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ABSTRACT
Coastal cities face compounding flood risk from sea-level rise, intensifying storm surge and heavier rainfall,
prompting growing interest in nature-based solutions (NBS) as complements or partial alternatives to grey
infrastructure. We compared NBS performance and cost-effectiveness for urban flood resilience across four coastal
case-study cities, Rotterdam, Miami, Jakarta and Lagos, spanning temperate, subtropical and tropical settings with
contrasting flood drivers. Using coupled hydrodynamic-hydrological models (Delft3D and SWMM) calibrated against
documented historical flood events, we simulated peak water levels and inland flood extent under a 100-year design
storm combined with each city's locally projected 2050 sea-level rise, comparing baseline conditions against four
NBS scenarios, tidal wetland or mangrove restoration, permeable pavement retrofits, bioswale networks, and a
combined multi-measure scenario, alongside a conventional grey-infrastructure upgrade scenario. Across cities, the
combined NBS scenario reduced simulated peak flood extent by a mean of 34% (range 22-46%) relative to
baseline, compared with 41% for the grey-infrastructure scenario, but at approximately 38% of the median
per-hectare capital cost, with co-benefits (urban heat reduction, habitat provision, recreational amenity) valued at an
additional USD 1.8-4.6 million per km2 over a 30-year horizon. Tidal wetland and mangrove restoration alone
attenuated storm surge peak water levels by 0.12-0.31 m per 100 m of restored width, consistent with prior
wave-attenuation findings. Permeable pavement and bioswale retrofits reduced pluvial peak runoff by 18-29% in
high-density catchments but showed limited benefit against surge-dominated flooding. We conclude that NBS
deliver flood-risk reductions approaching those of grey infrastructure at substantially lower cost once co-benefits are
included, but perform best as hybrid grey-green systems rather than standalone substitutes in cities exposed to
severe storm surge.
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1. INTRODUCTION

More than 600 million people live in low-elevation coastal
zones worldwide, and the flood exposure of coastal
urban populations is projected to grow substantially over
the coming decades as sea levels rise, tropical and
extratropical storms intensify, and impervious urban land
cover continues to expand [1,2]. Conventional grey
infrastructure, seawalls, levees, storm-surge barriers and
piped drainage networks, remains the dominant
engineering response, but rising construction costs, long
design lifetimes that must accommodate deep sea-level
rise uncertainty, and the loss of ecological and amenity
value associated with hard defences have motivated
growing interest in nature-based solutions (NBS) as
complements or partial substitutes [3,4].
A substantial body of evidence now supports the
flood-risk-reduction function of coastal and urban
ecosystems. Tidal marshes and mangroves attenuate
wave energy and reduce storm surge peak water levels
through vegetative drag and friction, with attenuation
rates that scale with restored width and vegetation
density [5,6], while globally mangroves alone have been
estimated to prevent tens of billions of US dollars in flood
damage annually [7]. Within the urban fabric itself,
permeable pavements, bioswales, rain gardens and
other green stormwater infrastructure reduce pluvial
flood risk by increasing infiltration and attenuating peak
runoff, though reported performance varies widely with
local soil, climate and design specifications [8,9,10].
Despite this evidence base, most quantitative NBS
performance studies examine a single measure in a
single city or catchment, and comparative
cost-effectiveness evidence spanning multiple NBS
types, multiple climatic settings, and a common
grey-infrastructure benchmark remains comparatively
scarce [11,12]. This gap limits the ability of coastal
planners to judge when NBS can substitute for grey
infrastructure, when they are best deployed as a hybrid
complement, and how their cost-effectiveness compares
once co-benefits beyond flood risk reduction, such as
urban heat mitigation and habitat provision, are taken
into account [13,14].
Here we address this gap through a harmonised
comparative assessment of NBS flood performance and
cost-effectiveness across four coastal cities selected to
span a range of flood drivers and climatic settings:
Rotterdam (Netherlands, temperate, surge- and
pluvial-flood-exposed delta city), Miami (United States,
subtropical, surge- and groundwater-exposed low-lying
city), Jakarta (Indonesia, tropical, subsidence- and
monsoon-exposed megacity), and Lagos (Nigeria,
tropical, rapidly urbanising lagoon city). For each city we
simulate flood outcomes under a common 100-year
design storm and locally projected 2050 sea-level rise
across a consistent set of NBS and grey-infrastructure
scenarios, enabling direct cross-city comparison of both
physical flood-reduction performance and

cost-effectiveness.

