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ABSTRACT

Studies using stable water vapor isotopes have been recently conducted over the past two decades because of difficulties in
analysis and sample collection in the past. Stable water vapor isotope data provide information of the moisture transport from
ocean to continent, which are also used to validate an isotope enabled general circulation model for paleoclimate
reconstructions. The isotopic compositions of groundwater and water vapor also provide a clue to how moisture moves from
soil to atmosphere by evapotranspiration. International Atomic Energy Agency designates the stations over the world to
observe the water vapor isotopes. To analyze the water vapor isotopes, a cryogenic sampling method has been used over the
past two decades. Recently, two types of laser-based spectroscopy have been developed and remotely sensed data from
satellites have the global coverage. In this review, measurements of isotopic compositions of water vapor will be introduced
and some studies using the water vapor isotopes will also be introduced. Finally, we will suggest the future study in Korea.
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1. M B2

QAP g5, dAPEe E, 713V 571)9
A5 Ya(stable water isotopes)S ©]-83H Eo &
(hydrological cycle == water cycle)ol] gt A= 2
o AT (water resources management)2} 715
(climate change)e} =] Be F5S w1 ot &
A HAE =9 =8Y F Al(system) WjollA] o
w3k =214 #o] doju=A] =AM vE AR
£o] o] 5g off ofujgt HPo= o|Fsh=A] olsfalr] 9]
A At 5047 AFEEO] YTh(Lee et al., 2010). A

B 7] <t T YA EEA 7] (isotope  ratio mass

oot 1O

o
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spectrometer)& ©]-83l] WStATE 918k AT G
A B ek e S e R sk dAPY =
BEHS F2 F35te]  gti(Mason-Delmotte et al.,

sk TAPEe] oS I AV
o7 "IN U T2 EFdEHdLe] AEAE o]
|sle] 4] AdiSAY pEo] VREds A3 =5
Al(proxy)2 AFEEo] 9th(Kuramoto et al., 2011). 75
YT FAIYAE 7] (International  Atomic Energy
Agency, IAEA)IA A AR -5 LaTEE 9|
affslz] fsl A AAC] BSA(station)S AASHA Y
o Aok Ao YA WES A A7 £

(moisture)2] ©]5-g TH3= dlo] AREE] $kor, #]
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slrdTlxe A2 tE 19 £t (mixing) FAIE T
Hole EFo2x AT o] gkt (Posmentier et al.,
2004; Feng et al., 2009; Koh et al., 2012).

471719 BT tEo] 57195 A4 (stable
water vapor isotopes)s ©]-83¢ A7} ol Eids] 71
& Fof AH(Worden et al., 2007; Johnson et al.,
2011; Yoshimura et al., 2011). TLDrFFE27P7} @
2Rl (off-line)oll A 2212 (on-line)0 & BEAE A w2
AR doiFoR ge o] @4o] 7hssl Hem, A
PR oR F Y oA BHE o83 FAULEY
77 ¥t LAY A7) &t Hol Al
Hal ok 571599 A e 1 5% A9
ATILFANN 7RI FE71E SFAIA AR E
o7 WA TR x| AAPFe] B AEjellN F9d
LAFEATIE o 8st] A5t SitHAngert et al,
2008; Johnson et al., 2011). 20003t Zyho] o]=w
glo]A g o] st olefgh Wy Qlo] £57IE
BF7 viE FALel Ao E E4 4 Al HA
TH(Johnson et al., 2011). o]2h= W=, #lo]#E3g]
= GA TS ol8si ti7le] 5] Felda
oM FAEAULED) e A AFHoE AT
A = ATHWorden et al., 2007; Yoshimura et al.,
2011; Risi et al., 2012).

oFol| Al BloJUHAAMEE Tidet A77F Al=sa ok
(Galewsky et al., 2007). @lo|AE3e] & o|Holl=
71APdR1 5718 Ao R $531 X (trap)stedok
=d]. o] Aeelle t7] T 5719 &l wet Als
5 7] S8 ARte] ZAHLE 75719 ol AL L,
g 50 157} F2 AY T AXRAY Z2 HojA
= AZE oA NS =8AA EF S ok
shc}. JiA | o] igS ARSSE V1A o= 102 ©

