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Fig. 1: Instrument response profile (normalized to a
peak value of 1.0) of NOAA-14/AVHRR2 (upper) and
GMS-5/VISSR (lower) asafunction of wavelength .
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Table 1: Observation station information and data period.

Observation Surface  Sonde
Station Name Latitude Longitude Altitude Obs. Obs.
D66 33.5°N 93.8°E 4,600m O
Tuotuohe 34.2°N 92.4°E 4,535m O A
D110 32.7°N 91.9°E 5,070m O*
MS3608 31.2°N 91.8°E 4,610m O
Amdo 32.2°N 91.6°E 4,700m A AT
Shiquanhe 32.5°N 80.1°E 4,279m O A
Gaize 32.1°N 84.4°E 4,416m O A
Naqu 31.5°N 92.1°E 4,508m A
Lhasa 29.7°N 91.1°E 3,650m A
Dingri 28.6°N 87.1°E 4,300m A
Yushu 33.0°N 97.0°E 3,682m A
Darlag 33.8°N 99.7°E 3,968m A
Qamdo 31.2°N 97.2°E 3,307m A
Linzhi 29.6°N 94.5°E 3,007m A

O indicates all of datain 1998 isused, A is available in May through September.
*For estimating threshold value of CD2 cloud removal technique (see section 3.)
"To derive regression line for precipitable water retrieval (see section 2.7)
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Fig. 3: Locations of AWS observation points across the Tibetan Plateau. The left panel shows the distribution
of satellite zenith angles from GMS as dotted curves. The contour interval is 5 degrees. Shaded regions in the
left panel indicate altitudes of over 4000 m ASL and the bold square is the enhanced observation area used in
GAME/Tibet, of which the topography is shown in the right panel. Light shading in the right panel indicates
altitudes of over 4500 m ASL and dark shading indicates altitudes of over 5000 m ASL.
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Fig. 4: Atmospheric transmittance for GMS/VISSR
11 pm band 7 (circle), and 12 um 7, (dot) asafunc-
tion of precipitable water W with regression curve.
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Fig. 6: Distribution of the coefficients (a) A, (b) B, (c¢) C' and (d) D of Egs.(7-10) as a function of both
precipitable water T/ (horizontal axis) and satellite zenith angle 6 from GMSS (vertical axis).
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Fig. 8: Scatter diagram (center and right panel) of precipitable water asinferred from 6.7 um brightness temper-
ature W, (horizontal axis) and observed by sonde data W, (vertical axis) at (&) Dingri (center) and (b) Linzhi
(right). R inthe diagram indicates the correlation factor of the datasets.
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Fig. 10: Correlation coefficient R of surface temper-
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Table 2: Correlation coefficient and RM SE of 11;m brightness temperature Tir 1, calculated surface temperature
Tt using CD1 cloud removal and T¢. using CD2 cloud removal compared to observed surface temperature.

Tir: T with CD1 Tz with CD2

R (RMSE) R (RMSE) R  (RMSE)
D66 05122 (2354) 06501 (13.82) 09532  (4.43)
Tuotuohe 04731 (24.73) 04595 (20.77) 009456  (5.53)
D110 04604 (21.17) 05945 (1256) 09028  (7.16)
M S3608 03699 (27.20) 05593 (14.92) 09054  (6.50)
Amdo 05162 (17.02) 05838 (14.67) 08304  (8.60)
Shiquanhe 05297 (23.13) 0.4865 (22.85) 08181 (11.99)
Gaize 05058 (24.57) 05118 (21.98) 0.8969  (9.52)
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Fig. 12: Time series of surface temperatures observed by Tuotuohe-AWS (solid line, left axis), measured by
satellite (circle), 11 um brightness temperature judged as cloud free by CD2 cloud removal (triangle), as cloudy
(sguare) and downward solar radiation (shaded areawith gray line, right axis).

310

80° 90° 100°

80° 90° 100°

3
Surface Temperature (K)

270

100°

Fig. 13: Horizontal distribution of available retrieved surface temperatures from OOUTC to 11UTC, 25 April
1998. Blank white region over the Tibetan Plateau is a cloudy area.



