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Emergy-based Sustainability Assessment of Geum River Watershed
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Abstract: The purpose of this study was to assess the sustainability of the Geum River
watershed, which has been under development pressure because of its location in an area
created for government administration, the Sejong Special Autonomous City. Sustainability of
the watershed was assessed using the “emergy concept,” which was developed from a
systems approach that investigated the relationships between the natural and socio—economic
environments. The results showed that the Emergy Sustainability Index (ESI) of the
watershed was lower than that of the Korean Peninsula due to the low Emergy Yield Ratio
(EYR) and the high Environmental Loading Ratio (ELR). The low EYR and the high ELR were
caused by the inland location of the watershed, which is far from a tidal energy source, and
thus requires a high dependence on external energy sources. The watershed management
policy should focus on reducing economic dependence on external energy sources by
developing internal sources, which may eventually increase energy security and reduce
environmental loading, to improve the overall sustainability of the watershed.
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DM =W 01%?3% S A RTE AR H o= o] FTH3F)

ii 79 ol &ote A9 F A AYe A -Z(B, C, D)
DIy = DIx- + DIg- + DIc- + DIp-

20179 @A A G4rdaTEE 201349 71 AEE 7HY 24l HolH
Z ATl Atk wekA 2 dFolAs AR, B8R, 22
4 o] HlolE 9] A== AFHCRE 20139 70 & 4L, 20139
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V. 243749 tMX|et XIL7tsd 87t 21
1. 22990 HUEY
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€8 At ) 22500} Se o AR M) dos
589 Fe AuE §& WYY UV} Zlofshs vt acka

= 7 U vl 01 79 H"ﬂour %Xﬂ pE Oﬂ‘ﬂxl/ﬂhﬂ H]-&(UEV)
Hoh A4 £E, S S92 oHAl /3 vl 24 o] A A
= oAzl AetA 3.681 EA UeRT Ul ol
o]} 0.98M = FFAFSHAl e T, ERE, Al
oA L}EH& ofHA ZFH D‘r TR A e oW BF°l ¥ &

e Azt oAl 52 =Y olde] =A =49
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90 = AWM X26H H4S

(E 2) 3R HmX| It Zat

£l UEV® Emergy  Emvalue®

el == B8 () (GejfUni) (el (EmWiyn
YT
1 B K] 3.94E+19 J 1 3.94E+19 8.44E+09
2 HEHOAX] 6.85E+15 J 2,450 1.68E+19 3.60E+09
3 LX) 1.46E+16 J 46,600 6.80E+20 1.46E+11
4 LSS0 X]) 5.89E+16 J 30,500 1.80E+21 3.85E+11
A 248E+21 5.31E+11
o i ISR O/
5 = 4.91E+15 J 81,400 4.00E+20 8.57E+10
6 EEQA 3.77E+15 J 12,300 4.64E+19 9.94E+09
7 #E= - - 8.14E+21  1.74E+12
8 =5 - - 1.63E+16 3.28E+06
A4 858E+21 1.84E+12
22
9 =AM 1.02E+10 $ 2.29E+12 2.33E+22 4.99E+12
10 =W 0l 8.53E+13 R 4.07E+09 3.47E+23 7.44E+13
AA 3.71E+23  7.94E+13
Py
M =M= 1.71E+10 $ 4.92E+12 8.40E+22 1.80E+13
12 =2 0|E 7.61E+13 hid 467E+09 3.55E+23 7.61E+13

