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http://pfi.kishou.go.jp/modelkenkyukai2014.html
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— Joint-Simulator

— NICAM
— NICAM-LETKF




Observation
Satellite Retrieval Compare
(Inversion model)
Synthetic Observation
Los Simone Tanelli et al. (SPIE2012)
} ’

‘}-H_I'I-“.h'f‘ \Agrco :)
el ol (@ Background
multi-instrument simulators

/ / / / / (Forward model) Inconsistent PSDs Unified PSDs, Sphere shape  Unified PSDs, Irregular shape

1D RT 3D RT
NEOS?

*Pros: Generalized simulator suite for
many purposes.Advanced Scattering and
Propagation models.
=Cons: It is not optimized for one specific

pose

Satellite Simulator

Cloud model LUT, simple RT

Masunaga et al. (2010, BAMS) | (o )

=Pros: Simple level 1 and level2

4 SDSU )

Support NASA satellites and models.
=Pros: RT-based 1D/psudo-3D simulator

Srmmssmanmnng

pRnnen sesszmnnnd

simulator suitable for GCM for active and passive sensors. Particle
evaluation against various PSDs are unified. MPlinterface and LUT- esssssssnnnsnsennnann

satellite measurements. based for fast computation, suitable for
+Cons: Too simple (non RT and mesoscale model evaluation and 10
inconsistent particle PSDs) to algorithm development. H ECSIM
apply CRM evaluation or «Cons;: Neihter 30 RT nor theoretical : Support EarthCARE
algorithm development. multiple-scattering treatment. Mostly : =Pros: Active and passive sensor
\ \ ) \, Mie {sphere) assumption. J i simulators based on 3D MonteCarlo,
. ! ' Particle shape {non-spherical} and
PSDs are unified among simulators.
Various satellite flight pass and 30
J?scene generator are suitable for sensor
a-of-the<art passive and algorithm development.
mentsimulstors (Fully polarized 10 4 =Cons: Very mission specific. Too
R various surface scattering). 10-Var complex to adapt to other missions
=——#nd adjoint for operational data Krnuune evaluation. No microwave
assimilation. radiometer.
+Cons: Does not support active sensors.
Mie assumption.

Variety of instruments

svssasasnannm, |

o

ESTO




ﬁ]slmu“i’;& Joint Simulator for Satellite Sensors

« Simulate EarthCARE observations from Cloud Resolving Model
(CRM) outputs.

« Built on Satellite Data Simulator Unit (SDSU) (Masunaga et al.
2010, BAMS), specifically NASA Goddard-SDSU (NASA-open
source http://opensource.gsfc.nasa.gov/projects/G-SDSU/index.php)

« Target: validation and improvement of aerosol-cloud
microphysical schemes in cloud resolving models

— Has an universal interface that can be applied for various
cloud microphysical outputs

* For Global CRMs as well as regional CRMs.

e.g., NICAM, WRF, GCE, etc.
— Provide diagnosis tools and data set

J-simulator available by requests; see
http://www.eorc.jaxa.[p/EARTHCARE/about/jointsimulator_j.html

https://sites.qoogle.com/site/jointsimulator/home |p



http://opensource.gsfc.nasa.gov/projects/G-SDSU/index.php
http://www.eorc.jaxa.jp/EARTHCARE/about/jointsimulator_j.html
https://sites.google.com/site/jointsimulator/home_jp




12Z20JUN2008 _ NICAM JAMSTEC /AORI 3.5 km mesh

NICAM
12UTC 20 June 2008

TC Fengshen

Simulation performed by
T. Nasuno, H. Yamada, W. Yanase, A. T. Noda, and M. Satoh (2011)




NICAM Joint-simulator

Hashino et al. (2013, J. Geophys. Res.)

a) 0.62 um b) 10.8 um TB [K] 10.8 um TB [K]

¢

Background: 220
Blue Marble:
Next 260
Generation,
NASA |
Fengsheng ] _
200 . _\_‘. s b £
MTSAT (MRI, Japan; Chiba-Univeristy, CEReS
globally-merged IR (CPC, NOAA)
" 10km) 14km) ¢ | diff §
832 nm Logl0[1/m/str] Pol diff for 19GHz



