’i) Check for updates

SH=2ol| 2k2kA - of| L K185 K| https://doi.org/10.7846/JKOSMEE.2021.24.3.119
J. Korean Soc. Mar. Environ. Energy ISSN 2288-0089(Print) / ISSN 2288-081X(Online)
Vol. 24, No. 3, 119-129, August 2021

Original Article

oA E) A )22 ol x] 7)) H}

L
AL YeE e w

Emergy-Based Value of Ecosystem Services Provided
by the Korean seas

Daeseok Kang'
Professor, Department of Ecological Engineering, Pukyong National University, Busan 48513, Korea

Q o

o %] FH7PH-e g3l vt s EAIE FRIsH A1gHE 249} 0|5 EUIZ MASHs Sl AV ElAI A H] 28]
715 7 gt B 7 2018, 37 Wl vietd A Al o oS AAE 2Pt FF AAsTt Qe
FaAA 3N, g, lFeldA)), AN 15324, AR}, EeARI2 Dl e17H ), 2194
v VN AP T & THe] i AX RIS B7 I o= A7 Jick. -eluet s el AR A2 o7t == E)
o, vk, 74, whe, 24, SRS T AR 247 Al FEt 7EA) I AR 43% 9,759 910 2 HrhE et Hok)
& SIS EN A 71t 7117} 71 e AR AR B (ARE RO R 7)) AR, AT 7R 52
Z 6,274 0|00, FEAH| 2, AR, A0 7S B U ek s R AIA N 28] B 7R (K] DA
2 FEAR witel Al2hE A7F 62x 1,47191 o)™, FRAVATE Ol (97.7%)= A HTt. ol Ak 2
2018 7|E & 7P IRIE .68 =2 groltt. sk el AR 28] o= 719k 71R]= A7 el S 7]NE
71387t A5 o] &3l AnkeE 7E R O w8keh A QA n] Al APkt B el 2 2tel7t Al A A
H| A5 A28 S|P AIM R A2 o =] 710k 7Ex)= B AI8HA AR Re) H 4 15l H 45.58) 2o, 97
7oz oWA] 719k 747t 7.680 =9k

Abstract — Values of ecosystem services provided by the Korean seas were calculated using the emergy meth-
odology, along with the value of environmental sources that are essential in producing marine ecosystem ser-
vices. The reference year for the valuation was 2018 with the outer limit of the exclusive economic zone
chosen as the spatial boundary. Seven marine ecosystem services with available data for the valuation were
selected: food, marine minerals, and marine energy for provisioning services, climate control and pollutant
removal for regulating services, leisure and recreation for cultural services, and primary production for sup-
porting services. The value of environmental sources was calculated as 43,976 billion ¥/yr. Food supply (fish-
ery production) was the marine ecosystem service with the highest value at 52,627 billion W/yr among the
seven ecosystem services valued. Total value of the marine ecosystem services (supporting services not
included to avoid double counting) calculated in this study was 62,147 billion ¥/yr, with provisioning ser-
vices accounting for 97.7%. This is 1.6 times greater than the total value added by the Korean marine and fish-
eries sector in 2018. Emergy-based values of five marine ecosystem services except primary production and
pollutant removal were 1.5~45.5 times greater than economic values estimated using market prices or prefer-
ence-based values. Sum of the emergy-based values of those five services was 7.6 times higher than that of
their economic values.
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Table 1. Items included in the emergy table and types of raw data used to calculate their emergy contents

Item

Raw Data

Environmental sources
Sunlight
Wind
Rain
Wave
Tide
River, chemical
Marine ecosystem services
Provisioning services
Food
Marine minerals
Marine energy
Regulating services
Climate control
Pollutant removal
Cultural services
Leisure and recreation
Supporting services
Primary production

Average insolation, kWh/m*/day
Average wind speed, m/s
Annual rainfall, m/yr
Wave energy potential, MW
Average tidal range, m
River inflows, m*/yr

Fishery production, ton/yr
Marine sand extracted, m*/yr
Electricity generation, MWh/yr

