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Assessment of urban water management using a water metabolism framework
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7] $15ke] A4 /HLH(LID, Low impact development), Ak
(Decentralization) ¥ &< THHSI(HIE o], & Ao]&, 3+
@3t B A% 39 22 Ao| ST giot,

of oA HANE &4 TS} 22 & #e A

< Ndste Brtety) S AIHLE & A 24 (Water
metabolism) 9] W Ao disf n&e] Hiz ot & of
AL B4 EAIG 2 AAF0] ofF FAUS dukE B8
stof g2 ARSI st R HRE =AY - 9 FE i
st B9 AvAY 252 B4ske 7Hold), AAH
SH(Industrial ecology)dllAle AFAAIAES A 9 4B E ¢
g At BYez By BEAY Av|9H O SHFGYF
2 oldlsty] {3l ot AAES dieR EASERY
(Material flow analysis) S-2 A}3] 7 At AREA (Socio—economic
metabolism) 3t gk, tAt 248 T o A"
o A AHE HEE BAsT A 2848 B 5 gl
o, o] 7|fte 2 o A2AQ A He HFs =28 4 Y
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OB A EHE A EAE B ARG He0 A0R, o
£ 54 B A290] AAel 729 BEAL WAL A

o] 2 Bxolt,

£ A} 2EMH (Water metabolism framework)

EAE GYUE 5 Y aAYE A oA sHEERS,
SHHESRe, 9, AFAl, Asle 5ol dem, HiE, Mold<,
drEst 9 vAEeAde] k& o3 Ee A T
oA ERE FALE EA19) thofgt A &gt &8
9l AREFAC] whe AeEa, AL/ AES, 88
o8 UE & don, tdt 4o 93 AHE 2L sl
Ee 95 FEE PREL e A S ARA A
AZ Eop7HA Bt Fole Y e, AR, AT 2 WR
o 22 7|29 A Y & 55 oY E AT 7T BER 2
2ol §lot, I A2 B oS A S A% A2,
ZA Y BAdE ol 71& 71&(Sponge city(F=), LID(T|
=}). Water sensitive city(£5%), Low impact urban design and
development(F2ME), Blue—Green city(¥=) 5), =52
2 E5 At g3 AL & SEele de3 T Ve
(Aquifer storage and recovery, ASR)5-| QITt,

Kenway 5(Kenway et al. 2011)2 $Jo} 22 nE 214
52 neste] et 22 B At EHES AT =
A B A= 37 ZAZ So]2E $23KQ, Input water flow)
I =AOA w2 Q.. Output water flow), 12|31 &=
Ao AAE= 7F(AS, Changes in storage) .2 28 3= 9

=3
1
2, §9) U §22 S4 ue hed} 22 & 5E0E 4

;O

2

Input (Q) = Output (Q,) + AS
73=(P, Precipitation) + FUHZFH E55(C, Centralized
flows) + HAHY 2D, Decentralized flows) + Ajo]& &
515 (R, Reuse flows) =
ZHFAFEH(ET, Evapotranspiration) + 7-9-3-&%HR,, Stormwater
wn—off)+ Z|3t=AEHG, Groundwater infiltration) + k1
(W, Wastewater discharge) + AJo]4 TS E(R, Reuse

flows) + AS

A71d, 4HER 352 d€3ud 22 A=,
Surface water) #4=, A8}4=(C,, Groundwater) F|4= 5= £
SHH(C = C, + C,), #A4E £33 YED,, Precipitation)&
B3t AFD,, Stormwater), &7 243 A5H+D,,
Groundwater), 3543 A4AHR(D,, Desalinated water) S

(D = D, + D, + D, + Dy, Aol&2 W=l ¥R, Rainwater

harvesting), 3FFAJ0]4(R,, Wastewater recycling), 5404
(R,. Greywater reuse)& EFJITHR = R, + R, + R)).