2. MATERIALS AND METHODS

We combined coupled hydrodynamic-hydrological
modelling with a structured cost and co-benefit
assessment across four coastal case-study cities,
comparing a baseline scenario against four nature-based
solution (NBS) scenarios and one conventional
grey-infrastructure scenario under a common design
storm and locally projected sea-level rise.

2.1 Case-study city selection

Rotterdam, Miami, Jakarta and Lagos were selected to
represent contrasting flood drivers (storm surge, pluvial
runoff, land subsidence and monsoon rainfall,
respectively, in varying combination), climatic zones
(temperate, subtropical and tropical), and existing
coastal protection infrastructure, spanning cities with
long-established grey defences (Rotterdam) through to
cities with predominantly informal or partial protection
(Lagos).

2.2 Hydrodynamic and hydrological modelling

Coastal storm surge and inland flood propagation were
simulated using Delft3D-FLOW coupled to a
SOBEK/SWMM urban drainage schematisation for each
city, with model bathymetry, topography and drainage
network data obtained from national or municipal sources
and supplemented with satellite-derived digital elevation
data where local data were unavailable; each model was
calibrated against at least one documented historical
flood event per city (Rotterdam: January 2018 storm
surge; Miami: Hurricane Irma, 2017; Jakarta: January
2020 flood event; Lagos: July 2021 flood event), with
calibration assessed against reported inundation extent
and, where available, gauge-recorded water levels.

2.3 Design storm and sea-level rise scenario

All scenarios were forced with a city-specific 100-year
return-period design storm (synthetic storm surge
hydrograph combined with a 100-year design rainfall
event) superimposed on each city's locally projected
2050 sea-level rise under a moderate-high emissions
trajectory, drawing on national or regional sea-level
projections, to represent a plausible near-to-mid-century
compound flood hazard.

2.4 Nature-based and grey-infrastructure scenarios

Five scenarios were simulated per city: (i) baseline,
existing land cover and defences with no intervention; (ii)
tidal wetland or mangrove restoration, sited on available
intertidal or reclaimable land within each city's coastal
buffer; (iii) permeable pavement retrofit, applied to a
defined share of impervious road and car-park surface in
high-density catchments; (iv) bioswale network, sited
along arterial drainage corridors identified from existing
stormwater network data; (v) combined NBS,
implementing scenarios (ii)-(iv) concurrently; and (vi)
grey-infrastructure upgrade, representing a conventional
seawall, levee or drainage capacity upgrade sized to a
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comparable design standard. Intervention extents were
set using locally available land-use and planning
constraints rather than a uniform areal target, so that
scenario footprints differ across cities.

2.5 Cost and co-benefit assessment

Capital costs for each scenario were estimated per
hectare or per linear metre of intervention using
published unit-cost ranges for wetland and mangrove
restoration, permeable pavement, bioswale construction
and conventional grey-infrastructure construction,
adjusted to local currency and 2025 US dollar terms
using purchasing-power-adjusted construction cost
indices. Co-benefits were valued using established
benefit-transfer approaches for urban heat mitigation
(avoided cooling energy and heat-related health cost),
habitat and biodiversity provision, and recreational
amenity, expressed as a present value over a 30-year
horizon using a 3% discount rate.

2.6 Statistical analysis

Cross-city comparisons of flood-extent reduction, surge
attenuation, and cost-effectiveness ratios were
summarised as means and ranges across the four cities;
relationships between restored wetland/mangrove width
and surge attenuation were assessed by linear
regression. All analyses were performed in Python 3.11
using numpy, pandas and scipy.

