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Background
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Typhoon and wind observation by Doppler lidar

| Background and objectives |
@ Three-dimensional distribution of wind is not enough: ground-based measurement (mainly land), ocean surface
wind or atmospheric motion vector (cloud or vapor, specific layer, indirect information).

@ Three-dimensional distribution of wind is very important to develop NWP, climate model, many other
meteorological studies and so on.

@ World's first coherent Doppler lidar: wind vector, 3D observation of aerosol/clouds.

[Concept |

@ Coherent Doppler LIDAR

» Eye-safety

> Multi directions ( at least 2 directions)
@ Technical subject

» Single frequency eye-safe high-power laser
» Heterodyne receiver

| Expected results |

@ Global distribution of aerosol/clouds along satellite track
» Improvement NWP
> Improvement of prediction and prediction accuracy for occurrence, path, mtensr[y, size of typhoon
» Improvement of prediction and prediction accuracy for atmospheric transport model such as radio active
materials, air pollutant, yellow sand, and so on
» Validation and accuracy improvement of AMV measured by geostationary satellite

@ Single frequency space qualified laser for continuous efforts on spaceborne lidar mission

@ July 29, 2014 NOAA Working Group on Space-Based Lidar Winds



Plan for Doppler Wind lidar measurement from space
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 Our working group proposed a new basic
Idea of spaceborne Doppler lidar in
March 2013:

 Chapter I: Technology and progress of
Doppler lidar

 Chapter Il: Current status and issue of data
assimilation on numerical weather prediction

 Chapter I11: Science plan of spaceborne
Doppler lidar
After feasibility study in FY2013
» Chapter IV: Spaceborne Doppler wind lidar
measurement
— Outline of Mission program
— Science requirement
- Bas
« inclination angle, coverage, period
* data acquisition system
— Road map (schedule)

Chapter 1V=> next revision.
Report (60 pages) is written in Japanese.
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Study on feasibility of Bas
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Super Low Altitude Test Satellite

Super Low Altitude Test Satellite (SLATYS) is a satellite under development in
JAXA.

» Key concept
— lon engines is used for compensation of air drag in lower altitude
— Target altitude ranging from 200 km to 230 km
« Advantages of this technology compared to typical earth observation satellites whose
altitude ranging from 600 km up to 700km
— Resolution: 1/3
— Necessary Power for Lidar(light detection and ranging): 1/9
— Transmitted Power of SAR: 1/27

 Disadvantage
— Swath: 1/3

 Additional Features
— Exploiting Japanese superior technologies such as ion engine
— Target weight: 300 up to 1000 kg
— Prospective and competitive in some type of missions

— Candidate of Small satellite platform for specific users
(https://eeepitnl.tksc.jaxa.jp/mews/en/23rd/data/10-03.pdf)
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Requirement, constraint and assumption

ISS-borne Coherent Doppler LIDAR
_ (JEM-CDL) = DAR

Orbit

Instrument volume
Mass
Power
Pulse energy
Pulse Repetition Rate
Telescope

Horizontal resolution
Vertical resolution

Nadir angle

Looking angle

=" July 29, 2014

350-400 km
51.6 degree inclination

1.82x0.95%0.76 m?
500 kg (instrument, NET)

540 W (instrument, NET; 1 laser)

500 mJ
10 Hz

0.4 m (primary mirror) x 1 or 2

100KmM

Altitude 0-2km: 0.5 km
Altitude 2-5 km: 1km

30 degree

90 degree

220km
Inclination

15%x1%x1ms
600 kg (Bus + instrument)
1600 W
125 mJ
30 Hz
0.4 m (primary mirror) X 2
100Km

