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- This study confirmed that the wetlands ecosystem services provide a range of services, particularly educational and
research, cultural heritage, and the provision of habitat.
- The study results can be used as basic data and help to prepare for ecological management in the border area of

the Han River Estuary.
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Abstract: The conservation of wetland ecosystems has a significant role in climate
change. Notably, the Han River Protected Area, including the Siam-ri wetland and
Janghang wetland, provides high biodiversity value. Thus, it is necessary to com-
prehensively evaluate the function and value of wetland ecosystems. This study
evaluated the ecosystem services of Siam-ri and Janghang Wetlands located in the Han
River Protected Area using the Rapid Assessment Wetland Ecosystem Services
approach, a function-oriented ecosystem analysis. The results were calculated using the
Ecosystem Services Index formula to analyze wetland ecosystem services. We also
assessed the key ecosystem services based on a focus group interview. We identified
that the supporting and cultural services index scores were relatively high in the study
area. The results can provide helpful information for sustainable wetland conservation,
conservation planning as primary data, and raising awareness for the Han River Pro-
tected Area.
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A7 Azl Al Algste MulLe ¢ thefsitt.
A7} A7 Al F= B9l A Aul2s vt
Na-S B4 2T STt Costanza et al. (1997) <1
7o) AEjA 715028 E A B 1Ao7 o]Fo]
U Hejo R Aolote] oM, Daily (1997)& L &
= Sl a7E = BeuF A Aste] itk fAlst
7] St A A o] =17 v oz A OlSHAIT de
Groot et al. (2002)= 1710 B & FFHA]7]7] S8 A
2 AT @40 BitsE o= Aofsteitt AEAlE
gFor QIR JF2 7] diwol A e AL

et ARl A A 2o dieh g ojot Bk AT Atk
(Mace et al. 2012; Robinson et al. 2013). 12U A&7 s
St AEiAl ] o] SHolM= AEA 7153 AHAE 3
7¥ste] 4R Bl 7IZke] SAPEAS A Ysk= Zlo] T2
Z) 31 ITh(Crossman et al. 2013; Robinson et al. 2013).

@A ] 7] 5HS} 917 -3 SHoA BEvFd B,
7153} &8} 7)5o] Hold 52| AHA 9] Fa-d0] A
253 ok Iy 54 AHAlE 197013 ©1F A AlA
Hog X4 35HAMET AN HA ST wpA o
H|5f] 3ufit w27 &AE] 2 Qltk(Ramsar Convention
2018a). National Institute of Ecology (2021a)°]] TL]'_ H,

715 sk QIS St 715 WA A Sk = Yss
A Bz} 7HESE = ﬁﬁi A=Ak el ol o
€ Md, EXjo]g A 9] WHEo s A% S WSS
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Ay %Zliix]"“‘% g5 JAA G oz FHSY
2= A2 EaAos o4 Aeaite fAlske
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Oif‘ﬂ (Platalea minor) 5 =AA BEH7152] X212t

A, S V1A= dHA Qo dEAor 1A
%5— A, X FEe AGEEA 5 7 TR A
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ATH(Choi et al. 2020, 2023b). FAH O 2 E K} A]
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o] Q) OH (EAAFP 2023), 20040l A X FHTHI]
(BirdLife International)”} A|Ash= 2 2HF AECHF
/3 A4 (Important Bird and Biodiversity Area) 2 2= 7|
“J =]t (BirdLife International 2023). 20213 %l= 3}
5A]7F HALZ (Ramsar) SA 2 555 2 tH(Ramsar Con-
vention 2021). HRIE AETIFY T3 52 BE, A
2t 9] 2|& 753t o S S5 SR H e
o2 v Fagh A& Skl Itk (Lim and Choi 2022).
T1efut o gk e A gl e EEekal RSk

3 S EATPER A% EAolg stz opE AR

o AL A2 SAE D g, e &
A7k Ageks BB 7HAlel thet sk ey
o EZo] Wash ol). B3], sl A A
2} 7420 sk Askelo] Waska, dEe AR 44
e Fardel tiek AB7PE Laste Tev 9%
817 SARTAG e T A Ao §7 AEA
BT TS 9% V)% ARAZEA AV 4

ojof B AN HATIX7} &S FFett SA] B

Z| o] AefA e viot A Ak At AefA v A 7F
0|72 stsich AElA 71x] grte] Ao 2 MelA A
2 @77t sE|gon], o5 Jko R tlket Bt
& #35tel Fag P Be) 048 w5t
sl Aofe] S el Bel weke ANSTA
*ﬂ ZPE’LOﬂ ﬂi o A 01 Zﬂ eHe Aol
toto]

1o
Joi 1o oH,
rﬁ

Z

th

2 GTollAe e Rt AR el HoA
2 o}k (Fig. 1).
shtis S Fa SIS 2o skl WA
w0} QA 93, AmA] AlekE] E @ FA A7t
Fp ghRoto] Sete] et HEA okt
5] o}, SRSt AAXdor
o] dH oFrgA7t WA Baxstu glch hEsAs

9.452 km?°|™, A5 (SHAH) = 346.979 km’E &
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Fig. 1. Study site locations based on the Han River Estuary Wetland Protected Area map by the Ministry of Environment (2023).

