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3.5km-mesh NICAM simulation

2006-12-29 00:00

MTSAT-1R

Miura et al. (2007,Science)
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IR (10.8 um) brightness temperature
Joint-Simulator 0 3& FA 51

(a) Global IR (K) : 20080619.12

(a) MTSAT (MR, Japan;
Chiba Univeristy, CEReS)+
globally-merged IR (CPC, J YT : 2 3s BN S TN ;
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(b) RSTAR 15° .......... G SPFA  A [
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Realistic horizontal oy s e et e
distribution of clouds are
simulated.

*The horizontal distribution
of clouds is well simulated,
especially in southern
hemisphere.

*The marine warm clouds
off the coast of Peru,
Australia, and
Madagascar are also
simulated well.
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 The cloud organization appears different: simulation has less spread of detrainment in the tropics.
 The T, ¢, of convective clouds tends to be smaller than the T, ., over Himalaya and in the east.



BEIAL—AEE?

Masunaga et al. (2010), BAMS

The increasing variety of satellite sensors has

greatly expanded the applicability of satellite

data, particularly when different sensors are

combined to exploit the information content

beyond the capability of an individual sensor. el

A need for multi-sensor satellite Satellite Retrieval J\/\/\A ‘_wspm@
(Inversion model)

simulator with self-consistency and Ty
targeted for meteorological application.

Satellite Data Simulator Unit A/\/ha

nony 0 \Ag!‘o{‘_‘)
Evaluation of aerosol-cloud models Hen ki AP
atellite Simulator
The uncertainty can be studied easily T (rorare medsl)
with the forward approach. Cloud model
Algorithm development Fig4. Masunaga et al. (2010)

Retrieval schemes, data assimilation, OSSE.
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ISCCP simulator: Klein and Jacob (1999)
— International Satellite Cloud Climatology Project
COSP: for CMIP5 (Bodas-Salcedo, 2011,BAMS)
— the CFMIP Observations Simulator Package

RTTOV: Operational Centers

— Radiative Transfer for TOVS (top operational vertical
sounding)

SDSU: Masunaga et al.(2010,BAMS)

— Satellite Data Simulator Unit

Goddard-SDSU: T. Matsui

Joint-Simulator: Hashino et al.(2013,JGR,in revision)
ECSIM: European versionhit ®ECARE simulator
Simulator portal: https://sites.google.com/site/satellitesimulators/
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Joint Simulator
for Satellite Sensors

-Simulator Joint-simulator

(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

EarthCARE Active SEnsor Simulator (EASE)
Okamoto et al., 2007, 2008 JGR, Nishizawa et al., 2008 JGR

J-simulator available by requests; see http://www22.atwiki.jp/[-simulator/
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Summary: Joint-Simulator development

Various 1D plane-parallel simulators available
* Visible and infrared imagers
v/ RSTAR (Nakajima & Tanaka 1986, 1988)
* Microwave radiometers and sounders
v' Kummerrow (1993)
» Radars

v' EASE (Okamoto et al. 2007, 2008; Nishizawa et al. 2008) Single scattering

v Masunaga & Kummerow (2005) library for non-

- Lidars spherical particles
v EASE is available for
v Matsui et al (2009) EASE.

 Broadband radiometers
vMSTRN X (sekiguchi & Nakajima 2008)

Universal interface for CRMs and cloud microphysical schemes has
been developed.

* Input data format is netCDF.

« applied to NICAM, NICAM-SPRINTARS, JMA-NHM+ACBM, WREF-
CHEM

* Particle size distribution, mass-dimensional relationship, and fall
velocity are easily specified with a namelist.

 Parallel-computation is available.



