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<Review>
S99 2AAES o] &3 FELol v AT - 2%

I IAT T, olmG AR, drkuge] o] §5 B FRAH WATH: 712 olsfel A @
U 7)Fuste] H3517] 9isto] e Fasht BUULSRRLELS B9 L §4, A, Y ¢%o1 3
of 3 7|ofots 7H B2 AU dlolt. 3 ol Aol Aol shils =9y
BOES 0§49 DHYE oIF 984 B0 /st ofF Bl ol 9o o) Bo) she] =

SR el ) 2R AshaS aas 3131 Sl & =B F2 o4 EAE 0183 uf 12fsfo} s
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of 0|21 7901 X347} 5P 7] of5he w7k 4Rk Seks o) elA A, 220 3wt 7|
Wsfo] €J3) 7 7]oft= EgubE 202 oI FF, oleiet BN U 7| TSP} B g mAE
TS olalsty] FAE FEEAE FU 2599 A5H wUEYo] BaF o2 BerHt
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Jeonghoon Lee, 2017, A review on hydrograph separation using isotopic tracers. Journal of the Geological
Society of Korea. v. 53, no. 2, p. 339-346

ABSTRACT: It is very crucial to understand what pathway water takes and how much water is delivered by runoff
and percolate into subsurface after rain storms. Isotopic hydrograph separation quantitatively calculates how much
each component, such as rainfall and snowmelt, groundwater and soil water, contributes to stream. Recent advent
of laser-spectroscopy enables high frequency observations of dual isotopes of stream and input component (rainfall
and snowmelt). This forces a fundamental re-examination of processes of water delivery to streams by pre-event
water. In this review, assumptions and systematic errors of two component hydrograph separation is mainly
discussed. Governing equations for three component hydrograph separation considering soil water are derived
and presented. Isotopic characteristics of each component (6D and 6'*0) are discussed. Although it is known that
a contribution of pre-event water to stream water is greater than that of event-water, such as rainfall or snowmelt
by hydrograph separation, it will be expected to change due to recent environmental and climate change. To better
understand influences of this environmental and climate change on the hydrological cycle, it is necessary to monitor
a specific watershed by isotopic hydrograph separation.

Key words: hydrograph separation, stable water isotopes, systematic error, groundwater, stream, rainfall or snow-
melt

(Jeonghoon Lee, Dept. of Science Education, Ewha Womans University, Seoul 03760, Republic of Korea)

M E S= 1S Y AR FHE 7oA A& H

A WOoR EX AF U AE WA hA] 7|2
=9 &2lolX] ZH(precipitation), & Z=(rainfall)  o]E3HA Hrk ol2gt Ao 2L FLAMS
F(snow) e ¥ 52 E(snowmelt)o] TAYSE  (precipitation event)o] ERRYSE & 7-9-= 3-Z(runoff)
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E+= HE(infiltration) 2] FE|Z 1A E+= A3l
o] 5314 "} AP (water resources man-
agement) AHAof|A] -7 AR o] 5 o gt F =
2, 4ot Bo] 45 W M7 EAsE 7HE o]
otz A2 AA H - 715 Aste] th-g-st7] sk
A= w9 FQa3lct(Lee et al., 2015a). TEEZH
(hydrograph separation)= H|¥k-32X}{conservative
tracer) & AMESIA -9, Aok, BG4 4249
20| 81 (stream)of] uiEEA 7|osk= 7HE A
FH o2 Atks= v o]t (Hoeg et al., 2000; Kim
et al., 2017). =822 739 A o] ojwgh 1t
o2 797t 3P7A] o] Fh= 7ol iR AR E
A53l7] W&o A-F<(small watershed)ol| A 4=
A of) w9 -8 = At