2 55719 FHYAHE BN = qlemE ng =
A SIS 7 = otk SRR, Al@Ade] ik

Tl

] =3 ot oA e AEC R ofEe] &

g

SRR
H

2]
& A9t Ale Foll Ath(Lee et al., 2005). 4 S0,
T olss Fetelr] fJsle] IS SEGCE A
st di71elA] o] ofGA| olFske el tigk
7F B3l Fo] th(Lee et al, 2005; Galewsky et al.,
2007; Strong et al., 2007; Angert et al., 2008). & =

HoE 557] ST 089 A8 Afeln o
g olg3lo] IF S F5e A7 aThskas
k. o) T The FAME $5719) FEAAL
S BASR el tiste] e Bgton, 3olE
PgoIA ANE PRE ol§3le] FETIEIALE o)§
3ol AT9 U182 ik ThAet elrke 53]

FA2Q] o) A3 (commercial laser spectroscopy)
o] FFIIEAULEN EYEY] o]Helle 75VIE F
AALLFEA7IE o]Ballx FFEALgks 2A8IA
o FE71EAAAY HES o] HEixe 5571
£ ARk olF EAstof d=d, o] F # BT
B2 mgs a7t wEbA, glolAdie] A%
2 ARET] oHolle F5TIsHdAe A7t 2%
(condensed phase)?! BA|L} A Fe] Eo vl3)] B A
T7} o] AA] 2 FHeo| ot

TS7IEARLE AP flsiM= 40l degh vt
9 dapPde] £of o] ool aln o]F 3iA
o] 75718 St Shth(Lee et al, 2005).
571 THE #gtd Z7lole AANR (eryogenic
sampling methody& ARE-3FIT. FHoll o2 o)Al
FH(laser-based spectroscopy)?] =3l F7|E HlZ
glo]AEg 710l ARt A4S = Al HSUTE FH2o
= AFANA FE(retrieval)d 7S HYAEE FE
ol ¥ trixd HF T B2 ATl o8star ok
(Worden et al., 2007). ©] Zolxe A=, o]
g, PR E QIS o83 TR A

Al thste] 2vhstarst gt

)

2.1 M2AE U

7] FY Ve AEHE FHAPTIHA oekg
Egfojofo]~E T8l =gtelote]2r} 43| 71shE
wj7hA] Fatolste] &(-80°C)ellA 71AVEe] 571
JAPGe] ooz HBAIA B Bagh 5719 &
S SHsk= WHol A2 (cryogenic sampling
method)®] 7| gjoltt. 7|EAH o=, o3 grE 11
Aol 55 AV E2 HIAA YLD ZT A
| == offellA] thA] AE oA 3HS o]-83ld
B8 4= Sltiohnson et al, 2011). #Ho|AEFHS

T

O
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olg3ld FF7IEHHEAE A 93] Hslirle vl
o] T (moisture)°] YATFE Folof sjEE, IET} =
< AY e FAY 2L gi7]e] e o] H& A
AoMe A2AFHS AR8-3tdoF ghtk(Steen-Larsen
et al, 2011; Worden et al., 2011). ¥2Jo] Q3 <F
(BAPEe] & 2-10 mLyS R3] sl Adise 52
RIst AlRE AFShE 71k AAstof gt o)
oA e go|AEFHol s AlZFHeE HoJE«=
AE5AY = glom, 719 75719 ol wt SR
4Es & U= AR Y= AlgHH o[t}

2.2. #o| XM=&y

20007t $Rbol| 0|28 PR o8 4 QU= {
OJARFHE o83 F 7IX9 FAYAEAIR] (Los
Gatos ¥ Picarroy’} 7WAEATE F W] EAHRH
et Mg AL Jung et al.(2013)0] 71&E o] QAT
Fig. 1= &) <o Ax]=]o] Sl Picarro M) Bt
ot 7Aoo E  Ho| A FHS S8 B THYA
o] BAHL AIER] W] ES 100°C o] 2504
718171 (vaporizeryE ©]-83te] 7ISAIA A 719
FroHER S IS o]8gt olejgh HEL H
FHYAAHIREAV7IE AL e FAOIT(Lee et
al, 2013a). LA =4d% 3ge] ¥
ZAVE ¢ dlo] =4 AW ¢l e thr)e] B AR

