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Estimation of cloud bottom height using satellite observation and its
application to satellite data assimilation technique
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In this research, a data assimilation technique by Ensemble Kalman Filter

(EnKF) was developed to improve hydrometeors (cloud water, cloud ice, snow, grauple and water vapor)

in numerical weather model. Brightness temperatures (TB) observed by microwave radiometer onboard
satellites were assimilated. Assimilation of TBs in multiple frequencies showed better results than
the assimilation of single frequency TB. At the same time, comparing one-time assimilation
experiment, sequential data assimilation using TBs at multiple observation time also showed
improvement of atmospheric condition. Predicted rainfall also showed clear improvement in the
maximum values in ensemble simulations.
Cloud bottom height which is used to define the lower boundary of vertical distribution of
hydrometeors in the assimilation process showed clear relationship to atmospheric temperature. Using
this relationship, appropriate cloud bottom height can be estimated for each assimilation time.



1980
EnKF
EnKF

1)
2010 2013

RTM
) RTM

RTM
RTM

(3) ENKF

2010 2011 2013

2012
Nakamura et al..2006
EnKF Nakamuraet al. 2011
EnKF
1)
(2) EnKF
EnkKF
MTSAT
23.7CGHz 36.5GHz
89.0GHz
37GHz



Weather Research &
Forecasting WRF

AMSR-E
ANSR2
®3)
RTM
)
1500m
2013
WRF
RTM

a) EX(EF)

1
2 3
2 3
Kelvin
37GHz | 23GHz | 89GHz

14.9 7.1 42.3
A37 14.3 6.9 394
A23 15.1 7.3 40.5
A89 15.0 7.2 40.1
A37-23 14.3 6.9 394
A37-89 14.3 6.9 394
A23-37 151 7.3 40.4
A23-89 151 7.3 40.3
A89-37 15.0 7.2 40.1
A89-23 15.0 7.2 40.1
A37-23-89 | 14.3 6.9 39.4
A37-89-23 14.3 6.9 394
A89-37-23 15.0 7.2 40.1

EnKF




)

89GHz
3
37GHz
3
23GHz 89GH

©)

37GHz
23GHz

Kelvin

uTC

6/27 | 6/28 | 6/28 | 6/29 | 6/29
17 04 18 04 17

ORG | 17.90 | 12.85 | 17.86 | 20.81 | 16.82

AS1 | 17.76 | 12.41 | 17.20 | 20.21 | 17.00

AS2 12.38 | 17.20 | 20.25 | 16.97
AS3 17.21 | 20.25 | 17.01
AS4 20.25 | 17.00
AS5 17.00

Radar AMeDAS Rainfall (mm /h)
2016062718

>3
128E 130€ 132E 134E

ORG Ens. Mean WRF Hourly Precip. (mm) ORG Ens. Max WRF Hourly Precip. (mm)
ZOHSOSZNg 2016062718

1 ORG:MAX -
W » '1':#

34N

3N
30N
- P
128 130E 1326 134E 128 130E 1326 134E
un Ens. Nean MRE Hourly Precip. (mm) run Ens. Mear WRE Hour Precip. (mm)

2016 6 27 18UTC
RAP

ORG:AVG
ORG:MAX

AS1:AVG 1

AS1:MAX 1

mm/h

Taniguchi 2018



(4)

EnKF

WRF
RTM

8
Taniguchi, K., A simple ensemble
simulation technique for assessment of
future variations in specific
high-impact weather events, Journal of
Geophysical Res.: Atmosphere,
Vol .123
DO1:10.1002/2017JD027928
Sviridova, N., K. Nakamura, Local noise
sensitivity: Insight into the noise
effect on chaotic dynamics, Chaos,
Vol .26
DO1:10.1063/1.4970322
Kouketsu, T., M. Kubo, 7 8 ,
A hydrometeor classification method for
X-band polarimetric radar:
Construction and validation focusing on
solid  hydrometeors under  moist
environment, J. Atm. Ocean. Tech.,
, Vol.32, 2015, 2052-2074
DO1:10.1175/JTECH-D-14-00124.1
Kimura, A., A. Celani, H. Nagao, T.

2002 July

2002 Dec.
b)

1.00

0.95 4

0.90 4 2

y = -2 1054x + 2688
08¥ =2 20 100

6.9GHz 89.0GHz

a)2002 7  b)2002 12

Stasevich, K. Nakamura,
cellular parameters through
optimization procedures: elementary
principles and applications, Frontiers
in Physiology, Vol.6 2015 1-9
DOl 10.3389/fphys.2015.00060

Gavrilov, S., M. Kubo, 7 2 ,
Feature Analysis and Classification of
Particle Data from Two-Dimensional

Video Disdrometer, Advances in Remote

Estimating

Sensing, Vol.4 2015 1-14
DOI1:10.4236/ars.2015.41001
2
24 2
2014 26-31
3
24 3 2014 33-38
4
24 4 2014 29-35
18

Taniguchi, K., Assimilation of
high-frequency microwave brightness
temperature for improving hydrometeors



in numerical weather prediction model,
Asia Oceania Geoscience Society 2017
Meeting, 2017

2017
RIMS
2017

45 2017

2017

63 2017

Taniguchi, K., Assimilation of
multi-frequency brightness temperature
for improving cloud and water vapor
using EnKF technique, Asia Oceania
Geoscience Society 2016 Meeting, 2016

Taniguchi, K., Effects of initial
relative humidity conditions in
atmosphere of high-frequency
brightness temperature observed by
spaceborne microwave radiometer,
American Geophysical Union Fall Meeting
2016, 2016

RIMS 2016

2016

2016

61 2016

Taniguchi, K., Assimilation of
microwave brightness temperature using
EnKF for improving cloud and water vapor
in the atmosphere, Asia Oceania
Geoscience Society 2015 Meeting, 2015

22 WS
& 35
2015
Nakamura, K., Y. Kono, Fast and stable
estimation of macroscopic parameters in
particle systems by data assimilation,
The 47th ISCIE International Symposium

on Stochastic Systems Theory and its
Application, 2015

2015
2015
63 2014
2
2014 915
2015 220
0
0
2016

12 25

http://eco.chunichi.co.jp/news/2016/12/
003649.html

¢y

@

TANIGUCHI, Kenji
NAKAMURA, Kazuyuki
(©)) HIROSE, Nozomu
4 KUBO, Mamoru