Carbon sequestered, gC/m?/yr
Denitrification rate, gN,/m*/yr

Visitors to beaches and fishing villages, people/yr

Total emergy inflow from environmental sources
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SUe] AT7AIE o] &3} UEVRE YA 0E AFAEAIS] Al 4 %] A5 BE skds dPdoz mid o] & 7ksst /% =
A7FsolmA] H9)ako] @17k 15.83x10% sej/yr(Odum ef al[2000])  B7F §lo] A717F B2 0]4317] oo}, efek, vl 24, 1}
Ql A5 7Ieo & Al ghs AREFILE UEV ARklel] 83t Al T 353 oA 2018 ARE o] 838l AXLANE ZF 94
A7FseHA] 7150] tha 75 15.83x10% sejlyr 71502 3Rkl 9] olmx] FHEo] AR Hof FTEAALS 9517 S8l A4

W] sg7}el A8t 7¥s oA 8l Aol 23kebA] ekstt.
FEluket s ElAl Aol Bl A7 olmARS 3t
3. 21 g nEt A= shlst A7t 2018 715 IXF 433 9,7599] ) o]=3]
UH(Table 2). HIF 2187 QA7) 710ish= vl AEAIQ] 7
3.1 SHLFMEHAIMH| 22| O HX| ECH AA A F3FEA] QFot AlEo] thii 1 7S IAsHA] R

S FAEAIR Fdsl AeNAL Fx9} 7 es A8k AFAS AN oA|RE: EOlR Ak 7R A1 2 40] TeAdEs
7 QA (Environmental sources, Table 22] 1~6¥1 &5 )7} &3 & Roj5=31 Qlt} Kang and Nam[2019]°] 20150 7|02 F 7|3t
NHA &= AlEE0] o] &k S EIAARIAS 712 Edjel| & AAFE 240 7IR|= A7 388U LE, o] AFelA 20184
Foitt. o] AAE 24E Bl U AYTFs oWAZE 7IE0E AR 717 =90t o) feivhE A€ 2018
20184 71 ATF 1.47x107 sej/yrGEA T SEFY B owA] 71 oW glEnlgo] 201500 13l 4-317] wEelt}. Odum
& GAIITH(Table 2). Z4J0] T3t oM |Z0] 75.6%= thf-  [1996]°]l W=, o= slov]-& (=l | /3| &)y sl 2]
T2 A PO, e Sal viikE ke BT 24.4%2] miEle] gt FImoln omx|glHu]Eo] THishs A oA

Table 2. Emergy table for the valuation of ecosystem services provided by the Korean seas

No Item Raw Data Unit Emergy Value (UEV)® UEV Source’® Emergy (sej/yr) Emvalue® (2018 ¥/yr)
Environmental sources
1 Sunlight 1.76x10* Iyr 1 sej/J A 1.76x10* 5.27x10"
2 Wind 1.94x10"®  J/yr 2450 sej/J A 4.75x10% 1.42x10"
3 Rain 2.37x10"®  J/yr 1.25x10* sej/J A 2.96x10% 8.86x10"
4 Wave 3.15x10"7  J/yr 5.10x10* sej/J A 1.60x10% 4.80x10"
5 Tide 1.50x10'®  J/yr 7.39x10* sej/J A 1.11x10% 3.33x10"
6 River, chemical 4.40x10"7  J/yr 8.13x10* sej/J A 3.58x10% 1.07x10"

Marine ecosystem services

- Provisioning services

7 Food* 3.26x10%  g/yr 5.39x10" sej/g B 1.76x10% 5.26x10"

8 Marine minerals 1.20x10%  gfyr 2.13x10° sej/g C 2.55%x10% 7.64x10"

9 Marine energy 5.05x10"%  J/yr 2.86x10° sej/J D 1.45%10” 4.33x10"
Regulating services

10 Climate control 7.14x10"  gClyr 1.24x10" sej/gC E 8.85x10 2.65x10"

11 Pollutant removal 2.54x10°  gNyyr  1.17x10" sej/gN, F 2.97x10% 8.89x10"
- Cultural services

12 Leisure & recreation ~ 1.99x10'®  J/yr varies 3.66x10™ 1.10x10"
- Supporting services

13 Primary production® - - 1.47x10% 4.40x10"

*All unit emergy values were adjusted to the global renewable emergy baseline of 15.83x10% sej/yr.