A BhA|7] Bt B 8490 A EGS,
d, A8l 5715 0] o|BA Al(system)E ©]55t
7 olsfsp] Slste] $9948 ol 83 5919l
4 =] 2| A 8K(Isotope Hydrogeology)o| @43}
ret(Lee et al., 2015b). EXAFTHULE FHAR
o]-83} 7 -4~FEe|(storm hydrograph separation)
£ B2 AYoA A 40 A7t A9 EAJE o]
gst= ol 2 719E 3 gtek 53], dA = ¢
Ph R F 297} sho] EEake TPgelM &
W& (overland flow)u 3% A&l F(lateral pref-
erential flow)7} ZZEAA|0t, F9H4L4EE ]
H(isotopic hydrograph separation)o]] &Jaf @2
Aol A o] 7+--(pre-event water), & A|5}>2]
FH=Z T B B AFEH Id B9 54
do| ZrzE L k. e Fo|AE 7o R gt
o] A3+ (laser-spectroscopy)©] 7WEEo] &
A FHYA B4 o] GolsRHA, W2 A ol A
A= (highly resolved) Y44 EEe] AT+
£ 4351 QIth(Jung et al., 2013). |23t 1Ak
= FHYa 22T E 8 2 E =(old water)
T o] A9 Y 7| =7t M2 E(new
water) 1= 74-9-2] 7| =BT 535 AAEEL §
tHKim et al.,, 2017). WA = 7| AFEE L3t
517] Qste] R E EQPY T HUAE ol 8T AL
#7} B 1%]o] QItHCho et al., 2005, 2007). 5}2] g, T
3e] Aol Fuflolal BegE Urt At
4-9] EHmixing) 34 Ei= shnol e KJ3t4-0)
2 ¥(sea water intrusion)Z °]3}3}7] 3t At

do

2o 2 o] g o] L}(Kim et al., 2003).

FETAS ] whE(fast) 849 =3 (slow)
240 T 7xRte 2 Balsl= 39 (graphic)F
QA S oA FooA= Eol o]-§H gl
S, FHYarEEY S RIS MEE
E(new water = event water)Z} 2 E(old
water = pre-event water) 2 Lro] jj-- 234
ojm & AAIE o]-&3t7] wiZell FAA =9 o
ol oJgt TR A Q1 WS thA|SkL glon A
ol 4] 9] -5 (flow)E olsfish= ol 2 TS
7FA $FtHKlaus and McDonnell, 2013). 7] 242
2 WemEldg olgale] hale] et 2]
Fe AYHOR & R E Asje) F 2y
o= ojojze Ao Fpgalh AFE o Ade
o]- 83}l AT, AP (storm hydrograph event)
B eHE B 2 29 SHT £ FH
2 ofas} gltk. Aol 2] AL
244("0)9} 44(D)E B 0|43t Q1A 1970
ddje] 2719 FHdarTi eyl 8 EfE
EE AT Y94 E ARSI TH(Dinger et al., 1970;
Sklash and Farvolden, 1976). X|\d 40352t &
9% 2HAE Bl Aot §4, EFS 4
$=o0] ojmgt ARE Bl o] B 71 o
A7 AP =lo] e McDonnell, 1990; Stewart and
McDonnell, 1991). Ladouche et al. (2001)o)| A=
&L BT o3ty RS AL,
Rahman et al. (2015) | A= AlfpAlo A WY =
o] dujgtE WAsh= 71 ¢7] s HAEAEETE
4 (end member mixing analysis)< 433}t

2 =BolAE Y R ARkl
N 2 AR FAlf 28 o Zadt ARES A
AlSHRTE AHEA 0139 e oA Hivks
8252 A} (solute tracer)= AMESIoof LA, 2
=BoAME 2 EEFAEe) BE ARE
= THOE At sERTE ol st
4 7|57 S o) Ao BEE S Qe
AFES A ol AN v BelAs
FHYE FEEHS 2 EAG A RARE U
o] st 3o B 7SS} I
sto] FEREE B8 ol o e 252 A
Al&F3ATE. BR[O A= S oA AT-sliof
o eFS AlAISHATH



