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Abstract: An isotopic hydrograph separation technique has been able to determine the contribution of new water (event
water such as rain or snowmelt) and old water (pre-event water like groundwater) to a stream hydrograph for last several
decades using stable water isotopes. It is based on the assumption that the isotopic compositions of both new water and
old water at a given instant in time are known and the stream water is a mixture of the two waters. In this study, we
show that there is a systematic error (standard error in the new water fraction) in the isotopic hydrograph separation if the
average isotopic compositions of new water were used ignoring the temporal variations of those of new water. The
standard error in the new water fraction is caused by: (1) the isotopic difference between the average value and temporal
variations of new water; (2) the new water fraction as runoff contributing to the stream during rainfall or spring melt; and
(3) the isotopic differences between new and old water (inversely). The standard error is large, in particular, when new
water dominates the stream flow, such as runoff during intense rainfall and in areas of low infiltration during spring melt.
To reduce the error in the isotopic hydrograph separation, incorporation of fractionation in the isotopic composition of
new water observed at a point should be considered with simultaneous sampling of new water, old water and stream
water.
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Eo] oPdF 9 a(stable water isotopes)E ©|-&-3}
o] A]31(groundwater)2} 73-5~(precipitation) == &
AG 52 &, meltwater)©] 3 (stream)ol] "|X=
FIFs Ao FEske WS FH9L T
Z]¥ (isotopic  hydrograph separation)°|Z}aL  SHc}h
(Sklash and Farvolden, 1979; Hooper and Shoemaker,
1986; Taylor et al., 2001; Taylor et al., 2002; Cho
et al, 2003; Cho et al,, 2005). L& FEEA
S A(watershed or catchment) 170l -85t wj
SHd g F= 24AE A2 E(new water
or event water)’? “Q#|E E(old water or pre-
event water)’?] F F-¥-(two components)OZ UsT
o} o] W 2 B2 IHEY FA9e §4 E
AL et mEegk A9 A7t G H e
B2 Aot Qald 2 ZHFAI7H(residence
time) == A FAIZH(travel time)o] thAE Zdo] E<t
BEDR] ol YA, M2 =l Ty
= 73 §ALe S EIEAe] ghe] Wt
$ 2 Fez d#A SItKTaylor et al, 2001; Lee
et al, 2010). o]} o] 7 FE7He] EFgE9ldA
Wwe A7k AL olgsi] MER 23 2Hd
o] ZH7t F(stream)ol] GriREEY 7lose THE
AgrEo HAS olgate] ALY 4 Urk(Taylor
et al., 2002; Cho et al., 2003).

YoM T2 AfFYol EIFHEA =
o]2¢] TEE olfsl] AT Akl o3
7| A frZ (baseflowys TElot] 7IAREFS BHH
o= ZAsk= Al%7F FEATHCho et al., 2003;
Cho et al, 2005; Lee et al, 2006; Cho et al,
2007; Ha et al., 2008). A& AolMe F2 797}
wAe Fo] 7IAfERe] Wl 43S T o
o, kol G FE MER E, & FeY <
BEAda gho] A7Izksst dAsitaL sk
THCho et al., 2003). webr], AR Aol =<t

i e

BEAAL Frol 483 A7 Welof sk, T
Z45-(one storm)®] o= HYEL A4 Fhol AlZk
of w} gtk Zlo] off Aol olsf #Ew
SitH(Pionke and Dewalle, 1992; Lawrence and
Gedzelman, 1996). ©|& <18, A7t W& 71959
Adnghe] W, 22 Fo] shol viXe FF
S AN W eApL wske 2slo] @ 4t gl
(Taylor et al., 2002).

o zRE FUG $3717h 35} v] we
wol Uz vele B5CEEe e 7194
i A L&, 7S, F5719] olFARA
e} PYs9ldA Fho] AR ETH(Lee et al, 2013).
FUAME 9717 B B B4 F
el «“o-FgIHamount effect)”7} olz] Aol
B EYhLee et al., 2003; Lee et al., 2013). @}
A, ol AFE AAY A ABAAL e
A7k whe WES YEPdtH(Lee et al, 2003). 3=
7b @S A e A9E AYelA HlE 9] gt
EAAL A9 Wstel] T FEdEHel @
S wom, Ix7F 2 A9 Ee % AY o]
8 AQeM £ el dFRE FALL: WHE
Fo 84 o9ld & 2 AAY AfFEL
] 258} (isotopic fractionation)ZH
o] F7l=lojof StH(Taylor et al, 2002; Lee et al,
2009; Lee et al., 2010). i SF3EPLY HES
W7ol FE] A el ol7] A7A] 73 F9ldast
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2 HES HO|ARE wo] A FHel| #ol7] Al=st
3 i WARE(snow metamorphism)©] AY7]= AlH
5FE o2 Je9] FAYaE S By Foh &
AE i HHA o] 7] AN = &5 5
2 2% ¥ Ev 459 F9aueihe(isotopic

