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Abstract

The Atmospheric Infrared Sounder (AIRS) aboard the Aqua satellite, which is one of
the Earth Observing System satellites managed by National Aeronautics and Space
Administration, provides global measurements of the water vapor in the atmosphere
using infrared (IR) channels. In this paper, we restored precipitable water vapor
(PWYV) over a permanent GPS station in Incheon using the IR measurements of
AIRS and compared the result with GPS-based PWV estimates. As a result, AIRS
PWYV had similar trends with GPS PWV; the bias of AIRS PWV against GPS PWV
is 0.3 cm and root mean square error (RMSE) 0.7 cm. In addition, the correlation
coefficient between AIRS PWV and GPS PWV was 0.89. Thus we conclude that the
AIRS PWYV reflects local characteristics of the water vapor content.
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o] A e 94 94 F U]'—?«] AF#ZE A9 Aquaol] EAE AIRS(Atmospheric
Infrared Sounder) & ©]&3}o] shts AFF o] t7] =573 FSES AT AT Aqua 914 EAF 9]
% 8 7+A AIRSE o] &3t thoret ﬂM *5 0&%7} B H 3 9tk Hagan et al.(2004)= AIRS
ko)) 27 B A} AZL 9 5ke] NASA WB57 8% 7] 9 NASA Pre-AVE 7] 7 (balloon) o]
A &3 A3t vlnstdew, 1 A A e 7t <F 25% M9 el A X8-S B th Pierce et
al.(2006)2 H Al 7]1& 2 A3} ATRSIA &= 8] 55 (specific humidity)& B] 23193 21, 800hPa ©]
3ol A 71F BE o] 10-25% 71 71 231 300-600hPa MY oA 7] & R o] vlu 4 &3S B3t
ATt Ye et al.(2007)2 AIRS &=t o] 8 2 ECMWF (European Center for Medium-range Weather
Forecasts), 12|31 2t L EHl9] $35 7% &5 AHE vlastglen, grjeEdd vls] AIRS7H
F 9% ZAx3H, ECMWE7Z} F 14% 5832 ® Atk McMillin et al.(2005)+= Aquac A #=53H 4
7 2% 7% GPSE ol 3 th7] £5 /12 vlastadon, 7 23 7434 ZHPWV, precipitable
water vapor)2 7]£ 22 0.4-0.5cm?] FEF=E ZA AT McMillin et al.(2007)2 AIRSS} 2}t
Sz AUFEE vwstgoen, o o GPSE o] &3te] nE o wWE gt < vﬁﬁk(dry and
wet bias)g HAot o mE FFS FASAT I A By AFS BT T AIRS
<} E‘]'—oﬁ‘ Z dx3-S Bt Lamquin et al.(2009)= ECMWF9] o & Ao} ATRS AUESEE

ol e Aol vl B2 2ol g5 & dAsty, 50 e 4F ?4_ o] &y
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— CERES (2)

1% 1. Aqua $14 3 FAIA] =4 = (http://airs.jpl.nasa.gov).

97 e e AT A7 AAH Ao, FAEH £ F(2005)0] 23 Auga 9173l A
=A1E AMSR-E(Advanced Microwave Scanning Radiometer-EOS) 2} HBS(Humidity Sounder for
Brazil) & 83 7] +357] 4 A77F DAY= Atk o] F Lee et al.(2005)= 7|23 AAH o H
Ao A2ES o] BYE AW 2 g e Ed B= oo g9} vl st n], T3 (mixing
ratio)E 7|£ 22 0.3-0.8¢/kgd] AF=E dATS R}

Wo g AV o, mekA e tdEE

07 $371% 99 gul] 9@ B2 53 o
7 BE 5 WY, el 3 V1% 452 BE AR Ful F2ETh T8 AIRSE o] §3to] o
7 55718 BE3L, 1 AHE T th7] B5 Rop] BEY] AN FVE ol #E4
o BEguskel Wi AF ol A ojok Frh o =AML AIRSE ol g3l tr] £33/ FE
FEo3, 42T 9] ST ARE FAL fstel GPSE BEE £37133% vl stgich. ol
QA Ao AT IHUL JA 52 4FS hFOE ol Rojgom, ol & Fote] AIRSY £37]
F B2 2T AG A9 B/ HHE B wAsE A AR BT £371F i) 1§ 24
£ PWVelth o =EolAE ¥ AIRSe] thsh £74F F, GPSS AIRSE | 88 537 85 2

