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ABSTRACT: A change in precipitation patterns due to recent climate change affects on the discharge rate of streams
and increases the risk of natural disasters such as drought and flooding. This also affects not only the stream
discharge, but also water quality, causing many problems in social, economic, and environmental aspects. In order
to secure available water resources and manage nonpoint contaminant sources, it is very important to manage the
baseflow, which occupies most of the streamflow. However, unlike direct runoff, the baseflow is difficult to constrain
directly, and despite its importance, many studies have overlooked its importance. In this review, we examine
“hydrograph separation” to better understand the baseflow, which has been commonly used and discuss the
traditional graphical method, models developed based on the method and chemical and isotopic hydrograph
separation. In addition, end-member and hydrograph separation uncertainties, which are the most important
considerations when applying the chemical and isotopic hydrograph separation to actual water systems, have been
described. Through these studies, we would like to emphasize the need for further studies on factors that cause
uncertainty in quantitative hydrograph separation using conservative chemical components or isotopes as tracers
in actual water systems.
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1. ME

2 7)5stol ofgt 74 e Wk sl
29| fE% W3l F32 mA jlen, 7HE ¢
S0l 22 AN ABAL TS 277D
QtHAhn et al., 2001; Kumar and Merwade, 2011).
ol 7| FHSIE Qg 7% wiE Wsl= shH 9
S ohue 9 W AR H 9 SO R
0] 4= Qltk. 1 A=A 7 jE o] visk= 0 HE
4o) i S4L WAL 5 9lon], o] g
Hedd It 7|&H BL o2 9d 4= QlciOh
et al., 2012). @ebA], 7t s e = o] F sk 4

S ek $2 4% L 299 $9 A5L
B 2 BEHY S4B o)A S
Fasick oleiat shel 54 ofsisy] gla)
Ao ol g3l Foll skl 4=E34d(hydrograph)
= &85t Aotk ETAL AHY] A ato]
2 shise] 3 wske BAT THOE 39
A% SN 3P o) A ERehe
AIREE AA| AlRH(lag time) &2 g &Jgh=d], o= 4
Al(watershed)2] E4& FHake do] vle 2
3 947} Hk oleig FETAE 797t AR
23 TRl o2 e Solrke 2z g direct
runoff) @ 771 EFof] AEH Fof I LoflA &
2o] ATe] L F9) S0 A4Hom
FrEEE 71A-E(baseflow) 2 Uz 4= 313t o] g
T 845 Feote AL EF4Ee (hydrograph
separation) 2} gt} 53], 7| AHEL oA 4%
of Aberet RE-S AAISH glont HAR Z7o|
o9 I FaAE Bt AR er A+
7} u]F3 A2 AR o|th(Choi et al., 2014; Kang
et al.,, 2019). B&o] LUt d 72 47t
AFHo ASHAYE B 257 Y 7 AR=
o o Bl S FRT 24T Age] R
of 3 FHER 7|AFEFE AFHLE A
SHEL T AEAE SIATSHE 2S foluelel sloi]
Q= A] I g 31cH(Choi et al., 2014; Han et al., 2016;
Kang et al., 2019).

Ak 1009 Wzh 7|4 850 EHS 2AP] 9
o SEIIES B A2 2ok, 19004
ZHto]| 7|2 ol dhd e g R of tigk 2 7t
A 4971 50] A ck(Hall, 1968). ol2fet 2

