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Ho] A= AR Sl ehois aate] AR g7kl Searsle] Bl 1S st of ik b 2 e
2 0% o]g U] dellM A ZHAE F7kshs olviA] TS A8-8ko] =R A Aol ukE
EdAlA 7R 9] migkE F7Fsoin. A H9AR) e Eal tdHelr kel AR AIA ZERI7F 47T oF 4707t em W
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Abstract — As the high ecological and economical value of tidal flat ecosystem is becoming more common, tidal
flat restoration which allows seawater to flow back into abandoned salt ponds and fish farms is progressing
actively. However, it is difficult to quantitatively demonstrate the changes in the value of restoration project due to
the limitation of ecosystem valuation items and methods. Thus, this study used the emergy concept to estimate the
changes in eco-economical value of tidal flat in Suncheon Bay, Republic of Korea. The eco-economical value of the
yield was estimated to increase by 4.7 million emW/yr with the implementation of the project. In addition, that of
indigenous storage including tidal flat organism was estimated to increase by 6.3 billion emW. These results shows
that the restoration for the reclaimed land in Suncheon Bay contributes 1.38 times more as a tidal flat than leaving
it as an abandoned salt pond or fish farm, along with 2.32 times increase in the value of natural storage. Also, this
study could be used as the basic data for improvement of the value of tidal flat ecosystem and determination of the
necessity of tidal flat restoration.
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net loss of wetlands policy)E A 83} /tHBang et al.[2011]).

7AHe] A AAA ZER]e]] tigk /12]o] HAslE|wHA] 9] o]
S A 7 FS flet =gl A H-dalgle] Ehis] 718
=31 QItHMOF[2003]). 1|, 7vkct, 945r, 3372 n)Rst A7l

. g5 HIES AXle
M= FA9 TR F75S AR A8 FAEFA (no
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o]& ®kFslo] 2002d A&7 Fs 2 AlAE 2] o] (world summit
on sustainable development)’®} “AAIRA B AAY A Al5-LF 3]
(IUCN world parks congress)’®l|X<= &-52 % AFAx} 2] 0]8 2
7Rk Al <AJElA] 71X] 2] 2% (protection of ecological integrity)’ &
Ao w aEEfoF sirkar sHITh(Nam[2004]).
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ol A AAZ o= H3Bw a1 Qlet. o= F2 oY 7o 25 1
S AMNE FlE] v sliedte] Aol RS ke ot
2] WA 07 o] FofZitt, o] d 2 4784 (tidal hydrology)
A L] o SARA F714RI Algfisg AR F
WSk AR A} ol 71 3Ho] o i Aol fARIR el F
st 7125 =} dl$]AtEe] 7% W= San Francisco Bay©llA]
H A (360ha)l thgh 2 E-xpglo] Fx1%3) 0= (Williams and
Faber[2001]), 7 2] 5% Langeoog, &7~ Marrenes Clare, U2
@ = Waterdunenll Al FF = ek 2yt -9 20109 F-H
201397k4] 123321 #H|9F217(96 hayell = 3 <331 Aljle] &=
A oH, T 201685 M4 HAH(78 hayll G7H A
o] 718 Fofl Qi
olg} & 7 EAlglo] Suflol] Eis] E41E I gl FA
oju} AelAl 712] 7] FHE) WP O] SR FAAK]] Seol] 1}
B mie] AR ke BAAgle) eldS St o
HEHMOF[2016)). ©]= 1al) 7 Helrpgfo] #=40 S35
A B3kl AR A QL Fite]] Qlo] o dd] g o g X8y
T A7 Qlet. wheba] A BAxg] o) FoA-S Aaslstal
ASAR] 215 sliMe YA} -8 Al 71018k 7}
Alarstar, H-eAkq] ol vkeR= ®islel] djsl] B7ksh= slo
s}t
A SujellA] 0 Felakgio] Ehdsi A e 19 W
Aol 2 AAA S4& Frksb] s 9 A7 2=k
(Lee[1996]; Choi[1998]; Jang[1998]). ©]213t A& A2 71y
9 ApAZ 0 2 HE] QI7to] A A0 ® d= WSS UM
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o Tejsha SIRsIE ol 7HIE Brlekch. Ao
A% AR BelA B4 S AR, Bk, B7bA) ek

