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Abstract

RSSJ Journal of The Remote Sensing Society of Japan Vol. No. ( ) pp.

ASAKI HIGE KAMOTO

. . . . * Department of Aerospace Engineering Osaka Prefecture Univer-

* sity, Gakuen-cho, Sakai, , Japan

Tropical Rainfall Measureing Mission :

Due to the scarcity of reliable validation data and di culties associated with the collocation of validation data and

satellite measurements, an approach for verifying Tropical Rainfall Measuring Mission (TRMM) rainfall products

has been proposed. Consistency between TRMM Microwave Imager (TMI)-observed brightness temperatures

(TBs) at . and . GHz channels and those simulated from the Precipitation Radar (PR) rainfall estimates using

a radiative transfer model were statistically examined. Accurate and computationally e cient simulations of TBs are

critical for this approach. In this study, convolution, a slant-path approximation, a melting-layer parameterization,

and a drop size distribution (DSD) model employed in simulations of brightness temperatures are presented and

evaluated. Impact of the melting-layer parameterization and the DSD model on simulated brightness temperatures

and thus on validation results are also examined.

dB PR

TRMM Precipitation Radar : PR Kozu et al. Anagnostou et

TRMM Microwave Imager : TMI al. PR

Fig. PR

DSD PR Shige et al. PR TMI

. GHz . GHz

. GHz RTM

TMI

PR TMI

DSD -

TRMM Version V Version V

PR V

PR V

PR TMI

. GHz

PR

Improvements of Brightness Temperature Simulations for Validation of TRMM Rainfall Products

Hiroshi S *, Shoichi S * and Ken’ichi O *

* * *

TRMM

Keywords : precipitation, radiative transfer model, TRMM, PR, TMI
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Fig. Schematic view of the scan geometries of TRMM
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sensors (Kozu and Kuroiwa ).
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(b) plane parallel atmosphere without a slant-path

approximation, (c) plane parallel atmosphere with

Fig. Simulated brightness temperatures for . -GHz-V at (a) PR footprint resolution and (b) TMI footprint

resolution vs (c) observed brightness temperatures (the January scene). The black solid lines

represent the boundaries of the PR swath.

Fig. Schematic view of the TMI measurement geometry.

TMI
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Fig. a

RTM

Fig. b Fig.

c

TMI

slant-

path

slant-path Fig. Schematic of (a) the TMI and PR measurements,

slant-

path slant-path

a slant-path approximation.

Kashiwagi and Fujita

km km km Fig. a b

Fig. a

slant-path

Fig. b slant-path

PR slant-path

. GHz-V slant-path Kashiwagi
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Fig. Simulated brightness temperature for . -GHz-V without a slant-path approximation at (a) PR footprint

resolution and (c) TMI footprint resolution and brightness temperature di erences from simulations with

and without a slant-path approximation at (b) PR footprint resolution and (d) TMI footprint resolution.

Fig. (a) Near surface rain rate, (b) bright band classification and the brightness temperature di erences ( .

GHz-V) from simulations with and without a melting layer parameterization at (c) PR footprint

resolution and (d) TMI . GHz footprint resolution for the January scene. The black solid lines

represent the boundaries of the PR swath.
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Fig. (a) Near surface rain rate, (b) and the brightness temperature di erences ( . GHz-V) from simu-

lations with and without adjustments at (c) PR footprint resolution and (d) TMI . -GHz footprint

resolution for the January scene. The black solid lines represent the boundaries of the PR

swath.

Fig. The brightness temperature di erences at PR footprint resolution from simulations with and without

adjustments against (a) the brightness temperature simulated without adjustments and (b) . Red

points represent , while black points .

161

,1 , ,**1

+* # +* 1
+* 1

+2 +332

++ #

+ +

e

e

e

e e

e e



�

�

�

�

�

�

�

�

������	
����� � ���������� �

� �

� � ��

�
� ��

� �

� �

���� � �!"�# $ %&

'
( )

' (
( ( �

* � ' (
(

+

' � �

+* +

' (
( (

( ' (
(

' (
' ( , * � � (

� �( ' (
( ( (

' ( '
- * � � ./ .( ./ .
� �( ( (

( � �
' '

'

( ' (

' (

' ' (
( (

(
' ( '

( ( � �
(

' � �

0 0

123456 7�# 8
9:�;< 6 3&�������� =>?@6A

B C1D�= 4EF 3GH$23&%� F
IJKLMNOP����$ �Q% 7�#

18�������� �ABRS8;< TTU
6VW3&%E X�� IJKLMNOP����$

3QY�Z ���[ =AB C1D�TI\
]�XT6Q� ^_`�`�ab c18 Jde�f�
gh= i6 j%�

64k& lm�� XX1 8n�o�� �
�p q4rf 1 8sU�
UQ% tu�� � �p q4rf v 1
D� �;< $w��x68 tu�� � $

