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Abstract

Total Precipitable Water Vapor is one of the important
parameters in meteorology and hydrology. The aim of this
study is the evaluation of remote sensing algorithms to
estimate TPW over land using microwave and optical
wavelengths in the western part of Iran. In this regard, the
algorithm of TPW estimation in the microwave wavelength
range by using Advanced Microwave Scanning Radiometer 2
(AMSR2) data on cloudy and clear sky days as well as the
product of near infrared TPW of Moderate Resolution Imaging
Spectroradiometer (MODIS) MODO5 in clear sky days were
evaluated (MODO5 product does not work on cloudy days).
The evaluation results based on radiosonde data on clear sky
days showed that MODO05 product had higher precision than
AMSR?2 algorithm, so that the coefficient of determination
(R?) derived from AMSR2 and MODO5 were 0.516 and 0.650,
respectively. Moreover, the Root Mean Square Error (RMSE)
of AMSR2 and MODO05 were acquired as 5.129 and 4.542 mm,
respectively. On cloudy days R? and RMSE of the obtained
TPW from AMSR2 algorithm were 0.284 and 7.367 mm,
respectively. Overall, on cloudy and clear sky days, the value
of R? and RMSE of estimated TPW from AMSR2 was 0.420
and 5.976 mm, respectively.
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Fig. 1- a) The position of western part of Iran and six radiosonde stations and b) A MODO5 product on a
cloudy day in Iran (July 14, 2015)
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Table 1- Value of parameters of radiative transfer model used to extract TPW (Jones et al., 2010)
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Dry bare soil surface Oxygen mass absorption
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emissivity (V-pol.) Sy 0.630 0.685 difference ratio multiplier B, 0.88 0.88
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Table 2- Wavelength and width of five bands of MODIS algorithm (Gao and Kaufman, 1998)
(Gao and Kaufman, 1998) MODIS % ;951 43 &, 5 & Wb O sl 9 Z90 Job Y Jgus

Central

Central Band width Band width
avelength
Band Wave|ength ( Mm) ( um) Band type Band wav g ( [JIH) Band type
(pm)

2 0.865 0.04 Split-window 17 0.905 0.03 Weak absorption
5 1.24 0.02 Split-window 18 0.936 0.01 Strong absorption

19 0.940 0.05 Moderate

absorption

IFAY e ) 0 ylows a3,k JUo ¢yl ol o golie oliyliss
Volume 14, No. 5, Winter 2019 (IR-WRR)

Yy



ol (ble) Sl pome ;> TPW jliie W (V0) alasly o
B by D TPW apslxe ¢y (Kaufman and Gao, 1992)

Dgus oo odlatwl V& dayl; 51 (W)
1

+
cos0O

1

W =W
( cos0,

(')

o b ol 1By ol Yo 43915 0 9 0)lgmlo 15 aygl5 0 a8
h Gslite plie Bg O sl il galpe (o) gaw i &
039l 4 dxo5 b (Kaufman and Gao, 1992) wlesls slgaiy
2 Gl Cglato w265 ol 0 Cilisee glasil LS e Cugb,
i SL W<y em) o) ol polie TPW o s byl
o 4 a8 el Ve sligg b (o9 ,See +/AYF) Of w58
bwgio ol Sl g o dlpiudny Canl (wlus Hlaws ol S50
“iae 8L oyt 4y ol 0- (sligg b (yiog,See +/AF4) Ol by
H5 4 (VoMWY M) Gobs yo doss byl ;3 TPW aslors 5o
SL (W>F em) Ggbs yo Lol o p3 O 50 39l 53 29 o0 48,5
oals Ol Jbu 4 ol calus 5 ous bl Ol o bawgie ois
Ae0) Ol o cims ods mb b s ol b e
» oplplo (Gao and Kaufman, 2003) 544 eslatwl (5eg,Se
Cplus @5 3 g Ol by Gl alie (o LSy klys
Lawgio (g8 Gl sl Joli MODIS T jly wdo slasl
Lol 5l ] glie (yiog,Sue +/240 g +/AF+ +/AYS) Cind o
by e glasl Sl P Sn g LSt bulyd o oS
TPW wiad o &l I, TPW I alisee , 5lae MODIS
Yol easJols TPW polie 5l Sy ool Loy o Ske
dgdie e i bl IOl by ol dilise a L
:(Gao and Kaufman, 1998)
(W)
Sl bl Jols Of Hlu polie cudy 4 Wa g Wa W1 45

W="fw, +f,w, +f,w,

calyd cip A fa g B di g O oo Gams g bugito (g58
it Ol G g bawgie s9-8 Ll sl ()
Sgdie dlbxally oM, My clpe ilodle)— jl fa 5 fo
:(Gao and Kaufman, 1998)
Mi

mtn, TN,
Ol & pasuie @l Sk 3 @ (22)8 Canlus i)
Gao and Kaufman, 1998;) cwl s sl ,» TPW
:(Kaufman and Gao, 1992

f =

('A)

o _|dT, | _|-05pT,
ne,w) ‘dw* ‘ o (V)

buogie (e b 3 2 (23)05 )lde ) (258 Bk Jle i 4
Al alasly 5l oolizul b (509,540 +/2¥+) MODIS Ol )l
:(Gao and Kaufman, 1998) 544 .»

p (0.940 um)
p’(0.865 pum)
e il o gl Sabil pTy g 20,05 T
-[AF+) MODIS ol by lawgie ods mL g o225
Aol 15 Al 31 (sl s (65 Cuns (3 b (g Sen
:(Gao and Kaufman, 1998) 4 .

)

T, (0.940 mm) = (\Y)

p (0.940 pm)
[c, xp (0.865 um) +c, X p"(1.240 um)]
bl o +/Y g /A iy 402 5C1 culps Hlake clls oyl g oS
duolre g (2,38 yolae ¥ IS5 .(Gao and Kaufman, 1998)

T,,.(0.940 um) =

5 bawgio (g8 (pda Sl 1 AL Y (S 23 5 0
Ok polis s o Lis [y TPW polis plys j0 O )lu cams
SB ol b gl lp ¥ JSS Jloges 53 (92 (23,55) Tw
& U5 4 4o L (Bowker et al., 1985) cul goite By 4
duwloee gl (VO) dlasly 3yl 0959 TPW g T o (ol dlal,
odliznl Ol Jlu ol clasil > g 23,35 ;) ooliwl L TPW

:(Reagan et al., 1987) 543 .

Ty = exp(a-Byw) ()

1.0

S
)

S
e

=
a

o

Atmospheric Transmission
)

o
=

1 2 3 4
Total Precipitable Water Vapor (cm)

Fig. 2- Graphs of atmospheric transmission versus
the TPW in strong, moderate, and weak absorption
bands (Kaufman and Gao, 1992)
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Fig. 3- The zonation map of TPW in the western partvof Iran (July 12, 2015), a) MODO5 product and b)
AMSR?2 algorithm
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Fig. 4- The validation results of TPW value in the clear sky conditions at 6 radiosonde stations versus a)
AMSR?2 algorithm and b) MODIS algorithm
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