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ABSTRACT: We've compared and conceptually evaluated the newly emerging concept of nature-based solutions (NbS’s), in
the aspect of water management, and existing similar solutions of different naming, all of which are based on ecosystem
functions. In this study, it is found that NbS's seem significant and meaningful both educationally and understandably in the
aspect that it can comprehensively cover and include the existing methodologies and solutions using the functions of natural
ecosystem to socio-environmental challenges. It, however, seems not quite different from the broad-meaning of green infra,
including Eco-DRR, in terms of the approaching methodologies in water management. The conceptual and spatial hierarchy
of each practice in water management considered in this study can be expressed in the narrowing order of NbS-
(EE)-BGI-(CRT)-GI-LID. Last, the term LID, which is the best management practice for storm water management in the
development project, can be replaced with the term Gl for clarification and less confusion both in academia and practice.
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Fig. 1. A categorization of NbS’s according to the levels
of engineering applied to ecosystems and of ecosystem
services delivery (Eggermont et al. 2015).
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Table 1. A categorization of existing ecosystem-related approaches with different approaches of NbS’s (IUCN 2016)

Category of NbS approaches

Examples

Ecosystem restoration approaches

Ecological restoration
Ecological engineering
Forest landscape restoration

Issue-specific ecosystem-related approaches

Ecosystem-based adaptation
Ecosystem-based mitigation
Climate adaptation services
Ecosystem-based disaster risk reduction

Infrastructure-related approaches

Natural infrastructure
Green infrastructure

Ecosystem-based management approaches

Integrated coastal zone management
Integrated water resources management

Ecosystem protection approaches

Area-based conservation approaches including protected area
management

 Eco-disaster risk reduction (SENH|Z |8t KH&H 2RI &)

) o
.‘HD o < @
0/ Q .

o chﬂ\eQ@

Fig. 2. NbS as an umbrella term for ecosystem-related
approach (IUCN 2016).
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Sk PSS 29 e =A NbSE E3Hsto]
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23l sPHof| 24e Baeo] o] BHE AHAY V&
(Naturnaher Wasserbau) 52 373t} o]7] 4] ‘Na-
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Z|fsti ‘LAY shAE7) ol B AHAH 3t
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4. ME2NbSFst

oJof| A A A B} chekst 7| & 2ped 7] HE o oLt 3
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Table 2. Major areas of EE and corresponding cases (Mitsch and Jorgensen 2004)

Major areas

Cases

1. Sustainable use of
ecosystem

Traditional uses of ecosystem: Natural resources (woods for building material and
firewood), nexus of agriculture and forest, nexus of agriculture and aquaculture

2. Purification using ecological

function and reuse

Purification of air, soil, and water using microbe and plants and disposal of waste

3. Mitigation of natural
environmental degradation

Avoidance, reduction, replacement, creation, and restoration of natural environment

4. Enhancement of amenity
using organism

Hyman-oriented amenity enhancement by architecting ecological landscape

oAl Odumeof 9J3 A5 FH AC=2A (Odum
1962), =92 ti/dol= e A 2] A&7 a3 o]-&, A
BA 75 ol-§3t 2443}, AT L] A%,
AE-Z 0|83 2/ (amenity) &] 57 o]t} (Mitsch
2012). o] 2} T2 Ae|7] 9] thiRokE TAIX R
A A5} Table 22F T,

Table 2] EE %= 2 50k} Fig. 1©] NbS 9] 532 A}
M)l 5}, Table 2] F-oF 12 Fig. 1 2] 2 A {3 o]
B gstar, U A] o=t 33 3¢ sfigeict. ot
2hA] EE= A4 0 2 53 39 afjgeirtar g = qlck