Altitude 0.5-3 km: 0.5 km
Altitude 3-8 km: 1 km
Altitude 8-20 km: 2 km

~35 degree

45 and 135 degrees along
direction of travel

NOAA Working Group on Space-Based Lidar Winds



Thermal requirement

173K S0 e 168 K—— Radiatorf|
VVYV —— Chiller %
Pump power 43W 199W1 é\
E-O conv. eff. 283 K 43V 281 K
500 | VAVAVA LHP [
LD drive power: 86W
E-E conv. eff. 29W—
5% AN
LD driver -
1AW Power (BUS)
Laser rod O-0 conversion efficiency 8.8%
Pumping LD E-O conversion efficiency 50%
Average power 85.2W/LOS
: E-E conversion efficiency 75%
LD driver Average power 114W/LOS
Chiller average power 199W/LOS
Electric devises average power 60W
Total instrument average power 685W
/7 Amount power of laser waste heat 309W/LOS
N(IET Total amount power of laser waste heat 678W
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Thermal design (constraint and assumption)

We designed “radiation surface area” under following conditions:
« Constraint

— Waste power . 130 W

— Radiator surface area : 1.26 (=1.4 X 0.9) m?/ 1 panel
— Radiator field view efficiency :0.617

— Radiation efficiency :0.70

e Assumption
— Instrument is adiabatically separate from bus.

*We assume that a rdiator exists in the field of view.

Thermal design result

=> 4 radiator panels
\/_J Deployment

surface

NCI§7?
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Power consideration (constraint and assumption)

We designed “radiation surface area” under following conditions:
 Constraint

— Total power (consumption) ;1600 W~

— Solar radiation :1300 W/m?

— Solar Array Panel (SAP) Conv. Eff. :0.25 (3 coupled cell)

— SAP installation -fixed wing™

— Orbit :Sun-synchronous polar orbit (LST18)

Low inclination orbit

5.0 (=
2.2 X 2.5) m? 4.3m
2.5m\ 10.8 (=4.3 X 2.5) m?
Sunlight incident angle SAP Cant angle
Sun-synchronous polar orbit Case 1 0-20 deg 10.8 m2 0-20deg.
Sun incident angle = 66.6-90deg Case 2 20-45deg 10.8 m>2 ~40deg.

NCI§7?
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Mechanical configuration

Example 1 Example 2

External volume of telescope: © (©50/2)? X 50 [cm?]
NIC TJ
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Lidar
2num Laser

N(I§7?
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2um laser block diagram

1 Oscillator 1 Oscillator+ 1 Power amplifier
/ \ i output |
1
s o : 125mJ x 30Hz T Ho:YLF |
! \ -40°C |
!
/) i 5 M7 U ” :
o (LN [7 '-_'-A\_E/I_E::::::::::::I_i4:::I
A/% Nuans % | / \ N
Output Tm,Ho:YLF ! :
125mJ X 30Hz (-80°C) : Q-sw :
1
; !
| |
! ocC :
L\ S===N :
N I I
! Tm,Ho:YLF :
O.C.: Output Coupler ' osc (-40°C) !

N(I§7? ____________________
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Laser design (constraint and assumption)

We designed 2-um laser under following conditions:

« Constraint
Fitting with respect to unknown parameters were performed as to be
consistent with experimental results:

— Pulse energy :100 mJ/pulse
— Pulse width . ~120 ns
— Laser rod temperature . -80C.
« Assumption
— Laser rod material :Tm, Ho:YLF
— Doping concentration :Tm: 4 atm%, Ho:=0.4 atm%
— Laser rod volume :d4mm X 44 mm
— Laser rod temeperature :-100C (OSC), -40 C(MOPA)
— Pumping energy 1.4
— Pumping duration :1 msec
— Pumping frequency :30Hz
— Cavity length :3.8 m (ring-type)

July 29, 2014 NOAA Working Group on Space-Based Lidar Winds
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Output energy (1 oscillator case)