719] 47152 diF2o] 1Al W (graphical
method)& ©-&38lo] E3AS AH/E2 71AF
E2 2estqtt o] W2 R Rl 5
7¥ob7] Akt AT BRIt AR A1 7
ARE Ao Adste] AW GET A2 T
Btk SR, ol2igt WS 9] Al 24
3= o] 534 (gaining stream) o]l tajA Tt &-g-o]
7Fs3lH £A1514 (losing stream)of| A= 2]-8-517]
A= A5t2] F-Y= AIZE #3te] weba = UE
9 4 glont B7H R Yat Hrt AFA
E3tth(Brodie and Hostetler, 2005). ©2], 7]A
9% Relmgeld gJolz BARE 714 UL
koL 123t Aol A o] vk E Aol 2
7] W&o A&=7}t HojZtHChernaya, 1964; Hong
et al., 2015; Han et al., 2016). ©]2]3t £A| & H ¢35}
TA} 1980 T 7B 254 22 0] 83 714
= £ 20| 7= o] &-8Ho] rh(Hanet al,
2016; Kang et al., 2019). 2000 o] o] &= 7]
NEE 7| A& AP B ES vlusta vAS &
Ao +EAHEE 7] Y A, A7) 7IAR=E
Bl gt At ol = AUAck(Kang et al., 2019).
SEA|TE o] 2|3t R ES o] &3t W JA] A3 F
oAl a7t vtgE o s o7 97 2H=
ol 9J3lA ¥& Fltk(Sloto and Crouse, 1996; Joo et
al., 2007; Shao et al., 2020).

ol &3t ZTA 84S AT o] Fe] SEE
2] B3 ASdH] S8l 2ol Wol AME Q=
FEEY7IY Foll shurt E9lda 9 SRS
o]-83t = H 2| H(isotopic and chemical hydro-
graph separation)’©|t}. o] 7|{H-2 s} 9] & £
323He vk (conservative) 3eHdwolut T
42 2472 olgsiol shHel WY 2T} 71
S5 Bt ol o] A9 e 2Fo
vgf o] 7|2 AFH EH S A g5t S EITA
2 7% /& (new water == event water) 2 7
o] A (old water T+= pre-event water) O 2 H|
& AgslA FEe 4= ek Pinder and Jones, 1969;
Bottomley et al., 1984, 1986; Hooper and Shoemaker,
1986; Moore, 1989; Wels et al., 1991; Cho et al., 2003;
Klaus and McDonnell, 2013; Kim et al., 2017). ¥
5t ofje, chepst 2 121E ol gake] a2lo] 7)o

She S 37HA oL ' 'St A xS, EY

m



T, SASA B, MRA SN, ARAS T2
W0 E2lg =& Qltk(Hooper and Shoemaker,
1986; McDonnell et al., 1991; Hinton et al., 1994;
Lee and Krothe, 2001). 59 ¥4 9 3514 JES
o] &3 sEEHHE AHAEL VARES &
sto] 7] &5 APgshe A &l 28 1ol A
24 W Ao §2ARE 2 08T 4
SItHSklash and Farvolden, 1979; Sklash e al., 1986;
McDonnell et al., 1991; Cho et al., 2003).

A 500 @ Fet FHE FHRE EE5t
Aok, B, BEG, A5 SOl oludt == o4
7HA] o]F k= 71l tiel B2 AEo] M= g
H(McDonnell et al., 1990; Klaus and McDonnell,
2013). 1970dthe] 7)o 22 E2E(H) B
AAAAEAALC0)E o83 AL SEE
2Juo] ALS HGA|ek 19704 T) ol BA o)
AR A3 F2PIEAALCHAAE Abgo]
HJthHermann et al., 1978). o]#3t EqA TS
YLE FHAR o] 87 - =41 &2 (storm
hydrograph separation)’ = &2 A goj|A 4279
EA4E olaliste dl 2 7191 & aligteh E3], ZHAol
AR S R AR Uos MREH T A
stz R E o] kAo WEEE 1484 (2| 1a)
o 74 9 A5lpE sk 2454 (LE 1b)
of sl A-Eo] Wol THEHUAIT, L FHEx
TEIA E2H(isotopic hydrograph separation)
of ek qlaf A4, A5 Bk ohjet mopo
A= I EgrE 3 aEshe 3EA (2
g 109 sa4o] Z2H ot +w=dE ST
7129 T g o] &3t W 7| A fEo| WAt
£ Alfolu A2E gotshr] o2, Zxt 34
O] BT 3 o] yAste] ALt 7 AG=F
ajeto] ofg AAo|t}. ofe viaf, T
ITA B FER =Y =%l ik A3
FAEE AF3 7] W ol A AAHLRE st
TR FHoA & P LLE FAHoE S
g A7 23 Foleh(3E 1). o] of] ¥ Ffoll= &
0] AAR7F At

o] =oAL 71AFEY AFH N E T2
A& ZA=EsE7) S8l ohekdt e+ ESA R Y 4
off thste] =otar, AA| AN A 282 uf a2 s
of & ARgFEol tisi A AAsHEE ol & fIsiA o