exchange between liquid water and ice)°ll 2|3l &<
A4 ol GAEA oL Akl Aol whh i
Aoz Jrtehe AoRE U#A SUth(Taylor et al,
2001; Unnikrishna et al., 2002; Lee et al., 2010). 7
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75l sl sl
HotA] oL HAks ol&
A 719es e t'e“@%] —’F =
A% 9 X}(systematic error)f‘ ARsks Aot ol
FaiA Ty AelMe s9dL FEREHE TS
Al A E = e XM] ek ARl A A S
k! E;J:O‘l] 3 A= ]
Jl AozRE Ak AdE %SH N2 &9 Al
ZHAQl WES elshA] edsks o wE ¢ e
3

jeste] AskE AN PR el ol

994 FEREEYS Dinger et al. (1970)00 2
a #goz AetE]9em Sklash and Farvolden
(1979l ol HEe] e Aol AREEHA
st Yhi(Taylor et al, 2001). Sklash and
Farvolden (1979) 3P A|slre} 7142 & A&
(two component mixing model)©-Z ©]Fo|A o
o, skl 7lodhs 7 ARCET e 4% 7\]3}
9] oHYEOYA 2 EE H@YEHR F
AL ofof dths THS wiEgeR /‘UHE]
TRt AeHoRe PR =)0k Aot
@A B9 HaTA94(00, 570y 24
olF o|&sle F Aol s WA= TS

T3} H(Genereux, 1998). Z | ]Ei j,
2P (H-device 2 #lo]#] #39)o2 <l
leae] Aol golsf AW B L?Loﬂ
a7t o] &AL AUTh(Lee et al., 2010).
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HES B0l sH0 lefste M-S ek Rt
we}d, of Mg we thest 2ol Held 5 ek

— 5D str_ 5D old
5 new 5D old (2)

NZ & (71-0 il o;a)o] kol 7)odsl= 1)
X2 2 )F olgsl] HHFHoz AN & 3l
H x o] ¥FQX|(standard error)e= 7R B3
379K (Gaussian error propagation)= ©]-&-3to] Ath
A T2 dor ot Zrh(Genereux,
1998).
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L2 ERRE )

4 BN A2e 20| a6 Flodake B&wel

Ax=-9%_AsD, = 1

_ - ___ _AsD, @4
aaDstr " (5Dnew_5Dold) g ’ ( )

A71M, Ax e x o Altd eAjoltt. edid =,

Fhears Ak W, Al 7EAE] Aol EAg 5 Askrol sl HgEeldaitsiol ofair A E
oo o71M, A A Al sk AAle] P ES = Aok, 4 3pIM F WA el sEEE 2
QB o] WA 1o EEOAR A 2 a0z WA A (e Pk
o2 uge A @t 2k
_ Ox — (5D3 r~_§Duld)_(5Dnew_§Dold) _ x—1
Ax = ——AO6D, ;= ! AOD ,jy= —=—————_ASD 5
" gamy, 0P (0D, 5D’ oy ©)
HgollA dFFRel, skt edd =) o & 5 ok
73, AFAIE e AFAI] tiAlAoR o] gt PR AR &, A s e
9L Fol Ao I /T F glem 2] Balo] oA BAEE Aot 4 3)elA
Z(ASDw, AGDwa) A (@S A (S)eIM BE= npAer ol sgEE AL vt 2ol A (6=
9a, Asisl spiel AR P 0o SHE vkl % )
ox (5DA\'rr_ JD()ILI) X
Ax==0% AsD,,, =—0Dw=0Dud \sp X __ AsD,. 6
aé‘Dnew (§Dne11f_5D()ld)2 (5Dnew_5Dold) ( )