3. RESULTS

Across the four cities, the combined NBS scenario
reduced simulated 100-year design-storm peak flood
extent by a mean of 34% relative to baseline (range 22%
in Lagos to 46% in Rotterdam), compared with a mean
reduction of 41% under the grey-infrastructure scenario
(range 33-52%). Table 1 summarises simulated
flood-extent reduction and capital cost by scenario,
pooled across the four case-study cities.
Table 1. Simulated 100-year design-storm flood-extent
reduction and capital cost by scenario, pooled across the
four case-study cities (Rotterdam, Miami, Jakarta, Lagos).

Scenario
Mean
flood-extent
reduction (%)

Range
across
cities (%)

Median
capital cost
(USD million
per ha)

Wetland / mangrove
restoration

19 11 to 27 0.31

Permeable pavement
retrofit

12 4 to 21 0.48

Bioswale network 9 3 to 16 0.22

Combined NBS 34 22 to 46 0.64

Grey-infrastructure
upgrade

41 33 to 52 1.68

Flood-extent reduction is relative to each city's baseline scenario
under a common 100-year design storm combined with locally
projected 2050 sea-level rise. NBS: nature-based solutions.

Tidal wetland and mangrove restoration alone attenuated
simulated storm surge peak water levels by 0.12-0.31 m
per 100 m of restored intertidal width across the four
cities, with attenuation per unit width greatest in Jakarta

and Lagos, where restored mangrove stands achieved
higher effective vegetation density than the salt-marsh
restoration modelled for Rotterdam and Miami. Restored
width and surge attenuation were positively and
approximately linearly related across the simulated
restoration extents (Figure 1).

Figure 1. Simulated storm surge peak water level attenuation as a
function of restored tidal wetland or mangrove width, across the
four case-study cities, showing a positive, approximately linear
relationship and greater attenuation per unit width in the
tropical/subtropical mangrove-restoration cities (Jakarta, Lagos)
than in the temperate salt-marsh-restoration cities (Rotterdam,
Miami).

Permeable pavement and bioswale retrofits reduced
simulated pluvial peak runoff in high-density catchments
by 18-29% across the four cities but provided limited
additional flood-extent reduction in scenarios dominated
by storm surge rather than rainfall, most notably in
Miami, where surge inundation extent under the
permeable pavement and bioswale scenarios individually
differed by less than 4 percentage points from baseline.
Table 2. Cost-effectiveness and 30-year valued co-benefits
of the combined NBS scenario, by case-study city.

City
Flood-extent
reduction (%)

Cost relative to grey
infrastructure (%)

Valued
co-benefits
(USD million
per km2)

Rotterdam 46 47 2.1

Miami 31 44 1.8

Jakarta 37 31 4.6

Lagos 22 29 3.3

The combined NBS scenario achieved its simulated
flood-extent reduction at approximately 38% of the
median per-hectare capital cost of the grey-infrastructure
scenario (interquartile range across cities 29-47%), and
co-benefits from urban heat mitigation, habitat provision
and recreational amenity were valued at an additional
USD 1.8-4.6 million per km2 of intervention area over the
30-year assessment horizon, a benefit category not
captured in the grey-infrastructure scenario. Table 2
reports cost-effectiveness and valued co-benefits by city.

4. DISCUSSION

These results indicate that, in the four coastal cities
examined, well-sited nature-based solutions can
approach but do not fully match the physical
flood-risk-reduction performance of conventional grey