IRT,

CloudSat 95 GHz

CALIPSO 532 nm

Latitude 1de

2008-6-19-17:20 B05 C2

200 220

240 260 280

2008-6-19-12:00 dBZ C1

/V
Convective profiles  2008-6-19-12:00 80s c
22 S

. -4

9 1.0 1
Latitude [deg]

20

(= = T . ..
T T

18f

9 0 M 12 13 14 15
Latitude [deg]

Fengshen

e Overlap regions of C1 and
C2 mask (black lines)
extends up to ~4 km both in
OBS and NICAM.

e The altitude of multiple
scattering onset (white lines,
Battaglia et al. 2011) and
high Bs5, suggest the
convective profiles.

e Simulation: a lack of radar
reflectivity found in the
convective cores where
water contents are high.
 Both of OBS and NICAM
show the dark band.



Roh and Satoh (2014, JAS)

T3EF: TRMM Triple-Sensor Three-Step

Evaluation Framework (Matusi et al., 2009)

1) Creating joint diagrams of precipitating
cloud types from collocated VIRS T,
and PR H(Masunaga et al. 2005)

2) Constructing contoured frequency with
altitude diagrams (CFADs) of PR
reflectivity for each precipitating cls
type Her<akm

3) Constructing cumulative probability
distributions of TMI PCT gc.

1. Shallow

Shallow

C—
[ax]
[

-

180
200
220;
240/
260}
2303 \
3000

Altitude(km)

TRMM Joint histogram

20 30 40 50 60
Reflectivity(dBZ)
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Joint histogram of echo top height and TBB
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-
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L 1 3 [
Region of heaﬂ Old Mature
__ stratiform rain cell-/ cell Gust front

Region of trailing . Region of heavy
stratiform rain convective showers

Stratiform  Convective

1. Overestimation of frequencies over 12 km
2. Underestimation of stratiform precipitation

Houze et al. 2004



Altitude(km)

CFADs of each category

TRMM
TRMM: Shallow CFAD

TRMM: Congestus CFAD

TRMM: Mid_cold CFAD
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4. Modification of microphysics scheme
Brief description of modification and sensitivity tests

1. Common modifications

Saturation adjustment for cloud ice - Ice nucleation and ice deposition
(Hong et al. 2004)

Turn off collection terms of snow and ice by graupel (Lang et al. 2007)

2. Size distributions

T

1) Parameterlzatlons of 1) Ny 1) MP dlstrlbutlon
size distributions 2) Sensitivity tests of 2) Zhang et al. 2008
2) Sensitivity tests of Mass-dimension method
density effects relationship 3) The combined method

To investigate effects of size distribution
on T3EF framework in the same scheme




Modification 1 . _
1) Common modifications

- Turn off : accretion of graupel with snow (Lang et al., 2007)
graupel + snow - graupel
- Turn off : accretion of graupel with ice (Lang et al., 2007)

graupel + cloud ice - graupel

(Excessive amounts of graupel are reproduced by single moment microphysics scheme. (Lang et
al., 2007; Li et al., 2008; Matsui et al., 2009))

- Saturation adjustment - ice nucleation based Fletcher et al. (Hong et al. 2004)
- Introduction to depositional growth of cloud ice (Hong et al. 2004)

Control Applied by upper changes m
Control for 1day Common Modi - - 1.00
180 - ———— 180 — —
200} 200 - 0.80
220 220 -
%240 %240_ 0.60
- -
260} 260 -
i : 0.40
280+ 280 -
200 [ | . . 300 P | o 0.20
0 5 10 15 0 5 10 15

Echo tap height{Km) Echo top height(kKm)
.04



2A  Snow
2A) Parameterization of snow size distribution

« Parameterization of N, using temperature (Hong et al. 2004)

- Houze et al. 1979 LT .