Laser rod temperature vs output energy Pulse energy (-80 C)
200 Pulse energy (R=85%) L :1128 ;—lPullse énerlgy 988
— 175 Pulse energy (R=60%) 140 700
= \ --- Pulsewidth(R=85%) , | ggg = 130 —Pulse width | 650
£ 150 - --- Pulse width (R=60%) -’ £ 120 A L 600 -
> \\ —_L___’__/gzﬁﬁ “ // \\ 550 <
2 Bl , > 90 450 £
@ JAINL T~ 40 § 10 350
2 T5g e - . O 60 300 ¥
perimental datcl\ I o 50 550 2
@ o B ™ / >
50 > D 40 N /- 200 o
N ke TN ket 200 S 80 AN _~ 1 150
25 b—poedpestfommre=] \\ o 20 100
e 10 50
0 0 0 0
-100 -90 -80 -70 -60 -50 -40 -30 40 45 50 55 60 65 70 75 80 85 90 95100
Laser rod temperature (C) O.C. Reflectivity R (%)

Laser rod temperature was assumed to be -80 C. In order to achieve a pulse energy of
125 mJ, we optimized reflectivity of O.C. The results shows that optimized values are
In the range between 70% and 85%. We can also get the high pulse energy by cooling
down laser rod temperature to -100 C.

Electric Power = 84 W + 199W (chiller) = 283 W

N(I§7?
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Output energy (MOPA case)

Laser rod temperature :-40 C
Pump energy for AMP :1.4]
OC reflectivity :85%
70 — 700 200 , , 4
wfl AORIHRE | e ]
E \ 3 N Ty ——a < - 3
> 50 ———~ \ 500 S ~ =
2 |/ \ 450 8
S 40 \ 400 © | | ,, —T £
{ can \ ©
5 v \ {350 5 100 2 §
o 30 / S ggg £ ! { . ! :
L \\\ ,’ - o ! ! :
& 20 bt L-r" 1 200 < i
/ ]150 & 80 |—r 1
—— Pulse ener Q
10 +— 9y 100 =
- - - Pulse width = 00 . . _ _ _
0 o 0 0 0
60 65 70 75 80 85 90 95 100 05 07 09 11 13 15
0O.C. Reflectivity R (%) Pump energy for AMP (J)

«Simulated results indicated that MOPA laser can emit a target pulse energy of
125mJ at a rod temperature of -40 C. Temperature dependency for simulated results
were weaker than for experimental results.

*Wall plugin (OSC + AMP) was estimated to be 2.2% (Target is 4%)

*Electric Power
*OSC (<84W)+AMP (<84W)—+Chiller (Target <110W)

NI, .
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Simulation

1. Lidar simulator (ISOSIM-L)
2. Observing System Simulation Experiment (OSSE)

N(I§7?
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SOSE-OSSE procedures

DWL wind simulation (off-line)

= Lidar simulator [FENEESIGIIEIEY
(ISOSIM-L) W, s, error
wind aerosol
\. J

data assimilation cycle ~

Existing Simulated
observation W, os, €rror

v

assimilation [ ZIEUEIVSEIMEL_ 4 forecast model

first guess

\_

N:/CT) SOSE: Sensitivity Observing System Experiment

July 29, 2014 NOAA Working Group on Space-Based Lidar Winds 19




Parameters

« Simulated atmospheric data (SOSE)
— August 1-31, 2010, 00Z, 06Z, 127, 187, 24Z
« August 1=>July 31.217Z, 227, 23Z, 8/1 00Z, 01Z, 02Z, 03Z
— 60 layers
— 1.125° x 1.125° grid
— P, U, V, Cloud coverage, Cloud Water Content, Upward Mass flux [kg/m2/s]
 Aerosol model
— 48 layer
— 1.125° x 1.125° grid
— Composition: sulfate, sea salt, dust, carbon, organic aerosol
» Backscattering coefficients of each aerosol are calculated using Mie theory.
» Cloud model
— 48 layer
— 1.125° x 1.125° grid
— Type: cumulous cloud, stratus cloud
— Cloud coverage, Cloud Water Content
 Orbit
— Polar
— TRMM
» Output
— 1 shot data: time, altitude, longitude, latitude, LOS wind speed, wind error, Power, SNR, etc
— 14 sec average data: time, altitude, longitude, latitude wind speed, wind error, SNR