2. S A =2 &2|H(Isotopic Hydrograph
Separation)

9194 B ARG ol 87 FERINL 7]
EAR o7 A FY(watershed EE catchment)of A
shd ol 7|8k S 27 B L oo E
Ei 4T ol5e) SN 24 Ei ot 2
K2 30| ol galo] S-ETAE Belel Aol
o] FolH BHALE o8 o] FAUL FEE
2ot} 53, P Heas the SR K tracer)
of ulal A Aol that 22 o] Yiek(Cho
et al., 2005; Klaus and McDonnell, 2013; Kim et
al., 2017).
1) EPIESALE B B 7 AA7E 2A)
Hr}
D) 740 o8] AAHeR 2A4E FAT
Uk
3) 2ol e G4 B FESHY ET WSS
¢ol vlHk-g(conservative) & |0 T},
4) 27 E3H(mixing) T} Sl ATt FHA
2 H|(ratio) & ¥ZHA|Z 5= QiTt.
o|f gt BT YAl EAS &85t A
BZRPg 4 (mass balance equation)S ZH|(sH4<,
A3k, 29 5ol HEsha 212ke] Hro] shao]
o GA|, et 7|ost= 7HE AL 4= Sl o]
AEAY 7 -oll= 7hs] oY A2 B
glo|ung LA AL 5= IATE AEA oY
7A5oll= FE Y FEE ol-&sto] AAkstoiof gt
A EA ool Bagt AIARIY Aol AT
7H< & sto] 7|5k A= Abel o] A S =
stof & T 7hes] Ak 4= Atk (Hoeg et al., 2000).
AN E S0, AR Fi(silica) Q] FEZ B8l
R0l 2851 HH Ao EGrY HE A
9] 09f] 5= 5HA Hrt

—ﬁi

4

2.1 O|MEA s=2E22IY

°]/d£A|(two components) G2 ¥S 75
(precipitation) 7} Y St & 514 (stream) o] 7] {3}
£ o) £ 7R, 5 Aol o3t 2 AR B
(new water) ¥} A 3k=E 2 H E(old water)Z2 7}
gt Aolth. oA o AREE= A of 4]
1,2, 33 2t}

boreEelof et 97 - 217 341

&=0 16 (1)

GO, =G0 +GG, 2
G-G

Il q,q (3)

Q= oI SR R, o o= 4
M2 =3 e3E Fo] 3P 7ofske ol
= FAALY] B B U4 Hlgo|H, o2 A

2.8 o) 5] Zlefshe HlgelTHs, = o). ol
o ARG ol §3te] o YEA FERAS

s17] fsiAe o9 7Hg o] B ashrh(Sklash and
Farvolden, 1979).
1) N2 EF ediE 29 8% 5= B= &
¥4 v]=-9 Aol 7} Aok jTH( G - G).
2) N2& 5 edd B9 FAA 5= B 59
s BlE-E AL 2|9 9] HALr} glojof gt
3) efjd E7 EXId Sle= =Y FH2 &
T B 5994 vlEo] Zot vl ¢l
£ £0°] 7]of8t= B FAI” &= Sl
4) =0l He ¢ A x| HFEEE B F2
A9 glojof gt}

9] A7HA] 27A& TESHH o] J&A R
£ &8 o AT O29A & Aot E
oflA AEsHA E AdEA ol +EEYE 3
stoof gttt a5 &0, H|Z3of = E9 =
FAIG J&7t ofyet argstojof gtthd, {59
OfFt A&, EF, Ak ole A EA i
g5 -gstofof gttt o JBA NN EdrE
A A%l EA O w15 B XSk 2 siAlE
T Utk

T3 oA AEEt 7MY 2004 e B 2
de Bol FHUs 240 A7 B T
HA)7} glofof BThR P, ol WA 5 5919
2E35Hisotopic fractionation) & 53517 ©ct. =2
<+ 23 e H B9 THda 2A40] Azt whk
W3l Hobd o]= A2 X(systematic error)S
WA =, o] JEA 9 Aleeats B89 ¥
2](propagation of error)& o|-&3te] ZAHT = Q)
tHGemereux, 1988; Lee et al., 2014). 2HH &2
Asee] BYUALE Aoz de oz
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A=A oy A2 = (Rl B )9 5
EREY B EEEE DN
7] Wl o] Fatg o83t SRR E 43
s S Ag oA} WAsk) Bk e 59
da ZI= U =L =9 S8 o= 4
3} Zth(Lee et al., 2014).

Axy =— AG (4)

Ar & 2L Fo| 5hHof| 71018 wj o A5}
olm, AGZ ¢ 2Ao|t}. o] AF7IZFEA M
2& 22 7P5ke Y #AA v e Y
T L4 vlgo] k= groltth wEhAl, 4] 4o
O3 A =L Fo] shdof nX & FFS 225t
< o T o= 2 E 2 E9 5
A7t FE B PEAYa T Zel(g - ag)l
Hhal st 28 Fo] shdol 7]ojsh= 1 gt &
Al(, ) 22 B3 22 ZH(AQG), S Altol| w
ENZE 29 387 5= B e HEs &
of| H]#gtt}. Feng et al. (2002)9] AolA= A=
= 29 o] YA B35 st E3E
THHA] WS ET} 10%F =] 227k EAet
o= AL B8] Lee et al. (2014)94= A=
& =9 23] W& At 9 I F ol tiste =
21843t} Kim et al. (2017) M= 2L Bo] H
Hsto] wha} 2| zpof| wet eap HA] AJAISHAT

a8 16 97 TS W A A SRR

T AJ T T T
Y G

AY
precipitation | ’