2. AIRS

AIRS+ w]= NASA(National Aeronautics and Space Administration) X 7&Z2]4 91 Aqua®l
A 5 2 713 U3} AFeE A7) o B Fd AFE Al NEE A th(http:/ /airs.jpl.nasa.gov).
20029 59 4¢ WAE Aquarx AIRSE Zg3Fo] AMSU(Advanced Microwave Sounding Unit),
MODIS(Moderate Resolution Imaging Spectroradiometer), CERES(Clouds and the Earth’s Radiant
Energy System), AMSR-E, 28|31 HSBS] 67] gAzE Azl o (2™ 1), o]& o] &3}y
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£ 1. AIRS #&d|olH 7

Level Category Contents
L1 L1A DN
L1B Infrared geolocated radiances

Visible/Near Infrared geolocated radiances
AMSU/HSB calibrated brightness temperature
L2 without-HSB standard retrieval product
IR-only cloud-cleared radiances using AIRS IR and AMSU, without-HSB
with-HSB support product using AIRS IR and AMSU, without-HSB
L3 without-HSB gridded standard retrieval product (Daily, 8 days, Monthly)
IR-only quantized cluster analysis product (5 days, Monthly)
with-HSB

%7, %, th7] Sol Tt B2/ BES 2BHL Yok Aqua AL B FEA AAE 914 (sun-
synchronous satellites in LEO) 2.2 705.3km & A A% 73/\]-7]'(1nchnat10n) 98.2 £ 1°& n|3§ 3}
w AZ=F7] 98.98, 53 A (asending node)> A A Al ZH(local time) 22 25 1A] 302 +15F 0| th

AIRS*= 3 0.4um — 1.0um Y 2] 7FA3Z/Z A LA 47] @3} 3.74um — 15.4um B 2] & 2
A 23787 ADL ol §3kol Wah R, Te)3 Hope] Bl Lwol w3
% ol 22 & B3, ol2RE) 7)ok SR B 3N LE REE, 2217 7] £5
% FE 3H4Y FESE AT TE0 T S HAY) 3f0] vola 3} G
A7l Q1 AMSU(50-90GHz), HSB(150-190GHz) o] 28-S £3) A7 BES Sa5hu, o)) 23
9 7% W, el T LA 2okl BE A1F A2Ee) Wl @ A7 AU AIRS
ZdolE = L(level) 1, 2, 322 FEF o] 9Jow (& 1), NASA GES DISC(Goddard Earth Sciences
Data and Information Service Center)ol| A A3} 9t}

L1 DN(digital number)°] 7] =¥ L1A, 283 L1AE o] &3} YA H B A3 = (radiances) 7}
7159 LIBE oA n, L1BE LA d ] BAZ T tolE], 7}AF/ZH A d99 AL
= dleo]El, AMSU/HSBS}S] 28-S 53t 249 dt7] 2% dloHZ &5 9lth L2& LIB
2 ol g3te] o715k Ane) £4E A A, AIRS A4 o] AMSUS] 2O o %
o]
Z

= (emissivity), 7+5 &

0:

o g o

Q

A without-HSB ©] o] €], AIRS Z 2] A tlo]e]Z 9 o] Fo]R AIRS IR-only t| o] &, 28] 11 AIRS
9910 dlolef 2} AMSU/HSBS] 232 o]Fol3l with-HSB Hlo|El &2 F&HTh o5 dloE+=
Z+ZF Ant AFR RS 913 25 29 o o] ¥ (standard retrieval product) 2} 50 23 g7 B A
% o] Bl (cloud-cleared product), Z2] 1 1000-0hPa7}A| 2] =2 23} Y o] 7] =4 9 o] ] (support
product) 2 tiA] FEEH T} L1Be} L2+ HDF-EOS swath 3 4] (http://hdfeos.org) &2 7] &5 o] 9]
o, Z+7te] HlolEE 7|E 2R 6% T A5H tlolHE o]FoX 17 granuleE A5 o] T}
L3= 12 25 59 dolgHE o] &3] AAAFHH, LZQ— 2k 7FA] 2 without-HSB, AIRS IR-only, ~1
2]2 with-HSBZ FEHACE £33 o] 52 35 B9 3 F(standard retrieval means)3 EFHX} 4
B7} 7159 AR} 9 o] H(gridded product)®} quantized cluster analysis B o] E 2 U0 2t} A=}
HolE = 3%, 8¢, 3t th¥ & T E = 1, quantized cluster analysis Hl o] El&= 5943} 3t th§j =

EHT
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ATRS Level—2 Stendard Retrieval (AIRS—only) Quick Browse Image