1 %m�&%�

D� yz 7�#8 {!_�|H$ }��6
~kU�1 7�#8� � 1� ��
&% �� � $ %&%
� F 7�#8� 123���
� $ %�= � 6qY� � �Q3

1��������$~k&%� � �����
��� T;< � �68 �f �64�� ��
���_$ �]��6� � � >z6 1

%� 8 1

%�� �U� U�EQ�= �45Q �
�18� 6 }& �=� Q�6 � 64k 6��
& �����XTQE �=VW]��=��T�lm %&w� F ��������� $w��x6
�� 3=k& QmZ �uh6 }& 8 tu�� � $sfT�f$P�T3& �
�� � =VW3 � ���[ =V �3&w� 8�f� = �Tj 1 �f� T
W]�= j%� =�k&B�%� =Vl��1 �6VW]��1 4zU   6 I3¡]%¢ 1
64� � �64k&� � 8 EQ� £6 D� ��������3 �¤ 8
QmZ �uh6 }&�� � 8�¥ ¦@m ¦�a§6 ¨ ©ª $ k

3 � ���[ =�¥]�= B�%  ¤ 1 �«"	�O�	 1 =�� z
� =�k& j%� =Vl�� 64� � T 3&%� c = 9:�Tj��
�64k&� � 8�EQ� � �¬$ %&I3

6 7�#� 1� �GH$2]

®¯1 3 IJKLMNOP����q4r
{!_= 1~k^_`�`�ab

1�� � ��������6��45Q
°±$ l&%�@$ }��6 62]45Q
² 1� � ��������$~k& �3
7�#8 T ³E IJKLMNO 6 I

P����q4r � {!_$ 3��� JKLMNOP����$ 3QY�Z ´Q
�=
�����1D� 7�#8 IJKLMNO 1jQ%
P�����|H$ }��6 �µ_¶O·¸ F � 7�#18��������
4k&¹L 	º�» zT ��&%&U IJKL =;< 4z jE ���[ =A C1D
MNOP����$ ¼?6~k��������1 �TI\]�XT6Qk&3½5 62]

� � �

� �

� � �
� � 	 


�
� �



�� � �
�

� �

� �
� ��� ���

� � � ��� ��� �
� � � �
� 	�

�


�� �� �
	

�� � �

� � � � �
� � �  

� ! "
� ! � � #$ !
% � 	 �

� � � �
� & � � �

� � � � $ ' (
� � � " � )

� � & * +
� � , -

� � � ./ 0
� � � � � �

�

�� 

�

1�2*34 � �
� �

 � � �
5 
 


�� �� 6



� 	
- . 
 � � � � ��
6�

�

�

� �

����	
������

�

TRMM

Specifications of brightness temperature simulations.

Emission index :

Shige et al. Control Fig. a

.

noML Fig.

b

PR

Schumacher and Houze

TMI A V Olson et al.

Table Ratio of terminal velocity at each level to that Table

at the ground level used in the PR algorithm.

DSD

M-P Liu RTM

Marshall and Palmer

noEpsilon ( ) ( )

( ) ( )

P Normalized polarization di erence Petty

. GHz

RTM

( ) PR A

DSD TRMM

( ) PR A TMI PR

DSD area fraction .

Fig. . GHz

DSD Shige et al.

Table

Con-

trol Shige et al.

PR DSD

noML

PR Fig. c M-P

PR

Fig. d
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profiles against corresponding TMI-observed . -

Fig. Frequency plots of the . -GHz emission Fig. Same as Fig. except for the . -GHz s

indexes ( s) simulated from PR A V rain simulated from PR A V rain profiles against

corresponding TMI-observed . -GHz s for

GHz s for (a) Control case, (b) noML case, (a) Control case, (b) noML case, (c) M-P case

(c) M-P case and (d) noEpsilon case. The and (d) noEpsilon case.

average (solid line) and standard deviation

(error bars) of simulated for each histogram

bin along the horizontal line are plotted. The

dashed lines are the : lines.

noEpsilon Con-

trol

Control

. GHz

DSD

PR DSD Fig. Schematic of e ects of s (or s) simulated

from PR A V rain profiles on rain retrieval

from microwave radiometers at (a) . GHzFig. . GHz
and (b) . GHz, respectively. See the text in

Shige et al. Control Fig. a
details.

. GHz . GHz

noML Fig. b Control GHz PR

PR

Control Fig. a

M-P Fig. c

. GHz

noEpsilon Fig. d Control

Fig. a

Fig. Fig. . GHz . RTM

GHz Lookup table

. GHz

. GHz .

EI

EI

EI

EI

EI

EI TB

TB TB

TB
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