N( ¢ Altitude: -0.5,0.1,0.5,1,15, 2,25, 3,4,5,6,7,8, 10, 12, 14, 16, 18, 20 (km)
July 29, 2014 NOAA Working Group on Space-Based Lidar Winds
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Signal simulation & LOS wind retrieval

i Time gate : :
Theoretical andom Cogefficient Simulated Simulated
power spectrum t time domain Power spectrum

spectrum :
P " hp uti signal P’
SNR=1 (high resolution)
B =200 MHz (Ts = 2.5 ns) B
Pulse FWHM = 200 ns (~1.56 MHz), B =200 MHz Ts=2.5ns B =200 MHz
Doppler freq. = 50 MHz. df =0.78 MHz MTs = 640 ns df = 1.56 MHz
szheoreticaI power spectrum, SNR=1.0 10° Time gate power spectrum z M: 6 10 Time gate average power spectrum
ﬁ'fm‘ M:512 %u: > 2 ﬁ'fm‘ 10*
¥ ¥ | ¥ " M=256
< £ 10 o g
& P o -4 &
105 200 300 10— 030 00 O 0 0 300 400 10 E(P ) VS P 60
Spectral channel (- ) Spectral channel (- ) Time index (- Frequency (MHz)
E(eps) =0 eps' = FFT(s)

IFFT

E(leps|?) = M/2Ts P P' = 2Ts/M |eps'|?

Zrnic, D.: Estimation of Spectral Moments for Weather Echoes, Geoscience Electronics, IEEE Transactions,
Nl: 17, 113-128, doi:10.1109/TGE.1979.294638, 1979.
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Bad estimates statistics: definition of the suited SNR range

B =200 MHz (Ts = 2.5 ns)

Spectrum resolution = 1.56 MHz (M=256)
Pulse FWHM = 200 ns (~0.96 MHz)
Random line frequency = 50 +/- 5 MHz

Bad estimates (%)

100 :
s N=1
80} e N=10
e N,=50
“a 60} N =100 |
X °
~ e N, =500
m 40_ @ N =1000 |
e N,=4000
20+
0 -4 3 2 0 1 2 3
10" 10 10 10 10 10 10° 10

—

SNR x /N,

avig

PRF = 30 Hz, range vertical resolution =50 m
(T=640 ns)
»100 km horizontal resolution:
N ~ 430 pulses = (100 km) / (7 km/s) * (30 Hz)
» 1 km vertical resolution:
N ~ 20 ranges = (1 km)/(50 m)
Max. number of averaged spectra is. 8000

10*

Na is the number of averaged spectra

10°

1073 107 10! 10°
SNR

Suited single-range SNR

N(I§7?
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Example: Surface return for 1-day simulation

Red : SNR>10 ___ Telescope 1 - August, 1st
Blue : SNR<10 O ”' SRR : - .
Black : SNR<1 oo IS

Black dots: /
. 30°S | . T . Y BER Y SN | MR U ShR S
Cloud signal { _
attenuation coes | “ 4 “A
AVAY ®. BN,
180° 120°wW 60°W 0® 60°E 120°E 180°

Laser power = 125 mJ, PRF=30 Hz, wavelength: 2050 nm, 100 km horizontal average

N(I§7?
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Backscattering coefficient from aerosols
B at 16km

« 00UT, 1 Aug. 2010
« Aerosols: sulfate, dust, sea salt, black carbon
« Optical parameters based on Mie theory

o
=]

N

30M

EQ
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503

a

GOE 120E 180 TZ0W GO 0

AOD of all aerosols

-a -85 -8 -7.5 -7 —-6.5 —-% -5.5 -5 —4.5 —4

G0N

B at 0.3km

603

G0E 120E 180 120 GO0W 0
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Preliminary results (latitude range: 30S-30N)

