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Emit. & Scatt. by Rain

) cattering by Frozen

Particles

loud Top Temp.

Cloud Particles——) ¢, 8.2, S¢:
el

Frozen Precip.c—> v;?:’%&.?;::*
*

f 2em
Back scattering from Precip.

e

Snow Auresata?::> % %
e P4 % Emit. & Scat. by Rain
~—— Scattering by Frozen

adiation Particles

Melting Layer—) @
Rain Drops =)

== SST. Winds
4

He. ' itation observed with TRMM sensors
‘ M e&#SbuthLMhuJ .mrng‘,ws)

IR Ch4 TBB(K)
S v
|

Radar Precip.
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‘ Physical Basis of Microwave Precip. Retrival

@ Over Land:
Scattering by
frozen particles
(Higher Freq.)

AL

o

@ Over Ocean:
Scattering
(Higher Freq.) +
Emission from Rain
(Lower Freq.)

AR R AL
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coeflicient (km"')

HHEEY (GHz)
22.235, 230.35, 23.835,
26.235, 30.0,

Absorption

51.250, 52.280, 53.850,
54.940, 56.660, 57.290, PR oY PUPN VUUY FEPS PO

50
Frequency (GHz) 7

58.800 2N 2EFCOFRaSEEFT R

‘:‘nV cost funetion in ﬂWb/&
forecast error subspace
@ Minimize the cost function with non-linear Obs. term.
=1/2(X =X )P (X =X ,)+1/2(Y ~H(X)R (Y —H (X))

€ Assume the analysis error belongs to the Ensemble
forecast error subspace (Lorenc, 2003):
X X'=P"”.Q Q*[Wsz”m N
=X/ -XT, X[ -X,,,, X[ -X"]
® Forecast error covariance is determined by localizatior
P'=P! oS
@ Cost function in the Ensemble forecast error
subspace:
J(Q) =1/2trace{Q' S Q}+1/2{H(X(Q)) -V} R {H(X(Q)-Y}
201245 ECERSHRHERR ]

- ChETO L)
) —mma%ﬁ&!&/%}m
BE200404 ~DEFEE

QVA Z

Observation for 22UTC 09 Jun. 04

First Guess from Ensemble Forecasts (FG)
RAM (mm he-1) TMI TB19v ()

_Qr (gkg) at 930m;

TB19v from FG(x)

DE+ Ensemble Variational Assim (EnVA)
Qr (g/g) at 930m; TB19v from EnVA (k)

Displacement Error Correction (DE)
Qr (ghg) at 930m; TB19v from DE ()
o S

Pt "

20125 ECEReSARHRRR 9

Qmwi TBDRIFH I

¢ YA OEMEHEZEET L TMWID &R
WY ATBRHETS
u AHETIE. Liu (1998)% AL TS
CKMEEECRRDETILERES
= KRR OB (BEEK) 2OV TOTER

MR
> BERBADHMBINKE T SEEHTBORA
HEISALFANRONS
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‘ Parameters for RTM calculation

9,94 Particle Size
2l b .. | Distribution
,' ot .«'.'*

*-”* ¥ ¥ | Refractivity
% © 9 o& % . of Particles
¢ Freezing L
Level Height

Precipitation
Profile

20125 ECERSARHERE

Radiative Transfer Code (Liu, 1998)

=TB~(1-0)T(r)-

‘Fast‘

dlB(r #.9)

;ﬂl’(r. w1 @ VIB(x, 1@ )il dp

where it = cos0,7 = ".K(,,, +K dz,00 =K, /K, +K,,),
P is phase function

@ One-dimensional model (Plane-parallel)

@ 4 stream approximation

@ Mie Scattering (Sphere)

@ Assuming constant effective density for frozen
precipitation particles

20124 ECERSHRHRRR 12
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@ sasic 1dea of the Retrieval Algorithm
@\?sa}'

[PcT37, PCT85 overland |

Forward calculation Ob:::ed Retrieval Calculation
CANAL Screening
Statistical =-00k-u Inhomogeneity
estimation
recpdoes | Tabl Sl
Models (PR) __ Precip. | Emission part

