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Precipitable Water; TPW) ¥} Z& =23t 4
9 FA o] ThsskA =l

TPW= 73 shie 7)ol 23 qlE +5717F AF 2901 7Hdd 4
T, 2 d71Eel 23 5719 = Aol (mm) ©9E YEhd Zlolt. TPW+ 7]
9 uA Aol HAAJ] A& sk W F stuolr] witel] F-wr] 7]FH3E
gl 7)o Ko tets] Q3 Q4o (Reber and Swope, 1972; Tomasi, 1981), #
ATARL 715 A A" AAAR) JEFS v A= SAVIA F sl FA FEH o

olZEo A, 11 gFA IH9

ol

slst 2o = Zlo] #edsta Ut} e TPWE
ob71de e TteA S UEhE T8 tIARE AFEE A gtk (Barnes and Lilly,
1975; Fuelberg et al., 1986). ¢l TPW7} F43] F7lste A GA F57]79 &
F7F AsHAl wgEs A9 w9 g sheAe] S7be] wWikoltt (Petersen et al.,
1984; Robinson et al., 1986). o]#st o]f-2 <Qlglo] TPWE dAPoRe FTast vz
ARE AREEI Qo SRR J|SRA] BALAG At FQ% WgFRE A
A=

2. 97 % =3

=~

o] APAG (Chesters et al., 1983, 1987; Jedlovec, 1990; Kleespies and
McMillin, 1990; Guillory et al, 1993; Andersen, 1996)% %3lo] £49
split—window (IR1¥} IR2) g #= A5 S o] &3 TPW At&E duglS5Eo] Aoty vt
AUt ol=o] ARke duYFES VEAoE Y] Foll £FE FFU|F wE F AL
o] Wi E o] (=L 2o))E o] L3t FEHO] 9o, Chesters et al. (1983)
2 $14 9 split-window AE #F A7 E o] g3te] TPWE A& 4 & FE4A W
vl olEs AAlEHATH

Chesters et al. (1983, 1987)2 GOES (Geostationary Operational Environmental
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Fri

Satellite) 9] VAS (VISSR Atmospheric Sounder) Z =743t split—window A2 &
L% A7 E o] &l TPWE AFE3dlE= SWLR (Split—Window Logarithm Ratio) &

ki

=S skt o] o] Aokt WHS split—window MEQ I =& % B S 7] Fof
EotE T nE TR Bagisle] olE st Aot v, o] =o] Al
orst W o g AFEd TPWO Adr:= duglE AFE 4487 98 AH&3 TIGR

(Thermodynamic Initial Guess Retrieval) A& 9 RTM (Radiative Transfer Model)
o] Aol 9oFEst= APl vk Ty olFo] sidst duEES IS F
split—window g2 #=F AETS AFEste] TPWE 4
darelFol vl tdste] TPW AbEo] &olshal, A& AlRte] wEths A3l o] %D}
SWLR €185 dd&d&ol st o]st ZRA == dsto] o8] A48 AsAH A XA
g #4810 7H’d% TPW Ab& ¢arg]ls el thgk o] 24 Q1 2 AE Al vt Ut
SWLR €185 34 GMS—5 (Geostationary Meteorological Satellite—5) ¢ TPW
AE daglEel S8Hol dAdel &8¥ vk gloem (MSC, 1997), #HZol: MSG
(Meteosat Second Generation) $]4¢ SEVIRI (Spinning Enhanced Visible and
Infrared Imager) ® =743t split—window Mg A7 AT gA| A"l 850 &<
oA W Fxdre] &85 v} (Fernandez and Manso, 2007). ¥ Ao o]&
o] A|Fst SWLR ®H el &l9l ol & F4/& 83t /WEs TPW AbE dag ol sy
AAE] =2Et o, o] duelES o] &d TPW At&ad 2 AT S 71E3kdth