CALIPSO data have been horizontally averaged over 1000 km
> Reduce measurement noise and cloud impact
-~ Results are representative of aerosol attenuated backscatter

20 20

30S-30N, 1 km-4 km 30S-30N, 6 km-10 km

Calispo
ISOSIM
Molecules 3

Calispo
ISOSIM
Molecules 3

=
w
J
=
w
T

Number of occurrences (%)
=
o

Number of occurrences (%)
=
o

10° 10* 1073 107 10t 10°
31064 nm (km ! srl) 31064 nm (km ! srl)

Similar work for cloud backscatter comparison is in progress.

CALIPSO data were obtained from the NASA LaRC Atmospheric Science Data Center
/ (AsDC).
—""July 29, 2014 NOAA Working Group on Space-Based Lidar Winds
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OSSE: SOSE approach

® Sensitivity Observing System Experiment (Marselille et al. 2008)
— Pseudo-truth (PT) field is created by correcting first-guess based on adjoint
sensitivity and assimilating real observations
» PT field is consistent with obs and reduces forecast-errors

— Simulation of existing observations is not necessary, unlike Nature-Run OSSE

® |ISOSIM-L needs

— PT winds

— 3-dimensional aerosol
» Generated by aerosol data assimilation cycle nudged with PT winds
— the global aerosol model of IMA/MRI (MASINGAR; Tanaka and Chiba 2005)
— 3-dimensional cloud
 First-guess calculated through SOSE PT cycle

N(I§7?
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Fressure(nra)

Number of DWL data before/after QC on August 1, 2010
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1 pixel: 2degx2degx10hPa.
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Analysis difference with DWL — without DWL (August 1, 2010)
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Summary

Studies on the feasibility of Doppler lidar installed into super low altitude
satellite were conducted in FY2013.

« Mechanical, thermal, and power considerations for the satellite
— Two telescopes (®40cm) can be installed into a paylode (1.5x1x1(m?). Redundant
laser needs more discussions.
— 4 radiator panels (1.25 (m?)/1 panel) is need from the consideration of the thermal waste
(Total Power (only lidar) = 730W).
— Solar array panel areas required for polar and low inclination orbits are 5.5 and 10.8 m?,
respectively from total power consumption.

 2um Laser design studies

— Although our laser simulation has a possibility that temperature dependency of a laser
rod is small, both 1 OSC and MOPA lasers could operate at a target pulse energy of 125
mJ at a pulse repetition frequency of 30Hz.

— Space qualified chiller cooling down to 173K is necessarily for 1 OSC laser. MOPA
laser would be better than 1 OSC laser.

— Total waste heat power for 2 lasers is 730W.

NCI§7;"
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Summary

 NICT and MRI are developing simulators to conduct “OSSE” with

collaborating each other.

— NICT developed Doppler wind lidar simulator (ISOSIM-L) in FY2001. In order to
simulate lidar signal using flexible lidar system parameters (integration time, multi
directions (up to 4), multi satellite (up to 10) etc..) and 3D realistic atmosphere, Major
changes of ISOSIM-L were done in FY2013.

— ISOSIM-L simulated the lidar signal during from August 1 to August 30, 2010, and
produced 3D LOS wind speed and errors (Horizonal: 100km x 100km, Vertical: 0.5,
1.0, 2km). Preliminary results were provided to MRI.

— Aerosol/cloud backscattering coefficient calculated by ISOSIM suggested that ISOSIM
overestimated aerosol/cloud backscattering coefficient. We must improve how to

calculate the backscattering coefficient. Improvement is ongoing.
 Ice clouds, turbulence, vertical wind...

NCI§7;"
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Summary

 NICT and MRI are developing simulators to conduct “OSSE” with

collaborating each other.

— OSSE based on SOSE was constructed at MRI. MRI checked simulated OSSE data and
evaluating data quality.

