metrics for assessing NbS performance, 
monitoring long-term outcomes under climate change 
scenarios, and supporting evidence-based urban planning 
that integrates NbS as a central strategy for sustainable 
and resilient city development.
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