Q (stream) 4
Lag time ==p

Q (old)

Flow (Q)

Precipitation rate (P)

Q (new water)
o= ~

~ao

Time (T)

Fig. 1. A schematic diagram of typical hydrograph sepa-
ration after rain storm.

2] 9] 2= Uehf it -7 dAske] s 9]
ZFol S7Vsl7| AFFsHH o]of 7] A= AdHo] £
JAE &8t Uetligiet 297t dAas & 7
-] A=F FAA A sk fFEAlo A A
7] EEsh= A7HE XA A7H(lag time) 2.2 A €]
Sl= |, o= F=Al(watershed) 2] £/4& 8 3t= Tl
of uf-- F23t @7} "t thS HofA] 7| T RISt
4 S S}o]| whet o] B A A A A7) HEdHE A
o thate] =& Aol YRtH o R F9 T §
ol WAste] spH 9 fgo] St o eE &
Q1 A|sk7} spd | 71948tz vzt Atkar A QL
tHTaylor et al., 2001; Kim et al., 2017). 3}A5E, H
FI8 AL Aol A7t ool Al frEEe
9o A2& &o] shde| nX& v|&o| F7Fe
AolH, A& Ao} LA o A= £o] =&
e RF2 71202 Q3 A ®xHo| =4 Y o
A2 A 512 TR Ko A #HS b2 15
E 7Fs/do] ot M2 Eo| 3hd e 7]H8k= vl
o] Z71g Aolth(Lee et al., 2014). o|H3 2L =
9] gk 7| Aot w9 WHSHA AEAdo] 7]
2ol Sl = - TAE 7HAoF & Roketn
Tt o] JEAIE o] 83t M= Eo] guivt
Ao FFE F= 7holl gt A= Kim et al.
(2015)0ll= <=A12] 27190 whet ok A1 A E
A At

TEREE R 4 R Sy &

=
2 37 200 AASHAT 27 2= 397 ST

[
o

“or i

’
. ‘ Precipitation
. 14 (new water)

-60 | Stream discharge 14

8D (*/go)
A Y

.
.

-80 |- Groundwater pad
(old water) e

.
.
.
-1
-100 - v Global Meteoric Water Line T
” (Craig, 1961)

.

-120 T T T T T
-16 -14 -12 -10 -8 -6 -4
840 (%)
Fig. 2. A linear relationship between oxygen and hydro-
gen isotopes for precipitation, stream discharge and
groundwater.




AYHe oA, At
BEE AL} A0 A
B 20} 42420 QYF- 91 U4

£ o] 83 AP A= LA A ATtoA 7

o] 25 Felon, o] B2 o]5(water move-

ment)o]| thgt E2]2¢] gL Al FrHLee et al.,

2010). HA, ZH(AM2-2 E)+= A4 (Global

Meteoric Water Line, 8D=8X8180+1O)5H°ﬂ B3}
™, o] 4l 0] % o} &8 &7+ (no post dep-

ositional process)o| ¢l &= E3F X LHTA 9o

233 Aol}. s}, el 0] B2 ol % whel

£ g (snowmelt)& == Eot 9914 Roiay

o] WAgstE R A FHA flols BEEHA G=th
(Lee et al., 2010). 77} @HAYStH o] & ZHF 52 &

e 214 o2 s Ask ¥ SHESE A

FASA Qo] thy-to] Bmeln eprh. 5ol

799k A3kert Bkl o, 30 91U

E4g olg3te] 249 U AT F B
2 2stel SR EEE S5 Uk ST, 7
$7H 71T AR S 7|0l Askgot 3k
o F919azo] A9 A HekKim ef al,
2015, 2017).