4.2 ME§A7 |4 DRR

Y| A 7|5 DRR 55 Eco-DRR |2} 5}, A
Alell 715k, e A 9 22} 7] 52 o] 8]k AFA Al
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2 A&7V shHA] 3= A (resilience) 0] =2 7))
e 3= Al de Ash] el AEAE A<
Fs 3 e, B, HHsk= Aot} (Estrella and
Saalismaa 2013). o]7]4] 3] &gt} Jolgt | f.Z-A o
ot ujsf =i E A o2 i wEA 3 Esh= 5
2l ofu|ghy,

o] -§-o|= TLe} ISR A 7] of] 220]7] A ASE o] 21}
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EBA) 7l'g 1} w9~ frARRE ol 9ok (UNEP 2015). 5+
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], ThRt o]- 852 o] A At 7] 3432 913t A o]
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Table 13} 240] 0] % 7l 5% zjelo] 7]uta}ar et

N

= ol 4 NbSe} & 4= i,
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Table 3. Selected hazard-mitigation functions of ecosystems (CNRD/PEDRR 2013)

ECOSYSTEM

REGULATING SERVICES - HAZARD MITIGATION

Mountain forests and
other vegetation on
hillsides

« Vegetation cover and root structures protect against erosion and increase slope stability
by binding soil together, preventing landslides.

« Forests protect against rockfall and stabilise snow reducing the risk of avalanches.

« Catchment forests, especially primary forests, reduce risk of floods by increasing infiltration
of rainfall, and delaying peak floodwater flows, except when soils are fully saturated.

« Forests on watersheds are important for water recharge and purification, drought mitigation
and safeguarding drinking water supply for some of the world’s major cities.

Wetlands and
floodplains

» Wetlands and floodplains control floods in coastal areas, inland river basins, and mountain
areas subject to glacial melt.

« Peatlands, wet grasslands and other wetlands store water and release it slowly, reducing
the speed and volume of runoff after heavy rainfall or snowmelt in springtime.

« Coastal wetlands, tidal flats, deltas and estuaries reduce the height and speed of storm
surges and tidal waves.

Coastal ecosystems,
such as mangroves,
saltmarshes, coral reefs,
barrier islands and sand
dunes

« Coastal ecosystems function as a continuum of natural buffer systems protecting against
hurricanes, storm surges, flooding and other coastal hazards — a combined protection
from coral reefs, seagrass beds, and sand dunes/coastal wetlands/coastal forests is
particularly effective. Research has highlighted several cases where coastal areas
protected by healthy ecosystems have suffered less from extreme weather events than
more exposed communities.

« Coral reefs and coastal wetlands such as mangroves and saltmarshes absorb (low-
magnitude) wave energy, reduce wave heights and reduce erosion from storms and
high tides.

» Coastal wetlands buffer against saltwater intrusion and adapt to (slow) sea-level rise
by trapping sediment and organic matter.

» Non-porous natural barriers such as sand dunes (with associated plant communities)
and barrier islands dissipate wave energy and act as barriers against waves, currents,
storm surges and tsunami.

Drylands

* Natural vegetation management and restoration in drylands retain moisture to ameliorate
the effects of drought and control desertification, as trees, grasses and shrubs conserve
soil.

 Shelterbelts, greenbelts and other types of living fences act as barriers against wind
erosion and sand storms.

» Maintaining vegetation cover in dryland areas, and agricultural practices such as use
of shadow crops, nutrient enriching plants, and vegetation litter increases resilience to
drought.

A A EHE §edohE RS ashe ol el
sk 9.
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Yo7} EU (EC 2013)8} 4 (MOE 2016)2 19
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A ApA] 24, ZARA GO B S 55
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Qroleh= Ak alefshH A/ £t (Dickson 2013).
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At S 2 4 (MOLIT/Busan Univ. 2012 - 2018), &
5| Ao} R ool E9-pejo] 4L Wi
25 Gl 7o) Fa4o] BjElo] 201640} B
OfIA] W 0] AERS Welo] mAIA| 2JollA] Gl 44
2 9lat ATE AFshelck. et 1 Ak o) 2o
= ARG hro] Tejz Solgle.