X LA VIMFE Aol thet 1F 503

= BAoMe 71472 E 2 H Wt o] vt
go 2 e 2P disf skl 2ol 5
e 2 SRS o83 RIS 2424
S} 3RAR ro] Arstal s dARIES &
A AXSHATE oRA O 2 3ol M= F s 5t
RS ol 8T TR HE Al A8 7}
7 37 asfor g ARl THAdE (end-member) T}
Iz Qs A ste 22 2] E8 Al o
3 A3tk o2’ AFE T3l AA AN B
T S Eolu FHEEE FAAE o83 A
FH e =EE
o

ST a9l o
o 271419l A7 Laghe 4

=
pza}aA) st
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Fig. 1. Source of streamflow from hillslopes: (a) stream-
flow maintained by groundwater contributions, (b) runoff
and groundwater, and (c) runoff, soil water and goundwater.
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Table 1. Summary of studies explaining more than two different end-members in hydrograph separation using water

isotope tracer.

Area End-member Tracer Reference
1.4 km® new water, old water §’H Xiao et al. (2020)
4.3 km® rainfall, pre-event water 60 Fischer et al. (2017)
0246 k> Groundwater, soil water, §°H and EC, Murioz-Villers and
) event water 6'%0 and EC McDonnell (2012)
8.8 km’ prvent watet &H or 60 Lyon et al. (2008)
re-event water
Snowmelt, baseflow
203-2,050 km’ (groundwater + §°H, 6"°0 St. Amour et al. (2005)
surface water)
1.2 km’ old water, snowmelt §"%0 Huth et al. (2004)
1.35 km? Throughfall, §"0, Cr McHale ef al. (2002)
groundwater, soil water
2 Event water, soil water, 2 - Ogunkoya and
9.98 km groundwater &H, Cl Jenkins (1993)

T FhelAEe FEIAS O] wE(fast) 84
2t = (slow) 84, o] T 7IX|Rte 2 Balst= 1
2t WP (graphical method)o] 2 ARE-E S}
HEZ Q] HH o= F RSt AAd, 84
A&eH, N-Day ¥, 78 N-day ¥, 7PFAZAMH 5
o] Itk 7 NSRS AL T 4B
BE| SRR FFTHES FHAA 2L §

o gt Mol AL A7 714 $2S 2
23R wholo], U YR L AT 420
WAEhe AR )T AEAo] Tt
SRS T0) AHET TASEE Bk
Ho|tH(Linsley ef al., 1975). 181 N-dayH-2
FRgo] HAR AR RE NY 39 349 3f
Foh= AHE gt A GE0] YAsE Ads
5 AR dgste] AP 2 71A/ES 225t
= Wo|ck(Linsley et al., 1975). =4 N-dayH-2
T A7 A A7 (fixed base method)gt = E2]H
% 7971 Wpgely] vl o) Aais AT
F7} AL E TR ol 712 B2k 22 |
olzfat ATE Tely] Sie A H 2T 7|4
£2 Ha3t= g olti(Choi et al., 2014). opx|9}
oz, 7MAAARE AT AolA FAPE S¥ske

I

o |

s

AR Ao A5t Ay 7AfES 2
&= 9 o] th(Choi et al., 2014).

79 29] 39, 497 ASHAS o) NedayH
3+ 3 Relg=EAl(groundwater recession curve)
& ol g3t g Re] 23S ekl A0% N-day
o B AFfrol TAsks AfIARE N
Fo] §7Hg EAISH CHE AAT ¥, ACE A4
o2 AZAIA ARRZ(runoff) 1} 7|A3-Z(baseflow)
& Easi, N2 th224 o2 AA3ich(Linsley et
al., 1975).

