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Abstract

Due to the fractionation effect of isotopes, the stable hydrogen and oxygen isotopes of atmospheric
vapor contain important information of water cycle, and become an important tool for studying
water movement at land-air, sea-air, and vegetation-atmosphere interfaces. Since the 21st cen-
tury, infrared spectroscopy technology for water isotope observation has developed rapidly, and
Fourier Transform infrared spectrometer (FTIR) and cavity enhanced near-infrared laser absorp-
tion spectrometer (CES) have been widely used, which has promoted the gradual maturity of the
observation technology, improved observation accuracy and enriched monitoring data. At present,
based on infrared spectroscopy technology, ground-based monitoring stations have been estab-
lished to monitor water isotopes in atmospheric vapor, and monitoring networks such as NDACC,
TCCON and SWVID have been formed. TES, SCIAMACHY, IASI, MIPAS, ACE and other observation
projects carry FTIR on satellites to monitor water isotopes in the vapor of troposphere or stra-
tosphere, and provide the satellite observation data covering the whole world. In addition, there is
the MUSICA project, which combines space-based and ground-based observations. The above work
makes it possible to obtain large scale and high resolution water isotope data in atmospheric va-
por, and the related research has developed rapidly. In this paper, on the basis of previous re-
views, the space-based and ground-based observations and datasets are introduced and com-
pared. Studies in the isotopic composition and variation of water vapor, the atmospheric circula-
tion, the water vapor sources, evapotranspiration of ecological systems and lakes, and cryosphere
dynamics based on the water isotope observation in atmospheric vapor in the past five years are
reviewed. The global stable isotopic data of atmospheric water vapor with high temporal resolu-
tion will be a powerful tool for exploring the earth surface system.
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1. 518

T R 2R A RN AFAE, KA R A R KB R R A M EME S . i K AKIR
PR B AT LA K ASKIERIR, SRR SKIRIE B FME B, INERR KR R b - <. i - S
R - KA KIS BN AR SRTTT, 7KV FASE 2 (00 I AE X T B 7K TR 2 00 A7 7 B 2 g PRI o, At
3 KA KR IRIME 2 A FIBIF 72 1) R F KR T& e - B /K RIS 22 (RN RE 9 0 A% G 1 RSk IR R 2 A0
D7k, WA BRAEEE . Peltier Hl47% . TARFIBKIEF Flask B2 A, 4715 05 B A i HL 75 2
W R AR S B AT A R, RESR NI 77, ANIE A VG BB R A0 o B 330 4R B FH 24090
TR AR AR I, KAKVR RN RO )8 A AR B g, oA T KR M M, et A oG
AP R JE[1]. TERET ST, MRS [21458 7RIS G AR R R IR, R4 T RAUKIAIFE
PRI FAE RO IR . MRS RS T R 2R, 1L T R AUKIR RN = A AL (1)
RIEFNFH . Galewsky %5[31£5id T /KIR RN BB AR R . RREIRA  XRHALNS] 7431855 J7 TH IR 72
B, ERENE T OE R L AN IO+ R (Cavity enhanced Spectroscopy, CES)iE AT KA /KA ]
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A7 28 A 0 ) s R R P DA R T B AR e 2T AR 1% 45 R (Fourier Transform infrared spectroscopy,
FTIR) R B AI N B, B4l T RBRAKIRIRIAL 2= /A TR R O AR 78 5 T ik g, DA RCOR AR
B AR R B

B & KSRV AR AR R AL, H RTAE O RS T 583, MR RAES
AT A H R . AR SCHERT N SRR SRR b, o B AR ASUKIR R 2T H 43 R RS0
Hi LRI 221 & Rl W, = ZEII T H AT PRV S A LA, IRZRIR T I TSR R AUKIR
A7 Z 0t 70 1) 3 B TR e