Joint-simulator wiki

 Joint-simulator is available by requests

» https://sites.google.com/site/jointsimulator/
Pt 4pXA EORC
iy

User Registration for Joint-Simulator
(Joint Simulator for Satellite Sensors)

Joint-Simulator@wiki Search s stn

Homs

Introcuction Home
Hignight

Stnucturs

Publications: Joint Simulater 1. Name:

Development of Signal Simulations for Satellite Sensors )
Develapment of Radar-Lidar Simulator 2. E-Mail:

9
Develpmant of Visibie-Infrarsg - ‘
Simuator ]m I 3. Organization/
Affiliation:

Developmeant of Broad-oand Simulator

Please fill following items and press "Confirm" button for user registration
When you have any questions, please contact to here .

Applications of Satedlte Sansor 4 Country-
Simuaions (1) Introduction of Joint-Simulator
Redated Organization ~
Retated Links 3. Category of # Research Education
ot = What's Joint-Simulator? data usage: Pessonal Other ( )
Ccontact & Registration u Highlight
Stemap » Stuchwe 6. Purpose:
. . n Publications
Recent site activity » Related Crganization
® Belaied Links
died by Jolnt-Zimutator Admin » Contact & Registration
edied by Joint-Bimulator Admin
edied by Joint-Bimulator Admin - . .
{2) Information for Users (under user registration) NOTE:
eddlind By Jolnt-Bimuiator Admin After requesting regi ion, con ion mail will be automatically sent to your
! » User's guide registered e-mail address. An e-mail to reply to your request will be sent after checking
edlieg by Jolnt-Eimuiator Admin » Samge outputs and approving manually. Sometimes it takes a couple of days.
.
Mew Al ® Sample plaks Confirm Glear

Copyright ©2012 Japan Aerospace Exploration Agency, Earth Observation Research Center
Al rights reserved.
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Joint-simulator
development/validation

JAXA/EORC

E-CARE project

J-simulator model evaluation
Satellite data processing (RESTEC)

Present data set

A-train TRMM AMSR Geo
MODIS (spectrum)  TM| MODIS IR
CERES (Broadband) pgr VIS
CloudSat
CALIPSO

Future missions’ data set
E-CARE GPM || GCOM-W/C

Joint-simulator
devlopment/integration

Integration of forward
models

/O modules

Generalized interface
PSD/Ice scattering libraries
Orbital simulators
Parallelization

Diagnosis output modules




. . module_mpi.F
main_SDSU.F module_simulator.F

Universal interface for CRM inputs MPI process

Main driver of SDSU Microphysics options (1- and 2-moment bulk, spectra bin) Domain or File
Flow control Decompositions
A 4
isIR Optics Module 4 A
VisIR Optics Mo 1.D BBR Doppler CPR +
........... RSTAR - - Simulator ATLID Simulator
[Nakajima and Tanaka 1988] . . » MSTRN EASE Simulator
[Sekiguchi and Nakajima 2008] | ! [Nakajima et al.2000] [Okamoto et al. 2007 & 2008]
! : [Sekiguchi and Nakajima [Nishizawa et al. 2008]
! N 2008] ) \ ’ Yy

_________ i :
| |
1 1
A 1 1
(1D MSI simulator ) - |
| Broadband LUT !
RSTAR o of Optical T

[Nakajima and Tanaka 1986 & properties

\ 1988] )
Orbit-scan simulator
T. Matsui
2012 March
3D Fields of 3D MSIATLID
- Optical “~=-*  simulators All the sensors of J_S| mu |ator
properties T H. Ishida EarthCARE have

been installed. Architecture

Off-line simulation possible.



Orbit-scan simulator

Time is in UTC.

Time since
Track & swath epoch (sec)
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Orbit-scan simulator was provided by
Dr. Toshi. Matsui@NASA.

A push-broom cross scan was
installed for MSI.