=Eekal 2RI o] AR 7HAE kel flsiAdE el
ZAAAR] ZER| ST o2} 2k 9] o] Zho] QIzto] Q1IA8HA] ek
ARl 75 E3HeE 7Pt sttt o] & 913 thete® v
0] AEAE|ElA}] Howard T. Odumo] A|QFstH of| =] W28
2-g3hH AEA 7EE 28l FUE oA k& o]8ste] 7]
& AAA 717 ] FAIR] AnfRF F4le] AAIA 7|7 of
W ABEAI ] 353 T4 e AA 7] Bt 7sslt. el
WA F7PHE A EAArg ol 483 AlEl 2 Martin[2002]2-
Mississippi River Deltad] 3} F-9W A1 C] =o]¢)S A5}
7] S18f ollmA] B7Rs o] gsto] Azl Apdxkd e 7S A
Falalal A 2pele] Fakm A EE olels Brlsklnh. A
Ao 7 o] FAF Bl -Fu|- &3} s A ghol] whE A o]
°le] nlu g Astar, ARIA} A E= FA42 vlgel vt o
FeHA HEbsT

olzigt "ol ul} E Aol M= E8F 07 o] &F oiX]
oA A 7 E Bk olwA s A8sto] =
Rk A HARq] ol whE A A A 71 &) WEkE s 7)st
siet

2.1 CHAJAIAE

B Ato] d A AR 2016 20203714 H A7 9l )
FA S5 NHE A8 S5 BAAIS Alehs Al
o i, S8 wEXT A (78 ha) o2 A3 thFig. 1).
AT A Hdal]lel] uhE o] el oA 19 5o
AR AE 8748 v} o] wEfalit) B At Al
Tzl oJal) A1l A EFo] AlgkE it uldR| o] 5
elelr] $l8ll 20161 7102 A7 FaARI ) @FFAF AakE
T3slo] B A g o] Qs TR RS 2Pdskal(Fig. 2),
T S gl BUEE HEE A (KOEM[2015])9F @
At Ay Fasle] A4 BEwE 24880tk Fig. 3). 5
A A E X8 A8 Fl H@xdo] 3ol ek,
vigkEo] whzl Ao zh A W FReA A E A7t B
sioich. B4 T2 H(mud) @ BE YER AL 228k Aol A=
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Fig. 1. System boundary for the eco-economical evaluation of tidal
flat restoration in Suncheon Bay (Suncheon City[2015]).

: system boundary (788,043m?)
: o vegetation (406,475m?)

Except for no vegetation : halophyte (381,568m?)

Fig. 2. Spatial distribution of halophytes in the system boundary
before restoration.



TR EAR1el vk el 7HA] g7k 49

: system boundary (788,043m?)
:muddy sandy gravel (80,552m?)
avel : mud (707,461m?)

Fig. 3. Spatial distribution of sediments in the system boundary before
restoration.

- AMTEI EREFR] Tl arEe] 44183tk (Suncheon
City[2014]). 53] = gX] 7" 3P| Hat Rz} 41?1 2pe]
NBYeE ngick. olsh 2o RIS whel AR WSS
2] F7p 712482 ARk Bl ElelA 2] 1
AR AE BB AR SRS A gsle] ek
MRS WA o w2 et uhebs] 9 5 o] 87
A EE] 59 dates Ao o] £ AXTE 9
T lEdRe] QI AEEA o2 A 0% ke

N

0
N0
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2.2 MEHZNIA Tix|

HIAPEAIR] A4, e A, el tisto] 18] 2deA
Hrkehe A2 sluleke] o] 7R R dshke o] ojzfg ¥Rtk of
Yzt Q7 Sl IH-Ee) 7EA TS 1 she SIS ZHITh
(Choi[2010]). BENAANA] 742 ARGARE] St 7 Hj = &Ee)
ket o e] 7EX7F A E= 28IAF S 9] 7HA] (receiver value)2k
el ik el FodE Akgolut g9l olsf AR E = At
Z%412] 712](donor value)Z T-EH T} 9I7|A] ARAAklo] g2 7
Aol Z]olek= 7AE A4 o w Hrlstaxt svkd ofde] 25
ARl ZEXRERE of g} A3 491 7EAE Edhet Tt 42 v
A& Hrrstoiof stk 52 T2 7HXE Brkeh] A &
How oA FrPEE o] &8k Artagel 40 BE oA
ZFo = gt AeAEAE 72E AHE 4 Ath(Odum[1996)).