PUEV sources: A) Odum et al. [2000], B) Kang and Nam [2019], C) Odum [2000], D) Odum [1996], E) Kim et al. [2018], F) Watanabe and

Ortega [2011]

- The UEV for climate control was UEV of net primary production (NPP) calculated from the UEV of gross primary production (GPP) for
the Korean tidal flats in the reference, assuming NPP as 90% of GPP.

- The UEV for N, was calculated using data for denitrification flows in both terrestrial and aquatic systems in Watanabe and Ortega [2011].

‘Emvalues were calculated with the emergy-money ratio of the year 2018 for Korea (Kang [2021]).

YFishery production in wet weight.

‘Emergy of gross primary production is the total annual renewable emergy inflow to the Korean seas which is the sum of tidal and river (chem-

ical) emergy.

* Detailed calculations for the line items are given in Appendix.
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=S T (Table 2). HISEE ] ANHZE o] 83l Fr1st dlokds o+
AR 28] 7Ex]= A7F 73 6,3809 o)l o, ek Aol Bl
FEWAGH| 2] o & ek djofeluA] - ARF 4,328
Ae] 7IAF Zb= Fo® YERgTh Al 714 FaAE| 0] 71|
A= A 60F 6,9829] 0130

XS B2 H718E Al 71X 334N 7R A7)
A o]g3l] HrIst AR A =3tH(Table 3). 2018 U x|

Holdz}h HalloFalol el ks A Al 73 16721910
ATHMOF[2020]). oA o83l AXksl 4HE2] 744 (2018
| 71 A7F 52.659) SAME AARET L] 7.50]el] o] 25T 3
SR A7} AlFehs FFAE|A 7 9B s Sy At

A it /) Bl AR REslel WlekA) Rt 1

4, w7 A )
AuEAe] 7% xFekal Qith ol & 501, o] Aol &
B35 AR A FAE A E dsQ)
fohs FR7M 5 dlET AT xgkeka Qlot. - Sl
e A7} Al gshs duEdd) Faxde] T 2 gl TSt &
A AE FRs| U] FFAAR 7E7HE 3 2evt
AT B3 AR BN fARRAe] oA A HEE WEE
A= 7 o]Foxfo} it

Z7IAEH 02 sk nisk o] vIA7 1] (35,0419 /m’,
Lee et al.[2018])5 283 73-%- 2018 vlst=e| 5% 2] 7H4
= A7F 2,894 Yol it vk R ] 7F4(25,000 /m’, Yoon et
al.[20171°] &t 7H4 Bt ys o]l Akt 9 20184 &5
A npst o] 7AE A7 2,065 40190t} F A9 B oflw]
e EUE AR v 35 A2 712]9] 4% viRke] =
et

ZH AT PSS 3l e 7] 2018 AlEsh
A7F2(95.16 D/kWh; KPX[2021])3} A1 A Aol L] 2] 3 F Q154
(REC) 7157}+21(87,833 Y/REC; KPX[2019])yS 283l Axket 73
A7F 1,1099218] 7HA7} Q= Aoz vkttt oA sH7h
o] g3l W7kt el Fwe] 7Hx7F A7 0= AL A

B} 3.9 o Fokh

322 ZAMu|~

2RI 7|9 2@ F5-Ah 4 FshEE s 53
A AA)2] 2018 715 71 @A AzE 3,539 0] ATH Table 2).
A o) gha Ao R Hrlst 71524 A2 A7F 2,6509]
d, gdgo® Grist A3k Au)Ae AT 8899-AS] ZHA|7F
A= Zl o7 e

Table 3. Comparison of emergy-based and market price-based values of the marine ecosystem services covered in this study

Item Emergy-based value Economic value (E8 ¥/yr)
(E8 ¥/yr) Value Remarks
Provisioning services
Food 526,274 70,167 MOF [2020], market price
Marine minerals 76,380 2,894 Calculated using a nonmarket value (Lee ef al. [2018])
Marine energy 4,328 1,109 Calculated using SMP & REC® prices (KPX [2021])
Regulating services
Climate control 2,650 58  Calculated using carbon price (KRX [2019])
Pollutant removal 889 17,676" Calculated using per area value (MOF [2013]), preference-based value for all pollutants
Cultural services
Leisure & recreation
Beaches 10,539 7,511° Kim et al. [2021], choice experiment
Fishing villages 411 275  Choi and Lee [2020], annual revenue
Supporting services
Primary production 439,759 -

*This preference-based value includes the contribution of intertidal flats in removing all types of pollutants that enter the Korean seas, while
the emergy-based value only includes the removal of nitrogen through denitrification.
"The value in Kim et al.[2021] was converted to 2018 value using consumer price index.