3. ¢ag

N

3.1. o3 87 2 ZA(Theoretical Background)

do

9] split—window (IR1%} [R2) AE #5F AEE o]&ste] TPWE Ab&Est
<

of 2% FFTI|F nE T AE QE%E Hsh, =,

= o] &3t e F
4 RowH, IR2 Zﬂﬁol IR1 AERT Aoz FF7]%d o "zt
sk Jk5 545 7FXY. Chesters et al. (1983, 1987) > "¢ 3% (1000 ~ 600
= AFESH] 8 diVlE wdst FY AR JPdeta, o] Tl =38
7, = exp|— (k, +a, TPW + 8, TPW?) sect] (1)

s o] mag} SRk o714, shaldA A= 242hel split—window AYE ouakel, g
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T/\ TschA+Ta1r(1 T)\) (2)
A7), T, 8 T, = 22 Ade&%sh 1000 ~ 600 hPa Alele] tj7]Ze djst B¢
frad7iezett. 2ea T, & 94 #3587 split—window #g<] 3 o]
o 9 A= FEel diste] gefskd

= _43”- (3)

o, 27 split-window Al Bt FHE (4 DE 9 Aol hdsto] o5 A
g FEel 0E AN

E _ Tl::l _Tair (4)
T12 T12 - Tair

= exp|— (Ak + Aa TPW + ABTPW 2) secf |

o} 2o} A7IA, Aa=ap—ay, AB=Bu— By, Ak =ky—k, 5 YERATH § 2ol A
& 4 Q= vkek Zol, F split—window AME FHE HE 1HFFOEH, Ao o3t

71ddo] AARS & 4 Sk (4 39 ¥ FF). T3, Chesters et al. (1987)°] A
A5k vkgl o], 9] Aol Ape H©E A %4—74]?—%01] Hlal] oA ow A2 ghol=

TPW = —<cosfln| ————— | — Ak (5)
T —T

¢} 2t} (Chesters et al., 1987).

ey 9 2ol FojE AbEAelA A ke &gk 7]ojdo] AAHUAY st A
A YAl #=H split—window AL IJE&EE olo 3 7]olE o 35
A glerg (3.27 1) FF), 99 o7 AEd TPWO AL A FH A
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=% 9 25)o A oJ&3st (Sobrino et al., 1999; Andersen, 1996; Kleespies
and McMillin, 1990).

welbA] TPW AtE A ro] &AS YalA= split—winodw ol tfdh =32
JEFS abEA e HEEAl g Fojof st} o] & $138]A4] Chesters et al. (1987)°] o
7] 52 TPWE EFststr] 918 Akt 4 (1)<

—exp[ (k) +, TPW+C )sec@] (6)
gb o] AT 5 Arh A71A, CTe AmAe AFE TP VAFoEN, 2 AT
M ol APHoz A o5 719E uEF TPW A&
. Tl*l_Tair
TPW = C, + C,cos01n| ———— (7)
TlZ_Tair
4—005«9{(33("1“1*1 — )—i—C ( 1 —T&)}

+C, T

5 ~sfc

*

+Cy(Ty = Tiy ) + C,(T), = Tgz)

9} Zol tdA FHE Hd F k. o714, C= 22 dagE Aolth 9 AelA
ot = 9l uhsl o], Chesters et al. (1987)0] #A|¢kst TPW AF&24] (4 5) 3 g A
HE&To R®ATo] ARE2Ale] ETEo] 9J&S o F 9l TS 9 AEAS
split—window A9 LR oyl WV 2d9 3 e F o] &sto] ZF Ade
biasE HAs= Fo] xFH Suva & & AUtk ol BAT o diF AE W=

o]
R D =,

3.2. A=Y (Methodology)

1) Split—window ME< EA

Fig. 12+ GOES-9% COMS (Multi—functional Transport Satellite—1
Replacement) 2] split—window gl t§dt SRF (Spectral Response Function) & %
o] ==} 517/1] LERdH Zlojtk. GOES—9¢9] thst 7} A d ¢] SRF+= Ao =2 vehgl
om, COMS9 4%+ Aoz vehfsi
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Fig. 2. Weighting functions of the split—window channels for
COMS at nadir viewing angle. Black and red solid lines represent