2.3 0IHX| 7HE
u]=12] A|EIAYERSII] Howard T. Odum©] #|QFsH of <= <&k

Table 1. Typical format for an emergy evaluation table

71 M)A AARES R el AA] 1e|a 7o o)
0] A5 & L7 o8 7Fs v "E JnSth(Odum[1983],
[1994], [1996]). = ©lHA] 7HFelA 71H= dA thde] 7R+ ¢
YA7F obd tide] A7 I7HA] AREQE BE oU 4] (used
energy)s T3HH(Kang[2013]). whbA] o= dS 24212 714
7ol Agghomm A2 s Ael FYE QIkFe] w5y
et oh et tidatkglo] whEolx]E B ellA] AAgko] Z]ofgt
KA FAst 7)ol A Bl 7s sk

TSk 2] oflUx)= 1 58 Bl vk A5 oluA]
ZRE A% 17 YRR AEE ASE 25 7, o
YA S92 veRd euAe] Zueke ey <] e} thEw
A5 & 5 Qe sHolE A7 AT Odum[1996]). whebA] ofje
2 MAelME AZ O T/ oUAE vlash] ¢l A2l
Tt A5 2 Qe w9 AlelE vERE QAR oA
W3S (transformity)E AHE-3te] gt 71 F579] olyA] = gt
sh= & sttt BRI dA o= ] 71l
Yxjo] 2 gl oFof ] A SH5 (solar transformity)2} -2 17, TH9)=
sej/F& AHE-SITE.

ARA 07 P e omA g2 4] (1)7 Zo] 74+ oy
Aol @3t ANIARFIEE F5te] A, @l emjoules
AHE-gtTt, o], BFel|UAE 7]E R gt oA E kel A]
(solar emergy)2} F-Z31, T9]i= solar emjoules(sej)= ARE-SHCE.

Emergy (sej) = Energy (unit) x Transformity (sej / unit) @)

2.4 OIHX| EIHH
2.4.1 oA A AE] tlo]o] 738 ZHA

574 e olalishr] Sl g IR e Aol o
N IHA] A A o R RE 2HEH = WS ofslishs 20|

3 23K Odum[1996]). WA ell=] F7e] A gl 37
Al2HI0] TR QYRS slotalr] 918t ofA] AR tlole] 1
2gsict, ou, AlAERS ISk Sl 7S 24, AlaElelA
ofuli= 215 IS oflUR] AlAET 219 (energy system language)=
o]-g-3te] AlZHA 0= ZAJEFTHOdum[1983], [1994]).
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2.4.2 of|W=] F7hE 24

AR A4 tlolol 1 gellA] Thete AIAE FARAES F
At w2 gegglel] Slete] F 6d= A WX FrinE
2 SHch(Table 1). SlWA] 7 e B7FEe] 8 Wg, 53, of
YA, 4%, sllE 52 7124, HoeluAisis, Bl
w22, o= 3H71A] 4202 233 0dum[1996)).

2 ArelME AlAE QRERE FYEE oflulX] S5 B

Note Item Data

Solar transformity

Solar emergy Emvalue

1 (J/yr,g/yr,$/yr, W /yr,etc)

(sej/l,sej/g,sej/$,sej/ W ,etc)

Raw dataxTransformity
(sej/yr)