3
Climatica | ISSN 2989-5391 (Online) | https://trpubonline.org/index.php/Climatica

10.5281/zenodo.22817405

https://doi.org/10.5281/zenodo.22817405


DOI: Colombo et al. (2026) Vol 4 | Issue 1 | pp. 1–6 | 2026

infrastructure under a severe design storm, while
achieving that performance at substantially lower capital
cost and generating co-benefits that grey infrastructure
does not provide, consistent with prior cost-effectiveness
assessments of coastal ecosystem-based defences [3,7]
and extending that evidence with a harmonised,
cross-city comparison against a common
grey-infrastructure benchmark.
The finding that tidal wetland and mangrove restoration
attenuated storm surge more effectively per unit restored
width in Jakarta and Lagos than in Rotterdam and Miami
is consistent with known differences in wave attenuation
between structurally dense mangrove stands and
lower-density temperate salt-marsh vegetation [5,6], and
suggests that the surge-attenuation benefit of coastal
wetland restoration, and hence its relative
cost-effectiveness against grey infrastructure, is likely to
be greater in tropical and subtropical cities with
mangrove restoration potential than in temperate cities
restricted to salt-marsh vegetation.
The limited additional flood-extent reduction from
permeable pavement and bioswale retrofits in the
surge-dominated Miami scenario, set against their
comparatively strong performance against pluvial
flooding across all four cities, indicates that green
stormwater infrastructure functions primarily as a
rainfall-runoff management measure rather than a
coastal defence, and should be planned and evaluated
as a complement to, not a substitute for, surge-oriented
interventions in cities where storm surge is the dominant
flood driver [8,9]. This distinction has direct relevance for
coastal cities allocating limited adaptation budgets
across measures with different primary hazard functions.
Several limitations should be considered. First,
intervention extents were constrained by locally available
land and planning data rather than set to a uniform areal
target, so cross-city comparisons of absolute flood-extent
reduction partly reflect differing intervention scale as well
as differing NBS performance per unit area; the
cost-effectiveness ratios reported here are intended to
partially control for this by normalising outcomes to cost
and area. Second, co-benefit valuation relied on
benefit-transfer methods rather than city-specific primary
valuation studies, and absolute co-benefit magnitudes
should be treated as indicative rather than precise. Third,
our design-storm scenarios represent a single 100-year
event combined with 2050 sea-level rise; NBS
performance under compound or sequential flood
events, and under end-of-century sea-level rise
magnitudes, was not assessed and may differ from the
results reported here, particularly for vegetated defences
whose function depends on the pace of vertical accretion
relative to sea-level rise [15,16].

5. CONCLUSION

A harmonised comparative assessment across four
coastal cities shows that combined nature-based
solutions reduced simulated 100-year design-storm flood

extent by a mean of 34%, approaching but not matching
the 41% mean reduction achieved by conventional grey
infrastructure, while requiring only about 38% of the
median grey-infrastructure capital cost and generating
substantial additional co-benefits. Coastal wetland and
mangrove restoration attenuated storm surge most
effectively in tropical and subtropical settings, while
permeable pavement and bioswale retrofits were most
effective against pluvial rather than surge-driven
flooding. These findings support deploying nature-based
solutions as cost-effective components of hybrid
grey-green flood defence systems in coastal cities, with
the specific mix of measures tailored to each city's
dominant flood driver, rather than as uniform substitutes
for grey infrastructure.
Acknowledgements
The authors thank the municipal water management
authorities of Rotterdam and the hydrological modelling
support staff at the Loire University Center for Climate Data
Analysis for assistance with drainage network data
acquisition, and colleagues at the Douro Institute of Climate
Science for helpful discussion of coastal wetland
restoration design parameters.
Funding
This work was supported by internal research funds from
the Tyrrhenian University of Climate and Sustainability, the
Loire University Center for Climate Data Analysis, and the
Douro Institute of Climate Science. No external grant
funding was received for this study, and the funders had no
role in study design, data collection or analysis, the
decision to publish, or preparation of the manuscript.
Conflict of Interest
The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
Author Contributions
K.C. conceived and supervised the study, developed the
coupled hydrodynamic-hydrological modelling framework,
and led the writing of the manuscript. P.N. curated
municipal and satellite-derived geospatial data and led the
cost and co-benefit assessment. A.J. led the design and
parameterisation of the wetland and mangrove restoration
scenarios and the surge-attenuation analysis. All authors
contributed to writing and approved the final manuscript.
Ethics Statement
This study used publicly available municipal, national and
satellite-derived geospatial, hydrological and economic
datasets, and did not involve human participants, animal
subjects, or field data collection requiring ethical review.
Data Availability
Bathymetry, topography and drainage network data used in
this study were obtained from national and municipal
open-data portals as cited in the Methods. Processed
model configurations, simulation output and analysis scripts
supporting the findings of this study are available from the
corresponding author on reasonable request.