N=0.8274," 1)

S71M, N 2 %, Ay o] m (k) ofch 2
Asiegt Ao A9 grold AEe AXY 9
T frolel AEEAS stetsle] (a)2h 2o Aske:
ArEAE Aofshal 7o U9 7IARES 2%t

ShA 1ol M At 2ot ") gl &=
TE]] 945 FA4381aIAF RORA (Rorabaugh, 1964),
RECESS (Anderson and Burt, 1980), BFI (Wahl
and Wahl, 1995), PART (Rutledge, 1998), HYSEP
(Sloto and Crouse, 1996), BELOW (Lyne and Hollick,
1979; Arnold and Allen, 1999), WHAT (Web based
Hydrograph Analysis Tool; Lim et al., 2005) -3}
e horit 7|4 4% 2o B 5o ApdElo] 88
%31 §lrh(Barlow et al., 2015). 0|23t B EL 2+
7] 71A#E B9 okt njAIS FHol digt 714
& A7 7HssHA ke Aol AR B



ol w2t 71 A= Aol Auitt o=, 7
& AFAolehE tha ThE FFe] 714 $E 2ol
Aol & 4= itk 92 7HA1AL )1tk (Chen and
Teegavarapu, 2020). wehA] o3t g o] & A, A
TA LY 3 54 D AEZ Aol tig 7=
E4& 1t 7| AR A= A E vt qick

3. SA/L

o
na
ok
0z
HI
o

olEst +2=&e

o

gl

Y94 =EE 2" (isotopic hydrograph sep-
aration) 2 A4 CH)S FARLE o] 83t Ao g
Hubert et al. (1969)°f &J3l &2 A= A rHKlaus
et al., 2013). o]F W2 27| AF-50] e F4
A2 AFeaE ARERAAT, 197090 £ o] % o
RO} Ao At "0 B THE SRR AL
tHMook et al., 1974; Fritz et al., 1976; Sklash et al.,
1976; Hermann et al., 1978; Sklash and Farvolden,
1979; Herrmann and Stichler, 1980). Z|Zof&= 3|

T T T T T T T
0 -
3 N days
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[ Runoff Total recession curve ]
L (—-/(surface and interflow  J
dominated)

Discharge
T
N

Groundwater recession curve
(Qt=Qqef)

Groundwater domi nated-

- Base flow |
Il ' 'l

!I ’ lB Q(étream) ' ' ' (bl) ]
[ Q (New water) ]

Precipitation

Discharge
T
2

Q (Old water)

Time

Fig. 2. Compare to result of hydrograph separation us-
ing graphic method and isotope method. (a) Hydrograph
separation results based on a two-component separa-
tion using pre-event baseflow (groundwater) and event
water (rain water) as end-member (modified Linsley
and Franzini, 1964). (Zb) Different results are gained
from the use of 'O and °H that are different to the known
pre-event water fraction (baseline separation).

X LA VIMFE Aol thet 1F 505

OJAE 7|Hte 2 S Flo| X EgH (laser-spectroscopy)
o] 7kE]o] E2HYFH A FAlo] FolsRHA,
w2 x| of| A IBAFE (high resolution) FHE4
$B82 A1LE 438t Qlrh(Jung et al., 2013).
TS EEE YA Qo= AR EAEEE
B, AEER, B B 2 Sehee et
Al ol-&ste] LFYY 7| =E A she A0l
T23) AP itk (Kendall et al., 2007; Jung et
al., 2020). o]t thFet T P4 FARE o]-&3t
TR Y 2, 5P 71AR= 7=t A+
SHT 555 98 d75S A & 5 Aot
(Durka et al., 1994; Taylor et al., 2001; Ohte et al.,
2004; Barnes et al., 2008; Kim et al., 2017).