IR1 and IR2 channel, respectively.
2) SWLR ¥ TPW 4t U=

SWLR W4 (8] 5 #x)oz A&3 TPWY wUALE ZARH] 89 split—
window #Y¢ BTD (Brightness Temperature Difference)°l W& TPW AtE A3
= AARsETh olE flElA IR1 A8 =2 285.0Ke AeE 7HEskA o,
IR2 Ade &= AAs] fadhs 7Hdstel BTD7E dak S7kgr= 7Hstelvh. &
v E A 57 AeEFFAF Aadt Ax B FEWZIREE TIGR (Thermodyn—
amic Initial Guess Retrieval) A& (Chevallier, 2001)E ©]&3tod RTTOV
(Radiative Transfer for TIROS Operational Vertical Sounder; Saunders et al.,
1999) 2 ®eojgt Flmew As= AAsA

Fig. 32 o]} &2 W o ® A o] 22l TPWO AtE =S yehd Zlojt,
o] Axfe] w=w, TPWi= split—window €2l BTDel| we} o] &4 2
AE 7He Ty el #5549 IR1 g IR2 AL s I B39
544 324 1D Fx) w7l $9 3718 ofyel, Ao WERst AiE F9
olZ& = wWgskA WESStk. Sobrino et al. (1999)¥ Andersen (1996)-2
split—window Aol FE= AxEY FFor Qlete] o5 HEAEE &5 TPW
A AR exb SUMge A A Stk g Justice et al. (1991)& AOD
(Aerosol Optical Depth) 2} TPW 4tE At ®ol AadaAZE A& A4 v Qo
o|Z <lste] 914 IS5 AmE ol&sto] AlES TPWE o|&e od Az eas
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Fig. 3. The theoretical sensitivity of TPW amount, retrieved by SWLR method, with
respect to the BTD of Split—Window channels.

100_ T T T T T T T T T T T T T 7

BOl=  Thi = 288K & Ty, = 286.5K ]
| GOES-9 Tq, = 234.176 ]

60 TPwW = 35,3358 / -

TPW [mm}
X

40 2 =

a " " . 1 . . " 1 " . s 1 " "
200 220 240 260 280
T (K)

Fig. 4. The sensitivity of TPW retrieval according to the effective air temperature. Blue
and red solid lines represent, respectively, reference TPW amount and variation of TPW

amount corresponding to effective air temperature.
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Hof ek AX oz el 183 F fFadri2xe Wile s TPW At&E
Ay gk Al o2 el glet. Fig. 49 Aate] w2, dlHFdA 849 Ho f&
7)1 &57F 71225 (=234.2 K) olst (o]xhH el A= A&=% TPW7F 7]& TPWHE

grx= SWLR dugZo= FS st M

olS o & vt a8y H FaRUY/eEE JABSwno g HIeA AT £ glo

1 Chesters et al. (1987) 94| o]& A Ao 7 AAYst= WHS A|ASFA T o83t
S

Hd FagZlre wWE FAES olu] oy AIdAFEoME A HH
Kleespies and McMillin (1990) ¥} Jedlovec (1990) 52 E&A3 H4 Fadr]
Tof et R EZ wjAIg A2 FE S ¢agFS Ak vp itk

3) /A" W TPW A& U=

o] 318 AFE mpep o], MAE duelEFS SWLR W g AdEs
abzol] ol gsto @M, Al/FIte] T4l AW WELRE ALl AEste abE JEo
TGS ERET dyFow, 71¥ SWLR daugFo] A/F7tHor udd dd o
V| F AFE AFET RN AHE X wE s A HAp, T/ W Ao
e AFE A% Aol so] tiFE AAEGIT ol HEo], MdE S A el
A FFR ofuzt FUHARl VAFEE nHF o2, V)€ SWLR Wy e ndHql
AR F Fadrlere e UgE 9 BAEHE d9E YER ST

Fig. 5% /MAE &1g5e TPW A& =S yebd Z1o=X, Figs. 5ast d&
2v7y 91 A7t Wste) split—window AEe] BTD W3} 2 WL Wsle] mE 1l
AEE YEbd ZolH, Figs. 5b8t c= 27 BTD ®W3tel WV Ald =% wigh 9
AHE&E ¥gte] g UAEE vEerd Zloln, wiE AxkE 98 A (M= Fod
TPW Ab&21& o] &Fom, COMSel tigh ztzte] dae]E Al Table 1o g est3d
th A E QdugEoe R &Y TPWE SWLRY w72 BTD Wale] oko] A&
AE 7}At}(Figs. ba—c).