REFERENCES

4
Climatica | ISSN 2989-5391 (Online) | https://trpubonline.org/index.php/Climatica

10.5281/zenodo.22817405

https://doi.org/10.5281/zenodo.22817405


DOI: Colombo et al. (2026) Vol 4 | Issue 1 | pp. 1–6 | 2026

1. Neumann B, Vafeidis AT, Zimmermann J, Nicholls RJ
(2015) Future coastal population growth and exposure to
sea-level rise and coastal flooding: a global assessment.
PLOS ONE 10(3):e0118571.
https://doi.org/10.1371/journal.pone.0118571

2. Kirezci E, Young IR, Ranasinghe R, Muis S, Nicholls RJ,
Lincke D, Hinkel J (2020) Projections of global-scale
extreme sea levels and resulting episodic coastal flooding
over the 21st century. Scientific Reports 10:11629.
https://doi.org/10.1038/s41598-020-67736-6

3. Temmerman S, Meire P, Bouma TJ, Herman PMJ,
Ysebaert T, De Vriend HJ (2013) Ecosystem-based coastal
defence in the face of global change. Nature 504:79-83.
https://doi.org/10.1038/nature12859

4. Sutton-Grier AE, Wowk K, Bamford H (2015) Future of our
coasts: the potential for natural and hybrid infrastructure to
enhance the resilience of our coastal communities,
economies and ecosystems. Environmental Science &
Policy 51:137-148.
https://doi.org/10.1016/j.envsci.2015.04.006

5. Moller I, Kudella M, Rupprecht F, Spencer T, Paul M, van
Wesenbeeck BK, Wolters G, Jensen K, Bouma TJ,
Miranda-Lange M, Schimmels S (2014) Wave attenuation
over coastal salt marshes under storm surge conditions.
Nature Geoscience 7:727-731.
https://doi.org/10.1038/ngeo2251

6. Menendez P, Losada IJ, Torres-Ortega S, Narayan S, Beck
MW (2020) The global flood protection benefits of
mangroves. Scientific Reports 10:4404.
https://doi.org/10.1038/s41598-020-61136-6

7. Narayan S, Beck MW, Wilson P, Thomas CJ, Guerrero A,
Shepard CC, Reguero BG, Franco G, Ingram JC,
Trespalacios D (2017) The value of coastal wetlands for
flood damage reduction in the northeastern USA. Scientific
Reports 7:9463.
https://doi.org/10.1038/s41598-017-09269-z

8. Narayan S, Beck MW, Reguero BG, Losada IJ, van
Wesenbeeck B, Pontee N, Sanchirico JN, Ingram JC,
Lange GM, Burks-Copes KA (2016) The effectiveness,
costs and coastal protection benefits of natural and
nature-based defences. PLOS ONE 11(5):e0154735.
https://doi.org/10.1371/journal.pone.0154735

9. Spalding MD, Ruffo S, Lacambra C, Meliane I, Hale LZ,
Shepard CC, Beck MW (2014) The role of ecosystems in
coastal protection: adapting to climate change and coastal
hazards. Ocean & Coastal Management 90:50-57.
https://doi.org/10.1016/j.ocecoaman.2013.09.007

10. Kirwan ML, Megonigal JP (2013) Tidal wetland stability in
the face of human impacts and sea-level rise. Nature
504:53-60. https://doi.org/10.1038/nature12856

11. Gedan KB, Kirwan ML, Wolanski E, Barbier EB, Silliman
BR (2011) The present and future role of coastal wetland
vegetation in protecting shorelines: answering recent
challenges to the paradigm. Climatic Change 106:7-29.
https://doi.org/10.1007/s10584-010-0003-7

12. Costanza R, Perez-Maqueo O, Martinez ML, Sutton P,
Anderson SJ, Mulder K (2008) The value of coastal
wetlands for hurricane protection. AMBIO 37(4):241-248. ht
tps://doi.org/10.1579/0044-7447(2008)37[241:TVOCWF]2.0
.CO;2