‘SMP = system marginal price, REC = renewable energy certificate.
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oA = F7st e 7|9 24 Ve wanlEd AR
o7 FA7VE AR} 4574 o] =9k} 2018 BRAHIEA Ak
OIS AkA s SElEde] et 714(22,237 9/4ECO,,
KRX[2019])& ©] &3] AAret A ] 715 24 AMH| A (Lee et
al[202119] A7E COFo 2 glsha oF 268HEAD) 7HA)= A
7k 58l ol det. vl=t SRRl e A AN A 7EXE 7t
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& A1) a9} Fel| Qe A7) witel] o] T 2471419
7} wlioll WAsh= ABElA], AR AIA] SjslE A St

MOF[2013}~ 71 7 712171 ARIE BElE eyl o]
Algehs A8 AAe] BeHA T 7125 6,625 AW /halyr
012¢ 12¢ 7]5)0 = AFg st v} 9t} o] AFRE AHAET TS
o]g3ll 20184 71 7 ZE glst H -eluEt 1A A 2018
7)5 2,482 km?, MOF[2020])2] =243} u A 71X 5 Hrlsbd

ATRAZE 12 7,6769Ho]L}. o= Table 204 oHAFS Ed|=Z

APt A B} o} 32 gholvk. 2 I el ofgh da ARt
B7¥ek o] Qo) wel MOF[2013]9) 5433} 7 ]
ookotliﬁ_g E'@—z{_ ioﬂﬂ;ﬂ o] ;<4§1r 7}7(]8 437]_ 3k 74 og B L5}
QAL 7EE7E WRlell Ao (dEEl A M < e 7k
My} Q7] ahel zow welt,

oflm#] sg7ke] 79 ko A o]9le] e F=A Al el A

EAI7E 71048k S &at o] opd vk -39 sl EiAI7F
Algshz 27 st Auxel tigt A5 5 FRs) 7B 7E 3
3 3 @ 7} Qlt}. Geber and Bjorklund[2002]7} 2~ Sl 19] sl== 2]
o2 7lellx] Atet T AAAAT G oA T (1.04x10"
sej/gN; o] Aol ARGEE ol =] k9] 7155(15.83%10 sej/yr)
O7 B ghE o] g3l o] AT AAE Al S
AL 7 skar Aksha ] =27 8 A2~ @ A AlA

715) 7k A7 1,5799 90 8 St} o= A7 A4
oA |&E ©]-83l Table 204 Alxkst 7EX|HT} 1.8 =2 glolTt.
T3t o] A AR 1S FEl AAE AAE BT 2
EAZ e A o7 B & Qe A ddATE A
ﬂ%ﬁ] T2} 71 Ao DFA 2407 wiite] gAE AA
T ALs 74 Qs ARIAE B Zlo] BRdEA] o o]

o T

Qs 52 A3 Aul A 0 Rl et 77} A

3t ofi= @5 thE 2. Eol tlsAE S Ak Al 7pE
HAE

BV 45 AEsloF & ARl

3.2.4 F3A{E A

Sl AEABFARE WA FAE o188l ARk of
7Hg AH12e] 7RI 2018 71 IR 12 95091 10] 31 0

o W
i
g
<
o
T
o
1o,

71e-dl SEe] A Az 1% 53999
7IA]E 41191910191t

NMAFE EUIZ ALlst o713 7HX = AAsH 71X H)
U & Z0% I A= SeEE ddo® 20184 71FE o
7F33e] AAEA 7S ek Akl AR, Kim er al [20211
20161 71E A= 26671 3L o7 TR E AEE]E
W ElHA F7PhE AT 7R R A8 EH) o2 Ak
v gt o] Atel] wp= omz] PP o= Alket 7= A
12 1,266219, el s ZAS 7 7,26199 202, o
RS 7??17} *EE 719k 71 Kk oF 1.6Hl] =3kt o] A
H7HW S 7t o] BRI eS8 o7 g 77
Kim et al. [2021]4 FHY o 9o AL s e 9] =7
t A1 9] 7] ERatel] 288t oA skd|u]Eo] 1 5]
wZolch A=A P FIEE] oA 7 o 7h- 7}il(°iﬂ
411909y = A5 ofF 1.5uqlt). o] EAEFIEe] 4