Solar emergy/Emergy-money
ratio(em$/yr,em W /yr,etc)
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AR 0 7 g o] o] FrhEE 2SIt dluiA] E5S
BA7YE7) Q8 FEL g, A, 24, vl v%, FEeluR|E
Bk Ao Sl wet AAstar, v Alitel] Ha s
7|1ZAVEE T2 7PN SEGEE A, AR HEAlE 58
Zasiglnt. o]52] A Ak 0dum[1996]7}F Brown and
Ulgiati[20161E& sttt BA4AH4E F7tsh] st &5 4
AAE, ANEE, B4E U f715= A4skar, owA] Altel 2
NZxARE WIS A 12 e ARG 9%
AR S F s 0152 X &2 Odum([1996]°1
AETH A AFT A Fato] Artsieict. 7t
FrpgrEd ouA S Y EHAEE syl o, oy
AU AAE] 7] B AT A AB7Fs A R4
“F(emergy baseliney> 12.00E+24 sej/yrs 7152 % 3ISItHBrown
and Ulgiati[2016]). o|M=| &0 ZH-E] |25} 7}X] (emvalue) s
T-5F7] $13l Kang[201512] A7-ollA] 15.83E+24 sej/yrs emergy
baseline® & a}o] A4S 2011 715 A X 3} H] £ (emergy-
money ratio)(4.36E+09 sej/ %)= 12.00E+24 sej/yrs 71O 2 3+
Akt 31 3.29E+09 sej/iWE ARSFITE HE4 o % Il Al
2Ele] F 78] oAl X=F AR Alelli= AT VT FEAAT
(double counting)s}A] S F=ollofof $HHOdum[1996)). ©1E 9
3 AFAEAE FA8R= Al 7HA] 7] olu x|l Elek, A4, =
A o] e x| FAIg} ol 2HE] HAsh= 23t 32t A7 ol
2] FYFE v|wste] & gk TR AT Brown and
Ulgiati[2016]). 91714 22}, 32} A87Fs ol A1€] 739 ellwA]
o] 7H & FE0] o HARE FHOE St

il

)
T4 oot
Mo

I o

[e]
A7 5 FAgo ol §ah] 9

Ao A ARG, 17 Qs A SRl

3} vjRIAR 0.2 QU8 BAA R ANAEe] 7t 259
olsh & AAE A A ARl et QS vpEo 2 ofulx)
B7K2 ANE) el A2 2 w8 elol] 1) oA A9

3} e TS detsta Fig, 49 2 oA A28 tolo]

A7) 21 01 Aol 24 8 shzol A7) £
9 32 mElste] B, A1, widh, Tela el Al
slol el felohe 2118 X elo 7 elalict. Suncheon

N

o7

City[2014]= =3RFe® f-sh= shdell= wxlo] 3ot skl
£9] A% - L AR ET ol W/ HEL ) Yol uhd | E1to|
A e "olzl AR 53 vlaste] # ATRe] iAol $1A]
3 A Fe ARFE 9 AVAEES] 2Jol7) Y-S BTt
olef w} SRR OZ gk Bre] T feluA] FEoz

A sttt

Benthic

invertebrates| ’

Halophytes

Dy

.

Fig. 4. Energy systems diagram for the abandoned salt pond in Sun-
cheon Bay before the restoration project.

AIE U8 A 30 2= A H9e) RS wh B
sk A= FEFE] Aol Ut AAeke M=, B5
HHE0] f7)54S 3T 0dum[1996]0] W= of %]
AMFollA BAARS Aoll=7] = diAF717F 1d o)/l 3
TR R B AT AAE Sl wtel] Sabr thd
og dezl AtE F44 0% H71RItHKim[2013]). 3HE
O gA UFALES Asleh Faler doje] Z1) AR wet
sl ot A usie]] whef Al Wol FHAstel hrh(Lim
et al.[2015]). ¥ AT iAoM) mliF o] 3 AA)] thFF| s
O MANG7F ZAFEA] ot T F-eAKgl ] Zlsfo] tFF 1% Tl
Aol mAE F42A o Es ddsr] ofH). shHRE 22E
g} ExshE UIFEe A8 B4 e das St
Al71317F k= BAgle] AAE aelshd Bk el sl
i ko 28] A 217] o]Fo] o]Fold Zlow yivlE]o] Priat
ol A28t BEgk Akl xo] WEkz Qls)] 2@l 717t W
A A AE o] o)) AR HolE AEsh ¢ar qllem, f
A 9 A2 FAR 1) 23] eddor AEsh= A7t Al
SITHMLTMA[2009]).