Jan 05, 2008 17:47:25 UTC Granule 178

Surfoece Skin Temperature {deg C) Air Temperature (deg G) at 700 mb
108 116 124 132 140 108 116 124 132 140

45
57

48
87

0F
or

32
E

32
<E

Tatal Dzane (Dobson) Total Column Precipitable Water Yapar {kg/m?}
198 118 124 132 140 188 116 124 132 140

Granule |d = ARE.2008.01.05.176.L2.RetStd R3O0 £.0.60800801 4614, hdf

23 2. AIRS2RETE o] &3 3hits Az #=3] oAl

o] dFo|ME 122 EF B9 dolg F AMSUS HSB7} Wt A 982 AIRS IR-only =l o €
AIRS2RETE ©] &3}t AIRS2RET+= “AIRS.\d. 9.9 granule.L2.RetStd.v5.0.14.0.ID.hdf” €]
o] o= o]Ro]A Tt Granule 63 HH 02 FREHEE, 570 001-240A 742 A H et
o & So] 18 29] AIRS2RET+= “AIRS.2008.01.05.178.L2.RetStd-IR.v5.0.14.0.G08008014614.hdf”
2 2008 19 54 9] granule 178 314 & LR T T3 AIRS2RETE 19 29 Zro] &8 -&(cloud
fraction, %), TPW (total precipitable water vapor, kg/m?), ¥ 2% (surface temperature, K),
7] 2% (air temperature, K), 2&(Dobson)e] £Xx % 5of tjst JR 7} A& Qlth. AIRS2RETS] A
Al dlole A= (full swath data field)= 0-1337472] 9o, 7t oo st FRE AHA FIEF
© 2 thAgeH(JPL 2007).

AIRSS] TPWE GPS IWV (integrated water vapor)2} 543 7l d o g o9 HAZ B
715 g u)dlit) o] Ao A= AIRS2RET| A€l TPW AR E o]R3to] PWVE galst
o] Z GPSE A3 PWVE vludtgeh IWVE 24 (1)L o]&3te] PWVE W33 £
et al. 1992).

PWV = IWV/p (1)
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2% 3. 20085 E 20099 69712 IHUL AA#Z 4 A2 (a) AIRSS GPS PWV 4 A3}, (b) 9808
A7 THUL #=4 AXE 7]F22 3 AIRS F5dolH TAHY A% o], (c) AIRS PWVE GPS PWV

714 pe AA|AE & HE (density of liquid water) o] t}.

3. 7k4E HlE

o] =F A= AIRS2RETI A TPWE FZ&3}17] §5Fe] MATLAB toolbox2] HDFE ©]-& 3} %
o, GPS dl o] &+ GIPSY-OASIS II(GPS Inferred Positioning System-Orbit Analysis and Simu-
lation Software II; Webb & Zumberge 1993)¢} A U A = = (precise orbits)& ©]&3lo] 108 7+F 2
2 SaAAdFEs S5t GPS vl olH AP A SE&AAF] T2 248 22 PCV(phase center
variation), OTL(ocean tidal loading displacements), 72| 2 GRD(azimuthal gradients)E 2 &3} %
th. 17 39 AIRSS} GPS] PWV 4t& 235 Yed th

I3 3ax 2008 19HE 20099 627FA 9] Qldldstw THUL GPS FA &S (Y= 37.45°N,
A& 126.65°E, 1% 62.02m) 43¢ PWVE yehd Zlojtt AIRS PWV+« [HUL A 354 A%
o 7} 2AHE AR ASAE ol &R, 30 o2 o] (outlier) 2 HF3ko] ) Adt Tt
Ao AFRH AIRS PWV #= 3| 8067 o], o] F 337 & ol FHLeE A AUt AA &

% =
A F 4% e AASE AR F2 ol BAATE o= £EA D4 (thermal island) B
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o