2018 4&—2—%‘0]

o

F 2759 ¢o] 3t (Choi and Lee[2020]).
FeEe] o7b g 7AE o dgsH
AFebr] SleliM= i]wET’\VJ XS, A7 RS Ree e
7]‘ At s }01% N3Fdnhee] 7H) AREAle- o] 87 A
o HF 7 AR A= AFAIK
‘31"4’ e o] ATtellM= alEEAgol of
& Azl thgh A= 7F 719 §lof AR X
AYsh L5 ﬁ:rL Z}ﬁ% v o ® a2 2417, o] EAFFY
ke IAREC R A=Al 7P et slSge] g W7t
o Beksly dedo s A4 Par} 9o
ESFERA] Soek WA Q1S4 Hats S
of —7‘7}2 Q7 QU AEAR TS AF A= A
Y27} o] Folx|= Aol Tk AT} Glo] ARASE Q4
WA 7S 7] Akl E3FekA] gk A7 Sl
AP EAE o= st o7k 39) 7Hedl TAE =
Aol o] 82 AFARE, WA Eel Fdsks Akl §oel o
S A5} §lo] 71 Aol A A Pk, Aol 0] 874 2018
W 715 oF 44897 (MOF[2021¢])° Tt “Eﬁ} L ke A
Hi= Sty o] 87 TAIE AlFsial Sl 2019 715 oF 2.7
I ATHMOF[2020]). SkellA] Aeh sl =578, ol =AIHF<
vk, wAlol i sRAS Al gh v A sk o] 80]
S A2 7R A7 71013 FEe el Bk
= e 2] et A7 Qs
ARAA ] 2 7R 7EX] 717 7 wlEgk okt kA b
20, M- AEIAM B2 A 2= A= QAR A A A 1] 28]
&S Ads) veRd 4 Sl A me 7AIAR Bt Akl et
=R o A7 Bt olof whet A=A 7ol s

J

l—

e

5 710k B7hgel7) FahAulze] &5h S AEAM w2 o)
8 71 7R el olFolxA] egket. webd] B oulx] %7k
of ol 83 ek A\ E} A FANE] $18 A77} Aesit,

3.2.5 A gAH| A~

U A2 7RA]= 2018\ 71 433 9,759%] 0= 3
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7RSI ol Elvel s EEAE fAIshs Akt AE7Es o
HA] F-}1%(Table 20] 2413} s oW A%e] 7A)E 3t
e gkt gloloh

LAYkl 711 ZdAT A i o m sg7IRE AbHl= ob4 itk
Table 31 AAS ik AAbaohell 23k sz A= ¢
e} s EiAl = EAke] At 7S A5 YERlL
=T, 20189 T Al 8,67121€ (MOF[2020])°1 At

3.2.6 SIS EAARI 2 712 FF

o] ArellA] Brhst s P AIA B2 2018 71F T
(FaAul s, A2, AR A28 712 )= A7E 62
1,471 40 gict. Ana o = 7 AejAIM N2 7IAE Yl F
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22 TR M| 27 ahlshs Edlel] sigsi @ A M| As &
712 Akl 23Fe A9 FEANKTe] wAs| witolct.

S FAYENAA R 2] F 7HR= Sl o] &S FHA]
(2018 71E)Eek oF 168 =3UTE. 2017 A9 Hoh
A= 39802, vt ST AR 2.19%5 2HA Rk
(Chang et al.[2021]). GDP tiZ8|o|E 3t o]43) 2018 7]+
O% kel g dETAt ] HrP = 17 oF 400Gl
A AA YA Algshis 17784 AAeiAA B 0] 71X E 37kt
Costanza et al.[2014]01M % o]218t B&ES &le 5= Qltt, A A7
AR A B2~ F 7= A 124.8F EEE, 2011 2 AlA
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Appendix. Notes to Table 2.