2. REIM

Pask b, RAVKIRFAL R T BRI, ol MR /KR A v T 3 T L R 1Y), R PRI AR
BORE A ME, 20 28 70 AT 2B A WHLIE SR B AR SR AT RAE, XA KT AR R
BT, IR TERAS 8] 7 R ARG . B SOE SRR L, RAUKIR R AL 2R AL 2 3R A I & N
FIRE, XPIUZE AT LZ TR KRR R0 FE R 2 AW o AE A R 0 AR IR Bt 5 I 1) H 3
FEPRAN AL 2> T B S AN E 1, TR R 7 b £ IS T 5 2 R [ i 2 1 3t o L0 % A6 IE
PRAE B2 PR . LA AR SO T AN REELIN T B S B 1 100«

2.1. SCIAMACHY

KA ARG 4% (The Scanning Imaging Absorption Spectrometer for Atmospheric Chartogra-
phy, SCIAMACHY ) £ AE K i 2% [8] J7 (ESA) K BH R 2B #U7E TL&E ENVISAT b (¥ = 2 800 km), A& —F T
YEAE 240~2380 nm i B ISR IEOGIE{ . ENVISAT P 2002 4F 3 H & 2012 4 4 Aiztr, #4tT
10 SEAERIN S 25 A HHE 75 . SCIAMACHY 45 8 ARk ii I, WL BRI SRR 1 R )5 1 HU SO
BT R S ROREST, BB EE HEE N 0.2~0.5 nm. SCIAMACHY A PiM3E RAER R, —Fh g
& NADIR I LIMB A2 &4, H—F2H/AGH)EE . f£XMEEHIES, #2NEMRTHA
Bk 60° % 80° 2 [A] [ £ B X Jsk . SCIAMACHY 1) 3= BER} 2 H b K [ 4 HE R AT Bk A 18 R 1% o 345 42
BRI Z AT 2 b B & Fh kB <4 & 8:(SO,. NO,. CO. CO,. O3 CH,;. HCHO. OCIO #1 H,0/HDO
&), AT & R KVE R AR & ST M ARIE R A . SCIAMACHY 7£ LIMB fitH/H &2
LA R T ()3 B2 78N T 3km, NADIR 7K F 2 #5238 H N 32 x 75 km.

SCIAMACHY X #&%F H,0 H1 HDO ) T A WLl s 4R I 18] %5 FE g 2003 4 2 2007 4F. fiif 22 ¥ [A] 7T
FT(SRON)# M T £ ik HDO 5 H,0 AR E s ™ i, I A] 5 B2 0 2003~2007 4. AN R ZE4R AL )
e B KRB 7= S RS O 2002~2012, A 40k BG1ET v0.9.1 Al v1.1 fRA BA KA 201 v1.0 fi A, H
T TCIFAR AR U w2 I 1) Bl X HE R R IR 45 o 1R 22 2 2 M SR8 384T 7 58AE, & Mieruch 2£[4]
FH R AR AL IE 2 3 e BB 35 (AMC-DOAS) BT /KA R, % SCIAMACHY 1] Level 1 #4147
TIRAUE, Mok T KRS EHE SRR, Piesanie Z5[5] 04 B AR 25 15 1) 2545 /K PR B8 o AN
L) SCIAMACHY  ZKIRAE = it AT *F b, 0T i 7= S db AT 30 IE , 25 SRR I R 2 (R 7K VR e A — B
Scheepmaker %5[6]1# Fif TCCON i1 NDACC-MUSICA 3 45 %} SCIAMACHY [f) HDO/H,0 #4347 T
KIE

2.2. MIPAS

KA TCTEIRMIA 72 /K 38T (The Michelson Interferometer for Passive Atmospheric Sounding, MIPAS)
FEEAE ESA RIS ENVISAT L& b, &Pl P2 il Bk 22 8% 1% 4 (Fourier transform: spectro-
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meter, FTS), FH-T- & A BRG] RS8R0 IR EE /34 . MIPAS F LIMB BN K S0k R 2040 k5%
W, eI 4.15~14.6 um, SEIEFEE 0.05cm™, 435 MG, BE0E H RO L 20 R A
BLRERSRHI, 3 RAIRMG &R . MIPAS BRI 2 KA = G LA 5 %2 150 km, 2 .40 3%
L2143 km, MIPAS M 2002 4£ 3 H 1 Hiz{T#] 2012 £ 4 A 8 H, #HRALHME Emag 7 %t d 2 K CER
JZ AR ) 2RO Z R LR Bl 77 R S T 5