A6 Dyoy = 6Dy ] S2F0IH O] A2 =E 7}
ole B9 AA EelEe EE
NP2 el Aojol), o E Bof, Al WE 7§
2 §Ao] Y EH DA REE TR 4
&3 B 5% e AT o 258 st AR
H gkl zolg yeplith webd, 4 (6l <Jshd
N2$ Bo| o nxe TS 2H39L 1
g ks AMEE B3 o B F994
WSl ZO|(8 D= Dol RHNEIBI 7k AHA| <} AY
2 =9 QAHASDw )l B, F Al mE A=
& B9 ARl vEdit ol AU
A= Asker 4 (3)2] Al WA ol

iy,
A 7He AFE AN AL T e 0]

som vrEkeke] A2e B9 oPEsYdais)
of o3k Arjeatgivte] EAghe & = . w}
ZHA, TRy AelMe ARE B9 AU eas Allst
71 18 AA Aol 7R 2 g4 ST
2, & AZE B9 et IrivE Wk
7hl tigt 71€ AFAIE Table 191 AASIACH
ol AFelA e FAFH P AE o8l A
29} gAo oHdEAL EIHEES Table 1014
AXE 5 st AR BFTH 549 H
#) oHE Eo LG ZOl(S Doew—3 Doid)
7F -40%0} 20%0°] 735 7Hst ALkE 8
&1 tH(Fig. 1a, 1b).

Table 1. Fractionation of stable water isotopes reported by previous studies

Reference Location Tracers Fractionation of water isotopes
Pionke and Dewalle (1992) Pennsylvania, US 50 ~16%o
Lawrence and Gedzelman (1996) Texas, US 50 ~10%o
Taylor et al. (2001) Central Sierra Snow Laboratory (Snow), US 5o 4-5%o
Taylor et al. (2001) Laboratory cold room experiment (Snow) s§"%o 2-3%o
Unnikrishna et al. (2002) Central Sierra Snow Laboratory (Snow) s"o 15-20%0

7-8%o for 50

. . 18
Lee et al. (2003) Jeju Island (Rain), Korea 970 and 6D 50-60%, for 5D
Lee et al. (2010) Central Sierra Snow Laboratory (Snow), US oD 10-12%o
18 - ~20%o for 50
Lee et al. (2013) Incheon, Korea 870 and 6D

~60%o for 6D
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Fig. 1. Contour diagram of the error in the calculated new
water fraction as a function of the isotopic difference
between new water value and the average new water value
(Ave) and the fraction of new water (%). NW denotes new
water value. These calculations were conducted for two dif-
ferent conditions: (a) Case of a 20%o difference between the
average isotopic composition of new water and that of old
water was considered for the analysis (& Dyew—0Dou= —
20%o). (b) Case of a 40% difference between them (D
5D,)1d: —40%0)
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Fig. 2. Calculated errors as a function of new water frac-
tion (0.3, 0.6 and 0.9) from Case of (a).
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(6Dvw—3De )& —20%0°] Zo]7F Yol A28 £
FgEHAagke] Akl HE] 20% W S
(0 D=0 Doy 7F43N B = Ut} o] u, s A
28 E0] 20% 7198 o, Ak -0.2 (-20%)
o] (Fig. 1a), x 3 20%5HE Fth 7t & gholt},

Fig. 25 ME$ Eo] sk 7|osh=s v&x)t
NZE 59 ESHSDyw—Due )l WE ] 23]
22 YehiITh Fig. 1a9] 792 7Hdste] =48}
Rom, x ko] FTFERE AR Eol HtgltolA
AlZbel| wet EslE s i eate] Aoz Skt
= Zo2 Yeth Fig 13 rRVIRAZE 9] 3
T 7HE Ftoln 9] gk ke Foltt
2 (6} Fig. 22 M2 &, & 799 §40] A
o WX o] F7FH HA FAY9s i
Holl Ao x 3ol eapt soldths 2S ov|dit),

Aot 54, & AER =0l sl mAle FF
2 OUs Zez d#A tH(Gremillion et al,
2000). Hooper and Shoemaker (1986)2] 173}l
o AL 25% olBlE SRl dFE FU
BEJ°™, Gremillion et al. 2000y 20% ©|3}
2oL B ol2fd Aol s A28 B9
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S Ho F= Olatlzﬂ ItH(Lee et al., 2010;
Lee et al., 2013). 01] , §A AL B B¢t
T FHo] e o] X}°]i e, = H& 5EE
“-4 SE7F dUvES HolAl HA o2 Q8 &
I = Apole] FH¥A Wk (isotopic exchange
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e vlaLste] 5719 olFREE THYRE %
slo] F4& A=t webA, BEol Aud o
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Aene] WFo] FAZoR dojue Zg & F
g Zlolt.

w Arede sl e Fe e 7 A
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E o (Kirchner et al., 2000).
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SICH(Taylor et al., 2001; Feng et al., 2002). ©]+= <!
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hydrological cycle)dsell thxst7] flsix= 714
 BUHPOE AR £ WHslE ©A kL o)y
st AR olslellA oAl sF7HA] olFd
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o] AT FANAFLY] “FY T - A FAE =
28 (Polar Academic Program, PAP)’3} $H=A2
ALATFL] FoAHI “reEldE 7He 28
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