Fig. 49 o] A28 tholo]73g nigo s B¢ 29 #H|9
Aol -] Al 71osh= 7M1 E H7kelr] 919k olw#] 7k
= 28Itk (Table 2). 21 FdollUAE 2 AR oke o 242
s1eto| A 7} 78 S 4.04E+16 sejlyr] oW AE FHEF0
u], EfjFoll A (3.11E+15 sej/yr)2} HIEol LA (1.39E+15 sej/yr) <
O 2 oMA] 7127} =9k} U e 2= HiokellUX| 7} o
AlzEoll 7w 71o1E SRAINE, oA et oA
7% FHolM s e shetofluiA] theo® =3t A @ T
QF =AY HAMOE F]E T oAMAE 4.04E+16 sej/yre]
o, o] Brown and Ulgiati[2016]7} Ax]3t W o) wha} SEAAE
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Table 2. Emergy evaluation for the abandoned salt pond in Suncheon Bay before the restoration project
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@ Flows
Note Item Data Units Solar transformity (sej/J) Solar emergy (sej/yr)  Emvalue (emW/yr)
Global tripartite
1 Sunlight 3.11E+15 Iiyr 1 3.11E+15 9.45E+05
2 Earth cycle, heat flow 1.11E+11 Jlyr 49007 5.44E+14 1.65E+05
3 Tide, kinetic energy 0 Jiyr 30,900” 0 0
Sum of triparite 3.65E+15 1.11E+06
Secondary and tertiary sources
4 Wind, kinetic energy 1.74E+12 Iiyr 800% 1.39E+15 4.23E+05
5 Rain, chemical potential 5.77E+12 Iiyr 7000 4.04E+16 1.23E+07
Largest of 2nd and 3rd sources 4.04E+16 1.23E+07
Total 4.04E+16 1.23E+07
(2 Storages
Note Item Data Units Solar transformity (sej/J) Solar emergy (sej) Emvalue (emW)
6 Halophytes 1.37E+15 J 10,400 1.42E+19 4.33E+09
7  Benthic invertebrates 1.08E+13 J 144,000 1.56E+18 4.74E+08
8  Organic matter 2.81E+07 J 53,4009 1.50E+12 4.56E+02
Total 1.58E+19 4.80E+09

Transformity has been adjusted for GEB of 12.00E+24 sej/yr

Transformity source: a) Brown et al.[2016]; b) Brown and Ulgiati[2016]; ¢) Lu et al.[2007]; d) Choi[2010]; ) Cohen et al.[2005]
Emergy-money ratio has been adjusted to 3.29E+09 sej/W based on GEB of 12.00E+24 sej/yr

Emergy-money ratio source: Kang[2015]

S Fs7] Slete] A7Fs oA &5 7Re-] 7P 2 73 ofln
l S TR siSinh. webd R Ao A Hdd e
FYHE= YR 7EAE= 1,230 emW/yre] 1o, o)1= H
oaqu A7 A AR A AlgEko g B 2= 9ic) walk wed o
BHakar s 2ol their s *ﬁEH%‘Xﬂ@ 75 H7ke 489
emWolr, o] T Fi= 1.58E+19 sejol Tt

A Fdste BH** 7H*%17lt HM o %%@ A7k AJg]
ot} A o7 Fr)H o7 BTt 49]EE A EAIL /)%
< B, veksha FRE Qe sjopyEe] Mg 5 gle
o wglsl, = A3t o] ) Fo] wEte FAste]
=23 GA B g}, o]e} g2 el Fof o= A
w79 Wats uhgro = olul4] §71E AAlE) S8 B
ool f4lu)= oA AL BA-LS etk Fig 594 22
olL)=x] A|A~El tholo] 138 zMAEeIT}

1.9 A3} u|wato] AAAQl wZ=gslo] AR wlet A
of 24 4 yroyA7t fE Lz o] & Eealar, Bk, A
uke, 18] AL AU A& AR el f]lehs dluA el
2 skl

AHAEA C] BAAAL HrFslr] 18t aHol= B9 ;r_ 7)1%

& MAAR she M AXeE, PHR o) F
o] f7lede EEIIT WA Zide AE o um[l996] 1
wEE WA oiF] e AT 19 o3l FES

WEhEE B A AAPEAS] QAR Ve 9 By
ERE B7RgEeM Astshich. ek LA B b 54

o2 dafje] B Aedel AeHew &

Bsel ALY v}

glotal Bl WSS olEshs Aedol] wiiel 7 gk g7}

s Alslesict.