Y W 3RS o] 83 RS
Hof| 71o5k= JE9] &3t T U E 3}
A& IHECE 7 T 7S o]&0] shdel
od Hlgz EFHU=AE ALtste] sEFAe
#223h= Aolth(Lee, 2017). FHYLE o83 5
RN Foll BT HEAE FARE o8 A
T= oS 22 A o] YJtiKendall and McDonnell,
1998; Klaus and McDonnell, 2013; Kim et al., 2017;
Lee, 2017).
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BN

3) F2oMe A Be FE &Y B WESHA
oo} H|Hk-g(conservative)F=Z|x}o|t}. 200°C
oA QFAIT} o] W Sle] B S
91904 gES WSHAIZ 4 Ao

4) 22 Z3Hmixing)¥} FTro] 59| Y4H](ratio)
£ WS 4 glek

b EMEEHHaE 59 ol 54

o] o)/ Ql FHALZ AARH o3t EAS

sfo] AR 0P 4] (mass balance equation)

AVEI%, Al 25 5ol Agekn 21zt

o] 3pHo o BA|, dupirE 7|st= 7+ A

o ANKE 4 ok 1Y 3L vae] 247

£ RA, A3} GW, EQF SW, HE Z|3l<4~ SGW,

A% A5k DOW)E o] 83t 51214} 7]01 28 7]

sfebg o2 At mAlEolch 18] 3a2) -2
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|
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i _l)lu
ofo

ok
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AEAZA FHRE AR UAE o835t
o F 71 BAJEQI 73e-eF A|k7} 31 4(Stream
water)|| 7|oJ3k= vEE AL 4= ik 717 3b9]
735 3 BAZA sHHS AEe] TR (- At
T, B9 24 AA Qtoll £33 & 5 Utk
WEhA] A9 ARQHY B9 EA 23S o83t
o] s 71t HE 2R 5 Tk
npAef e 2 19 3¢ A A4 EARA paet Ak
P AEAE 24, ol FE, o] 37HR] 4
S o83t Y| 71X SRS, BESs, AR
A&k, A A skap) o] Zhzt 5P e duh 7)o st
EAE ART 5 Uk oJAE E AAE AHEA
FAAR E83 EETHEL EEEHE 7
A= T AR, 7I1ARET et B4, 714
& A2 5o B AEE AT 5= 3o, 714
FEFE A FLsHA A o k= o]

ATt

N
-

31 2834 &2

Sklash and Farvolden (1979)2 o3} Zo] 7
2ol 23t AH-G-ZE(new water)T x|3}=o] &J7t
71462 (old water) AES FZA}o] 240U =
Eo] g AFREPHLL ol g3l M gEol

3o 7] of3hs e ofefo 2ol Fakic

" - o183z

Q= shHolH 2 f0ln, Q7 Q. 21
23427} 7| A 8-20] 310] 7]ofahe folck. C
£ 2479 55 E S949le vlgols, 5,2 4
AEol sho] 718k BlgeltH(z, = @,/ Q). 1
H 2b= 77 SIS o SHEAE ol 8%t
NEH A 2541 29 yetligith o1& &
3f) 771 A3t 1 9 RaFol S71sk] Alzkst
A oo Zlofsh= AEol A=l A AYA
Z1A el 2% ARJAE & 5= At of27t A
BEPHAS olgsio] o 4EReIE 517 9]
A= oh2-2] 7go] " aslth(Sklash and Farvolden,
1979).

574l A H2L7} glojoF gt
E7|dl4x(vadose water)Q] 22} Hx= E=
S HE2 Asket EAY F7IH7

4) f&0°| H= 52 A F A F4(surface storage)

7} 5200] 7]of8He Hhs 227} ojof gt

Cho et al. (2003)¢] Aol 2J3}H 9]¢} 4712 7}
7 9ol 7 AM Hol| 5447t HH 02 R
o &JEst= 7| AFEolEhe F7HAR 7ol AR
2o, 2484 287 Ho BEs] oS ¢
4= ek oA 5742 AA AL 7| B0 R Ak

Q=0 +q, ?)
(0= R+, ®
o @
r =— 9
r J—
GG
T T T T T -40 —T T T
(@)  (b)
-60 |- RW
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—_ s
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sl - - - - - - - s £ L )
Gl Stream RW - S/Weam.samp\és\
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Fig. 3. Conceptual summary related to the geometric calculation of hydrograph separation using chemical and isotope
composition of end-member (GW: Groundwater, RW: Rainwater, SW: Soil water, SGW: Shallow groundwater,
DGW: Deep groundwater). (a) two-component separation, (b) three-component separation, and (c) four-component

separation.