Bl Sl A LID Aol w4 Sofsk ek
557l HgE= St GL7go] S0l WA &
o] £&, F&EE o] ARgE o] th= Holok I12u &
AZEARRI o1 71E AR ol AHAFE & B4
A s A AP A QL A 7 RE A
WOk S84, AXA o2 aesh= Ao AU A
ojth. A AR o] F; A d AR A= IR
e A2t sz SgE of 7haL Qle). whehA =&
o 1t =2 wjstal A g2 Aatstr| flsiA &
A 7NLAG | A Fofid =0 A2t 5 & A9t
7857F o™ LIDEh= §-0] AR AlEdtofoF & A
ot}

olz|eko 2 LID}Fig. 1 2JNbS 9] -5-3-&- A& H|
S, o= 73 39 sligohe A s Helck

2

4.5 XA SI7|& (CRT)

np2|afo 2 2pof 718k & S oL 7] ol A
Bl of) 2748 %0 CRT (close-to-river techniques)
of 4t gi4pol oifal A=, CRTE el L,
2 = 5 Ao, B0l Hojgls BN RS o] gt
ahalo] e Ahelah el 1A T Hole) 4
ofat = 9ic. o] 2u} A 2o] AAF} Hefo] 2
o]t} (MOE/KICT 1999, MOE/KICT 2001). ¢]7]4]
R 520] 2 %L o] 2u} = PR EES} (soil bio-engin-
eering)2 3 of| 2-8-3F Fo|tt.

A1 51717142 heo} sleke] 1 a/gl 7)4o)
Wk g Qlzke) 2% (4ol She/
71 5) A7t Abeka 1o k2 Al A A

2

£

of

d

Qo
rEI Fll‘
i



22

H. Woo and S.-W. Han / Ecology and Resilient Infrastructure (2020) 7(1): 15-25

— T —

Ni/\:/\'\/

floodplain

1 |
) Working with natural
Natural river / \| processes / Natural !
1 /Flood Management / 1
1 1

engmeenng >

G Y
engineering

Fig. 3. Range of the broad-meaning of green infra within
a context of river management (NERC 2017).
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Table 4. Summary of NbS and the similar concepts and practices

Type

Basic concept

Targets
(scope)

Notes

Solving socio-environmental

Socio-environmental

- Emerged from 2000 as an overarching concept of
existing similar ones (utilization and mimicking of

NbS issues using ecosystem issues ecological functions)
9 4 - Introduced to Korea since the late 2010s, its meaning
and significance not established yet
. - Started in USA since 1960 as a new engineering
Integrated design of human . . o
EE society and ecosvstem Environmental issues discipline
y ¥ - A relevant academic society created in Korea, 2013
Eco- Reduction of disaster - Another type of NbS
DRR risk by protection and Disaster risk management | - May be called DRR-green infra for better
management of ecosystem understanding and dissemination
(narrow meaning) Urban - Urban stormwater - Started in USA, 1980s as broad meaning, but focused
storm water management by by USEPA water quality group on the quantitative
N management i e
mimicking nature and qualitative treatment of stormwater
- Ecosystem management The broad P ferred in E BGI
al . both in built and natural | ~ o < Proad meaning Is preterred in burope as bt
(broad meaning) . - Extended to disaster risk reduction management in
- . . environments .
Solving socio-environmental | Disaster risk Europe and Japan (DRR-green infra)
issues by ecosystem management - Adopted to Korea since the late 2000s (MOE/Korea
management 9 Univ. 2009) and used mixed with the concept of LID
- Started in USA since 1990s as a BMP (now being
LID Maln.tglnlng hydrological Land development works gradually merged to .GI) .
condition at pre-development - In Korea, relevant national research projects started
since 2010 (Technical guidelines published by EPA)
- Utilized in German-speaking countries in Europe
Use of natural material in since the 18century as river work techniques (soil
CRT | river works and restoration of | River restoration works bioengineering)

natural river morphology

- Adopted in Korea in the mid-1990 by MOE/KICT and
disseminated nationwide soon
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Fig. 4. Conceptual diagram for the hierarchy of NbS and
similar practices (dotted line means EE is somewhat
different from others as it is an engineering discipline).
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