2.2 35643 km?°]th(Jeon et al. 2008). SH3ASH- X
Al drfjo] 739 E2H, tistHo] AdGR|e AR FE
o, FARAEARS T, AR FPAETY, B4
AR B R] o] axgtE|o] Qlrt, A5 Al= HEHL
oF A Afolofl A%} 524, sk AEe] Yert
£ SHEAR AWE weo] -5t ot <5419
52 55tt 5) 9lo] A Hepedoa g7l
SATG oIt AltE] A1 A E TR SATS
o= E9Jo] AAsH A A 1% 2 Al T
o] 2 22 9] 2] Hasirt
22, AR =
Qe 2 AFoAe 44

H| 2 ZFo] T 7HH (Rapid Assessment Wetland Ecosystem
Services, RAWES; RRC-EA 2020)< 12+ B7} ®jetog
285kt o] B7HH-E Al132F HAEFCF F3]oflA A
g PEc s qAA R SR ittt HF-E4H4 H
7}l &-2-Hth(Ramsar Convention 2018b). RAWESE= =
Ao r F e 20 = Ao A glov, A
T tgAofl Thigt o] AlRtE]= Ag=ollA & Aol A
= 22t H7HE F35k3it o] T2 AT HA (Focus
Group Interview, FGI)< ‘&9l o|Fo& 2™, FGIe| =z}
RAWES Ao tjgt HESF 9 AJeA] An]2of gt
Ol 9ol FIYE UL FGIE= g A|oflA A&52 o=

P55t QI AT 5484, B2t 50| 9TE

ZAdPstal = 7Y, SAARTE wgof ot vh e
=Y 9] NGO E571= iAo &2 19it). o] 5 RAWES 2
et FFEH o2 AGS YA e 84 58 AESH
BTt

2.2.1. RAWESE o| 238} 1A} T}

71 52 AEfAl] et Ad) Ao A= H2]9 7%
3 o
5]y

H}7]

= O

g, 529 5, 8 A 52 T S A
A17F AP = ATH(Choi et al. 2021). HEH o2 A
H7P (= A5 E 7P, Rapid Assessment
Method)& ©]-83t 52 AHA 7|5 77 A= 30
(Koo and Kim 2001), ZZol= #1342 FAIEZE3] 9
A 34 e F2] BEiA AEA ZFo]F 7 (RAWES,
RRC-EA 2020), 52 BEIA7} Algot= A A8} 71HA],
H79 B4 52 B7H 4 qls ol B7PE S o 85 B
AJo] Y=L ITH(Kim et al. 2019; Kim et al. 2021; Park
2021). =2 RdekEel EH 52 A 7Hx %t &
87g0f Tt A47F XY= A1 9L 2 W (National Institute of
Ecology 2021b), A7 W-5-& 55 RAWESE 483t &
2] G7E7F Y= 1 QITH(Kim et al. 2021; Park 2021).

2 A WA= FEL FAAGol A5k 9lof A
Ef A Au] o] et AAH B7He APsh=
o] gHAI7} 2lo] RAWESE o]-83t 13} B71=
H7FHE-2 RRC-EA (2020) 2]
71FE-2 W 8] At (Park 2021; Park et al. 2021; Lee
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Table 1. The Rapid Assessment Wetland Ecosystem Services assessment list

Ecosystem services

Provisioning Regulating Cultural Supporting
Fresh water Air quality regulation Cultural heritage Soil formation
Food Local climate regulation Recreation and tourism Primary production
Fuel Global climate regulation Aesthetic value Nutrient cycling
Fiber Water regulation Social relations Water recycling
Genetic resources Flood hazard regulation Educational and research Provision of habitat
Natural medicines Pest regulation
Ornamental resources Disease regulation
Clay, mineral, aggregate harvesting Erosion regulation
Waste disposal Wiater purification
Energy harvest Pollination

Salinity regulation
Fire regulation

Noise/visual buffering

735 RAWES 71322 = 33702 #As19loH, 35 Table 2. Description of Rapid Assessment Wetland Ecosystem
Mz 107), 2EAEI2 137, BEpAE|2 57, A gdau]  Servioes soores
A 5709 Mu|A S50 2 LAd5te] HIFSHGTH(Table 1). Score Contribution to ecosystem services
FEANIZAAE B (EF) T8, FH (D) B, A= ++ Significant positive contribution
B A9 T2, Ao B2, B 4L 2, 0 o e
Uit A 345, =J71E A, vA] Biks grixas 0 Negligible contribution
AAstATt AR A A= ti7|d 24d, XY n]r|$& - Negative contribution
ZA A AT 7122 A, 29 24, T590d 24, 34 -- Significant negative contribution
% 24, Az, A xA, AR A, sz Source: DEFRA (2007); RRC-EA (2020)
A, £23AF2E S PR BE Aokt EehA ] Ao
A kil F B, AdnA o], A eate] A, n+os: Importance value 1 (+)
24 90 AFVAS WARL ARALLE, QDA e 1 ()
Aol B, IR AR, BHRE B AT, e 2 ()
MAA A= 7 BE A5
RAWES B7} Z7}2 vfgto 2 Bq 13} 28 AL 7 oVIA BT 5 HERA, SR U 38
2 AYEf A AH] 2 QIEIA (Ecosystem Services Index, EST) = 2 (+4) Lo (5 8A 710), TRE 1(+) 053
= 37}5}9HRRC-EA 2020). (A4 719]), T8E 0(0) 04 (FAIET 7199), T8