Fig. 59] o) A28 tlolo] 121&

Hjeko 2 ele e
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-
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Fig. 5. Energy systems diagram for the tidal flat ecosystem in Sun-

cheon Bay after the restoration project.
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Table 3. Emergy evaluation for the tidal flat in Suncheon Bay after the restoration project

@ Flows
Note Item Data Units Solar transformity (sej/J)  Solar emergy (sej/'yr)  Emvalue (emW/yr)
Global tripartite
1 Sunlight 3.05E+15 Jlyr 1% 3.05E+15 9.28E+05
2 Earth cycle, heat flow 1.11E+11 Jyr 4900 5.44E+14 1.65E+05
3 Tide, kinetic energy 1.69E+12 Jyr 30,900? 5.22E+16 1.59E+07
Sum of triparite 5.58E+16 1.70E+07
Secondary and tertiary sources
4 Wind, kinetic energy 1.74E+12 Iiyr 800% 1.39E+15 4.23E+05
5 Waves, kinetic energy 9.89E+04 Iiyr 4200 4.16E+08 1.26E-01
6  Rain, chemical potential 5.77E+12 Iiyr 7000% 4.04E+16 1.23E+07
Largest of 2nd and 3rd sources 4.04E+16 1.23E+07
Total 5.58E+16 1.70E+07
@ Storages
Note Item Data Units Solar transformity (sej/J) Solar emergy (sej) Emvalue (emW)
7 Halophytes 2.83E+15 J 10,4009 2.94E+19 8.93E+09
8 Benthic invertebrates 5.02E+13 J 144,000% 7.23E+18 2.20E+09
9 Organic matter 2.87E+07 J 53,400° 1.53E+12 4.66E+02
Total 3.66E+19 1.11E+10

Transformity has been adjusted for GEB of 12.00E+24 sej/yr

Transformity source: a) Brown et al.[2016]; b) Brown and Ulgiati[2016]; c¢) Lu et al.[2007]; d) Choi[2010]; ) Cohen et al.[2005]
Emergy-money ratio has been adjusted to 3.29E+09 sej/W based on GEB of 12.00E+24 sej/yr

Emergy-money ratio source: Kang[2015]

B7¥P7| 915t oA B7REE 23kl th(Table 3). ZF fdelld  7F ©F 4705 emWelS & = AU whebA] At g A]72] #|
A A RS v 2R 7} 7P B 5.22E+16 sejyre] 9 H HFAAES R EAE0S u) oF 1.388)] =2 ol
NMAE FF8I e, 7J4=2] gelo|UX](4.04E+16 sej/yr)et Bl Ao FdEal, 7 AR B o] giA|AEe] Alyshes Al
FANIA| (3.0SE+1S sejlyr) =0 & oW A] 7]olerh gtk A d EiA Au|e] ZE]7F oF 1.380 o }@—% IR AL 1= A I )
Bt SN AHAEAZ FAE T oA 5.58E+16 sejlyr A7 BASHE A1Q) 71RE 489 emWoly, B $= 111
= 5 & A 9 g x]e] o] Algshs e A2 04 emWO = LR o] Hd¥ ﬁ%*ﬁﬁﬁﬁﬂﬂ HAA R} oF
ZFX= 11,7009 emW/yro] 1Tt ©]+= Brown and Ulgiati[2016]7F 632 emW U] B2 2 Bfakar, ok 2308 =2 VXS 7K =
Ax g Bl whet FEAKRRS F3b| fleto] AE7Fs oA &4% LERAT
B 7he-d) "ok, A, 283 A A RS Hato] AXksleit o3t A IR= A B Ao STtehk= oluA|
T FolMAFel A AR 7} 2FA S B &2 93.6% AT Ae] 71X HES FJFH o Z velslal nlud 4 glon,
(5.22E+16 sejlyr)2 718 02 djol] o3t 47t dohie® 8 Ak W WX TS (AR T AR AR B8k Zlo]
T 7 ] B AaE ARE FRE F Holeth AEAEAR T]o| 2l 9-2lel Sles vERdT
Tok By & AL HoAAkel oish AeE A4 7E]
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Appendix 1. Notes to Table 2