4, O000OODOO0OOOOooOoo

o GMSOOOOoDooooooooooooagd
gboooooooooobooooboooooo
O(RMSE)OOODOOOOOOODO 20000
GMSIRIODODODOO0OO0O0OO0OOODODO 030500
ORMSED 17KOOOOOCD1OOOOOOOO
0J0o0oodoon 04-050RMSE O 12-22K OO
gobodoooboooooooooooooobo
goodooooboooooooboooooog
ooocb20000000000000000 0.8
ODOORMSED 12K0O00O000O0O0O0OOO
DJo0ooooooodo cbloooooooo
oo ch2U0000Uooooooooooga
D0U0dooooooooooood 120 Tuotuohe
000019980 90 1000 700000000
oo0o0ddo9oUlooo3uuuouougougd
oJo0o0doooooooogooo GMYIRL
Do0od0o0o0oooooodoooogooo
oooocb20000ooUooUoooooog
00000000o0o00ooooon 9o 4000
7000000000000 O0O0DOOOGMSO0O
gooboooboobooodooouoooooon
gdoboooooooboooooboon
oooooooeGMSOoooooooooooo
O010KOOO RMSEOODOOOOOOO GMS
00000000000 10km> 00000000
gooooodooobooooooooooon
0000000000 mMO0O00AWSOOOO
ooodooUoooUooooooooooooo
000dU0doodooouoooudUUduRrRMSE
Do0od0o0o0oooooodoooogooo
oooooOoooooooooOooOoOooooOo
OU000000d0O0OGMYS/IR1IO 10000000
0000 Toutuwche DO O 51km? 00000000
Shiquanhe 0 00 74km? 000000000000
ooo0ooooU0U0U0ddUUooooooDoooOo
oJoooooodoooooeMsSOoooodo
gdoboooooobobooouobobooon
0000 70800000000000000O00OO
goodooobooooooooooooooon
goodooobooooooboooooooon
gooooooobooboouoouoooon
gooooooboobooooooooooooon
goodooobooboooooooooooobo
gooooooobooboouoouoooon
ogood

00130 19980 40 2500000000000

gooboooooil1oooobobobobooobg
gooboooobooboooboobooboboooo
gobooooobooobooboooboobobooo
gboboooooboobooooooboooon
goooooobooboooboooobobooo
goboooooooooooooooobobooo
gboboooooboobooooooboooon
goooo3oKOooODooooooooooo

5 00O

0 NOAA/AVHRRO OO OO ODO0000O0000
0000000000 GMSVISSROOOOOO
GMSVISSROOOO00000000000000
000 MODTRANDOOOOOOOOOOOOO
0000000000000000000 (600
00000000000000000000000
00000000000000000000000
000000000000000000GMSWY
00000000000000000000000
0000000000000000000000
000D0000000000000000GMSO
0000000000000000000000
0000 080000000RMSED 10KO OO
000D0DO0GMSOOOOOOODOO0O00000O0
00000000000000

0GMSOOO0O0O0OO0O0O0O0OO0OO0OODO0OOOO
00000000000000 10000000
00000000000 NOAADOOOOOOO
0000000000GMSs0 19950 60000
0000000000 800000000000
0000000000000000000000
000000000000000000000 4
0000000000000000000000
000GMSs00000000000 MTSATO
GMSs0 400000000000000000
O0OOMTSATOOOODOOO0O000000000
0000000000000000000000
0000000 Fy2cOOO 105600000000
GMSOOOO0ODO0O0D0D000O0O0OFY2cO GMS5
00000000000000000000000
00000000000 GMSs00000000
00000000000000000000000
Su(2002) 0 Maeta.(2003) 0000000000
0000000000000000000000
00000000GMSOOOODO0O000000
0000000000000000000000



ggodg

Call, C. and V. Caselles: 1997, A split-window algo-
rithm for land surface temperature from advanced
very high resolution radiometer data: Validation
and algorithm comparison. J. Geophys. Res., 102,
16697-16713.

Ishikawa, H., T. Hayashi, K. Tanaka, O. Tsukamoto,
H. Fudeyasu, |. Tamagawa, J. Asanuma, Y. Qi,
J. Wang, Y. Ma, Z. Hu, and H. Gao: 1999, Sum-
mary and the preliminary results of PBL observa-
tion. Proceeding of the 1st International Workshop
on GAME-Tibet, Xi’an, China, 69-72.

Koike, T., T. Yasunari, J. Wang, and T. Yao: 1999,
GAME-Tibet IOP Summary Report. Proceeding of
the 1st International Workshop on GAME-Tibet,
Xi'an, China, 1-2.

Kondratyev, K. Y.: 1969, Radiation in the Atmo-
sphere. Academic Press, New York, San Francisco,
London.

Ma, Y., H. Ishikawa, O. Tsukamoto, M. Menenti,
Z. Su, J. Wang, T. Yao, and K. T.: 2003, Region-
alization of surface fluxes over heterogeneous land-
scape of tibetan plateau by using satellite remote
sensing data. J. Meteor. Soc. Japan, 81, (in press).