& -1(-) 058 (FAH 710, F_E -2(--) -1.01

Ecosystem Services Index (S 2AA 7]ofy o g B75FATHDEFRA 2007; RRC-

_ 2i(n+10+ n+os)+(n-10+n-05) (Eq.1) EA 2020). 17} ZAPAL BRZAIE vjgtoa &H

X ftota RAWES B7HEE o]-8-5to] 71530t 2022 1185 H
n: Importance value 2023 39 Afojof ZIgFst om, FAH Bl A A o]
#+10: Importance value 2 (++) gt A27t=A 528 71et B E 8 9Fe]}l o=
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Wetland ecosystem services assessment in Han River Estuary

Table 3. Count data for frequencies of ecosystem services by
the Rapid Assessment Wetland Ecosystem Services approach

Ecosystem services n ++ + 0 - —_
Provisioning 33 6 23 0 4 0
Regulating 49 14 27 0 8 0
Cultural 23 8 14 0 1 0
Supporting 23 12 10 0 1 0

ZAMYA > FFAH| A > ESEAEIA > A A A S0
2 Yebgth 744 7]ols 2EAH| AT 2 AH| 20
H]5f| =A] YeREiTh o 3784 7]of 2] HlErt Z71et
w2} g2 of] gk A AH|A HEAE F7kete A
= HolSm, AeA AH| A {3 e S84 SVt
= A0SR & 4 QUTH(Table 3).

T jF RS E(EH) 3, 2 (A1) I
A, rdE TS =4 35, =J71E At By
t}. () FHA 7]olE ofal Qltkal gF e ot
ZAAB[2oA (W) F78A] 71915 Skl Aekal §F 7
52 d71d 24, A9 npr|exd, A 2 71524, &
9 24, JAZA, £AA5 SRR s xdolt
SEHotA oM, HAHA Vo= aghEe 2 doletal 39
Skt A H| 20 A (1) 384 7197} lvkaL
FE2 I 7 9 I, AR 71, A 9AEE]
A, 15 9 AFTA L Sk, () FgA
o5 ot QIThal g M2 QISiTh Al PAH| AoA = E
, AYEE £, B AT A4A Al

R

T = el

T,

[e]
o5 gty Hristei o, (u9)
TS FELS glict
520l Uit RAWESS HHEro 2 ESI B7} Ay} &
A= 123, ZAMH|AE 1.81, ZSAH|AE 2.90,
A1GAMHIAE 3,302 2 YERY T BF 24 (standard
errors) 2] 7-F- TFA R A 2.44, ZEMH| A= 377, B
SHAH| AL 1.89, A PUAH| AL 2 400 2 Vet FEA]
2 AFAdo] wkeg

=ck BSI A5 2
I A GAE| A > BSEAHIA > A M| A > FFA | A
=02 TEE QI X HAHA HIHEO] ThE AJH[ A
AT A DA H AT} =A] B7EE T (Fig. 2).

Al 5Alo] tigh ESIE 334 H A 0.73, 2EAH]

wo] EE0AF A b AOR F3
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Fig. 2. The results of the Ecosystem Services Index in the Jang-
hang wetland.
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Fig. 3. The results of the Ecosystem Services Index in the Siam-
ri wetland.

2E 046, FIAH|IAE 1,70, 2EAH|AE 21022 L
Bl 25 A s FFAYAE 1.44, ZEAHAE
1.83, ESHAHIAE 1.16, AYAHIAE 1,312 YERSTH
(Fig. 3). Al 2]5219] Al % 2 L] Eatl s P L
O] A MM~ 2F =2 o] RigE|o] ZFeat A
7]] 1,]—& Zog X—}Hr,]—
AA A Au| A GrrRo A 2 EAAH] A (39.3%)
oF FFAH2(30.3%) 7t w=2H(15.2%) 2t ¥ (15.2%) A
H| 2o v A o2 52 BixE ZA|sHA|T, ESIE=
AR e A Au] o] sl Frhet Atz FdEA
oF AetelEA] B A YA H|ALL A H A Tt 2
o] iﬂl L}E}‘*E}(Flg 4).
FTLAR k= ARkEAet AdEEAlelA ] 334
29 ZHMHAE T 5 Sl A HITE] A
LaS Hojoh A gidA] 9ol 53 B &
ASET AR Fol F7Fsta qlo] 71& 54 A
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Fig. 4. The results of the Ecosystem Services Index of the entire
Han River Estuary.
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Table 4. Key ecosystem services in the Janghang wetland based on a focus group interview (FGI)

Ecosystem service Rank Description

Fresh water + The river provides irrigation water to the nearby paddy and cropland.

Food + Cultivating the land is used for food production, while the watershed and provisioning of food
for humans and wildlife.

Wiater Disposal + Household sewage and agricultural wastes are underlying causes of water contamination.

Local climate regulation ++ The river estuary and wetland play an essential role in the microclimate regulation.

Water purification ++ The pollutants and substances that might cause eutrophication are mostly self-purified,
deposition and purification of contaminants due to aquatic life and water cycling processes
through marsh and reed downstream of the river.

Pollination + Insect species such as butterflies and bees support pollination.

Educational and ++ Regular monitoring and surveys on biodiversity fauna and flora and hydrology are conducted

research along the Han River.

Cultural heritage ++ Designated as National Protected area, Ramsar Site, EAAF Network Site, Important Bird and
Biodiversity Area

Nutrient cycling + Migrating species including avian play an important role in nutrient transfer in Janghang
wetland along the Han River.