©
glo|t}. WFo) FFEAES IASket HEgds v,
1 el t7IERE VI8 BAVIIE st
719 PEEALAE S8 5 Aok FAl FufjellM B
I 7194 AU (precision)y 74, 4F
2 Z47F 0.9%o, 0.08%°]Tt.

glo]A TG o] SHULAFEA7 visiA 7FE
|5 e dFAF vlE A8o] 7bsd AolthFig.
2). EoIAEZ7|71el A 7RAE 3 HE 5 dewA
E51 Qlo] ARG oE FAE F Qe FxoW o]EF
o7 FFIIEHYAE WA 4 Aok Fig. 22 ool
A FETIEHEAE SA] S8l dlolAgr17I9 A}
7 VFBASAIN(AWS, Automatic Weather System)E &
| &3 Bgolnt. o] o]8dle] F571E91das] W

o

s FFE = 7 e VTS, AE B0, =%,
T, FHEE, vl A7) 2 B 55 Al S8
T 3lom, ol2 T, ForlEda Wil dodl=
2RES detel] W |FAT 2 = % d7e] A
= =9 F d& Aotk
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Fig. 1. Analyzer of stable water vapor isotopes (a new version,
L.2140).

Fig. 2. Portable measurements of water vapor isotopes.

2.3. QB9 E &3 SHUULAEHY

o] AES o83t 7] vt A=A
715 9AE A= S4skal 2™ (Worden et al.,
2011), S48 TALLE &8sl TR At A=
F3 JtH(Worden et al, 2007; Lee et al, 2011). &
A ol8EHI = AL HIFFFT(NASA)Y TES
(Tropospheric Emission Spectrometer), 4= (ESA)
2] SCIAMACHY (SCanning Imaging Absorption spectro-
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Meter for Atmospheric CHartographY)©]TH(Worden et
al., 2007; Frankenberg et al., 2009). & 9JAlo] &3
= 719 == 49 W7 (sensitivity)oll Wl o=
o, TESY] A$ F2 1% 3kmd F371590948 =
Aslal om, SCHIMACHY= T2 20| tift &
of Q&= U717 A% (planetary boundary layer)®] 22
F2 SAY 7 Jok wEA, AR A 5 A ofs)
HEEE 2R t7]9] Aeolle 7571591945 914
< o83t 8 = 7] whiEol, SellA Adwd
7] WS o83l FETIEdagke 27gstolor 3
o} TS ol8F FEIEHEAE A ST @
H 2 &t & Holt(Worden et al.,
2011). AR, ST 4= sl WML AATFH ol
Aol o], thr|s=gwd (global circulation model)S 7
=3k dlof] 2ol o851 Urh(Risi et al., 2012).

=
AN
2L
ok

3. $&7|S%#LE 0|8 E =8 AT

=

205 (moisture transport) A, SHAF A 2 31
71FATFRY] A o] B AEelM &Y Fol Q)
ThLee et al., 2013a). ¥ RN E o]2fdt AT
Zfekaat gt

3.1. 20| S (moisture transport)

F57e thiradA 7P B 27k Sl shue]
o} sl dae] FHE%8(stable isotopic fractionation)
o] dEE A3l 9] olF AR A3 AFE 3
3 4= th(Lee et al, 2013a; Lee et al, 2013b). o}
2hA], olelgt F717t o8|, o= o|Fsle Tlel
3 Ae XEFHOo R o|Folx gt} Lawrence and
Gedzelman(1996)y= FEA|Hol|A Athid=]7Ite] Sxfet
o] 9 & F571E AFs L] HES
Bl FE7REHEAT £ 3 ATshke Hell
& FAAK(tracer)P-S H 13T Worden et al. (2007)
o] AFellME ATAEES o83t &5 UlollA 352
o] A= FHe] A FEo0 o9A daks =7t
of et =28t FujellMe dF8s o83t
AFE T $F7TsA94e] Aol st =23t
Aom, N7} B ve YRR FiEo UE =
A1 WEgle]l AR olFd TEIIEAAA A4S &
Zaion, glEo] BN T57IEdaY ol B
S wRo e <G IHamount effect)’S TSI}
(Lee et al., 2013a; Lee et al., 2013b).
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Fig. 3. Schematic diagram for fractionation of isotopic
compositions of water vapor by moisture transport from ocean to
continent.