A 4.39E+23  9.41E+13

z: a) UEVEE ® XI7X O 0{X| 15.83E+24sej/yrS 7122102 A
b) Emvalue= OIHXIE SHHHRZ Metst 2=, OIHX|0| shE AIARS SHH/0HX| HIES
D510 AR
1) E{0I4X|(Area: WAMIS 20131 Xt2 7|F; Insolation: 7|4, 2013)
= Area X Insolation x (1-albedo)
=(9,901,210,000m?) x (4,972,110,348J/m?/yr) x (1-0.2); 8XI2] albedoZ 0.22 713
= 3.94E+19J/yr
2) HIEZO|LX|(Area: WAMIS 2013E Xt& 7|Z; Air density & drag coefficient: NEAD; wind
speed: 7|44, 2013)
= Area x Air density x drag coefficient x (wind speed)®
= (9,901,210,000m?) x(1.23kg/m% % 0.001 x(1.568/0.6)°; X|H HIE&EEE AZ0| 60%
2™
= 6.85E+15J/yr
UEV(wind) = 2,450sej/J(Odum et al., 2000)
3) Z2(ARILHX])(Area & Elevation grad|ent WAMIS 2013 Xt& 7|Z&; Annual rainfall:
7|44, 2013; Runoff rate: ZEWEE, 2013, p.12)
= AreaxAnnual rainfall x Runoff rate x Elevation gradient x(1,000kg/m® x(9.8m/s?)
=(9,901,210,000m?) x (1.203m/yr) x(0.58) x (223.9m-8.35m) x (1,000kg/m°) x (9.8m/s?)
=1 46E+16J/yr
UEV(water, rain geopotential) = 46,600sej/J(Odum et al., 2000)
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4) 22 (&S EX])(Area: WAMIS 20134E Xt& 7|Z; Annual rainfall: 7|44, 2013)
= AreaxAnnual rainfallx (1,000kg/m°%) x (4,940J/kg)
= b5.89E+16J/yr
UEV(water, rain chemical) = 30,500sej/J(Odum et al., 2000)
b) &
(1) Total renewable water(Area: WAMIS 2013 Xt2 7|Z; Annual rainfall: 7|44, 2013;
Runoff rate: ZEWES, 2013, p.12)
= (AreaxAnnual rainfall) X (Runoff rate)
=(9,901,210,000m?) x(1.203m/yr) x (0.58)
= 6.91E+09m°/yr
(2) Total water use(WAMIS 2013 Xt2 7|&)
= 2.72E+09m®/yr
(3) Nonrenewable use
= (2.72E+09-0.25 x6.91E+09)m®/yr x (1,000kg/m?®) x (4,940J/kg)
= 4.91E+15J/yr
UEV(water extraction, X|H4= 7|%) = 81,400sej/J(Odum et al., 2000)
6) HEQAM(Area: WAMIS 2013 Xtz 7|Z; erosion rate: sE7|&®, 2005; OM%: =&
SYUEH, 2009)
(1) Paddy field OM loss
= (paddy field area) % (paddy field erosion rate) x (paddy field OM%)
= (1,321,740,000m?) x (1MT/ha/yr) x (0.0243)
=3,212MT/yr
(2) Dry field OM loss
= (dry field area) x (dry field erosion rate) x (dry field OM%)
= (814,150,000m?) x (37.7MT/ha/yr) x(0.0217)
= 66,605MT/yr
(3) Forest OM loss
= (forest area) x (forest erosion rate) x (forest OM%)
= (6,169,990,000m?) x (3.5MT/ha/yr) x (0.0449)
= 96,961MT /yr
Total soil OM loss
= (3,212MT/yr+66,605MT /yr+96,961MT /yr) x(1,000,000g/MT) x (5.4kcal/g) x(4,186J/kcal)
= 3.77E+15J/yr
UEV(topsoil loss) = 12,300sej/J(Brown and Ulgiati, 2011)
788) 324 3%
4TE YN NME(EY, MEY 0]
- EET(2015)
- SESAEEAIAH
- M2HEE(2015)
- ZEEEEAEE
- 37IsA