Provision of habitat ++ The site provides habitat for internationally endangered species of wild fauna and flora.

F9 Mu|AR =EE Q) 3
oA, e, A, A, 371?—1719} 718718 &
o FAH BoF 9 FF9)7]Fo] W 91O (Choi
et al. 2020; Choi et al. 2023b), FTH 573 2], F=HE FolA
AL FokAY AAlste Zo] =] AAA AlEA

H| A7} FGIE 5ol 8514 H7t=] qick

ol ZIE THMA AuET, T F2] HFoA 7Y
=2 HAg(+0)E T2 AHA AuAae XA AlE,
AL WS E A, n7| 2 AR e 712
o7z }_?glﬂ ]i ] EHE} ﬁ]—Eo] Ul-__O_ M—?}Oﬂk] H”i{f‘.—_
EE]= A A A0 ZEEAH| A0 FItollA] ZHER] 7}
RAWES 27} fAFstaL o 4= Qlek. 5

FARSEAEE o 37T Aaks Ueid),
= Aol 71913t Ao & Helch e Z25H
= QA H| A0} FaFAH| A0 tholiA] FA A Bt
o= Eof ol A Zl AYEfAIZE Alg ks A E

l“>’ >.\1
A —|—4 r]o

Z| FA7IRE Ao AEAl AH| 2 (place-based par-

ticipatory ecosystem services) B7Hs &l 2/ AHEA
AHA B 39 AEE Y 4 e A7 s

=22

1! Itk (McInnes and Everard 2017; Kim et al. 2021; Park
2021). & A= BAS 91 A=t AljtE= Aol A
219 @7 L5712 A AH A Q14S B7FskaL ESI
£ Agsto] A AulA S BrFslvhe oA
1= A=A AH| A B7Ee] HAIE dF SEJth= Hell
O17} Qltt. & Aol Ae AT iR o] At
J&hell Al RRC-EA (2020)9] 7ro] B7H-S o]-§-oto] ¢4
o= *“Eﬁﬂl 7]h 4o B 5}04 lo*ﬂ% 2] &} /\10*
HA

N

1o

0>~

S & HZF7I 2t oA, W2l 8] FAA] (roosting
site), 4214 (feeding ground), &7+712 2] (stop-over

site), G5 ~] (wintering ground) 24 st 52| A
Aol Arget o] & KAl T840l FGIE Fo ==

Ao}, 3&70*6}%1 FARDA QL FA - 57, iw

L o]-&ol= F o & H2] AEAZE 7HA] 1
7}119} Fa7do] A= et Park (2021)

oM E 2| YA H|ATE T2 AfE[AC] v =A] YERSES

BEAAAEA ADAEIA7 =7 B2t RS
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Table 5. Key ecosystem services in the Siam-ri wetland based on a focus group interview (FGI)

Ecosystem service Rank Description
Fresh water ++ The river and stream provide irrigation water to the nearby agricultural farms.
Genetic resources + The site supports over 120 bird species, with 91 species including endangered species.
Water Disposal + Household sewage and agricultural wastes are underlying causes of water contamination.
Local climate regulation ++ The river estuary and stream, wetland play an essential role in the microclimate regulation.
Erosion regulation ++ Vegetative cover, rice fields play an essential role in soil erosion.
Water regulation + The water is stored in the water pools and marshes and slowly discharged into river.

It also can be effectively used during the drought season.

Educational and research ++ Monitoring and surveys on biodiversity fauna and flora are conducted along the river and wetlands.
Cultural heritage ++ Designated as National Protected area, EAAF Network Site, Important Bird and Biodiversity Area
Provision of habitat ++ The site provides habitat for internationally endangered species of wild fauna and flora.
& ghehget, £ olg8 5 9IS Floa BuE 49 A o8]

Eust2 Qs geAle] PPl Weetn Foluh  TelA 4 Al 1 A9 15, Ao A L
MAF7 571 Be Aaste] 7| 2 4R oA 2 F4R]2) TR 45 S| T vheFet SHA A 7] Sl
7H2] o] A& o 2] 7 A Q1 7)ol 4= Qioh

120 wiststa glck. et o] o

FRANA the BAR 2 o] A oA o)
o e B8 Sefet 4 Fol Aol 33
p

o] 22 FGIZ 4] AlgtlE|girta Boer,

TUCN (2018)°]] T2 -2 H 529 7px]et W22t
AFL Qs AAH oz BHio FAHHY JFe &
o} TRh B O] Fele Ho A 74 QJASH] &
e T AeR QE}ﬁE’r. 2 A Aol H o] 7t
7o SABTAA S oy EABe] A4 A2}
AATE) A, B% W A7 BA DLto] e 7
7191E Skl Qlo] 3% S FAH S 29 o] AHNE
3} 4219} AR 5410 BB o83 Tl ete] A
g dart ok g A&, oA oA AE ek
= x I (birdwatching tour)©] 8. ofe]E-5of Z3tx]|
79 A, BA R FRAL SO R T P
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Fig. 5. Photographs showing the key bird species in the study area. (a) Swan goose (Anser cygnoides), (b) Mandarin duck (Aix galericulata),
(c) gray heron (Ardea cinerea) and Oriental stork (Ciconia boyciana), and (d) black-faced spoonbill (Platalea minon.