Fig. 3dMe 7571 % 7259 FgE9dart sficll
A IF02 ofsalaA ofgA FTEEEAE UERITE
NG} Ak BT 0%0)ollA S (evaporation) B
O (convection)ell &J&ll 5571 R JENANA A9} 4F
& A= 2 —94%0, —13%0)F HI71E o)F 3}
T FEE 502 o)ssH dot. tiF ke g o]
B3 395 S o] 750 TYA e A%
SHolX]A| Eth(isotopically depleted). ©]2A] THUAgk
o] vro} F gl AAE 92 RE 7hS Al
B WHoR olFsiAY e LTt HoldarE
FgEL o] YolAAl ot &3, vI7 Uigle B}t
TE7IEHAAe} A-EAdAge] Aot AthH 9
ArAH o7 ol o]& mi7lA] A&HHoRE Fofiust
Hhgo] dojd Aot} wEhx, A|al] HEHUiaes
7 ellM o] 735-eF 55719 P Eeea gl
o3l FEFe wkS Aol

0 F AUlEE(relative humidity)oll 2J8l] F-$-Eth(Wang
and Yakir, 2000). S(evaporation)?} -} (transpiration)
2R8-2 AAlF o ® FEske Aol JE7] el + &g
A2l S A SHko 7 FEC) Fig 45 T
FhHRgo] ofgA] 5714 e dEks mIA|
=7 YERIT). sidellx] Fdo] dod wiAH (Fig.
3), S| s =W o= Aol FAL T
A, & B0 = DCHY} el e EFEH] @A
ek, SR, Aol ojs) ekt ol $4go)
ol e Fejelne) 240l WEo] gl Ao U
A SAeK(White et al., 1985). Webr], SAHgo] s}
A Lol S U olele] SrlEsleiee o
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Fig. 4. Typical fractionation of stable isotopes of water vapor of a
forest over temperate regions.
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Fig. 5. Schematic diagram for measurements of water vapor
isotopes from various altitude.

T3] FHEREo] doju= 9 Hlst JjFoRE =
< o= #EE 5 k. olEgh AR QIFAES o]
43k Worden et al.(2007)2] A7olX= 2 Jel=d], of
P& (Amazon) Fhe] FF71E ATt Aol A& A
Aol HI3)| & ke B FI}. Aol gt +57TE
dae] ¥islE BEshs AL HdATE Z3E 3
© AATFEDY s £ o Zgs) AT 7 U
Fox Ty HollA g F ATl TRl 2
F JS AoE AGETH(Lee et al., 2012). ©]23 I+
5 7Y 5 Ave AAE Fig. 59 AASHAT. 2=
e} 2] 757 St FHAA ] mAle FES Tt
sl7] Sl AEHE FE71E dolAERTIE S8

T TS S FXolrt,
3.3. 07|07
WA S (ice core)e] FFEAALE A8t 17|15

(paleoclimate) Al Z-8317] el A7A|Ye] 4=
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ofolnt SlTh(Steen-Larsen et al.,, 2011). W3S ©]&3t
HA 712 ELL olefdt AFEZQ] dANCERY f=
2 Ut} seo] A1 F ARto] AbEA] sl 914
g & Al AARE =Y FAIR Qg FEHo=E <l
A D= (densityy’} S7IEA o002 WAEH w2t
A, WA BE A5l Yslirde 2 (source)o] Hi=
e AFstedof it o] A FH A HY ko=
FE 7148 ol oJal AR wiiel], e
7 ool tigt AFE zlstedof st =, 1