MIPAS 4 ENVISAT LRSI 2 —, HIRBMEEE © 2B m a2 sk, WiitkihhX, HAZH
PSR, al R B RS H A8k, #M7E T SCIAMACHY LEFrRERIE R . MIPAS HA4EIFRHERL
EFA RS, L1 EdE s AL E, ik, A1 685~2410 om ik BLE B AR SERCE LIMB R 5
P, L2 PERIEEETRE HoOy Os HNOs. CHy. NO F NO, ASUAEHITH . BE AR Y] SAL I 2 #ER5E
FEl A 3 km (T 7)) x 30 km (ZKFJ51A1); BEIFEEEAN 2002 4E 7 A 1 H~20124E 4 A 8 H. X/~ i ESA
T I A7 1 L S AR O (DF D) ) 8 [ Ab 3 AN RS o0 (D-PAC) $ AL

2.3. ACE

KA A2 5286 (Atmospheric Chemistry Experiment, ACE)R I #3544 #% 75 N5 kK258 SCISAT P A L,
FT PPl ANl B AR A, AT R I R S (Os. NoOw CHg HNOs. HO. CO %), #izm. K
AR o ACE 4145 1 32 BERF 2% H b2 M S A0 T ffdafil Bk S Hp SLE AR AL 22 7R REARTE &
R HLIX . 2003 4F 8 H 13 H 4TI SCISAT T AELE—/N =i (74°) 1 [E TR AR H Bk EL1E (650 km) g7,
PRALHGH . PRI 7E 5 Y5 H . SCISAT DA E DKM EA R TIE, $#24t 10~100 km & EH|
s 2, EFEE. EHAEAKS0 7 REFNE S H(VMRs) & H H AT 3% 10 18] i R IO6 3
H, VLR Abeh 85° 24 85° F K SH G I

ACE 7EJfi & ZhEMART BN, HMEAREERS. ACE B4l EH 7 ¥ Ry 1~2 km, FEZN
BRA. ENENSBERIZ, B 2 B —%. ACE [ Level 1 ¥4 045 H,O. HDO J¢it:, Level
2 PR T VF 2 RASAK D FIURE e S AVARRR VR A LU TH Bl = B R . 2,24 3.04 3.5 Al 3.6 ARAS 15X
o= i ALHE T HDO #dl, B[R] 78 55 2004 2 2012 4 [a], {H 2.2 KA HDO HHf A7 75 il i, WAL B8 357
WA 4dE . ACE-FTS HIEUE 5 7 AHCRIAIETT, 5 BIFRATHE moeh 3R O 72 i R A

24.TES

SH R A 5 1E A% (Tropospheric Emission Spectrometer, TES)#5 47t 35 [ [H 5 fi 45 i K S5 (NASA) ]
AURA T b, 2Rl 2 PR 0 A0 A8 B Ao A, G A 26 T N 3.2~15.4 um, Jeili o R
4 0.025 cm ™. TES "[#E4T LIMB Al NADIR B0 . 7E LIMB #525F TES MR i) 43 #E R N 2.3 km, 7
#YEHE M 0~34 km, 7E NADIR #:UF, TES HJ=ZF (A1 73 #4289 0.53 x 5.3 km. TES #IH &5k4 K Wil e
77. TES FIWLI AT AR Z S 4 (SO,. NOy. CO. O3 Al H,O/HDO %) . 4Bk Ai iR &
IR, RIS FREZEZ A, 2004 47 A 15 H, NASA X HIUM & 45(EOS) 2 — & AURA #
X TES HEAKPHFEZHLIE. 2018 4 1 H 31 H TES 453 Tt 14 SRR

FHECT A4, TES i o Fre s, IBATHI I, HAMRER . TES %l =& A Level 1B,
Level 2. Level 3, LG/ R FIEE A Lk . TES BN~ A8 B 7 IRAE, W TRME4r
Mo TES i Nibf et IRk HDO W[ 7].