Toh= AHIAE Aslelal G e 24 2|47FsS A
A e ks AAYE 4 S Aoz waEn ey
o] gsolA AHEfA AH|A 75 E401] floiAle &
=25 o] &3t AlFelrt B gttt dlE 5o, A4 A Al
I=ZFalstr] YA+ BEH715 55
T A7 Brvke Z7rsky z}ﬁx}ﬂ T Zasih B o
TFoll = Park (2021)3 28] 2| HGFTlof digt Hr1r) ut
GEIA] oo} HAA| ] H5119] —JE% vk

& A2 AYE a7t ok T3 ARt H SollA
/\gqpq] /qu]/\oﬂ EHO]— 1—131:140] nﬂ7]..__ -r]?l o §_} Z]—E
£ &85hA Z3lvk= AP ot 2=y 2l @4
G570 AR 52 TS B AT AAE Sl A

O AT BT B3k AN WA Sl o)
5 ek Aok AE AS e A9 4 9

& Z°lH.

52 B

B Aol M SHol FAR A o] ZgH Atz
HAet FFEA7E Agohs AHAE AR 5
AYENA Au] 2 g7Eel ST B A sttt of
sl A AH| A 72 BE 083 RAWESE X9
Act. F2) AEA Brret BE F8 5H)] S5
3]} gAY e sta] 81, Altels Aot FdE Aol Al
Eok e AL 54 NGO 25
9 A7 o] B2 gYst AR7E U= FGIE
aystAArt.

RAWES 7} A3 Aote]529F dak52] A A
H| A A QA A0F FEAH| AT ZH A H] A} FFA]
H|2of Hlol iAo g =4 EZF U FGIodA = &
2| YA Algote AHA F SR 2olA s B>

) 3, = (AF) T8, "W7lE A2, 2R 2004

o}

l?l
f
N
N
ol
ol
R
ol
e ook ok o iy N

http://www.koseb.org 691



| I
Korean J. Environ. Biol. 41(4) : 683-696 (2023)

A o7 e24, £GP F8 MElAR EEES
AR RO E WS B AFEA|, A DA H| 20

=
& 40t 47} i Flselow ad s s

oo e &
>,
1>
_)ds

. 2
oft
o
4N
ko
)
e
[

ol
o
e
R
ol
i,
o)
>,
10,
ok
i
10
o
!
>,
12
rﬂ&"
filo
ol
kl
0,
v

o
A, Aot F4 0] Wi A, dEe et A=EA
o] MAA 9 Holgg A2 Fa5H B7HE . 1L
2 2 Aol AdElsAleh BdEA A W -
SRR Be G HAHIIE wedsto] Ao H
S T I 89l HislhiAle 5] ekt 53] &
FaAT A FFS, =S W E
oF -5 A4 2903 74 glof s 72
SAZE k. wHEbA Hop v A A8 4
T AR Al A2 7S s e A9,
SFAAES] ool HrgE & U
RAWESE 3T 5= e A+7F a5 &5 AHe
SAeE BIEA7E A2 ojmt gl dFE HeH &

o
9
H
2
o
jul)d
R
rr
¢
Fﬁ
el
il
o
|o
Hu
o)
18
ok
=
=)
N,
ol
BN

i

j)l

i

ko

re
2

)
o

o oo ro
rE of

ol
L
A
52

i o
(o]

w o
ox
)
ol
o

V)
_i

R
0%
Hul
)
b
N,
i)
e
)
o,
1=
2
2
R
o
&
i
N
N
2
3o
rr
RN

M 9

T BETF T, 71518} et 2448 o 7]
5= Aokl e A AeiAIS] Fa/de] FxH A 3
o, 54 AEAZE Algshe Aol tiet 7= 2EA
v2ot g E A4, A R 984 T HaAE 5
ol Het A7 THLE AP . 52 A=A 714
A e 71T 7E LR WU A4 FES)
tt. oo 2 d7olM = e 71 T 7P s
SA AR A Au] 2 ZPo] 7S ]85l S &
A H o2 Ho|HA FAL= F2]Q) FdEAlet FAtE 54
2A 2170l ot AdRSAE der 54 A

692 (©2023. Korean Society of Environmental Biology.

7 AR AH|2E FTH
AL AZSHe kgt Az
o

sfo] Wrkstglom, ol

° 7 gGristelet. 54 A=
£ AeH EAJof| ot &
15= 53 L 2A, o¢
SAA 719 (+4), T (+), FAIRRRE 7199 (0),
A 7194 (-), i F44 7] ()2 A5t 2
oAM= 5Lt AdEEAE WFe= AHE7t
ot om, FdEIet A5 A7 Algshe A1H]
0 2 grlsteiet. AltelEAlet a5l AH A
AYENA] A B2 Qe A (EST) B7F A3t A FAH A
EIAHIATE A 0 &2 A EEE QI 2 A E
T Sl FA e AT Algche theeh A 2of digh
e A 7txE AHERIsHot. o] v o2 g 52| Y
BiA B 9 A A we g 9 A 7|2 tm R e
4 9lS Zlo g wetech

=
N
—_
NI

J

)
2
N

w—g-l

> e
[e}

2~
T
=
=

o

b

o

o

CRediT authorship contribution statement

HY Choi: Conceptualization, Methodology, Performed
analysis, Data curation, wrote the manuscript. D Han:
Conceptualization, performed analysis. WK Lee: Concep-
tualization, review and editing. C Song: Conceptualiza-
tion, methodology, performed analysis, data curation. All
authors read and approved the final manuscript.