Can be used for scene generation
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12Z20JUN2008 e - 3.5 km mesh
= o NICAM
12UTC 20 June 2008

| i _ TC Fengshen

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



Examples of simulated signals

a)

IR 10.8 um TB [K]

IR 10.8 um TB [K H

VIS 0.62 um b)  um T8 [K] 9 Observation
it : = :

Background:
Blue Marble:
Next
Generation,
NASA

MTSAT (MRI, Japan;-Chiba Univeristy,
CEReS)+ globally-merged IR (CPC, NOAA)

532 nm backscat coef ; _
Log10[1/m/str] at h=14 km ) Pol diff for 19GHz

Nl

e)




Data set for CloudSat/CALIPSO validation

Observation: CloudSAT-CALIPSO merged data set (Hagihara et al. 2010)

NICAM global simulation:2008 TC Fengshen (Nasuno et al. 2009)

« horizontal grid spacing: 3.5 km; # of vertical grids: 40 (0~3.8km)
» cloud microphysical parameterization: NSW6 (Tomita 2002)
v 1 moment scheme, 6 categories (vapor, cloud, rain, cloud ice, snow, graupel)

l Forward calculation by a satellite simulator

Time period  Observation: 2008 June
Simulation:2008 June 17th 00Z ~ 25th 00Z

/ Four cloud masks \

Radar mask (C1); cloud & precipitating particles.
Lidar mask (C2); cloud particles.

Radar and Lidar mask (C3); cloud particles
Radar or Lidar mask (C4); all particles

CloudSAT and CALIPSO data are adjusted to have the same spatial
resolutions and grids (240m for vertical, 1.1km for horizontal). /




Example 1: Tropical Cyclone

MTSAT IR T, (10.8 um)

2008-6-18-17:20 dBZ C1
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NICAM:

*Bright band exists.
* High B,;, above convective cores.
 Overlap regions of C1 and C2 mask exist.

*Bright band exists.
 Low cloud top for C1, but high for C2.
e Few overlap reaions of C1 and C2 mask exist.
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CloudSAT 94 GHz

Example; Tropical Cyclone; Simulation

Radar reflectivity [dBZe]

22

2Q]

Altitude [km]

The relation of bright band and vertical
motion suggests that the identification
of stratiform vs convective profiles is
possible (at least for simulation).

 Scattering of snow flakes and graupel
* Melting process in BWP

Doppler velocity

Vertical wind

Dopplar velocity [m 5'1]
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CloudSAT 94GHz radar

CALIPSO 532nm Lidar

Temperature [C]

Temperature [C]

Global Contoured Frequency by tEmperature Diagram (CFED)
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C1 CFED: s# 78548504
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-10 0 10
Radar reflectivity [dBZe]

20

CFED: s# 38724896

-5 -4
log10 Beta [1/m/str]

-6

NICAM
/-\&]\CFED: s# 341803296

0.025 N_\
-10 0 10
Radar reflectivity [dBZe]

CFED: s# 375311744

-5 -4
log10 Beta [1/m/str]

-3

OBS

* 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 smallerat T <
-40° Cand-20<T<10° C.

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

» Two modes exist for log10(Bs3,)

| atT<-40° Clevel.

the 75th and 95th quantiles
underestimated for liquid

Contribution of each

hydrometeor category
Cloud ice

Snow Rain
Graupel



Contoured Frequency by tEmperature
Conditioned on Radar Diagram (CFERD)

Okamoto et al. (2003)

M Zfl
e Fs1
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--- Z=0001
— - Zgs00001

IWC [gim’]
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ﬁgbs [I a“mfﬁt-er]

Figure 4. (a) Relationship between IWC and r.g for a
given Z, 5. A single cloud layer with geometrical thickness
0f96 m is considered, and there is no cloud layer below this
one. (b) Relationship between [3,5, and r.gtor a given Z, .
For a given Z, ., IWC is estimated for each r,; Then (3,
is estimated for each set of 7, and TWC.

Aim: obtain the relative information on size and IWC.

Both the
observation and
simulation follow a
similar 8 - Rgg 1,
and IWC - Ry,
relationship for a
given Z,

/

__———r

* Rmerr @and IWC are

Okamoto et al. (2010)’s

lidar-radar retrievals.