_5_
A=y L WHIRE ol§F BB A7E S

1

olg $BIME FE7IsHdc tist 34 ajXe] 7}
& 2L o FH2, WEE AlFshe AYelA
9 o]FL olsfislr] Hal delM vl F571EHd
a9 SHE AEshs A77F ®al = Sltk(Steen-Larsen
et al., 2011). Z¥F=(Greenland) EAJFol|A vix]e}; 7+
W71e] 7158 Hdetr] A A7 HAA(NEEM, The
North Greenland Eemian Ice Drilling, 77.45°N, 51.06
‘W)E FHsPAA, w0l FHE e et
NEEM F3zolXe] 5715 9d45 Hlusilt.

W71FATE SeiMe =jPgE ATt 2k AA
T3l (global circulation model 5= general circulation
model, GCM)S ©]-&3F A7} BAolm d AMAIF S
2 100718 AAFedo] @A) JidEo] ). 59
Ui} ke AA|72 2 (isotope enabled GCM B=
isotope incorporated GCM)S 7H&sl & wdls
7] flsiMs A AlAe Ae-sldaitE 54 A
ol-g3te] el Aol nlw, HF8h= o]
o|th(Risi et al., 2012). &}, X|EHNA 2F 3}
FEAdaS 2o -l dagst sk o
of AAl 7)ol EAlsks EGE71, &, do)d o
Aeagts Zdolld Aehks w3t Rlud 4= glt). 2
ol o]28 o3t FAIE WAst] flet, 757159
dao] SA4S A AAK SR Awslal glor olF ol&
slo] AAFRAES HAFShe 975 Al=skar 3o, of
S flsiMe FE7IEEaY A AFAQ] 3] g
77} AdsiE]olor gt oF Mol AW Fig. 59 2
< FAE ol&sPd ti7le] AR FFUIRES B5
sol mae AFsher) o188 & ek Yobrk, 9139
Bl 248 A AFH 53150k B2 2D 2
ssh mushe A7 A% AT UrkRisi et al.
2012; Yoshimura et al., 2011).

i

[¢]

Jo
14
Aok
o

o o ol rr
B ooft Mo o

(e3

1

o r&



4. 29 U Y oATMY U BH

o] ReAE FE7IPFEIAL BAPe] W)
Aol Hapgel vhet
wslel Beisll F2 we Bae W glom, 557

L
P E TRl F2 FAE 28E ok
3
h=)

£
r

lo
p‘L
2
T
y
i
o
offt
rlo
N
T

Z71E9AALE BF V)] Fuia
o Tyl Be ATIFAN o ol BEF 5+ 9
2 Roz BeE B8, £35S o183l

38 088 IW|FAT) BEHE Ae IAATLES
FAoR 0 WA v 53, ARaA) Feed

slel=Ale gk A5 F3E T d= 3otk

IAEAYME 739-591148} 3 571891945 =
Ashs A=A (station)Es =8 WL = FAlelt).
7= ti7] Tl 7P B2 247k A|ut o7 2iA
°F e R o8l $5719] o] o GAl Hslel=A]
= oFF] gz vt |lok. &3, 2R (vegetation)©] E<
Sl M= Fo] A Fvhe AT AHE AT
2dS o]&sle] AHHFHOoFT HUSHTHLee et al.,
2012). HelME glo]Ag o] Hg%7] ARFshHA
EEHEAE o8 tkg A7t AlEsa ok
(Lee et al,, 2013). 757] THLA FAPHo| o=
AT 2ol o5t FAREo] E9] ol ofF A
QIS F=Al, FAGAA Eo 8ol o3l W} of
DA AR 59 Tkt FAIES sidshks Holl =
=ol| & Folgtar v,

AL M

o] =L 201495 AR @S] Yo AT
A ALs wol FPE 712 ATFANY (NRF-2014
RIA1A2057572)y% SA AL ] 8- SFANE L
2 (Polar Academic Program, PAP)’2] Ao 9]
FolRFU
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