Declaration of Competing 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.

AL A

2 ATE 2021 9% WEHO] APo 2 AT A L]
2|9 ol 85 7|2 ATAY (NRF-2021R1A6A1A1
0045235)°]t}, TS, e Fof Frofssil ME7HEEA
AAEH Y

REFERENCES

Ahn JS. 2011. Developing evaluation criteria for historic gardens
preservation condition by applying delphi technique and anal-



ytic hierarchy process. Ph.D. Dissertation, Sungkyunkwan
University. Seoul, Korea.

BirdLife International. 2023. Important Bird Area factsheet: Han-
gang Estuary. Cambridge, UK. http://datazone.birdlife.org/site/
factsheet/han-gang-estuary-iba-south-korea

Choi HA, B Seliger and D Han. 2023a. Rapid ecosystem services
assessment of Mundok Ramsar wetland in Democratic Peo-
ple's Republic of Korea and opportunities to improve well-
being. J. Ecol. Environ. 47:27-34. https://doi.org/10.5141/jee.
23.010

Choi HA, B Seliger, N Moores, A Borzée and CH Yoon. 2020. Avian
surveys in the Korean Inner Border Area, Gimpo, Republic of
Korea. Biodivers. Data J. 8:€56219. https://doi.org/10.3897/
BDJ.8.e66219

Choi HA, E Lee, E Kim, | Jung and D Han. 2023b. Avian spe-
cies survey with citizen-science data in Janghang Wetland,
Goyang, Republic of Korea. Biodivers. Data J. 11:¢105580.
https://doi.org/10.3897/BDJ.11.e 105580

Choi J, J Oh and S Lee. 2021. The evaluation of carbon storage
and economic value assessment of wetlands in the city of
Seoul. Ecol. Resil. Infrastruct. 8:120-132. https://doi.org/10.
17820/eri.2021.8.2.120

Costanza R, R d'rge, R de Groot, S Farber, M Grasso, B Hannon,
K Limburg, S Naeem, R O'Neill, J Paruelo, R Raskin, P Sutton
and M van den Belt. 1997 The value of the world's ecosys-
tem services and natural capital. Nature 387:253-260. https://
doi.org/10.1038/387253a0

Crossman ND, B Burkhard, S Nedkov, L Willemen, K Petz, | Palo-
mo, EG Drakou, B Martin-Lopez, T McPhearson, K Boyanova,
R Alkemade, B Egoh, M Dunbar and J Maes. 2013. A blue-
print for mapping and modeling ecosystem services. Ecosyst.
Serv. 4:4-14. https://doi.org/10.1016/.ecoser.2013.02.001

Daily GC. 1997 Introduction: What are ecosystem services? pp.
1-10. In: Nature's Services: Societal Dependence on Natural
Ecosystems (Daily GC, ed.). Island Press. Washington, D.C.

de Groot RS, MA Wilson and RM Boumans. 2002. A typology
for the classification, description and valuation of ecosystem
functions, goods and services. Ecol. Econ. 41:393-408.
https://doi.org/10.1016/S0921-8009(02)00089-7

DEFRA. 2007 An Introductory Guide to Valuing Ecosystem Ser-
vices. Department for Environment, Food and Rural Affairs
(DEFRA). London, UK.

EAAFP 2023. East Asian-Australasian Flyway Partnership. In-
cheon, Korea. www.eaaflyway.net/the - flyway/flyway-site-
network

Flick U. 2009. An Introduction to Qualitative Research (4th ed.).
Sage Publications Ltd. Thousan Oaks, California, USA.

Gordon TJ. 1994. The Delphi Method. American Council for the
United Nations University. Washington, D.C.

Wetland ecosystem services assessment in Han River Estuary

IUCN. 2018. Tourism and Visitor Management in Protected Areas:
Guidelines for Sustainability. Best Practice Protected Area
Guidelines Series No. 27 International Union for Conservation
of Nature. Gland, Switzerland.

Jeon SL, SG Kim, JH Park, DH Go, SH Park, SJ Kim, YO Song, JG
Choi, GCYang, JH Shim, SH Kim and EJ Park. 2008. A Study
on the Conditions of the Wetland and Water-Front Ecological
Resources at the Estuary of Han River. Gyeonggi Research
Institute. Suwon, Korea.

Kim BR, JH Lee, IK Kim and SH Kim. 2019. Rapid assessment
of ecosystem services apply to local stakeholders. J. Korean
Env. Res. Tech. 22:1-11. https://doi.org/10.13087/kosert.
2019.22.1.1

Kim I, JH Lee and H Kwon. 2021. Participatory ecosystem service
assessment to enhance environmental decision-making in a
border city of South Korea. Ecosyst. Serv. 51:101337 https://
doi.org/10.1016/j.ecoser.2021.101337

Koo BH and KG Kim. 2001. A study on the assessment for the
functions of inland wetlands using RAM (Rapid Assessment
Method). J. Korean Env. Res. Tech. 4:38-48.

La Rouche GPR 2003. Birding in the United States: A Demographic
and Economic Analysis: Addendum to the 2001 National Sur
vey of Fishing, Hunting and Wildlife- Associated Recreation.
Division of Federal Aid, US Fish and Wildlife Service. Washing-
ton, D.C., USA.