/ 032M 0.03

- N(]S = 2% 1068_0'12%11 108107t
- negative exponential distributions )
-m(D) D3 Nos 3

» Parameterization of moments using temperature

106 a1 | 1 i 1 1 5 |
10" 73 -8 -4 -20  -26 .32 .28 -44

and ice water content (Thompson et al. 2008) 2 refnemi 38

- Field et al. 2005

- bimodal size distribution
-m(D)  D?

Mj

(b}

N(D) = 5-5490.6exp(—20.7873) + 17.46225" *" x exp(—3.290m23,

& Exp. dist. Gamma dist.
z = D(M;/M;)"V=" M, = [" D"N(D)aD

e al b(n. T,
M, = a(n. lc)M;(”' )



“A 319 Sensitivity tests of snow size distribution
- Histograms

TRMM
TRMM Joint histogram
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Total
Mean radar reflectivity of deep clouds
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Vertical distribution of LWC/IWC of average hydrometeor

Cloud Water Rain
2020_ = LU f 'L' 'P': ! ] 2(!_""' i "'_'"V'_'V'I" — '_
Helght MO —= i MO —= i

s 0.020

0.02 0.03

Ice Graupel Snow

Wi _ice [HC_graupel IWC _snow

20 207

Change of vertical
velocity

....... ; — g e J QGLII e b —
<0 1 e ! <0

0.C00 0,005 0.G10 BRI B 0.020 0.C00 0,005 0.G10 BRI B 0.020 0.C00 0,005 0.G10 BRI B

0.02 0.02
The amounts of graupel decrease and the amounts

snow increas in the modified simulation.



Cloud evaluation diagnosis

1. Contoured Frequency by Temperature Diagram
(CFED)

2. BETTER (cloud-top beta-temperature radar-
conditioned) diagram

3. Cloud Classification & Cloud radiative forcing
analysis



CFAD obs of Cloud Ice Effective Radius
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Meridional-Temperature distribution

C1 cloud fracgn:BsE 003628840 C1 cloudIEIaLEo:né#l\ﬂ%MOO?z NICAM
-100 ‘ ‘ ‘ ‘ ‘ -100 ‘ ‘ ‘ 1 f

g ~90 ~90 « C1 CF: generally good agreement
) - o with OBS (R=0.88).
© o -60 60 » Captures the max CF in the tropics.
= 5 -5 -50 e Overestimates
=l T T ¥ high clouds at T<-30° C
o) g. —20 -20 over most of the latitudes.
S @ 7 - v’ low-level clouds in high
— 10 10 latitudes.
O 200 N ‘ 207 T e Underestimates

o005 x10° %%0.005 v subtropical warm clouds

; ; ; ; ; 0 ; ; ; ; ;
—%O -60 -30 0 30 60 90 -90 -60 -30 0] 30 60 90
C2 CTT frequency: s# 7345656

C2 CTT frequency: s# 37176426

Further info on cloud types

* C2 CTO: poor agreement with
OBS.

« Captures the high and low
clouds qualitatively.

» Misses middle clouds (-20 <
cloud top T < -10C) in the tropics
and northern mid latitudes.

* Polar stratospheric clouds are
simulated.

* Higher relative occurrences of
high clouds.

Temperature [C]

C2 cloud top occurrence

% 60 30 0 30 60 90 %0 -60 -30 0 30 60 90
Lat [deg] Lat [deg]



CloudSAT 94GHz radar

CALIPSO 532nm Lidar
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Global Contoured Frequency by tEmperature Diagram (CFED)
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* one single dominant mode
foragivenTatT <-10C (z
as vertical axis does not
show it)

NICAM

 High occurrences of small dBZe
especially at -60<T< -30° C.

» Overestimates the occurrence
of 0 <dBZe” <10 dB.

* The 95th quantile smaller at T <
-40° Cand-20<T<10° C.

* The 50th quantile larger at -35 <
T<0° C.

* Two modes exist for [0g10(Bs3,)
at T <-40° Clevel.

the 75th and 95th quantiles
underestimated for liquid

Contribution of each
hydrometeor category

Cloud ice
Snow
Graupel

Rain



BETa-TEmperature Radar-conditioned diagram (BETTER)

Okamoto et al. (2003) Aim: obtain the relative information on size and IWC.