13. Barbier EB (2015) Valuing the storm protection service of
estuarine and coastal ecosystems. Ecosystem Services
11:32-38. https://doi.org/10.1016/j.ecoser.2014.06.010

14. Ahern J (2013) Urban landscape sustainability and
resilience: the promise and challenges of integrating
ecology with urban planning and design. Landscape
Ecology 28:1203-1212.
https://doi.org/10.1007/s10980-012-9799-z

5
Climatica | ISSN 2989-5391 (Online) | https://trpubonline.org/index.php/Climatica

10.5281/zenodo.22817405

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118571
https://www.nature.com/articles/s41598-020-67736-6
https://www.nature.com/articles/nature12859
https://www.sciencedirect.com/science/article/pii/S1462901115000737
https://www.nature.com/articles/ngeo2251
https://www.nature.com/articles/s41598-020-61136-6
https://www.nature.com/articles/s41598-017-09269-z
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154735
https://www.sciencedirect.com/science/article/pii/S0964569113002583
https://www.nature.com/articles/nature12856
https://link.springer.com/article/10.1007/s10584-010-0003-7
https://link.springer.com/article/10.1579/0044-7447(2008)37%5B241:TVOCWF%5D2.0.CO;2
https://link.springer.com/article/10.1579/0044-7447(2008)37%5B241:TVOCWF%5D2.0.CO;2
https://link.springer.com/article/10.1579/0044-7447(2008)37%5B241:TVOCWF%5D2.0.CO;2
https://www.sciencedirect.com/science/article/pii/S2212041614000629
https://link.springer.com/article/10.1007/s10980-012-9799-z
https://doi.org/10.5281/zenodo.22817405


DOI: Colombo et al. (2026) Vol 4 | Issue 1 | pp. 1–6 | 2026

15. Kabisch N, Frantzeskaki N, Pauleit S, Naumann S, Davis
M, Artmann M, Haase D, Knapp S, Korn H, Stadler J,
Zaunberger K, Bonn A (2016) Nature-based solutions to
climate change mitigation and adaptation in urban areas.
Ecology and Society 21(2):39.
https://doi.org/10.5751/ES-08373-210239

16. Ruangpan L, Vojinovic Z, Di Sabatino S, Leo LS,
Capobianco V, Oen AMP, McClain ME, Lopez-Gunn E
(2020) Nature-based solutions for hydro-meteorological risk
reduction: a state-of-the-art review of the research area.
Natural Hazards and Earth System Sciences 20:243-270.
https://doi.org/10.5194/nhess-20-243-2020

17. Debele SE, Kumar P, Sahani J, Marti-Cardona B, Mickovski
SB, Leo LS, Porcu F, Bertini F, Montesi D, Vojinovic Z, Di
Sabatino S (2019) Nature-based solutions for
hydro-meteorological hazards: revised concepts,
classification schemes and databases. Environmental
Research 179:108799.
https://doi.org/10.1016/j.envres.2019.108799

18. Seddon N, Chausson A, Berry P, Girardin CAJ, Smith A,
Turner B (2020) Understanding the value and limits of
nature-based solutions to climate change and other global
challenges. Philosophical Transactions of the Royal Society
B 375:20190120. https://doi.org/10.1098/rstb.2019.0120

19. Fletcher TD, Shuster W, Hunt WF, Ashley R, Butler D,
Arthur S, Trowsdale S, Barraud S, Semadeni-Davies A,
Bertrand-Krajewski JL, Mikkelsen PS, Rivard G, Uhl M,
Dagenais D, Viklander M (2015) SUDS, LID, BMPs, WSUD
and more: the evolution and application of terminology
surrounding urban drainage. Urban Water Journal
12(7):525-542.
https://doi.org/10.1080/1573062X.2014.916314

20. Ahiablame LM, Engel BA, Chaubey I (2012) Effectiveness
of low impact development practices: literature review and
suggestions for future research. Water, Air, & Soil Pollution
223:4253-4273. https://doi.org/10.1007/s11270-012-1189-2