foll 5 A th7] ¥17] 2EHT 22 A2 B HAY, F50 sl Aus o] AART A
25 7] g Zolti(euE 2001). GPS PWVSF AIRS PWVE AlZF 714 S gh37] 9jete] A3 &
(linear interpolation)3¢th. 1% 3bi: IHU1 #34 95 9@ oz AAs T, [HUL B4 2
17} Ao AHEH AIRS #5508 S4AY A= 2ol & vt Zlolth. 29 3¢ GPS PWV
AIRS PWV2] A#AAE HojFt}
1% 322 B, AIRS PWVSF GPS PWVE AMZ 0538 A4S Holn, o] 2] 7cmol] 717}
o] Z718tal ALl lem o] 3t= FAdhe = AP A PWV AE A5 E Helth 17 3a0|
UERA ATIRS PWVE THU1 AA|BEZAE 7208 95 40.3°, A5 +£0.5° HY oA #29 Zfo]
tH(2 ¥ 3b). o] AIRS®] A2 A AA] IFOV (instrument field of view)ol| 3 3at= zEo =, s
9 WA= 543 314 (pixel) 32 7S 9 u]gtct AIRS AL A AA 9] IFOVE 1.1° x 0.6°9]
th &, GPSE &5 PWVE #5471 X8 A He A% WagFoz ol 13 #5X]< vHd, AIRS
PWVE THUL A #5547 289 1.1° x 0.6° A1 99 thxgtolet & 4 gt wheba] 17 3a9
PWV z1-& 19 3be} Zo] 9149] AR o whet thazke] 94 M52 QA g IFOV Mol 23+
D2 THUL A #5429 3ol thst AIRS #5319 S o njgiet

AIRS PWV¥E GPS PWVE 7|£2 2 #3& 0.3cm, RMSE(root-mean-square error) 0.7cm& L}
et o] 9} e A= McMillin et al.(2005)0] 2438+ H&F 0.1-0.2cm, RMSE 0.4-0.5cme]] H] 3]
=2 £xjolth. 23 McMillin et al.(2005)2 AMSUSF 239 AIRS ©l o], Z without-HSBE
&3t ot o] AolAl = nto]ZZ 5}t A5 ol Eehe] gl o3t 7] B o] 52| 2 AIRS-
onlyE 0] &34 7] wjEo|th &, Ao AHEH AIRS #HE&dolE 9 £&/7 th27] w&o 7] &
7t BAH A kot A= A WA vEhd Ao 2 ke

St o] A7 M 24T A=+ 8 02 GPSPWVe} gHr] 2 26 PWV7E A & 0.3-0.5¢m,
MWReo] 0.1-0.2cm&] 24} +&F& /HAth= AR e u] o4 & =Xt (2 A% 5 2001, 3}
Ad 5 2007). 2#Y 19 3¢9 GPS PWVS AIRS PWVE] A#A#A B4 AxE B
AIRS PWVE 374 (correlation coefficient) 0.9 A = 2] v 2 &2 = o 4=
Atk o]& AIRSOA #5H PWV7L &5 A 2e] PWVE vlw 3 2 wtadsta gloke 2E 9us
t}. o]9} Z+o] AIRSE #AZ=3 PWVE GPSU gt e 24|, 183 MWRe v&) A== }
A& Hlad Rk sich. 53] AIRSE Ad@S 400 Addgle] 39S Ao of

()

X

to g

3
T

=
=

>~

o

5
Fro=m AIRSO| 7] &= &8 71530l el LopH gkrh AIRS L2
St HSB7} 93] 7] ¢ AIRS A4 #30)
2 Agstglty. GPS &5t olB = IHUL AA|#Sa0A s3d #5X9 AdAEz s o] &5}
GIPSY-OASISE A 2] 3t3lth 2 A7} AIRSel| Al

)

#=9 PWVE GPS PWVE ¢ fAH3 43S
Bglow, GPS PWVE v §<S uf AIRS PWVE #3F 0.3cm, RMSE 0.7cme] A= & 243819
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t}. o] GPS-gtt] 2 &4, GPS-MWRS] PWV vl Ao vl thah £ 4ot} 12 GPS
PWVele] JaaA 24 A3 ASAF7E vl nd 24 UEgth & AIRSE ¢ 88 A ¢ 8=+
tha QAR 198 EAS v & Rk eg & ¢ ok B3 T uto] 3 2 5tet 2 dlo
HE 0|88 A A7t P48 A2 & 7|gfdrt AIRSE gt e &y MWR, 28|11 GPSe}
g F5 40 FHASH FHAS Aol st BFo] 7MeERE A4S R4S A, Bt JEgs o
7l %7 #50] 7t AR A
ZAS Z: o] A+ 7144 713ARA 7MW EAY (CATER 2006-3105)8] A 9o = =HAs5U
t}.

Hngs
TR, EHFE Sk 7]/ 8t3] 7] 41, 625
Huls 2 01,EH§}525$6; =], 21, 861
ZAS, 43, ES, AFH, 2R, 23eh AW S, Aols 2001, gh= 74483 A, 37, 557
A9, whdE, A&, e 2007, B, 17, 291
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