* The diagnosis usually

valid for arange of T

Temperature [C]

If Z, are the same among two
grid boxes, smaller f means
larger R, and smaller IWVC

/Assumption \

Effective radius in terms of
Mass-equivalent radius

Mean IWC
[log10(g/cm?3)]

a) dBZ :-30 to -25

Mean R
[um]

a) dBZ :-30 to -25

m,eff
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-6 -5 -4 -3
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Temperature

Global BETTER

beta-temperature radar conditioned diagram

Lidar backsct coef: Observation

a) dBZ :-30 to -25

-6
b) dBZ :-25 to -20

-70

-6 -5 -4 -3

c) dBZ :-20 to -15

-6 -5 -4 i3

On average NICAM have larger R4 & smaller WC than obs (cloud droplets & snow)

e)dBZ :-10to -5

a) dBZ :-30 to -2

Lidar backsct coef: Simulation
cloud ice

e)dBZ :-10to -5

[
4849394 (0) o2

- ==

-6 -5 -4

d) dBZ :-15to -10

-6 -5 -4
h) dBZ :5to 10

e

e
1487282 '*?'

|0—910(B_532) o T




NICAMETRMM/TMIE D EEER

Joint-SimulatorlZ&YNICAMMD SETE L - BERE

Tb19v (NICAM & J—simulator): 12Z18JUN2008
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Tb21v (NICAM & J—simulator): 12Z18JUN2008
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Tb85v (NICAM & J—simulater): 12Z13JUN2008
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CFAD (Deep) : NICAM vs TRMM

NICAM 2008:6:1:0 TRMM 2008:6:1:0

OCEAN (4-Deep) LAND (4—Deep) OCEAN (4-Deep)

LAND (4-Deep)
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Comparison of 1D and 3D RTM
(Preliminary results)

High resolution simulation of marine stratocumulus Can be useful for retrieval
« provided by Mr. Y. Sato (Prof. Nakajima group)

* horizontal resolution: 500x500m algorithm development

Experiment design 1D RTM: RSTAR6b 3D RTM: MCARaTS (Dr. Ishida)

* solar zenith angle: 60°
- viewing zenith angle: 14.3° 34.0°'N

240

1sr-1]

- difference between solar 290 P 220 §
azimuth angle and viewing . &
i -0° 33.5° N 200 200
azimuth angle:0 % ) 200 o E]
* no surface reflection A 0 g
(RSTAR not changed yet) 33.0° N 1180 = 160 3
200 ks 140 £
. 1160 . g
. 325 N e [ 120 §
RSTAR: lower - . & = .
d . : g B 100 &
radiance i o £
32.0° N 8 20 BT 0 &
between
31.5° N | 100 s e
clouds. O L
e ‘;' L 80 0 Ié=h-"‘ T 'g"ﬁ I- T
121.0° W 120.5° W O o a0
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» Joint-simulator % 1 D B H
— JEIKiiztable
— Diagnosis or retrieval
cf. MODIS Re (by. T.Nakajima)

— Aerosol Interface

— 3D transfer
RLFAT—74

— Hagiwara data, T3EF
— EORCTE({g

o ETILRIG
— NICAM
— WREF: #Z#tdiagnosis &L Tproposal
— NHM, CReSS~E% It F 7E
— GCM~ Xt MIROC,MRI,GMS..
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Summary

« Joint-simulator (& EarthCARE [a]IFIZBiFs &
» Joint-Simulator [X SDSU #R&a9 %
o if 51| H0IE
* Generalized interface
« Lidar: EASE
o BT —4
* CloudSat/CALIPSO: Hagiwara data comparison
« TRMMT3EF: Matsui’s data
« EORC T T—47—h4 T
o EFRBETILIZHIG
« NICAM
« WRF
« NHM, CReSSIZH%1 T %E
« GCMALXILFTE
» Aerosol interface
« 3D transfer
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