21. Zolch T, Henze L, Keilholz P, Pauleit S (2017) Regulating
urban surface runoff through nature-based solutions: an
assessment at the micro-scale. Environmental Research
157:135-144. https://doi.org/10.1016/j.envres.2017.05.023

22. Liu W, Chen W, Peng C (2014) Assessing the effectiveness
of green infrastructure on urban flooding reduction: a
community scale study. Ecological Modelling 291:6-14.
https://doi.org/10.1016/j.ecolmodel.2014.07.012

23. Alves A, Gersonius B, Kapelan Z, Vojinovic Z, Sanchez A
(2019) Assessing the co-benefits of green-blue-grey
infrastructure for sustainable urban flood risk management.
Journal of Environmental Management 239:244-254.
https://doi.org/10.1016/j.jenvman.2019.03.036

24. Depietri Y, McPhearson T (2017) Integrating the grey,
green, and blue in cities: nature-based solutions for climate
change adaptation and risk reduction. In: Kabisch N, Korn
H, Stadler J, Bonn A (eds) Nature-Based Solutions to
Climate Change Adaptation in Urban Areas. Springer, pp
91-109. https://doi.org/10.1007/978-3-319-56091-5_6

25. Hobbie SE, Grimm NB (2020) Nature-based approaches to
managing climate change impacts in cities. Philosophical
Transactions of the Royal Society B 375:20190124.
https://doi.org/10.1098/rstb.2019.0124

26. Miller JD, Hutchins M (2017) The impacts of urbanisation
and climate change on urban flooding and urban water
quality: a review of the evidence concerning the United
Kingdom. Journal of Hydrology: Regional Studies
12:345-362. https://doi.org/10.1016/j.ejrh.2017.06.006

27. Waltham NJ, Elliott M, Lee SY, Lovelock C, Duarte CM,
Buelow C, Simenstad C, Nagelkerken I, Claassens L, Wen
CKC, Barletta M, Connolly RM, Gillies C, Mitsch WJ,
Ogburn MB, Purandare J, Possingham H, Sheaves M
(2020) UN Decade on Ecosystem Restoration 2021-2030:
what chance for success in restoring coastal ecosystems?
Frontiers in Marine Science 7:71.
https://doi.org/10.3389/fmars.2020.00071

28. Griscom BW, Adams J, Ellis PW, Houghton RA, Lomax G,
Miteva DA, Schlesinger WH, Shoch D, Siikamaki JV, Smith
P, Woodbury P, Zganjar C, Blackman A, Campari J, Conant
RT, Delgado C, Elias P, Gopalakrishna T, Hamsik MR,
Herrero M, Kiesecker J, Landis E, Laestadius L, Leavitt SM,
Minnemeyer S, Polasky S, Potapov P, Putz FE, Sanderman
J, Silvius M, Wollenberg E, Fargione J (2017) Natural
climate solutions. Proceedings of the National Academy of
Sciences 114(44):11645-11650.
https://doi.org/10.1073/pnas.1710465114

6
Climatica | ISSN 2989-5391 (Online) | https://trpubonline.org/index.php/Climatica

10.5281/zenodo.22817405

https://www.ecologyandsociety.org/vol21/iss2/art39/
https://nhess.copernicus.org/articles/20/243/2020/
https://www.sciencedirect.com/science/article/pii/S0013935119305612
https://royalsocietypublishing.org/doi/10.1098/rstb.2019.0120
https://www.tandfonline.com/doi/full/10.1080/1573062X.2014.916314
https://link.springer.com/article/10.1007/s11270-012-1189-2
https://www.sciencedirect.com/science/article/pii/S0013935117302108
https://www.sciencedirect.com/science/article/pii/S0304380014003241
https://www.sciencedirect.com/science/article/pii/S0301479719303363
https://link.springer.com/chapter/10.1007/978-3-319-56091-5_6
https://royalsocietypublishing.org/doi/10.1098/rstb.2019.0124
https://www.sciencedirect.com/science/article/pii/S2214581817300272
https://www.frontiersin.org/articles/10.3389/fmars.2020.00071/full
https://www.pnas.org/doi/10.1073/pnas.1710465114
https://doi.org/10.5281/zenodo.22817405