2.5. 1ASI

ZLANRASIRI T34 (The Infrared Atmospheric Sounding Interferometer, 1AS)#4%7f METOP-A.
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METOP-B 1 METOP-C T2 I+, W[&E/& METOP A2 457 () Je it (A3 o 1k 48 T2 4333l F I A %
JE(ESA)FTEIM S G2 B2 T & 4144 (European Organisation for the Exploitation of Meteorological Satellite,
EUMETSAT) T 2006 4. 2012 £l 2018 4E & 5, IASI &k 28 48 MK 25 K B [ 5 $0E & S I 2041
i, TR E AR KR R ER LR, SRE KRR, RASERHEE . =55
2 Tt B O S5 W B« LAS B v S FH T v b P 1S G R Gl B IR DR P LK, 3 R WG
N 10%), A RBER AR, AT AR T RS IR E SR Osv CHay COR) I ERVFAl A
WM. TASH & — P B AR s A%, 61 E N 3.63~15.5 um, 3L 8461 AMidiE, J6ilksr ¥R N 0.25
em ', TPEAE 817 km fIE T HE ELL NADIR #EaUUIIRS, 1ASI & —4&FHi4k 4 30 NG Xiss, &—
ME BT 2 x 2 ANMETE A RCE AR 12 km R B# IS A 2, VS AHTE A4 7 10 43 0l 28 1 K % 39 km Al
20 km [8] [9]. IASI HEAT 2L FAH, IR 584 2200 km, 4K AT H2AEH X A EREE (9:30 am/pm). 1ASI
(R P RIS T (B . SO,+ CO. COzv Ogv CHye NHg. HpS. HNOz. VOCs Al H,O/HDO %575,
ML SN =) IR AR SR P A5 B o 31X — WA 55 ol FH 92 [0 T 5K 2 D) 9 oo PRI — ARACES
IASI-NG, Jf##{E METOPS-SG P& I,

PRI E PR T2 X Mo A2 51 2 (CEOS) HIARHE, 1ASI FIEE == fh X4~ 5 27 i, 43318 LO. L1A.
L1B. L1C. L2A. L2B. L3. L4, &#tT 0-12Z. 12-24Z, WNIBHIKZESIES LS HIE, 1ASI )
METOP-1 FI METOP-2 ¥#& — BEL7E 587, 0l vl R LRI K SR P EHZ(EUMETSAT)ZREL.

ZE LA E (WA 1), EBAT IR 77 T, FeB A)5E [l 42 . TES T H I A7 I 18] H AR 505 -
FELIE 7T, 32 B0 2 AP Z R RS EAT 3R, Hodh MIPAS JE (35 1 rh [E]J2 4RI
TESyHRET7TH, ACE T H B L/ HF R AT, 1ASI I HE it 22 . R4 3% 5 b, TES MEdE & N
. SCIAMACHY T H HI5AIF ™ fh 458 3, MIPASA 15 H % SCIAMACHY 3 H #4T T #h %8 58 3% . ACE
IR Z, (BB T B n 2 BRR R . 1ASI IR A T3 — B 2 . &350 H B
FEAEAFILER S, AR A R I I H 25 45 & ia . ik RS [10]8H T TES. MIPAS,
SCIAMACHY ML I5 H 1305 25 G sl sl B d- AT /K R o b, A AR R /KVCRIR, FEF AR R R
AN TR R 1 52 i) 8
Table 1. Overview of observation items
=1 WM EER R

TR LRER Kiva BHTE P e R (NG| IBAT I ] WA 31t
SCIAMACHY BRI KR ENVISAT 240~2380 nm  2002~2012 http://www.sciamachy.org/

https://earth.esa.int/eogateway/ins

KON T - ~ G ALl
MIPAS BRI R S ENVISAT 4.15~14.6 pm  2002~2012 truments/mipas/description
ACE B oA 2 2 SCISAT 285~1030 nm 2003~2013 http://WWW.age.uwaterloo.ca/miss
ion.php
EZEEZRMT https://eosweb.larc.nasa.gov/proje
TES iR AURA 3.2~15.4 pym 2004~2018 CUTES/TL2HCNN 8
IASI WA KR METOP %51  3.63~15.5 um 2002~ https://www.0spo.noaa.gov/Produ