1. Sunlight

Area=3.75x10"m? (MOLIT[2018a]); Insolation=3.8 kWh/m%day
(NASA[2021]); Albedo =0.06 (NASA[2021])

Energy = (Area)x(Insolation)*(1-Albedo)x(3.6x10% J/kWh)
x (365 days/yr) = 1.76x10*" J/yr

2. Wind
Average wind speed =5.77 m/s (NASA[2021]); Air density
=1.23 kg/m’; Drag coefficient = 0.00126 (Garratt[1992])
Geostrophic wind = (Reference velocity)x(Height/Reference
height)"surface roughness = 10.5 m/s
Reference velocity = 6.64 m/s (Archer and Jacobson[2005]);
Height= 1000 m; Reference height = 10 m; Surface roughness
= 0.1 (Manwell et al.[2010])
Wind absorbed = (Geostrophic wind — Surface wind) = 4.73 m/s
Energy = (Area)x(Air density)x(Drag coefficient)x(Wind absorbed)’
x(3.1536x107 sec/yr) = 1.94x10" J/yr

3. Rain
Rain = 3.5 mm/day = 1.28 m/yr (NASA[2021])
Energy = (Area)x(Rain)x(1000 kg/m®)x(4940 J/kg)=2.37x10" J/yr

4. Wave

Wave energy potential = 9978 MW (Ryu et al.[2011])

Energy = (Wave energy potential)x(1x10° J/sec/MW)x(3.1536x107
sec/yr)=3.15x10" J/yr

5. Tide

Continental shelf area=2.45x10"m? (Kang[2015]); Average tidal
range= 1.86 m (KHOA[2012], area weighted average); Percent
absorbed = 50%

Energy = (DensityxAreaxTidal range)x(9.8 m/s*)x(0.5xTidal range)
x(706 cycles/yr)x(Percent absorbed) = 1.50x10" J/yr

6. River, chemical

Inflow = 8.97x10" m*/yr(HRFCO[2021], sum of annual inflows of
Korean rivers)

Gibbs free energy of river water =4.91 J/g

Energy = (Inflow)x(Density)x(Gibbs free energy)=4.40x10"7 J/yr

7. Food (fishery production)
Annual fishery production =3.26x10" g/yr (MOF[2020], wet
weight)

8. Marine minerals (marine sand extraction)
Annual extraction = 8.26x10° m*/yr (MOLIT[2018b])
= (Annual extraction)x(1.45x10°g/m’) = 1.20x10" g/yr

9. Marine energy (electricity generation by tidal and wind powers)

Electricity generation =5.67x10° MWh/yr (KEA[2019])

Net calorific value =2.13x10° kcal/MWh (KEEI[2020])

Energy = (Generation)x(Net calorific value)x(4186 J/kcal)
=5.05x10" J/yr

10. Climate control (carbon sequestration in intertidal flats)
Annual carbon sequestration = 7.14x10" gClyr (Lee et al.[2021])

11. Pollutant removal (nitrogen removal through intertidal denitrification)
Denitrification rate = 0.1 mmol N,/m%day (Heo et al.[2011])
Area of intertidal flats = 2.48x10°m* (MOF[2020])

Total N removal = (Area)x(Denitrification rate)x(0.028 gN,/mmol N,)
x(365 days/yr) =2.54x10° gN,/yr

12. Leisure and recreation
Total emergy = 3.66x10?' sej/yr
Beaches
Energy = 1.99x10' J/yr (calculated separately, as explained
in the text)
Emergy = 3.52x10*" sej/yr (calculated separately, as explained
in the text)
Fishing villages
Visitors = 9.81x10° people/yr (MOF[2019c]), Time stayed
=1 hr (assumed)
Energy = (# of visitors)x(time stayed)x(104 kcal/hr)x(4186
J/kcal) = 4.27x10" J/yr
UEV = 3.22x107 sej/J (Kang[2021])
Emergy = 1.37x10% sej/yr

13. Primary production
Emergy of gross primary production = Total annual renewable

emergy inflow to the Korean seas (sum of tide and river_chemical)
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