E A E40)A] System boundary= ZA1S FAHAI
BoundaryE 7|& 22 & 4= Qlth, o]2|% Boundary= A HH
Fip 71l A BEste Ast Al2EE E4817 o= -85t
A, HEY 4 B AsleY 357 HRiEHE AAA =
TETE BEEHA g 4 QlolAl A=Y A AArt 2
8% = ok, G & o S, FRES ASAREY
o 22 AdA £ 352 R M FHEE, 24
AA o gt AAA & TES =AW oheFst EAo] 8- 1
g F4to] Dasi,

= A E4L dAE e s ke FHoE A% O
L £ Al2doA e HH e g, w29 T2 £EAEA, B
F, St 2w oA Bste +AHIE 2UEHY
st Zlo| a3, oo wet £ A A= +A7A 13
st Weko = FAE AL 9)th, Renouf 5(Renouf et al., 2018)
o AL % BA B oz & A2EY AUA AT 2
Nutrient 355 Al 1223t}

E A} £49] gAIZA 20054 54 ARE L4435 A4
E oA 24 25 of [ 2] YEhglth 20059 A&
Aol Azt oF 8,29m’e) H|7F W oH, of 4. 7%m’e] &
Ao ABHE et T Yo fUEHNT, 2.19m°e F
T 1.39m’e 4502 ol FEg, titEY & Fgol &
7(12,69m") 3l olFojg o, A8 Aak(0,29m’)9t
AR 4420.08%m") = 4% L= AT AeFoz 48
12.19m’¢) 2453 FAYFTAA AT 0,99m’] A%
+E AZste] 11.59m°e] B47H AAE|o] AEAZ ¥+
oH, 1.3%m® A9 ZEol £A=H T, 0.2%m’ F4E
B 2902 o]FEt &, 20059 FA AEAAE AT
FUY oF 102 A=t EAEGE Aoz yehg, A&
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AL A EAE Fote] 2A1Y £ B 42k (Performance)E
#7138 4= Qle}, ofdf [F 1]o] 200548 HLA] A3} AEF
(Renouf et al., 2018)91A U & 4] g o835t A &S A
Abste] yehlio] ®oktt, & that E4o= ohofst Aws &
&8 5 ot o ol E M= 57HA ARE L8k

St

1) Water use intensity (m®/capita/yr)

Water use intensity= =A| A7+ F & A F=2 U
= #tolth. Renouf 59 & tiAb B4 m=w, 2013-2014
UL 28 7|20 2 Perth7} 160-180 m®/capita/yrZ Water
use intensity”} 7} =%, South East Queensland (SEQ)
2 Melbourne #|%J2] 2% 90 - 110 m’/capita/yr F=2] S-A}
3t A7E Bt (Renouf et al., 2018). 48 Z7159] A%
AH 848 =7PE 9 A4 F8 ol o Water use intensity
£ AAbste] Baiskal Qlchhttps://ec.europa.eu/eurostat). E
gt 1% 3le] ml=re] 3 d E AR FF(Dieter et al,, 2018)
3 3 ¥ o7 (https://www.infoplease. com/us/states/
state—population—by—rank (U,S, Census Bureau, Population
Division))E ©|-§3te] X| & g5 FalHglet, ofef ZolA 4%
ox Fe £ AMgFo] B2 o, HA AT 7 & AMEFE
B, Washington DCO 1209 & AgEFo] 7h5 2 202
Uehten, & Abggol Bt sho] 199 & ARl B2
Aol obd & & &= SlSith, ol AREL AT AHY £ ol

£ Tt 4 Qi ARE B8 4 9 Aot

2) Water use internalisation(%)
A Y AR B AR FoA A YRA A H oz A
< e S%E B AREA, $402 g3 Zo]

[# 1] M23} 3F X|=2| X[ H|m(C{Al)

pyje M SEQ F* Perth A[*

A2 ZALEE 2005 201314 2013-14

Water use intensity (m®/capita) ‘ 136 90110 160180
Water supply internalization (%) - 09 14 27
Rainfall potential (%) - 59 918 201
Wastewater potential (%) ‘ 128 60 36

*Renouf S(Renouf et al,, 2018) =22| 2§ 22 0|28t AAX|
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3,000
m Expected Min. Use

2,500 = Expected Max. Use
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Water Use per capita
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[22! 3] 0|2 L} =AIS2| Water use intensity H|m(L/day/capita)
(Dieter et al., 2018, https://www.infoplease.com/us/states/state—population—by—rank (U.S. Census Bureau, Population Division))

UERE 4= it olgo] F7FIAY SFFAE S Aol g Ex S o8] TV}
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Aol Fee] A £ St Basits AL AN
84 o

3) Hydrological performance(%)

Hydrological performance= EA|2] AHAA & 3591 5,
S IARF(ET, Evapotranspiration), 4-2% (R., Stormwater
run—off), A3+ AEEH(G, Groundwater infiltration)S EA| 3}
ojMY FOE Usr H[ELRA, EAS | GE A £ &
£ 312 golgt 4 9= A Eo|th, Renouf S(Renouf et al.,
2018)8] ATNH EAS ol FUAIT A5k ATFS
H37h (A 2LH(100%), &%l oF 180-580%7H4]
OMH Sl 8 4EAS 44800 2 S