22 MMEA F=EEE

WS} ol Boprg FAIT & gAY
SO A RO Fo] 2 7|7 HEEA
TG FAE 98 B olERA olate)
= L stofof gtk wEkA, AHdRA B
Are] HE{(compartment)E I &Hst EIAS
SjonAl o Aol thaa e BAAlS Fal
ofof B}, ofehe] Al AHEA oiFe] A Hg

o slen, AAEA Y Aol ol Al
n— 30l SfpEich

=0 +Q++0, (5)

qut = CIIQ1+C§Q2 ++GQ

n en

‘ . 6
GQ=CGQ+GQ++CQq, (

~

cegall et o7

-2l® 343

GTlo=aTIo G g AT,
11 1 aQ 1
1 a .en n

@ a | x

n

A=
C[n*l

A7IolA At 28 BRE 7 REe) 217 e
BE 95U ugoln], i 7 FEo] 510
1ot (o — ¢ )IF, P 287 o2 3
Aol & Bt F9Ye vlgolth AHEA)
Aol 2T 79 e o sj4et AAH
of glom, 1 olAFg RES 7PYsks Agole o
3} 2ol HPG AR % ek

AX=B, X=A"'B 8

~

747} whgslAY B8] 0] X2 o]% b
Gl 7| EHe AR F EYE 1dH F 9
EF(q), A(a), ¥l E 4(q) ) A RS
o3 AP EA) S EEE S Bgalofof Ttk A
BAo] Aol 7)Aoz A ARtAg g4l
FE 2 e, o) 4] 5,6 o] g3t b} &

2 34318 7 4= gk

2

2

rr

Q=Q+Q+0q, )

Q:f1q+f2q+f3c; (10)

L= [ + fody + f3 1 (11)
(1-1)(G-C) (L, L)(G-C)

= n GG (h-1)G-C) (12)
(- 1)(G~C)(41-1)(G~G)

L= GG (5-1)(G-C) (13)
(4 —5)(G—C)—(L—L)(G—q)

L= =G -G (h-1)(G-C) (14)

SA710lA C 7k g Bt 2A70] S
Uehye, = S9i9a0] u &S Yehi. 1= 2t
R 5] 254 Ro] 7]ojals B8-S e, 123
£ 7 RS UEhithelE Sof, 79, Asis, B
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&), oI EA T PRI A 2 A E A oA = T
+(end-member)E A7gt= A2 vl o2& A
olch. Liu ef al. (2004)0l 4= Td&9] 242 st
A o) HFH o2 spHlo dEEC] v|A= FF
= HHE 5= 9SS Hof ik 19 32 g A
9] 20| ZA =W 5PH4(Obs)= D2 24
Z3A Qtoll REFHS & o Utk Aot 40 HY
%91 9194 1k ol gao] shaso] Fo e %
A2 7-9-(Event water), E(Soil water), A3}
(Groundwater) 9] S U4 2Aof o3 2HES
o 2 gle.

3. 222 ExE 2

—

H>

b

= 7|5 3tet Hedsto] 7590 e HIe} A
=8 T Qe w0l FE0 HoHA ofgA 4
Aol X 7= B3| (water management)
ol uf-$- a3}t T3}, E=A|SHurbanization) -2 g
7 siol wre} 79-2) sjeintal glo] i) Wi}
of W FAlof| thgt ¥Hg-= 2ol o5k Atk
of| A vl a3t Aletelth. 19 4(a)= A EHO ¥
3lof] W EFA Y HIE UEd Aot 22
&9 A7 B A WS w(Area,, = Areay,),
EA|SHurbanization)o]] 2J3] E4~&0] W& 3)E{cover)
2299 e (@), TEFAoNA AA Al F
OFAIHA 59 kS SVt BEFol et

Ao

i o o

Event water

220 4

3D (°lyo)

25 - i
Soil water

30 i
Groundwater

35 1 1 L L
6 5 -4 3 2 1

340 (%)
Fig. 3. Dual tracer diagram of 'O and D. The observed
distributions of stream discharge (gray diamonds) can
only be explained when the soil water is taken into ac-
count as an end-member.

tHGremillion ef al., 2000). ©]= =A|3}ke] ZIof w}
2} ol 2 A E(infiltration) =] A|3}H2 7IoF E &
O] F2 S0l UM FEl 3l s o= HH Eol
olFst7| Wzeltt. &, 2dd SR 2L =]
sHe] 7143k w7t Sk