EU2("0) 2 ol 8% FEAHY 2 &%
oA o] 2 BA FEFETHNEYS 5% 2
T, 7NAGE] AA §EF 20%S AL Y
HZ] 80% = - =0l AX|etL 5= &+ A
Atk o] AFAA = 7t el 7]k vt
71485 Bt 3A AP QAT o] 3 R o] o
TFolA = 7IAFEY FFo] o 2 ALE YEY
t}. Cho et al. (2005)2] AF-oflA= G4 0]=(Cl)=
SRR o] gate] i 99| fAd Hat sk &
FGof| A 730l &gt 7| A FEFS AT 1
Adt, F 73l dial -2t 714 [f-Eo] |t
£ Hlgol Aol 2 LRI 22 141%,
11.8% 2 Uehgon], o] 2 AR
A 13.3%, 32.0% 2 LFERGTE. ol2fdt A7 d ik
99k A4 Gaol(Cl) FES FEFVES
olgste] AR AH Al7Iuk & AeRcrd 249 4
Ho| g zakwl 7| A 854S Beld 4 9leS B
F9c.

Cho et al. (2007)2] A-FollAl= AT A4S
F0)9} G0l &(Cl)E FAHRR olg3te] A |
0] SR Agooll A BT T A 7ol of
S FETETAE NEE E(new water) Tt 7] A f-
Z(baseflow, old water)2 F&35}%th 1 A3}, A
B9 T AR EEL ALEADLE
F0)& o83l ) k2t 823%2} 93.2%, Fol
2(C)E o]831FS T 70.8%9} 64.9% =2 Z+zt
Uebgth Bl8o] & A 719 717k AAlel gt 7]
AREd A AR, F HA 75 29 7|2 4t
259Y2( °0)F FHAE ol gslge w 4
86.9%,10.5%, 2.6%, HA0]-2(Cl)S FHAR o] &
312 ) 68.3%, 23.5%, 8.2% 2 LteRSIT). o] AT
L 7|20 AAREQE 24 8AES vEo s Hygd
N2 BAZ AAJste] oA Hga BORA
B3 -of sl ZF 7ol gt 24 EE0 T3
=AY A A (lag) B EIE BAA A A5G
th= oA 2Jw]7} Ik o] 2|3t AE 9 92(5°0)
£ o] g3t o] ATEL 7190 AL E UL =
o] Azkat Fzhol wet M 7hsAo] Q7] &
of, thRE] AFr F4HA (10 km® w]TH ol A 5=
P=| Gt

At o|2fat $hAlel = Baka, Cho ef al. (2008)
o] Aol S8 279 oF 600 km’o] st

X LA VIMFE Aol thet 1F 507

Aok FFE2 17% 2 A EH o, ArFH Y
& FAXE o] 83 FEEV E FRANE Ths
HS glg 4= Ql]lth 09|, Kim et al. (2015a) 2}
Kim et al. (2017) g0l A= St 719ke] =3
oA & SHFTAHLLE o] &3l - dE(new wa-
ter)dt 7] A--Z(pre-event water)dE-S 2|3+
ok O A% AA f-& K 42 71.3%£} 73-74%
7F N AREEeE A E o|AE Aoz
Fr&o] W2 3 7|9k shHof| A 22} 7] A
2o 7|oj=7} 2 Ao2 Mol S $F AEA
off A5kt nl Al Aaol Aol A& o

ATt

[o

N

32 3MEA olael FEEE

HBAE AW o] PSS BAT > g7
U $2TelH o] Bo| 28l |7t vimE
785 285A it 2dof $A17F Slol o
ALAINE o3 @raFth(Lakey and Krothe,
1996; Clark and Fritz, 1997; Lee and Krothe, 2001;
Lee et al., 2006; Lee, 2017). whetA] 1A o] 7] o3h=
ARo] 34RA ol HS R BE 2HAE of
Folo] SHEA o)yl SRES Sstolof B
o 42 A 8o] kel 1 227 202 B934 R
A FEAE e T 22 A A s A
Hrt 4] (5)& o]Hof| 24 &A oA dr8gt viel &
o] Z+ REY fF FAE AA| FFoE e 4
ojch. A (6)1} A (7)2 ZZ 33Hd 22} 5=t
YA FAR 2400 ZF 249] 59| 7] o5k
Hl &5 Foto] Uehd o]t