Lee SJ, JW Choi and CH Oh. 2022. Assessment and enhance-
ment of ecosystem services of Saemangeum Area. Korean
J. Environ. Ecol. 36:684-692. https://doi.org/10.13047/KJEE.
2022.36.6.684

Lim CH and HA Choi. 2022. Environmental cooperation strategies
of Korean Peninsula considering International Environmental
Regimes. Korean J. Environ. Biol. 40:224-238. https://doi.
org/10.11626/KJEB.2022.40.2.224

Mace GM, K Norris and AH Fitter. 2012. Biodiversity and ecosys-
tem services: a multilayered relationship. Trends Ecol. Evol.
27:19-26. https://doi.org/10.1016/}.tree.2011.08.006

Mclnnes RJ and M Everard. 2017 Rapid Assessment of Wetland
Ecosystem Services (RAWES): an example from Colombo,
Sri Lanka. Ecosyst. Serv. 25:89-105. https://doi.org/10.1016/
j.ecoser.201703.024

Ministry of Environment. 2023. Map of Han River Estuary Wet-
land Protected Area. Ministry of Environment. Sejong, Korea.

Murray NJ, RS Clemens, SR Phinn, HP Possingham and RA
Fuller. 2014. Tracking the rapid loss of tidal wetlands in the
Yellow Sea. Front. Ecol. Environ. 12:267-272. https://doi.org/
10.1890/130260

National Institute of Ecology. 2021a. Prediction of Ecosystem
Damage Caused by Climate Change. National Institute of
Ecology. Seocheon, Korea.

http://www.koseb.org 693


http://datazone.birdlife.org/site/factsheet/han-gang-estuary-iba-south-korea
http://datazone.birdlife.org/site/factsheet/han-gang-estuary-iba-south-korea
https://doi.org/10.5141/jee.23.010
https://doi.org/10.5141/jee.23.010
https://doi.org/10.3897/BDJ.8.e56219
https://doi.org/10.3897/BDJ.8.e56219
https://doi.org/10.3897/BDJ.11.e105580
https://doi.org/10.17820/eri.2021.8.2.120
https://doi.org/10.17820/eri.2021.8.2.120
https://doi.org/10.1038/387253a0
https://doi.org/10.1038/387253a0
https://doi.org/10.1016/j.ecoser.2013.02.001
https://doi.org/10.1016/S0921-8009(02)00089-7
http://www.eaaflyway.net/the-flyway/flyway-site-network
http://www.eaaflyway.net/the-flyway/flyway-site-network
https://doi.org/10.13087/kosert.2019.22.1.1
https://doi.org/10.13087/kosert.2019.22.1.1
https://doi.org/10.1016/j.ecoser.2021.101337
https://doi.org/10.1016/j.ecoser.2021.101337
https://doi.org/10.13047/KJEE.2022.36.6.684
https://doi.org/10.13047/KJEE.2022.36.6.684
https://doi.org/10.11626/KJEB.2022.40.2.224
https://doi.org/10.11626/KJEB.2022.40.2.224
https://doi.org/10.1016/j.tree.2011.08.006
https://doi.org/10.1016/j.ecoser.2017.03.024
https://doi.org/10.1016/j.ecoser.2017.03.024
https://doi.org/10.1890/130260
https://doi.org/10.1890/130260

| I
Korean J. Environ. Biol. 41(4) : 683-696 (2023)

National Institute of Ecology. 2021b. Wetland Restoration Trends
and Activation Plans - Approaches for Wetland Ecosystem
Restoration to Climate Change. National Institute of Ecology.
Seocheon, Korea.

Park M. 2021. A study on improvement the ‘Rapid Assessment
Index of Ecosystem Services (RAWES)' based on living area
wetlands. J. Korea Inst. Garden Design 7:189-197 https://doi.
0rg/10.22849/kigd.2021.7.3.004

Park M, J Seo, S Park, S Lee and B Koo. 2021. A study on the
evaluation of wetland ecosystem services using RAWES -
Focusing on wetlands in Chungcheongnam-do. J. Korea Inst.
Garden Design 7:131-143. https://doi.org/10.22849/jkigd.
2021.72.006

Ramsar Convention. 2018a. Global Wetland Outlook: State of the
World's Wetlands and their Services to People. Ramsar Con-
vention Secretariat. Gland, Switzerland.

Ramsar Convention. 2018b. Resolution XIII.17: Rapidly Assessing
Wetland Ecosystem Services. 13th Meeting of the Confer
ence of the Contracting Parties to the Ramsar Convention on
Wetlands. Ramsar Convention Secretariat. Gland, Switzer
land. https://www.ramsar.org/sites/default/files/documents/

694 (©2023. Korean Society of Environmental Biology.

library/xiii.17_rapid_assessment_ecosystem_services_e.pdf.
Accessed December 2, 2023.

Ramsar Convention. 2021. Republic of Korea Adds Janghang
Wetland to the List. Ramsar Convention Secretariat. Gland,
Switzerland. https://www.ramsar.org/news/republic-korea-
adds-janghang-wetland-list on 20 May 2021. Accessed Dec-
ember 2, 2023.