Table 1. The algorithm coefficients of modified SWLR method for COMS.

Coefficient C: C, Cs Cs Cs Cs Cr Tair

Value —266.29 —-68.33 —-0.10 12.98 1.02 0.44 -0.22 267.58

Fig. 5a°] e Hhsh o], BTD/L 374242 914 447 Be ot F7s
L Aol glow, 94 AAZol 424 BTD Wsel U% wzke Aol vk 17
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Aol A A4S 7MH}(Figs. 5b8 o). 53], BTD7} 2 4% (TPW7F & 7
S 94 AY4 WY AL HEene geunc Auerd g 4y v

A s & g ded, BTD7E S7tesS TPWO wifdEs AuErive 94
A7 Aol ¢S & 5 UAvk (Fig. 5d). 12iv 914 d5ARAA4 94 A
A2t A= A FAE F Qe FEolEE, MAE dugFer AEE TPW 4
Gt AU oo oty & 4 9tk
(2) i (b) Pl
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Fig. 5. The sensitivity of TPW, calculated using the improved algorithm, according to
the wvariation of split—window channel BTD, satellite zenith angle, WV channel
brightness temperature, and surface temperature. (a) For satellite zenith angle and
BTD, (b) for WV channel brightness temperature and BTD, (c) for surface temperature
and BTD, and (d) satellite zenith angle and surface temperature. Error bar stands for a
standard deviation.
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CMDPS (COMS Meteorological Data Processing System) 2] TPW AbE R 5 oA
+ 919 3144 A7 SWLR WS /IAde dugFs ol&ste] TPWE A3}
w, AlZbe] WE 2] oY Ats st daugFe A S Fig. 60 1rekstAl YER
th. Fig. 6] Yebd wps} o], duelF A s 9 AR+ split—window A
I WV Agde Lib 3E2%, +5HA A3, LST (Land Surface Temperature) 2t
SST (Sea Surface Temperature) AF=4 3, 9147, /4% AR, dugF AT,
g ElF A gk (threshold value) o2 =M, o] A5 EF °] &3t TPW A& &
T Fig. 79 yebd whel i

* Input data
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Fig. 6. Schematic diagram of the sequential procedure for TPW retrieval.
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Fig. 7. Flowchart of the TPW retrieval procedure.
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Fig. 8. The program structure of TPW modules in CMDPS.
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CMDPS_AUX_Mod_Read_COMS_HritF90  CMDPS_UTH_Mod_Read_Input.FS0
CMDPS_AUX_Mod_Read_Lat_Long.F90

AUX_ timer start
AUX_MPI_Init
AUX_timer_stop
AUX _Domain_MFPI_Read
AUX_timer_write
AUX Read_Namelists

AUX_Read_COMS_Hrit e T
AUX_Read_Lat_Long Q INPUT /\,
AUX_Calc_Zenith_Angles —
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AUX_Read_Cloud_Mask STATIC INPUT
TPW_Init_Local Vars
TPW_Eead_ LST DYNAMIC INPUT

TPFW_Clear Local Varsz
TPW_Read_S&5T
TPW_Read Alge_Const
TPW_ERead_Prev_TFW

AUX_Abort AUX_Read_Pixel_Avail

AUX Logfile AUX _Read CLD_Avail
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- ( CALCULATION )
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TPW_Cale | | TPW_SWLR_v2 | —
| TPW_Space AQC |
CMDPS_TPW_Mod_Write_Output.F90 — T
- e e T ¢ OUTPUT D]
| TPW_Write_Qutput t— I
Fig. 9. Specific elements of TPW module components.
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Table 2. Specific module descriptions of the TPW calculation program.