].[]2 LI T IIIIIII T T III’IIII ==
1
10 <.

Bs [1/m/ster]

If Z, are the same among two
grid boxes, smaller Ry;, means
larger Rq¢ ., and smaller IWC
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Temperature [C]
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Proposed cloud type diagram

Define Cloud Type by separating the domain of Cloud top T and max Ze into seven
sub-domains. H: High, S: Storm, M: Mixed-phase, L: liquid. p is for precipitating, n is
for non-precipitating.

Cloud Type Diagram
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a) Obsrvation; Arctic b) Obsrvation; Mid-lat
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Relative cloud frequency

Zonal cloud occurrence by cloud type

OBS
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o
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Lat [deg]

Hn dominate at Antarctic, Northern
latitudes.

Mn & Mp peaks at 60S and Arctic.
Ln & Lp peaks at 15S.

SIM
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o
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Relative cloud frequency
= o o

o
N
T

Lat [deg]

Both of Hn and Hp are overestimated.
Mp occurs more than Mn.
Ln is underestimated.



Long Wave Cloud Radiative Effects
€ =2 G over the Arctic band (65-82N)
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Short Wave Cloud Radiative Effects
over the Arctic band (65-82N)
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Sensitivity to parameters of the forward models
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Summary of the studies

« Evaluation & improvement of cloud microphysics schemes,
comparison and development

— Hashino et al. (2013) Evaluating cloud microphysics from the NICAM against
CloudSat and CALIPSO. J. Geophys. Res., 118, 7273-7293

— Hashino et al.(2014) Evaluating Cloud Radiative Effects simulated by NICAM
with A-train. in prep.

— Roh and Satoh (2014) Evaluation of precipitating hydrometeor
parameterizations in a single-moment bulk microphysics scheme for deep
convective systems over the tropical open ocean. J. Atmos. Sci., 71, 2654-2673.

* Analyze and evaluate cloud changes associated with convective
systems (tropical cyclones, extratropical cyclones, cloud clusters,
MJOs)

— Tropical cyclones (Yamada and Satoh, 2013 JCLI)

— Cloud clusters & upper clouds (Noda et al. 2014, in review)

— Extratropical cyclones (Kodama et al., 2014, GRL)
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12-hour surface precipitation (mm h)

Surface Preciptation(mm/hr) 2014052600 - 2014052612 UTC
(a) GPM/GMI (b) GPM/DPR(NS)
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Kotsuki, Terasaki, Miyoshi (2014, SOLA)



Case 1: Surface Precipitation (Japan)

Surface Precipitation (mm/hr) 201405260800 UTC
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Case 1: Vertical Structure (Japan)

Vertical Section (Radar Reflectivity and Mixing Ratio) 2014052608 UTC
(a) KuPR/NS(Ku) [dBZ] (b) DPR/NS(Ku) [dBZ] (c) DPR/HS(Ka) [dBZ]
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Case 1: Vertical Structure (Japan)

Vertical Section (Radar Reflectivity and Mi
(a) KuPR/NS(Ku) [dBZ] (b) DPR/NS(Ku) [dB
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Kotsuki, Terasaki, Miyoshi (2014, SOLA)

- : GPM/DPR bright band height (m), ---:NICAM 0 height (m)



TRMM/GPM NICAM

Local Ensemble Transform Kalman Filter (Hunt et al. 2007)

> NICAM
LETKF

» NICAM-LETKF GSMaP

Terasaki, Sawada, Miyoshi (2015, SOLA)



GSMaP
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Some first results

Time: 2011 11/01 06UTC

6-hourly precipitation (mm/6hr)
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Kotsuki et al. (2015, in preparation)



Metrics,

(TRMM, GPM, GCOM-W, EarthCARE)
NICAM-LETKF 4

“Level 4” = retrieval
cf. NICAM-GsMAP, O(km) mesh global data