Find the optimal precipitation that gives RTM-calculated TBs
fitting best with the observed TBs:

20125 ECERSHRHRRR 14

@ R T |

Temperature bias of
@ Atmospheric variables CANAL e
(Temp,FLH), surface el somie_
variables(Ts, SSW, SST)
are derived from the Global
Analysis data of JMA

ZFL.GANAL for 20030101 b

|

|
. 5 00 0S5 10
Freezing

Level Height
for Jan.1,
2003

——
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@ TEMELILPW

Preupnlatnon type Classuflcalnon SUMMERZOOO

10 types (land 6, sea 4) are
classified from TRMM PR data
(2.5 deg, 3 monthly) 30

(I;M) 0: Jm. 1: shower, 2 shallow, 3:

frontal rain, 4: organized rain 5: highland
(sea) 6: shallow 7:frontal rain,

'.E,., 8:transit, 9:organized rain
Ed
H Precip profile data base
! 5
E . Example:
B [ TRMM PR averaged preciptation profiles
§ l | for each type, surface precip, conv/stra
s niinini
001 o1 1 10 100
Relntall rate [mm/R 1 o M s 16

@FR Rainsurf vs.conventional

GSMaP retrievals for July ‘98

Over Ocean Over Land

E =
g | gy
¢ a4
PR Rainsurf (mmvhr) PR Rainsurf (mm/hr)
201245 ECERSHRHR R R 17

D rainsurf vs TMI retrievals for Jul ‘98
L DR RETB T
;ﬁ‘bﬂ)'jﬁ'j—/ \/b PCT85 '

F (E_t)

PR v roinpetd7.111225 LAND for 980701-31

PCT37
= (BEL)

20124 ECERSHRHRRR 18
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‘ Summary o f fol'ﬁrd calqﬂm( L
&
ol expenm ents
« Sensitivities of TB depressions to precip variables
Freq Depth of PSD of Non- Freezing DSD of
(GHz) frozen frozen spherical | level height | rain
precip particles Particles | (FLH)

85 © © ©) (@) X
37 O O X © @)

« TB85 depression was very sensitive to frozen precip
properties (Dtop, PSD, shapes)

« TB37 depression was sensitive to FLH and Rain DSD
in addition to frozen precip properties.

20125 ECERSERMERR 20

@ over iand( on208) i 15 1055

Precip profiles for

TB37 (green) & TB85 (red)

deeg (blk) & shallow (green)  Solid: deep, Dashed: shallow

\\-—,C.,.m

Precip (mm hr-1) Surface Precip (mm hr-1)
Relation between TB depressions and precip is dependent on Dtop
Hence, information on Dtop is required for retrieval.

20124 ECERSERRRRER 21

@  indexorDrop ReSIT

© R8537 expressed as
ratio of precipitation

Retrain.v4.10.20080417
match-up data (Land ‘98)

retrieved from TB85
(Rain85) to TB37
(Rain37) using the
conventional GSMaP
algorithm.

RESAT,3103

@ TMI R8537 increases
with Dtop estimated from
PR.

R 50208

20125 ECERSARBRRR 2

@ index of SRR, Sigmats

@ Precip inhomogeneity
estimated from
variability of Rain85
within the TB10v FOVs
(Kubota et al. 2009) .

e v S

Retrain.v4.10.20080417

match-up data (@g{d ‘98)

@ Sigma85 tends to
decrease with SRR.

E
2
H
& o) R2meozm
% )}
20124 ECERS A RTHE % 23

@ index of FLH: PETS7 with o ain

& For each rainy pixel, PCT37 with no rain (PCT37nr)
is derived from surrounding no rain pixels.
@& GANAL tends to over (under)estimate PCT37nr

over cold (hot) regions.
pct37nr vs pct370m.120521 LAND for 980701-31 Pr>0.

