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Abstract : In this study the retrieval algorithms have been developed to retrieve total precipitable
water (TPW) from Terra/Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) infrared
measurements using a physical iterative retrieval method and a split-window technique over East Asia.
Retrieved results from these algorithms were validated against Defense Meteorological Satellite
Program (DMSP) Special Sensor Microwave/Imager (SSM/T) over ocean and radiosonde observation
over land and were analyzed for investigating the key factors affecting the accuracy of results and
physical processes of retrieval methods.

Atmospheric profiles from Regional Data Assimilation and Prediction System (RDAPS), which
produces analysis and prediction field of atmospheric variables over East Asia, were used as first-guess
profiles for the physical retrieval algorithm. We used RTTOV-7 radiative transfer model to calculate the
upwelling radiance at the top of the atmosphere. For the split-window technique, regression coefficients
were obtained by relating the calculated brightness temperature to the paired radiosonde-estimated
TPW.

Physically retrieved TPWs were validated against SSM/I and radiosonde observations for 14 cases in
August and December 2004 and results showed that the physical method improves the accuracy of
TPW with smaller bias in comparison to TPWs of RDAPS data, MODIS products, and TPWs from
split-window technique. Although physical iterative retrieval can reduce the bias of first-guess profiles
and bring in more accurate TPWs, the retrieved results show the dependency upon initial guess fields. It
is thought that the dependency is due to the fact that the water vapor absorption channels used in this
study may not reflect moisture features in particular near surface.

Key Words : Total Precipitable Water (TPW), MODIS, infrared measurements, physical iterative
method, split-window technique.
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. 1. Nadir-viewing brightness temperature spectrum of Midlatitude Summer Standard Atmosphere simulated by

MODTRAN. Dashed lines represent response functions of six MODIS infrared channels.
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Fig. 2. Comparison of brightness temperatures from RTTOV-7
and MODTRAN simulations for MODIS infrared
channels (6.7, 7.3, 8.6, 11.0, 12.0, and 13.3 um) using
TIGR-2 profiles as inputs.

Fig. 3. Scatter plots of calculated brightness temperatures
(TBs) from RADPS versus observed TBs for six
MODIS channels on 7 August 2004.
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Fig. 4. The distribution of (a) surface pressure, (b) TPW from column-integrated water vapor of RDAPS, (c)
operationally produced MODIS TPW from GDAAC, (d) TPW from split-window retrieval, (e) TPW
from physical iterative retrieval, (f) SSM/l atmospheric water vapor from RSS products on 11 August
2004. Plots in (b} and (f) are made only if other data are available.

AHE 25 ZHSPE SSM/I A A2t v waljA 3 split-window H'd9} W7 =2 R F70eske
#H O F RDAPS= -1.92 kg m~2, MODIS¥ +3.77 A& tH(split-window W4, Fig. 4d). ti71% G
kg m29] QA5 Zh=t}, dh BejF W o g ASSt A 11 pm AR 12 um Ao 5710 3t
2717355S 2719 B0 RDAPSS} MODISO F7t A dolur] i el 1 um AL 9727t
sl SSM/Iol| 7H7he 418 UerAchFig. 4de). 88 A 12 pm 29 g7l eeR et & F9hE Akt
AolM B A PO 2 AEe 7L YadEo 1 A3 MODIS AH&E(Fig. 4c)°l B]8] SSM/I #F&0)
2 SSM/Io i3l -1.64 kg m2] X5 it} 7VRE 0571 B2 QojRih 89 AH) Al
MODIS 94 HAzo] 0°~65° ¢l HLof s &= oAA F2He2 SSM/IC] HI3) 2.56 kg m™2 WA} A



Korean Journal of Remote Sensing, Vol.24, No.4, 2008

[hPa]

(c) MODIS [kg/m*2]

AN
40N
38N
36N
34N
32N
301

=

28N
26N
24N
22N

20N

(b) RDAPS [kg/m*2]

LN

:\%
)

Sy .
iy 9|
J6

115 120 1258 1308 1356

(d) Split Window Retrieval

" 14 17 23 27 D 33 38

(kg/m*2]

420
40N
38N
36N
34N
3N
30N
28N
26N
24N
2N

20N

42N
40N
38N
JEN
34N
32N
30N
28N
26N
24N
22N

20N

120E

15E

125€ 130E 135€

L] 8 11 14 17 23 27 30 33 38

[kg/ m*2]

120E 125E 130E 1356

23 27 W 3 38

(f) SSM/! [kg/m*"2]

(e) Physical Iterative Retrieval
42N -

40N
38N
36N
34N
32N
30N
28N
26N
24N
22N

20N

AN
40N
38N
36N
34N
32N
30N
28N
26N
24N
22N

20N

115E J20E 125E 130E 135€

5 a 17" 14 17 28 27 3 33 38

Fig. 5. Same as in Fig. 4 except for December 9, 2004.
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Table 2. Statistics of TPW comparison with SSM/I measurements for (a) August and (b) December 2004

(a) August
PW Correlation coefficient RMSE [kg m?] Bias [kg m?]
RDAPS 0.73 0.13 -1.92
o MODIS 0.86 0.01 +3.77
- Split-window retrieval 0.79 0.11 -2.56
Physical iterative retrieval 0.80 0.02 -1.64
(b) December
TPW Correlation coefficient RMSE [kg m] Bias [kg m?]
RDAPS 0.95 0.03 +1.40
MODIS 0.95 0.10 +4.28
Split-window retrieval 0.77 0.11 +9.45
Physical iterative retrieval 0.96 0.01 +0.43
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Fig. 7. Scatter plots of TPWs from RDAPS, MODIS, split-

window retrieval, and physical iterative retrieval as a
function of collocated radiosonde observation over land
in August 2004. The notations are same as in Fig. 6.
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deviations of averaged values within 50 km radius of
radiosonde stations.
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Table 3. Statistics of TPW comparison with radiosonde measurements for (a) August and (b) December 2004

(a) August

TPW Correlation coefficient RMSE [kg m?] Bias [kg m2]
RDAPS 0.84 097 -1.96
MODIS 0.82 0.86 +3.12
Split-window retrieval 0.68 144 +3.64
Physical iterative retrieval 0.87 0.53 . -131

(b) December

TPW Correlation coefficient RMSE [kg m?] Bias [kg m?]
RDAPS 0.89 0.21 +0.12
MODIS 0.85 0.02 +2.58
Split-window retrieval 0.60 0.35 +2.49
Physical iterative retrieval 0.90 027 -0.38
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