Module Subroutine & Function Contents
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CMDPS_TPW_Mod_Calc_Subs Fun TPW_SWLR_v2 3 TPW A& 42 QC
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Table 3. Detailed input and output data for the TPW algorithm.
INPUT DATA
Parameter Mnemonic Units | Min | Max | Prec | Acc | Res Source
IR1 chnnel BT irl K 220 320 0.1 0.1 1x1 L1b
IR2 chnnel BT ir2 K 220 | 320 0.1 01 | 1x1 L1b
WV channel BT wv K 170 | 300 0.1 01 | 1x1 L1lb
Satellite Zenith Angle sat_zen deg 0 90 01 01 | 1x1 L1b
Previously Producted
TPW prev_tpw mm 0 75 0.1 0.1 1x1 L1b
Scenes type mask - 0 1 1 1 1x1 L2b
Land Surface
Temperature Ist K - - 0.1 01 | 1x1 L2b
Sea Surface Temperature sst °C - - 0.1 01 | 1x1 L2b
Land/Sea Mask Ismask - 0 2 1 1 1x1 L2b
BT Lower Threshold tb_min K 220 - 1 1 1x1 | Setup Parameter
BT Upper Threshold tb_max K - 320 1 1 1x1 | Setup Parameter
BT Difference Threshold tb_diff K - 0.01 - - 1x1 | Setup Parameter
Rate of Clear Pixel clear_pix % - 50 - - 1x1 | Setup Parameter
Stddev of IR1 BT irl_std K - 1 - - 9x9 | Setup Parameter
Stddev of IR2 BT ir2_std K - 1 - - 9x9 | Setup Parameter
Temporal Continuity Test tpw_time mm - 10 - - 1x1 | Setup Parameter
Spacial Continuity Test tpw_space mm - 10 - - 1x1 | Setup Parameter
Processing segment size | proc_size_tpw | pixel - 9 - - 9%x9 | Setup Parameter
TPW Lower Threshold tpw_min mm 0 - 1 1 1x1 | Setup Parameter
TPW Upper Threshold tpw_max mm - 75 1 1 1x1 | Setup Parameter
Algorithm coefficient coef - - - - - 1x1 | Setup Parameter
Logic Operation Unit use_prev_tpw - - - - - - Setup Parameter
OUTPUT DATA
Parameter Mnemonic Units | Min | Max | Prec | Acc | Res To.
TPW tpw mm 0 75 0.1 01 | 1x1 -
Quality Flag tpw_flag - 0 512 1 1 1x1 -
Number of Clear Pixel cel_count pixel 0 81 1 1 1x1 -
77|91 9dH - 16 -
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Table 4. Specific descriptions of quality check in the TPW calculation module.

Bit Contents Availability Criterion
0 - 7 EE AAbE sabe A
1| TEFY A =7} TEO] FYE A
o | SW A 2= b SW AL A=t FaMe (220K < Th <
FE4 BA - 320K) % WMol 3%
L | SV Ad I ELEA) -l IR1 A=} IR2 AL 3% 27} 0.01K ©]
At - 4 A%
W (LST, SST)7F BdAoz AEHA &
8 | Awen a4 AAl wrp | TEERC 7h A w5
i
AlE=Eo O =1 9] =
16 | w2z o549 A0 2} NEEo] FaHY (Omm < TPW < 75mm)E
i 44
Sl 3~ =00 =2 ylo A
39 | 2gr %A A o A st Fo19 AEEIA] AT 10mm 0%
QB¢
FAE Fael dig A ARE AEESL] A7 10
64 | AZE A& FAAL 7V
mm °°3]l 75
128 | 75 #= AAH b 9x9 ka9 FE FUF] 50% o4l B
- IR1 AHE g% . 25 AYF 9x9 3ie] vE IR1 AE I=
@44 A i SE0 EEAATL 1K ©]4Ql 45
o |RZ A AREE e 25 A9F 9x9 stao] ot R2 MY F%
244 AT 0 259 EEAATL 1K o4 B