92 = AN H26H HM4s

AHAFZE

stz MMM UEV emergy
° (a/yn) (sej/q) (sej/yr)
7% &2
IHE 5.50E+10 2.90E+09 1.59E+20
74 8.77E+10 1.68E+09 1.47E+20
A5 8.00E+11 9.50E+09 7.60E+21
By 1.37E+11 1.68E+09 2.30E+20
Total 8.14E+21
=
= 2,846 5.04E+11 1.43E+15
2 30,985 4 48E+11 1.39E+16
Total 1.53E+16
UEV(minerals & metals): Cohen et al.(2007)
9&11) YUt 2E(ZH) (LWI’"* 2013)
AI'E T8 +EQY FUS HIEFHOE 2t A|-2- 718 fY HAH|Z &
FY9 & U3 = $1O 162,049,762/yr
{99 = &3 = $17,050,148,865/yr
10 & 12) 0|} 2t O|&(SLH) (C’E.L 3l 2015)
T Q9| X%t R Lo I|01 ZHO|EY M
OfRJ(HR: =8/yr)
AETA >cd SHHE SHEHE OZd sEE  4E Mz RY0[Y
CHEZSAl 170 8.4 3.0 2.5 4.3 0.7 0.3 33.54
SHEL 27.2 9.3 5.2 4.5 6.0 1.1 0.2 24.33
YL 59.3 10.8 9.8 11.6 15.0 1.4 0.3 20.93
HEL 20.1 7.4 7.2 4.1 6.7 0.6 0.7 5.89
4YEE 41.9 19.3 17.6 11.0 215 15 0.3 0.45
A= 123.5 50.2 27.3 29.3 41.2 5.0 2.0 0.20
8 8534
O|& (Y- Z8/yr)
PSR =cd IHE =HE OZa sEE 4 Mz RY0IE
YA 9.9 6.7 2.2 24 3.1 0.6 0.1 22.88
SHEL 24.4 8.5 3.8 6.5 6.0 1.1 0.4 23.14
SEEE b6.6 13.3 16.1 16.5 22.0 2.5 1.0 24.64
HEE 16.5 6.7 5.1 3.8 5.6 0.7 0.6 4.87
GYEE 41.8 15.0 9.1 7.7 275 2.1 0.6 0.42
a7\ 92.4 54.6 25.0 28.4 36.2 6.8 1.9 0.17
& 76.14
AE: 2 ZYA- = U Al- 29 GRDP: KOSIS ‘KIGAN S HIEHOZ ALY
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(2 3) 32792 HHX| x|

Hs x4 ojo| Rk el

Renewable flow

1 R (oo golsl Xpastel ofoix) 248421 seifyr
2 N Lﬂihﬁ;ﬁéjsgénrenewable extraction ({5 8.58E421 sei/yr
Cov G sa2es iy
s em G
6 SHRenow (et B AR H1E) - /Y 0.0065 -
7 ELR E%r;v:irc()ﬁzw,g;;al Loading Ratio (2455} H 153.18 -
s o G
9 ES| Emergy Sustainability Index 0.0067 -

(X X|&7H5d Rl=) = EYR/ELR

4G oHA] A oJu|sk= Y 3.82F+23sei/yr R, QHZ
FE et A F= 3.71E+23sej/yr2 A2 ofHA] BiH(EYR)
P2 1.03= UETh EYREEO] 1°] 7725 R, N, F 5 F9] H|2°]
It & 4 9o, RZEE Fujgt ZHQl Fuk ofH 2] Agatol] E-§
g 7% EYR#Z 10] Hrh

%Renewt-Z 0.0005= UEFELTE gto] S5 YA g&sk= 7
AR E A5, o] 2255 AR Do|y Fulet A S8ttt
£ 9uZ & 5 ot AT S8 49 gk 10] Ha vjAgAt

oL PR RE Fulat A1) ol o] Sold4E gre Aot
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r&O

73599 ELRFZ 153.182 UEL, ZH*“X}%OH Hl5f JiZ o0& H]
ABAA9] &g HEo] Eof FHRF w2 Z0E UEKth

EIRZ oHA] FA&E EEHE Fufjgt X}QJ(F)A HlF-Z YEl=
o, 27499 EIRFES 33.528 YEPT o]= A|AH XA H]-go]
A = ALY oo Hlsf REEE Jufst= ZHH9] oW A7}
33.52v] 2t QJu]olot.

20139 73899 ESICIHA A&7 Age W2 WA Bikg
(EYR# =2 ggH-s} H]E(ELR)E QI3h Zkol 0.0067% WHERTY.