cts/atmosphere/soundings/iasi/

3. HEMNSHRE

TR O AT A RN AR AR, WMV R R, BRI [ R A . A
T 32 ASOUL I R AR I 18] e 470 (RS2 S RO, [ el T oty s O B8 R R P B vy, R R e 1 2
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SR i RS EE o AEML T RISt A L, JF HLBRA Sl LI 52 3T . SR A 7 R R KPR, AR
RV REAR, A, 3T ARk KR T AL DR R R E . ST TR Hh
T 5 T WL 45 SR, WA BR R [ EAT SRS L I T . (HIE i 2 B3, PR
ZLANPBARIN, S W AN KRR A A S 5, 7 T PRt O v LN LA R UL DN 45 28] 14 #
FE BT RS — o L ORI 7 R R L2 i A2 AT B TR AR I BRI 7 R
BRI, gL — MRS I I S RS AR . BT — HAY, e PR f I B
ORI T H BB TAE . ASCEEE T =AS BRI T F S BRI, DL S5 A R EE A B LI )
T H Je HA IR -

3.1. NDACC

KA A8 A3 9 2% (Network for the Detection of Atmospheric Composition Change, NDACC) H |if
HI BRI IR) 72 AS(RER BEAT 15 A, T By 37 /N, 2B Al 20 AN) VG RS I RE JBAt 7Lk 4 i, SR 4L
HPCTETEA . WOLTRIE . RS BRIA. AN SCER SN AT WIS GRS, T 1991 4 1
HAIFIEMIZE AN, S RS FIE E R s — 3. AndE KR E . NDACC 7t
FXHERR DGR, RWKSARL, THEAT ENRE  XHRZ A R B E R, @< x2 5K
RO Z B ER ZR, ISR SR [ R R ORI 45 R, R R i, R S KA s A
NDACC &t 55 % 4H 41 (WMO) 2 B3R A W U (GAW) H Rl i) = BEoT ik, 2 23R KA 204 W)
(IGACO)THRIFI KRB K5y . NDACC T 133 GFEIA E PR AL E (UNEP)FIE R R 5 KRR
oz B bR SL A2 02 2 A2 A ) 221 1B SR L B R A A LA R A AT o 000 H AR B — 47 DL R0 o 2 A 4 2
FF, WiH ML http://www.ndaccdemo.org/.

NDACC Il H 5T R I T 5 A1 A EER M X 2%, H BT BRIk S5 % . A1 NDACC 1
H N BIAS Rk s U0 ) SRS YA 58 A A R], H5cH 7 2 0 I T VG L . VRIS ARBE . I BT F AR A 52 4
— 3. HET A SR I ES 9 73 SRR HOR HEAT A9, A Rt R BR D, A I S LERT S
fF ISR, AR B RS

3.2. TCCON

SR AT UL X 2% (Total Carbon Column Observing Network, TCCON) 3 J& T K< il 4> 2 4k (NDACC-
IRWG)FI(GAW)TI H , 52— Bl Bt AR 2T 4P 1A (BRUKER IFS 120HIR 5 125HR) ZH 3% ) 2 0l
W25, L FAEITLLAM GG XS R PH G o X6 rf, 1] DU A RS 2R fIHE CO, CH4v N,O. HF,
CO. H,O 1 HDO M-I FE, SRAtKIHm a7, FH T aaEaat 7o LR KE[11]. TCCON i H
(PRSI — AN PR ARG (1) KB TR R 03, AR e R EAL s (B a0, T R B R R AR TR i
TG (SCIAMACHY), X2 K GIE(TES), KALLAMRMZ(AIRS), $IEKK LG 2 5(0CO-2))
T VR H RIS )R R A 2 [ 22 o 12050 B A A GGG2009. GGG2012. GGG2014 = AMhiiA, L NETCDF
¥eRPEfAt. WH ML https://tccondata.org/

TCCON [l S FE AR 5, {2 TCCON 3 f 2% (A1 78 56 5 72 o %0 H #2207 2004 4, F 2013 1%
YRR EEROATIY 32 M E A (LK 1) TCCON [k £ s 1T MAGH B . KBl AR E 1) 85 F ok
AR FILIN 25 Ao ARAE 7S )78 55 28 07 AEE AN 2, FRAlRAEr 3. ARPNAIE NS s e/, T E 2
EHPTERRSEHIX .