Q=Q+Q+Q 5)
Q. Q.0
9% @

oA71el4 Qi 7 o] g ek, Ci
shet 2470 SES ek, s $9194 =
3 eIt 1, g s 7 ARG UehiE Ao® 7
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9, A3k, Eoo] ) EASHT. 3 EAL
3%, e 4 (8), 9), (1) o] 2 Ee) 7lofg
= THE PP X2 AN S ek

Q
111 g 1
A=|CCCl.x=| L |.B=| G 8)
11,1, gt I
[
AX=B ©)
X=A4"'B (10)

o|2gt PTG 0] g3 WP 4 EA o|4te] A
SoE QB 42 Z7AA ST IO Vog
< 78 4= ok = ol A= Lee et al. (2006)°] £
3 dlake] 28904 Si, Mg, §°09}F 22 =
A 2710|043t 3RA SEE 7} o]FFch
I A} 6ol 7H(44~47%), A3H(50~55%),
EY4(1~3%) 34 50| A2 F TREYAT, 7Y
o 2H 97)9] A9 A5k} 7F$-0] Ak E9 U
ZAJo] & FEE A otr] 3°0F FHAEA o] &
& 4= Ytk o] o8 A4S EoUs0] oFFT}
T2l Ao 2 vhebyth

721 "7} Qlofof jhrhar g5ttt shA|Tt
AR FHPAE ES(fractionation) S F3)A Al-
372 W3}of| w71 gho] WSke 4= Qlrt. o] 23t
o| = TAE A4 o] WIS A ZE oA
H o2 A} gho] e a B30l S7HsH] o
2ol ow T AR S AHE AUA = A%
2121 =A9] gjAto]tiKlaus and McDonnell, 2013).
FEEYA GREAQ YR 2 AR EE A, &
A, B 47 o 22 Gl s B¢
L= AFHE 27 fdE

HHA|, 7F9-0] F¥4 2449] ¢ A=A iKaltitude
effect), A amount effect), A4 &K seasonal
effect), 2 & JHtemperature effect) 5ol 23| &

Qe Bl wAel) thie] 79 £99s 24

o] Ht2 o835t = EEEE s = AT
A= WASHA =L, 285 A Y Alseats 2
Aol Y&l (propagation of error)E ©]-8&3te] 2H
g 4= QJtkRibolzi et al., 1996; Genereux, 1998; Rice
and Hornberger, 1998). 734=9] ¥4 E3=2
A =S Y B84 o 4 (1) 2o
(Lee et al., 2014).

AC, (11)

Az, 2 2L =0| 5P 719 w2 A& e
Aolml, (3% O, 217k 9.9k A5} SoHA
£ B9IUs 217 FEolT, ACE (0] 230l
th ACE Q71 SRR EE 7HSE T
9] 3fehd] FAR} E= QP F 994 240 WS}
Sk Aol vt o5 & 77 A+
g o= Qs 217] ohE FHes 2A4S 7
2 738 Aol of 7] ¥l HEE R o]of Fojla =
g2 E3o| WA FLegA Aol AAL
ESA E3 FUIRITE wEbA eEuete] e
ARA o2 Z7]olA F471= dol7ke Al7lell
7|1 A& -9 FHE4L 240] T3] &
7] W2 FEFEIAHCRRE VAGEEAES
EEsl= Aol |-2l8tcH(Cho et al., 2007). E3t 2]
(11)of] o5 22 Eo] 5P vX]= ¥ 2L
Hotge o TAE eAf= 2R 2 odE =
o 47 T B YL Y Zpolof vt
H|g|at A2 Eol shde 7|osk= 1 3k ZHA)|
SF 2L 1 29 7k, & At BE 2R &
9 FH2} = B PS4 gl wiERit