4T oHA A5 F A&7 TEE HHAFA EYR,
ELR, ESIZ 7]& A+Z2%et HbLoH HATHIHE 6 2). HZARE=
20059 71 R A&7HsdE BURE AT A(2007)Y A+AT
ok 1981 5-H 201497HA] vl &9 oW A& H713F Kang(2016)9
A+AIE L8ttt

WA gh=o] =7} oA 2|49 B9 19814 o]F IR Z HAH §¥
S(@: 199749 IMF 9171 5)& Aot ELRS A &A= F7ol= FA
£ HYoH, EYRS W2 A &H o2 Fadsts FAE B &, 4
Aol wet A5 Fotg oy SRl HlE2 716kl o
A ARE2 Frastgnh 1 A owA A&7 A ESD7 A4
o7 ZrAskoith

A4(2007)2] AF+ATOIA 20058 7% HFHG ] ELRS g A
Aol ELRQI 32.73K.t} 2 54.78= UEal, EYRS Sk AA|9] EYR
Ql 1.27Ht ¥ 1.182 L}E]r‘)“‘:} 20059 3H=+9] ESI= 0.04%1d] H5]
ZH4(2007)9] AFolA =&T Y 20059 7|5 ESIE 0.0222
o 2A UErg

2 AtollAf APg3E 20134 71 273199] oHAE o= 3t ELR
2 g HA|9] ELRY 44.198.0F =2 153.18%2 UL, EYRS T A
Ao EYRQ 1.21Hth @& 10302 vehgrh dakd oz 20134 7|2
499 BSIE = WA ESIQ) 0.032E W2 0.00672 HeRHT)

rlo
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(A% 6) 7| A7ZnQt SLRY HHX| X|5=2| H|id

Environmental Loading Ratio & 5 i

EYR & ELR of Korea 7
B A Kang(2007) ¢ ;

40 i ; Han River / i

35 g | watershed(2005) /\/ i

i " This study

; Geum River
25 i / watershed(2013)
20 / }

o & 9 N o H PP S S P o GO RIS
I FF PP P S S S S S S RSN m@“ N A&df‘ ARSI AN

Emergy Sustainability Index
030

025 A
020 /\
ESI of Korea Kang(2007) This study
ik i Han River Geum River
\ watershed(2005) watershed(2013)
»
010 A e
\ .

%%%QP%”%"% DD DD PP P RH S S
ORIGRICHICCIC U AU RN I L SR R L IR

0.022 g
® 0.0067 @

0.00

5 & & 0 PO QO
& & PP, PO O LR
TFFLTL S FLES S

Z I M2 st= HAH|Q| O|HX|IZE HIEFHCE of= 2 O X| X|5=Z LIEIL 1, 2005F MO = LIEHA
H0|El= ZT4(2007)2] 2005\ 7|= 3499 O|HX| X|4=0|0, 2013H HOZ LIEH CI0|El=
= AF0IN =55 FLRY OHA] XL

A& ZAM(2007); Kang(2016)

AR oA A4t B WA ofm A A|go] Bls) B
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AT mebA oA AFo| M Bizo] QR 2R et Al vle
o] Wl &2 Holr}. 2= AA 9] oHAIE AT 45 A7 A
S Aol AAJol Hgo| £oBE, ARG} HIES WS w4 A
7167 AsE wole H ¥ ol 2 TS st Aol siY +
T @S oM 4Fgee st ARl & FEE 9 F
= A% gt §99 AL F2 WRY Aoy YRERE AT
S Z&oto] AR AZ TS Ittt HolA &R Hieol &
AL oA A&TRsA A7t WA Ui el AH-

FEuE & 544 AFERE sAt Attt ofExrt &7
2ol T3] WA A&7k AleihE v ez foo] A&7kt

S5F A&7sAo] @A YERtE Hol AlAbshs vk 25| Sl &
ARt (resource security) SHOIA A FJo] JEst= Aol B A
73S BAT A 1uls) & 87t vt I A& wirbA|
ojAgt A NAHCRE 2] Zgt Ado] ¥IHs] WA sk A FA =
B2 Halotal ot ZAIZAY] WEtR ojk J A A £Y=H=
A F5o] stFoplo] F9E 7Hs AT HiAE & glom, S E4
olgk &7t FASoIu At B R FHE TS wiAE &
gltk. oj2fet AS A7 of @AY Zo] =7 fHoE FAHE o
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