Pcr37n, 370m.v.6.1.20120521 for 980701-31
g Ot 2O

CPCT370m

¥ ¥ 3 5 F ¥ ¥ Y EE

—
GECTSTOME . ' 1 20120821 ter 5807

m.v.6.1.20120521 for 98070131

B T O

PCT37nr 24

N
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‘n85 Eﬁnsu?ﬁ%end%ﬁ%ﬂ ‘73 7 vs PR rainsurf depending on PCT37nr
(1998, over Land ) (1998, over Land )
. e R8537 - PCT37nr -
R8537 PCT37
>21 g 14200 > 200 K 290-300 K-
£~ £ £ 5
"f SEe | b BN
" PR Rainsurf (mmmy " PR Rainsurt (mme) " PR Rainsurf (mmh) " PR Rainsurt (mmr)
R8537 . 525;7 - PCT37nr - PCT37nr -
07-14_ 75 280-200 K <280K -~
- ot = . ~1
£- i- 5 - 5
B _iee Tlee i I
Retrieval bias of Rain85 is mainly due to Dtop error S e
201245 ECERSARBRRER 2 201245 ECERSHRHRRE 26
7 vs PR rainsur endilﬁlpc T37nr Q 37v. nsurf 1'37,,,
cr373'~(280-290 K)"(1998 ér‘Land) PCT37nr= (3 +3 K) 93 over Land )
dPCT37nr g 1 PCT37nr " PCT37Nr
>5K o~ o >300K © 290-300 K dPCT37nr=
E = E S (PCT37nr-
5 £ 51 £ cPCT370m)
5 g 5 g
i N LA - g
PR Rainsurf (mmy) " PR Rainsurt (mmhe) PR Rainsurt (rm) " PR Rainsurt (mmhe)
; ; dPCT37nr [ PCT37nr PCT37nr
coK ] 280-200 K <280K
il L Pl
PR Rainsurf (mmhy) "R R;In;;ﬂ;;nn;hﬂ“ PR Rainsurf (mm/hn) "R R;lns‘;"l;l.nm‘/‘hr)“

|dPCT37nr=(PCT37nr-CPCT370m) |

Forward calculation error is main cause of Rain37 hjases.

ik
‘ Stzrsffcal néctlofof LUTs
using (PCT37nr,R8537)

@ TRMM data sets for 1998 are classified by
(R8537,PCT37nr) .

@ Linear fitting coefficients between Rain37,
Rain85 and PR surface precipitation rates.

20124 FECEReSHRAMRRR 29

.‘:8' p | = ‘
\1' X t"-’\: t EJ. ‘ =€?\(.i“~x

Validation Results

Over-land retrieval for 2004

20124 FECEReSHRAHR R R 30

91




Céw of b‘v‘ria‘ nJW —
Qainsu vs.Rain37 over Lan (Jul. '04)

Conventional Algorithm New Algorithm

= g
§ £
3 -
3 1 81
& - B 4
e - e
PR Rainsurf (mmvhr) PR Rainsurf (mnvhr)
26nS e rinap1 20120832 PR e S04 UND . Zon A g 130721000 PR e 3008 400
E’:z A 5
s AL £
2 8!
S04 s
& ] iy 'y €.
] WA ]
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mparison of overland retrievals "~
Qain urfvs.Rain37 overLand (2004)

Conventional Algorithm New Algorithm

Winter
(Jan.)

Rain37(mm/hr)
Rain37(mm/hr)

PR Rainsurf (mm/hr)
PR v8 ronape. | 4USLL LA 1or GA0S01-30

PR Rainsurf (mnvhr)
PR va roiesoc. 121009 LAND for 040401-30

Spring |
(Apr.)

T

PR Rainsurf (mmvhr) PR Rainsurf (mnvhr)
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Rain37 (mmv/hr)

Rain37 (mmvhr)

Daily#’(jmm?@‘ of rainspc and
their difference frﬂv PR rainsurf:

over land for Jul. ‘03

reinspe.v6.1.20120822 LAND for 040701-31

roingpe.v6.1.20121009 LAND for 040701-31

A

- 1 Q

KEITTRE]

roinpe.v6.1.20120822 ~ PR.3GES for 040701-31 roingpc.¥6.1.20121009 — PR.3GES for 040701-31
i W

: = : :
EL 1 . - ¢ o
- pe—p—— T ———
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