T quality control for processing area to use in the validation modules

Az A A A" A AFEE TPWE 2435 A58 sty AEE] JF5E A%
SHA Aok, Aol AFgshe AGES AR s gy & sounding ARE VR0 R &4,
A5 Amet JABFOE AEE Aage] et nuE 9sA 1x1 AR AbE
g TPW A2 5 9% 9 34 (~36 km FOV at nadir) @ H#3F k. 919 3.32M AF
gk ks o], TPW AbEES 9X9 AR Fatskes A AA stiol thst -5 F4

al& AR doke} split-window A'de) HEe A AAF AakE ol g8 HH,
AAE AAA o7 Eysl xEwke v - AZFo| AFE-sF9 T

gtt] @ =6 sounding A= E °ol&ato] TPWE AAtet7] flalA vha9] 2= AR&-3sho
S8 719 23S F719s At 0 (Vedel, 2003).

m{n

2717 | AL9| K M - 17 -



St Code: NMSC/SCI/ATBD/TPW
u Mg Issue: 1.0 Date:2012.12.21

= A H File: NMSC-SCI-ATBD-TPW _v1.0.h
J LDEIB J|E BAM | Fle VL0 wp

o>‘
‘k)

FOJ A4

=7171%

lJE"i Page: 24
T—29273.16
(T,) = 611.21 17.502 14727316 9)

e, (T,)
e.(T) 100 (10)
g o] A 4 glom, vE q (kg kg D& thFe Ao Axtd £ gl

{ rxe, (T)x10? } (11)
= eps X
= p—rxe,(T)x(1—eps)x10?

o714, eps = 0.622= Axw7|¢F 5719 ZAFH oIt §] Ao ALE HEE ol &

3kl TPW (g m % mm)+=

1 Proa —

TPW = g q dp (12)

p()
9} o] FoHEr}, o7)A, g=98 msec = ZFHIFETo|th
3.4.2 AFA R

Az A YA AEA AEE TPWO FFEZ vlw - 3587 YaiA GTS (Global
Telecommunication System) A& % Ground Truth X}Ei o] g3t} Fig. 102
COMS®] FOV (Field of View) Well 91xlek= oF 530719 1573 #5545 YERd A
O 7A, olg 1TV #AFAM #F3IF sounding A= (OOOO, 0600, 1200, 1800
UTCO) & 5ol o] &3kl

A FHE Biu¥e GTS A58 540= Qlste] Fdo] Aunks Alste] A5
g83t7] 9814 sounding Atz el tid FHAAE AAE3A ©]E $18k9] Knabb and



7 rgen |
‘-'?7t7|*o*-?-|’8fﬂ&[ OEI-__'LE|§ 7|% _E_&Il A.I E!eg:e:l\l;\/zl‘sc—SCI—ATBD—TPW_Vl.O.th
Fuelberg (1997) 7} A|¢tet th&3} & ZA A WS o] L3le] A 7S AH3Y
th 1) GTSol A& oz ®ud sounding A8E7F 207 & oA 3y n5d=4 =
2, 2) £5 Zzuelo] 100 hPa ©)51e] 1%/H4 B A7, 3) £57] (e, o]&d &
%) ZEgYo] 250 hPa ©]3te] NE7HA RiE A%, 4) F571F0] oF 93 % ©]st
(i.e., dew—point depression > 1)<l Fo 2% FAE B x5, 5) #HF49 A7
©] 1000 hPa ©]¢<dl 27, 6) Bl Age] Azs 77k F3H A ¢k A7, o3 6
GA 0] FAAAL A2 293 o] £ sounding AEE o] &35k 24 (8) ~ (11) 9]

AH O TPWE A4tsti, o5 %ol &8sst

Fig. 10. The geophysical locations of upper—air station within the COMS FOV used in the
validation.
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Fig. 11. Comparison of inferred TPW from COMS with the radiosonde sounding from

January to November in 2007. The dash—dot line shows a 1—to—1 correspondence.
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Fig. 12. TPW imagery for COMS measured at 0100 UTC on November 1, 2011.
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