McClain, E. P, W. G. Pichel, and C. C. Walton: 1985,
Comparative performance of AVHRR-based multi-
channel sea surface temperatures. J. Geophys. Res.,
90, 11587-11601.

Nitta, T. and S. Sekine: 1994, Diurnal variation of
convective activity over the tropical western pacific.
J. Meteor. Soc. Japan, 72, 627—641.

Prata, A. J.: 1993, Land surface temperature derived
from the advanced very high resolution radiometer
and the along-track scanning radiometer, 1. Theory.
J. Geophys. Res., 98, 16689-16702.

— 1994, Land surface temperature derived from the
advanced very high resolution radiometer and the
along-track scanning radiometer, 2. Experimental
results and validation of AVHRR agorithms. J.
Geophys. Res., 99, 13025-13058.

Sobrino, A., J, Z.-L. Li, M. P. Stall, and F. Becker:
1994, Improvements in the split-window technique

for land surface temperature determination. |EEE
Transactions on Geoscience and Remote Sensing,
32, 243-253.

— 1996, Multi-channel and multi-angle agorithms
for estimating seaand land surface temperature with
atsr data. Int. J. Remote Sensing, 17, 2089-2114.

Sobrino, A., J. and N. Raissouni: 2000, Toward re-
mote sensing methods for land cover dynamic mon-
itoring: application to morocco. Int. J. Remote Sens-
ing, 21, 353-366.

Su, Z.: 2002, The surface energy balance sysytem
(SEBS) for estimation of turbulent heat fluxes. Hy-
drology and Earth System Sciences, 6(1), 85-99.

Tanaka, K., H. Ishikawa, T. Hayashi, |. Tamagawa,
and Y. Ma: 2001, Surface energy budget at Amdo
on the Tibetan Plateau using GAME/Tibet |OP98
data. J. Meteor. Soc. Japan, 79, 505-517.

Tsukamoto, O., H. Fudeyasu, S. Miyazaki, K. Ueno,
Y.Qi, Y.Ma, and |. H.: 1999, Turbulent surface flux
measurements over the Tibetan Plateau with flux-
PAM system. Proceeding of the 3rd international
scientific conference on the global energy and water
cycle workshop, volume Beijing, China, 411-412.

Tsukamoto, O., M. Joko, H. Ishikawa, S. Miyazaki,
J. Kim, Y. Ma, and Z. Hu: 2001, Diurnal and
seasonal variations of surface fluxes and boundary
layer over the Tibetan Plateau. Proceedings of the
Fifth International Study Conference on GEWEX in
Asia and GAME, Nagoya, Japan, 300-303.

Ueno, K.: 1997, Some problems about the precipi-
tation system in the tibetan plateau. J. Geography,
106, 293-301, in Japanese.

Wang, J., Y. Ma, M. Menenti, W. Bastiaanssen, and
Y. Mitsuta: 1995, The scaling-up of processes in
the heterogeneous landscape of heife with the aid
of satellite remote sensing. J. Meteor. Soc. Japan,
73, 1235-1244,

Yatagai, A.: 2001, Estimation of precipitable water
and relative humidity over the tibetan plateau from
gms-5 water vapor channel data. J. Meteor. Soc.
Japan, 79, 589-598.



Estimation of Land Surface Temperature over the Tibetan Plateau
using Geostationary Meteorological Satellite” Himawari”

Yuichiro OKU and Hirohiko | SHIKAWA

Synopsis

GMS/VISSR images have been used to estimate the land surface temperature distribution over the Tibetan
Plateau. The infrared split-window algorithm is used with some modifications to obtain surface temperatures
from NOAA/AVHRR measurements. Radiative transfer simulations are carried out to obtain the atmospheric
transmittances and the difference temperatures that are involved in the internal coefficients of the split-window
algorithm. Precipitable water distribution that is required by this algorithm is estimated from 6.7 um brightness
temperature utilizing spectral characteristics of GM S water vapor channel.

Cloud removal has an important part to play in surface temperature retrieval process. To identify convective
cloud activity, many researchers use satellite infrared measurements with the fixed threshold technique. But in
this study, it is necessary to remove not only convective clouds but also al kind of clouds. For this purpose, the
variable threshold technique is proposed. The threshold varies dependently on both seasonal and diurnal, and its
valueisdetermined on the basis of surface observation. Asaresult of adoption thistechnique, it becomes possible
to remove relatively warmer clouds in summer and detect colder ground surface in winter nighttime.

Theresults of comparing estimated surface temperature from GM S data using thisalgorithm with in-situ surface
measurements shows high correlation coefficient, it is nearly 0.8 or over.

Keywords: satellite meteorology; remote sensing; radiation; surface temperature



