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Abstract

Estimates of precipitation at a high time and space resolution are required for many important applications. In this
paper, a new global precipitation map with high spatial (0.1 degree) and temporal (1 hour) resolution using Kalman
filter technique is presented and evaluated. Infrared radiometer data, which are available globally nearly everywhere
and nearly all the time from geostationary orbit, are used with the several microwave radiometers aboard the LEO
satellites. IR data is used as a means to move the precipitation estimates from microwave observation during periods
when microwave data are not available at a given location. Moving vector is produced by computing correlations
on successive images of IR data. When precipitation is moved, the Kalman filter is applied for improving the moving
technique in this research. The new approach showed a better score than the technique without Kalman filter. The
correlation coefficient was 0.1 better than without the Kalman filter about 6 hours after the last microwave
overpasses, and the RMS error was improved about 0.1 mm/h with the Kalman filter technique. This approach is
unique in that 1) the precipitation estimates from the microwave radiometer is mainly used, 2)the IR temperature
in every hour is also used for the precipitation estimates based on the Kalman filter theory.
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Table 1 Characteristics of geostationary infrared
data used in this study.

& E XA & (FE L) B R (gtm)
GMS-5 140E 11.0
GOES-8 75W 10.7
GOES-10 1356W 10.7

Meteosat-7 Greenwich 11.5
Meteosat-5 63E 11.5

Table 2 Characteristics of microwave radiometers
used in this study.

- = E YAV BEE BaE %
& E _
(km) M & & (GHz)
TRMM 402 TMI 10.19,21,37,85
AQUA 705 AMSR-E 7,10,19,24,37.88
DMSP-F13 803 SSM/1 19,37,85
DMSP-F14 803 SSM/I 19,37.85
DMSP-F15§ 803 SSM/1 19,37,85
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Fig. 1 Flow chart of the algorithm used for the present
analysis.

o 47 b id, GSMaP (Global Satellite Mapping of Precipita-
tion) EIFEN, AFHXTHLR, COBMERAVWSILL
T35, 7, Kiwc#md v~ r 74 v EROLT
oy s, BERI bLVOAERHWI TR N EEN
Zh, GSMaP_MVK, GSMaP MV &4 %,

LT AR

AR TREARTEBEPHA L TOEL =T X5 R
BT - ERIEAO 7 — 45 E L TRV S, [EL—4
&, Bk s — v A{ET 5 2 ENTE B0, T OHEEN
BICIIFRELES . COBRELT A ¥ 2DOERINEEFV
THIEL, RO RV EZER eSS NES M (Skm H5F
T&) ZEETELL5ICLcDd, v—F7 25 2@
HETH 5,

3. BWFE

Fig. 11T, AW TR L o 2Bkkk~< v 71FkO 71
TN XL DWEERT, KO T VT ) XLTE, @i
T 5 1 BifElE ORI 7 — & OFEE - BE 6.5 fHIEA
T, IR OHEIREE © 7 2V O ZE M) S AHBAR AT R 3
5T &iTd T, Fig 11ch2BEH~7 b VEEHT 2,
Z LT, 1Ko 2EKkBEK= v 72 BE~7 brzEHO
THES 4, Fig. 1 1cd 27— Z21Ekd %5, £ LT,
BAEOKERERED 270K LI Lo dEE2 Yo & LT, W
0. lmm/hr YL EOHERICZ A v~ v 7 4 vy A LH
BEHERT b, R, BEDO~A 7 olitits— 4
AL, BEOLNKEK~ v 72K T %,

3.1 BE}RI MILOEL

BB~ hovid, i 2R OIRAERET O 7 — 4 1]
BEE D HE D &3KD B3, 0D & X DFAREETD 7 —
& B OZERI IS EPE A, AP TR - B 6.5 LIk
E LT BEINT b V&R 2 120 OZERI S A NS
TS, BIEEO/NSBEZDBRNGIEZ S50, HEO
KEBEZDFRNIZIEA SNV, F 22N 1L EEFHAK
TN, flrxOEROBENUSE—INICE B, Th
TNOEZRDEH MBI A 5NV, DDA T,

6.5° I/R(t) IR(t+1hr)

Fig. 2 Schematic diagram of the moving vector deriva-
tion to calculate the correlation coefficients of the
successive IR images.
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Fig. 3 Geostationary satellite IR brightness temperature
(ordinate) relative to precipitation estimated from
microwave radiometers (abscissa) during July 2005.
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Fig. 4 The global 0.1 degree hourly rainrate map at 0 UTC on 3 July 2005 in mm/h. GSMaP_MVK
stands for Global Satellite Mapping of Precipitaion using Moving Vector with Kalman filter.
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Fig. 5 GSMaP_MV (Moving vector only) and MVK Fig. 6 GSMaP_MYV (Moving vector only) and MVK
(Moving vector +Kalman filter) around Japan (Moving vector +Kalman filter) near Japan at
at 4UTC on 3 July 2005 in mm/h together 5 UTC on 3 July 2005 in mm/h together with
with Radar-AMeDAS data (bottom panel). Radar-AMeDAS data (bottom panel).
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Fig. 7 Correlation coefficient between the GSMaP_MV
(Solid line) and the GSMaP_MVK (Dashed line),
and the precipitation estimated from microwave
radiometers for the period of July 2005 as a func-
tion of the past microwave radiometer overpasses.
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Fig. 8 Correlation coefficient between the GSMaP_MV
(Solid line) and the GSMaP_MVK (Dashed line),
and Radar AMeDAS for the period of July 2005
as a function of the past microwave radiometer
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Fig. 9 Rmse between GSMaP_MV (Solid line) and GSMaP_
MVK (Dashed line), and Radar AMeDAS for the
period of July 2005 as a function of the past
microwave radiometer overpasses.
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Fig. 10 Time series of correlation coefficient between the
GSMaP_MYV (Solid line) and the GSMaP_MVK
(Dashed line), and the Radar AMeDAS during
00UTC through 24 UTC on 2 July 2005. The
product only from the microwave radiometer is
also added to this figure indicated by “+7”.
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