Robinson DA, N Holckley, DM Cooper, BA Emmett, AM Keith, |
Lebron, B Reynolds, E Tipping, AM Tye, CW Watt, WR Whalley,
HIJ Black, GP Warren and JS Robionson. 2013. Natural capital
and ecosystem services, developing an appropriate soils
framework as a basis for valuation. Soil Biol. Biochem. 57:
1023-1033. https://doi.org/10.1016/].s0ilbio.2012.09.008

RRC-EA. 2020. Rapid Assessment of Wetland Ecosystem Ser
vices: A Practitioner's Guide. Ramsar Regional Center-East
Asia. Suncheon, Republic of Korea.

Schwoerer T and NG Dawson. 2022. Small sight - Big might: Eco-
nomic impact of bird tourism shows opportunities for rural
communities and biodiversity conservation. PLoS One, 17:
e0268594. https://doi.org/10.1371/journal.pone.0268594


https://doi.org/10.22849/jkigd.2021.7.3.004
https://doi.org/10.22849/jkigd.2021.7.3.004
https://doi.org/10.22849/jkigd.2021.7.2.006
https://doi.org/10.22849/jkigd.2021.7.2.006
https://www.ramsar.org/sites/default/files/documents/library/xiii.17_rapid_assessment_ecosystem_serv
https://www.ramsar.org/sites/default/files/documents/library/xiii.17_rapid_assessment_ecosystem_serv
https://www.ramsar.org/news/republic-korea-adds-janghang-wetland-list 
https://www.ramsar.org/news/republic-korea-adds-janghang-wetland-list 
https://doi.org/10.1016/j.soilbio.2012.09.008
https://doi.org/10.1371/journal.pone.0268594

Wetland ecosystem services assessment in Han River Estuary

SUPPLEMENTARY MATERIALS

Supplementary Table A1. Questionaire for Focus Group Interview

Ecosystem service

Explanation

Assessment

M

Provisioning services

Fresh water

River provides irrigation water to the nearby agricultural farms.

Cultivating land is used for food production, while the water ponds

Food near the estuary are used for fishing.

Fuel Large amount of brown coal deposit is effectively used for
the house heating and industrial raw materials.

Fiber Reeds harvested from the estuary and river bank are used as

raw materials for the fiber.

Genetic resources

The sit supports endangered species including migratory birds,
reptiles.

Natural medicines

Carp, shellfish, mud-snail and other resources are used as
natural medicines and medical materials.

Ornamental resources

Reed mattress and baskets increase the local economic
opportunities in the Reserve.

Clay, mineral, aggregate harvesting

Brown coal and clay are extracted from the underground pit and
collapsed areas

Waste disposal

Household sewage and agricultural wastes are underlying causes
of the water contamination.

Energy harvest

The site is potential site for the tidal and wind energy generation.

Regulating services

Air quality regulation

Aquatic lives and riparian vegetative cover contribute to the local air
quality regulation.

Local climate regulation

River estuary and the nearby water ponds play important role in
the microclimate regulation.

Global climate regulation

The wetland ecosystem structure contributes to greenhouse gas
emission reduction and carbon storage.

Water regulation

The rainfall and run-off water are stored in the landfall water pools
and marshes and slowly discharged into the sea.
Or they can be effectively used during the drought season.

Flood hazard regulation

The reed beds and the water ponds near the estuary act as
buffer zone to reduce the natural disaster risk of flood,
heavy storm and drought.

Pest regulation

River and reed bed provide good habitat and breeding conditions
for the insects such as mosquitoes.

Disease regulation - human

Aquatic lives purify the water quality while the reptiles and birds
eat the insects that spread the pathogenic disease.

Erosion regulation

Vegetative cover plays significant role in the soil erosion.
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Supplementary Table A1. Questionaire for Focus Group Interview

Assessment

Ecosystem service Explanation
H M

The pollutants and substances that might cause eutrophication are
mostly self-purifies due to aquatic lives and water cycling process
through landfall water ponds and marsh, reed bed in the
down-stream of the river.

Water purification

Insects such as butterfly, bee and dragon help pollination of

Pollination the crops and other plants.

Tidal flat in the estuary reduces the salinity of the water from

Salinity regulation the sea.

Landfall water ponds and irrigation channel reduce the risk of

Fire regulation fire outbreak.

The site is most consisting of paddy field, which generate less

Noise/visual buffering noise pollution

Cultural services

Designated as National Protected Area, Important Biodiversity Area,

Cultural heritage Ramsar Site, EAAF Network Site

Recreation and tourism It is potential site for the bird-watching and eco-tourism.

Aesthetic value Diverse wetland ecosystems in harmony with rice paddy field.

Local communities are engaged in diverse activities such as

Social relations o . . - . )
cultivation, fish farming, and biodiversity conservation.

Regular monitoring and surveys on biodiversity and hydrology are

E ional and r rch . ;
ducational and researd conducted in the river

Supporting services

Beside the accumulative island in estuary, soil formation is

Soil formation constantly taking place.

Estuary plays important role in the primary production by the

Primary production photosynthesis.

Nutrient cycle and nitrogen-fixing is taking place by the micro-

Nutrien lin . S
utrient cycling organism and soil insects.

The water constantly recycles through the evaporation from the

Water r lin i
ater recycling swamps, water pools stored from the river.

The site supports fauna and flora habitats - e.g., the place for birds

Provision of habitat as roosting site, feeding ground, stop-over site, wintering ground.

H (++): Hight benefit provided

M (+): Some benefit provided

L (0): Limited or negligible benefit provided

This questionnaire is adopted from Rapid Assessment Wetland Ecosystem Services (RRC-EA 2020).
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