2 ZHoldl 4= 9)ch(Renouf et al,, 2018), 7 %%‘L]
7]‘— EA W & AR fad] o 7‘}%4_—4 Aaot Z4
A2 37k LT 4 YL

il rlu

g reed

-
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4) Rainwater/Wastewater potential(%)

Rainwater potential?} Wastewater potential> A7t =
Ak st AR SN AT EAME TS Ve He
ZA, BBy iAol 82 Foto] &A Y EL o= A
& 5 QEAE BoFe AR, o] AXEL FF EA
Y & 37 A2 HE vt 24 A2 Ee sk Aol
A= 7 QAE 5 YleA 5ot AR

:;L

°1
42 + A

5) Water—related energy/nutrient efficiencies

£ AMg &8 But ofzh E AJAH] Sk ouAAb
£ 38% BXo| 7}53tt Water—related energy efficiency+
E A2go] AHgsle F oUAE T 11@14 2 A= Y
=t Aoz AAS 4= 9lth Nutrient®] A<, & A28 A
oA Nutrient®] 2|0 tiste] th52] X]E-f AR 4 9l

(Renouf et al,, 2017),
Nutrient recovery from urban water = N,./Nww,,
o714, Nrex 3|5H Nutrient®] ¥o|™, Nwwin2 3}54
2] Aoz 0¥ Nutient®] Folch, o] ARE o] &3l £A|
o9 Bha, A9 ol9} 22 Nutrientd] 3|4 FJ=Z Holg
% 9k, AT Sof, vlol2 b A4 B AR ovi 4 S
B Ul A seA o] AA) £ Fo) ct.

= A 243 et 8419l 524
ZA] & tAF £H2 ST AIRE 3 AY A 2AR RS
7gte 2 g, eeuet B I $ARE A4k 54 st
T A Qlow, AetedR, AddHEAE 54, 121
7t A AR GA A et WA SN & B AERS
S QI = gk, § 719k A E e Hlo|EHo]Agl
= 7h A T2 £ 3 B A] A (Water resources management
information system (WAMIS), http://www.wamis.go.kr) E5F
£ U 4% HEE ATk glon], SFF st 37Mt
B A A” (https: //www. waternow. go.kr), =7FtrEA
HAJAH] (https: //www, hasudoinfo,or kr) T AEES} ek T
Y718t & e HolgHo] AR SEE QT & 22 429
£ At 240 AFSE =7FE AR 2 F2E bl Aol
= oAt £A4E #351= o JlolA ot 22 ofg '] §
€ Aoz Hn, £ Wit B4L AdiMe 7] & A0
A g Y & 2§ ARE FYstolof sh=d, o] A
A A9 dio] RESt| FAARY BAE HE| L
371 oAFAY, FUg SFof thgt #2171 22t blolH ¢ A=)
7} Slgieh E3 £ e avAel
HHE YaiMe ’\] —‘]. TR B AR dolgrt
Zaste, o] tigt A= obet £, oA, ulg 5]
tigt # glol8 e dA7L Aasict, doz Hhoy 4 F3
%i’}ﬂl At got, =X & U a&Ao= Y 5
=5 FATES &St 24F AV BEs| AA
"ﬁjﬂ] THE 7 e T £ e Hol" Alajo] FEH7IE
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Q.. Input water flow: EA|Z 50| Q&= 5

Q,. Output water flow: A4 Wj&EE = 5
AS, Changes in storage: =A|o] A=< 4=7F
P, Precipitation: 793

C, Centralized flows: 3% Fd 25

D, Decentralized flows: 24+ B35

D,, Precipitation: ¥l &

D,, Stormwater: AlZr4

D,, Groundwater: 2712 £AFY X3}

R, Reuse flows: #jo| g <3z =

R,, Rainwater harvesting: H&0]4

R,, Wastewater recycling: 3=A]o]-&

R,. Greywater reuse: 30|18

ET, Evapotranspiration: Z-3-AFeF

R, Stormwater run—off: 73$-F=%F

G, Groundwater infiltration: A|3}4-A &8k

W, Wastewater discharge: 3k o

N.., Recovered nutrient: 3]4% nutrient®] %
Nww,,, Nutrient input in wastewater: StrA 2|02 F¢

= nutrient®]
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