Sunlight

Areal(reclaimed land with reeds) = 3.82E+05 m? (this study)

Area2(reclaimed land with no reeds) = 4.06E+05 m? (this study)

Insolation = 4.67E+09 J/m*/yr (KMA[2016])

Albedol(wetland covered with reeds) = 17 % (Kim et al.[2007a])

Albedo2(macro tidal flat) = 14 % (Kim et al.[2007b])

Energy = (areal)(insolation)(1-albedo1) + (area2)(insolation)
(1-albedo2)

= 3.11E+15 J/yr

. Earth cycle, heat flow

Area = 7.88E+05 m? (Suncheon City[2015])
Heat flow = 1.48E+06 J/m?*/yr (Davies[2013])
Carnot efficiency = 9.50 % = 1-(287K/317K)
Energy = (area)(heat flow)(carnot efficiency)
= 1.11E+11 J/yr

Wind, kinetic energy

Reference velocity = 1.3 m/s (KMA[1992~2016])

Reference height = 10 m (KMA)

Height for velocity = 1,000 m

Surface roughness exponent(land) = 0.25 (Manwell et al.[2010])

Geostrophic wind velocity = 4.11 m/s (reference velocityx

(height for velocity/reference height)s ace roughness exponenty

Area = 7.88E+05 m? (Suncheon City[2015])

Air density = 1.23 kg/m’

Drag coefficient(land) = 1.64E-03 (Garratt[1992])

Time = 3.15E+07 s/yr

Energy = (1/2)(area)(air density)(drag coefficient)(geostrophic wind
elocity)*(time)

= 1.74E+12 J/yr

. Rain, chemical potential

Area = 7.88E+05 m? (Suncheon City[2015])

Rainfall = 1.55 m/yr (KMA[1992~2016])

Water density = 1,000 kg/m’

Gibbs free energy(rain) = 4.72E+03 J/kg

Energy = (area)(rainfall)(water density)(Gibbs free energy of rain)
= 5.77E+12 J/yr

. Halophytes

Area(before restoration) = 3.82E+05 m? (this study)
Density = 50 ind./m? (Suncheon City[2014])
Biomass = 4 g dry wt/ind. (Suncheon City[2014])

—_
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Chemical potential energy = 1.79E+07 J/g dry wt (Gravalos et
al.[2016])

Energy = (area)(density)(biomass)(chemical potential energy)

= 137E+151]

Benthic invertebrates

Area(before restoration) = 7.07E+05 m? (this study)

Biomass(before restoration) = 15.1 g wet wt/m? (KOEM[2015])

Moisture content = 16.25 % (Ricciardi and Bourget[1998])

Organic fraction = 72.57 % dry wt (Wacasey and Atkinson[1987])

Chemical potential energy = 3.97 kcal/g dry wt (Wacasey and
Atkinson[1987])

Energy = (area)(biomass)(1-moisture content)(organic fraction)
(chemical potential energy)(4,186 J/kcal)

= 1.08E+13 J

. Organic matter

Area(muddy sandy gravel) = 8.06E+04 m? (this study)

Area(mud) = 7.07E+05 m? (this study)

Depth = 0.02 m (Suncheon City[2014])

Density(sand with gravel) = 1.65 g dry wt/m® (www.simetric.co.uk)

Density(mud) = 1.73 g dry wt/m’ (www.simetric.co.uk)

Organic fraction(before restoration) = 7 % (KOEM[2015])

Chemical potential energy = 3.53 kcal/g dry wt (Tenore[1981])

Energy = (sediment volume)(density)(organic fraction)(chemical
potential energy)(4,186 J/kcal)

= 2.81E+07 J

Appendix 2. Notes to Table 3

. Sunlight

Area = 7.88E+05 m? (Suncheon City[2015])