3.3. SWVID

Fa s /K IR A 2 8095 % (the Stable Water Vapor Isotope Database, SWVID) H1BR & k22 d i 44, Wit
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EANTERY T A BRAE 508 L £ A0 ) 320 AR B SR AL i UK I R L R B, 2 Sr 7 — AN v 1) 4y
PR R KR AL ZR LU I BRI - 12000 H 1 H IR ARy — D SR BRI K [R 0 2K R 4% (GNIP) A 4
BRI AR R S (GNIR) KT 5, SeVFIIEFEN 37— NS v B A7 it 128 rh SR AT TR AR R o 3R Al 4
MIRHRRER SRR FIAL R BT . N PSR IS S AT M % & . sk, KRFEMER 0. H 4
BRMARHERZE . AUl FERHREE . SR ARt RERE . g, I B 7K R B T A6 AN 2 TR ] 3545
RSB (5 AR B KUKV AR/ N 0™%0 T oD UM, N T SRR BB MO fRe, ISR T IR
By W R R AL RIS R 551 o B DU 7 R A A, Bl SCf 9 CsV g ks

Eureka .« —
Urexde

Tt 3 . Ny-Alesund & "
o B _‘_,.:,:.-U . i : Sodankyla
““S4East Trout Lake = ¢ Bremen

o

Harwell _ 1
Park Falls Paris Karlsruha < : Rikubetsu

Frers = Orléans Garmisch O a4
: -w-,. e Tsukuba

Four Coj
Edwards *
Pasadena / JFl Sl 2 . Hefei Saga
¥ C 'y A& .y

Burgos

Ascension Island
Réunion P
= Future Site \ Wollongong
A £
Lauder

Figure 1. Distribution of TCCON observation sites (download from https://tccondata.org/)
1. TCCON sk =4 75 B (M https://tccondata.org/ k)

FAT, A R sR 1 44 AT H Rl WISt - K 2 oot s i A2k BN > 45
(LK 2), e BAERAE 7~9 H. F5lH, SWVID AU HIEWMEEE, Gk T 24 CHURIREAN
HIHEEE . WIMBIRE S TR, WA W, UKER. B, RE. FEESAENEES RS, 8
7 TR AT T i IR R AR A . SWVID WK IR 7RI R) A 22 Kl DL R 4Bk K
[ 57 2% /9 £ (GNIP) A 4= BRIATIAE [F)37 3% X 4% (GNIR) B A3 (0 B /K RT3 R K R R Bt SRt T B i (1
AL R AL AR, A BT EERR 7K R ZR 2 R R A 96 E, T KRR ZOW I AR, AR
RFM T IIRAL R BT, LR e8RS R S5 T wt /e [12] . 30 H Pk

https://vapor-isotope.yale.edu/.
4. ZEEBFRMUTIERR(MUSICA)

KAIKIEIR )2 °F G [F) iz K 38 8 (Multi-platform Remote Sensing of Isotopologues for Investigating the
Cycle of Atmospheric Water, MUSICA) & BRI 525 1 2 (ERC) AR I H o« 4 T 13— 20 iR B it 2
H,O il HDO &1/ ¥ &, MUSICA T H Nz i . MUSICA K A7 & i T 288 JBORT 2 ) 322 B 00 )
S & BB RER 7> i1 12 DNLAMEIREEH AL, P 4% 10 >4ER 01 ) NDACC Hidk FTIR WL,
B T HERIE . R AR AL BRI R DA R IR, $RBEXIRE HO AT HDO I, H A 5L
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R REET 1996 4. RILREKIL /> 2 3AE METOP R T _EH IASI A& I8 SRIBOUL DI B4 -
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Figure 2. Observation duration of SWVID at each site (the horizontal axis of the figure is each site, and the vertical axis
is the accumulated observation duration of the data at the site, unit: month)
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