§40) B9 249] AT WSS Qe
o2 &g (melt), 52 (refreezing) L A2
(snow pack)H ol e] AeiE &F(preferential flow),
AL, S 88 Aol v 37 e ¥ X
YA neRR-gof o3k 8 A (fractionation),
AH B 5 ol 74X Beld Ao AE
Z+-g-3} B o] JthSchmieder et al., 2016). Feng
et al. (2002) 9] Aol A= 0] H= ol 4
59 YA ngte] ok FEAE-S 1Skl o
o ISR S wjo] 8 AT 10%

"
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Q014 M E ozt §4de] B9lela WS gt
a9 O F8/0f tiste] =95ttt HEe] B
Qo] e fULE 7oe] AR} Zu, 4R
9J3t g<=(water uptake), Th5-2 tjA|(porous me-
dia) U] oA &) Ael& 5 E(preferential flow), ¥
o & sourceE 7H EFaet St 42 A9
02 Z9914 WEAo| ARtKClark and Fritz, 1997).
Ogunkoya and Jenkins (1993)o| A= A H k9]
e 243 dslel TR 24S o) 85}l 4
2325 5192 1)) 23S Hmstel XSt
283 B 240] TATUE ol E
(soil water)e} Z|5}4(groundwater)7} Z+z} 28%,
5% A, A7kl et Walshe B 24 4
ol o8&t A}, B 19%, Aska= 66%
2 AP =31t} Rodhe (1981)9] AtollA= 232
2 SHYAEE ol &% sERYolA B A
Fxoz stk of Ao mEw xske)
RLTIAAL TS 0.5%, §4) F2599e 3t
o] 1% AE2] X5 B o, 51 tigt |5}
9] 7] g2 AAH o2 +15% HALE HYS A
T2 AA8FE . Hooper and Shoemaker (1986)
2} McDonnell et al. (1991)8] 2484 4~F&=2] 4
oAk 22t £10%, £5% 9] BEYHS HolZ=sick
A ESIee] A 2 gEniT 2] o
FHERE 7HA AL Q7] wiEe], 2 FH9] 7]
2e T 2 gloml, +EueS ol g3te] 2.
ol o3t F= =2 At FEEHUEAE BET
= Qlo} SER|TE AAME T Ha E3 2k &
7oA 2 A&-g(denitrification) 2] 7HF5Ao] QlaL
ARk 24 FUL7) F7leA Hol 2
E U2} TR 2 SR o gde =
go| Mglste] 7)o &9 B = S7FsHA
olafat AL Al BT WES Rt 2 4
Aol et ohgt 2F-9S o2 3 - EET
A7 Aol Fojsfof 2 Bast ek 2peie] 7
55 AA7E A7) digel A HEdol ¢, U
B Qelo] ofa) FaFL A7 WA 1 WA 4
= WEY DI TR FHYe 24 HAsk=
Ao o]z]L0] Ut} Penna and van Meerveld
(2019) Aol A= 10 km® o]3}e] £ AT7X|A
© 2 3148709 AFAT}ES v e 2 Fto o
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g 2ES ASH] S8l F2ell wol ARE 8L
= FEEg7IY Foll stz & £9 HEA g5t
Aol EANLES 2N olgaiel AYH
23 714 5ES Rela S04 sty
= o] &% FEEY otk 53], & MY E
A2 ol 8T A B A AHE 2HA2 of
83 % 9o, 790l o) AAHoR B &
Uth= A, =24 =9 o542 v A (porous me-
dia) 9} ¥H3-2 S1A] b= A, @A 3 SENte
2 FHYHE HIAZ 4= Qloks oA o]
¢l FARZE ofy FopollA] E-EE okt skA|vt
£ Y0 A I - AVo] Wi E o] i
A A9, 7 AR FEA 2/0] FHEsHA
ol B gon, a2 | 7| A[FEF Aol of
H2o] Y3 old AFATLES BT ¢ U
ok 3 ol e A9 TdAY] SR Yo
FHo|U YA kS 5 o 71X YR
I8l RS 82, BEGD) ol Al-s7tollA
uhah §slel 4= Q7] W&o REA AA 59
= RS RO = oETt & AR = A&
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L FHnitt 7] ohE T S 7L )7
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