Insolation = 4.67E+09 J/m*/yr (KMA[2016])

Albedo(wetland covered with reeds) = 17 % (Kim et al.[2007a])
Energy = (area)(insolation)(1-albedo)

= 3.05E+15 J/yr

. Earth cycle, heat flow

Area = 7.88E+05 m? (Suncheon City[2015])
Heat flow = 1.48E+06 J/m?*yr (Davies[2013])
Carnot efficiency = 9.50 % = 1-(287K/317K)
Energy = (area)(heat flow)(carnot efficiency)
= 1.11E+11 J/yr

. Tide, kinetic energy

Shelf area = 7.88E+05 m* (Suncheon City[2015])
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Average tidal range = 1.1 m (estimate)

Absorption rate = 50 %

Seawater density = 1,030 kg/m’®

Annual number of tides = 706 (12hr20min/tide, 2tides/day in 365days)

Gravity = 9.8 m/s’

Energy = (1/2)(shelf area)(average tidal range)*(absorption rate)
(seawater density)(tides/yr)(gravity)

= 1.69E+12 J/yr

. Wind, kinetic energy

Reference velocity = 1.3 m/s (KMA[1992~2016])

Reference height = 10 m (KMA)

Height for velocity = 1,000 m

Surface roughness exponent(land) = 0.25 (Manwell et al.[2010])

Geostrophic wind velocity = 4.11 m/s (reference velocityx
(height for velocity/reference height)ce roughness exponent)

Area = 7.88E+05 m? (Suncheon City[2015])

Air density = 1.23 kg/m’

Drag coefficient(land) = 1.64E-03 (Garratt[1992])

Time = 3.15E+07 s/yr

Energy = (1/2)(area)(air density)(drag coefficient)(geostrophic
wind velocity)’(time)

= 1.74E+12 Jiyr

. Waves, kinetic energy

Gravity = 9.8 m/s’

Depth = 1.1 m (estimate)

Wave velocity = 3.28 m/s (sq.root of gravityxdepth)

Shore length = 2.40E+03 m (estimate)

Seawater density = 1,030 kg/m’

Wave height = 0.1 m (KMA)

Energy = (1/8)(shore length)(seawater density)(wave height)
(gravity)(wave velocity)

= 9.89E+04 J/yr

. Rain, chemical potential

Area = 7.88E+05 m? (Suncheon City[2015])
Rainfall = 1.55 m/yr (KMA[1992~2016])

Water density = 1,000 kg/m?

Gibbs free energy(rain) = 4.72E+03 J/kg

Energy = (area)(rainfall)(water density)(Gibbs free energy of rain)
= 5.77E+12 Jiyr

. Halophytes

Area(after restoration) = 7.88E+05 m* (Suncheon City[2015])

Density = 50 ind./m* (Suncheon City[2014])

Biomass = 4 g dry wt/ind. (Suncheon City[2014])

Chemical potential energy = 1.79E+07 J/g dry wt (Gravalos et al.
[2016])

Energy = (area)(density)(biomass)(chemical potential energy)

=2.83E+1517J

. Benthic invertebrates

Area(after restoration) = 7.88E+05 m? (Suncheon City[2015])

Biomass(after restoration) = 63.1 g wet wt/m* (KOEM[2015])

Moisture content = 16.25 % (Ricciardi and Bourget[1998])

Organic fraction = 72.57 % dry wt (Wacasey and Atkinson[1987])

Chemical potential energy = 3.97 kcal/g dry wt (Wacasey and
Atkinson[1987])

Energy = (area)(biomass)(1-moisture content)(organic fraction)
(chemical potential energy)(4,186 J/kcal)

= 5.02E+13J

. Organic matter

Area(total) = 7.88E+05 m? (Suncheon City[2015])

Depth = 0.02 m (Suncheon City[2014])

Density(mud) = 1.73 g dry wt/m’ (www.simetric.co.uk)

Organic fraction(after restoration) = 7.13 % (KOEM[2015])

Chemical potential energy = 3.53 kcal/g dry wt (Tenore[1981])

Energy = (sediment volume)(density)(organic fraction)(chemical
potential energy)(4,186 J/kcal)

= 2.87E+07 J
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