2 g =0l A0l WelEEte A 715
Histol| wa} Ao o) Foke wE gk A = 9
ot ole EAISe o Wil o] B2 dE 5 Qe
g, &2 &2 ol AN WHolE, Al 2%
7}t 57V Al =o] 8-8{melting) o] Y51A| = 7]
o ksl B ofo] eba|A) FLH(Arca,, = Arca,,
I 4a). A3 (water resource management)
Ao A= Ao Y 2o Ad =o] Ao
ol FAIE SR8k Aol diH o= w2 Ak
< ZEY 5 Uk ZAS w2 XA ATke] A
sto] ZtdA 7 Bk At W2 SRS
FHEsh= A2 H7]129) o] F0] EolsE A
AERE F2 B7] WEolth A 2= S7H=
A3l o] H= thd ol w12 di7|2 FAl
S "t ol A2E 2] sHef 715k vt
7t Ahadhs Sehe AoIH(T1H 4b), o= =l =
€ =0 o3l T4 He FA A= &=
Ao e FF T = A= Ao, 7153

Flow (Q)

T T

’
\

AY

Q (o)

N

L

Precipitation rate (P)

Flow (Q)

(new water 1)

(new water 2)
1

Time (T)

Fig. 4. (a) A change of stream discharge pattern due to
surface changes (b) A change of new water fraction due
to winter warming.



sfo] oJs) 44109 EAlo] HABBL oJulatA) Hof
olof gt A7t A 3] =9 Sl lrh(Lee
et al., 2016).

4. _.q_glk al

=<

o
i

o1

AL SRR 1970 HE =Q]olA =
2 A oA A o)F = B 7397T o
Het ARR 5P| o] Fshe 7ho 28& 7ol &
F7h wEo] g FfolHE 22 Asj4t o)
Hol) o] B A QR vl Llel 2L Fol 714 %
20) $048 F2IE AT S| F2 4HEo]
o o] Qo)A §43 e AR 5§
Z(runoff) B t}= A ¥ (percolation) & F3f A|3l
7 sael o B daRg nlAE Ao BT Hof
gk SR, 129 Sus(elE So) £AI3}5)
S 710 R Bl 1A A 7}
o B9IUk $REY APE FHULE A2
283jo] AFREPRAE 4857] el
3 <A0] Fgol 7P O F]oEich. B
spetAy 9 FHdE 24E o83t A(system)
HolHe] B2 BL sk A7) $451
AgE Aoz gehE
Il 2 S9lgle B ugREAE
g3 o 4RA SRR ApTo] WHof St
(Cho et al., 2005; Kim et al., 2017). &A= &
slo] 247k WAE F SHHOR olFake B
BASE A 579 48 mjetslin s Ao
ek A2ollA] AGe AAE 229 oA &3
Y F9YUa B4 7l 9 oA ofl= A =g A
ANA 5715 Hhe EA40] 7Hsdtel et B
5=0] o] 7hs A HA A/d=A 9] B ool T
< =53 YJekKlaus and McDonnell, 2013; Kim
et al., 2016). o|2|3t =A| 2] EAS wjolel 5 7|5
et 2 Sl whet et AR o] SR E
£o] ou3 FEE sPH7HA] o5k Zholl tigt
A&2Q1 BUE o] B asitt. o]t A7 F5
SRSt 9 7|93t £ dkof v 2= P
Z ol = S A= A AtH
SAY 9 AFoFR]| H(alpine region)of 4] & =2
&, 84 (snowmelt)7} TAg5to] s1Hof uletEe]

FFe F= 7 A 97 F2 FHELTER

Z22|of| chst AT - 2R 345

]

ic)

£ &89 grek(Taylor ef al., 2001). AR H oA
799} vl §40) St fERoh 2dE
91 AJsieeol] <J3) SHRel L Fi Ao o
A QtkDinger et al., 1970; Taylor et al., 2001).
53], FHolA= %4_01]
7t oA = §-49] o] F& Tt WekA| Al Hof sk
of FFZ AEAE A 117}01] gt A4S B8l &
o] ofBA| sk oz o]Fdh= 7ol tiet olshE &
o & 4 L Ao =2 7|tHrh(Lee, 2016). T3 5
1299 712 g AFEENE S o83t &
B17]|x] ] 2AF||(Ross Sea)ol| 7]Hsk= A&
< 2% 2 Ao R wEh YRl B4
(fresh water), 3®¥]l¢] SZH(production or melt of
sea ice), §=2] EH<(Antarctic surface water)E
TR0 R HAslT, ol5e] AlRe] EAULE B
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