— First one-month OSSE was conducted using simulated Doppler Wind lidar data.
Preliminary OSSE results suggested that Doppler Wind lidar measurements impact at

low latitudes.
« Limited radiosonde and airborne measurements, limited wind information derived from
indirect wind measurement.
— After validation and improvement of ISOSIM-L, NICT will simulate one-month
Doppler lidar wind measurements. After that, MRI will make one-month assimilation

experiments, and evaluate impact on forecasts.

NCI§7;"
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Thank you for your attention
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Back Up

N(I§7?
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User requirements for horizontal wind measurement

wind Applica- Horizontal Vertical resolution Observmg Cycle Delay of
Goa Goa Goa

B/T T/H Goal B/T T/H Goal

UVAER Sebal 15 100 s0 05 1 3 1 6 12 01 05 6 1 T -

OGN Gvd' 15 100 s00 05 1 3 1 6 12 01 05 6 1 R

UESE CSobal 15 100 s0 05 1 3 1 6 12 01 05 6 1 T -
High

UV (LT) [GES 10 368 50 04 093 5 05 144 12 025 05 2 1 17 5
NWP

SAAGED) ReNg\;\‘}"F‘,a' 10 368 500 1 22 10 05 144 12 025 05 2 1 2 8

VAR Regonal 15 368 500 1 22 10 05 144 12 025 05 2 1 I s

NWP

B/T: Breakthrough, T/H: Threshold
www.wmo-sat.info/lscar/variables/view/179

N(I§7?
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Schedule (FY 2013)

- FY 2012 : FY 2013 (Feasibility study) FY 2014

Science . - ;
Science {ﬁgr‘f{f‘ i Review of science requirements '
Team (Rev 0) D T i o -:\
: | -l |
| I : I
: - OSSE .
: |
1
|
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2| |8 | ©
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@ Review of mission requirements

NI: CTJ Check for consistencies with @ Review of OSSE results

science and system requirements - -
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Lidar simulator (ISOSIM-L)

[ ¢ ISOSIM data
User parameters
i Instruments _ — — .
- characteristi Terrain model: E
- orbit satellite attitudes and positio
Telescope 1 Pointing direction g
Refractive index for'y— —  —— e —
“ particles and droplet
1 ) . F’
ir
- 1

Laser pulse e
(width=T seconds)

Pre-computation
(outside ISOSIM)

ISOSIM modules

Atmospheric transmission
and backscatter coefficient
at the target positions

olecular absorption
on the 3-D grid

position
of the targets

Retrieved frequency shift
Current waveform
and spectrum

Solar reflection
into the line-of-sight
surface and cloud top

« Integrated Satellite Observation SIMulator for a spaceborne coherent Doppler lidar
(ISOSIM-L) was developed to simulate for wind measurement from space at NICT.
 Objectives in the development of the ISOSIM-L are...,

— Study performances of a spaceborne coherent Doppler lidar with an eye-safe laser, fixed or
scanning receiver, motion and jitter of a moving platform for various atmospheric conditions.

— Evaluate the random error, sampling produced by laser beam and the configuration of the
receiver, and bias in a non-turbulent atmosphere and in a turbulent atmosphere.

— Produce simulated wind data for the Observing system simulation experiment (OSSE)
— Collaborate with other universities and research institutes to combine the ISOSIM-L and the
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L.OS wind retrieval

. Power spectrum is derived from Fourier analysis (resolution of 1.56 MHz in
this analysis)
. The frequency of the line center is found using a standard Likelihood method

(Rye et al., (1993), Frehlichetal. (1994))

» The spectrum amplitude is smoothed using a filter defined with the observational
characteristics (SNR, laser pulse width)

~ The line center estimate has the maximum amplitude
»  The estimate resolution is that of the spectrum (1.56 MHz)

. Spectrum sub-resolution is achieved using 2" order poly fit of the line
amplitude at the selected frequency and its two adjacent points.

Rye, B. and Hardesty, R.: Discrete spectral peak estimation in incoherent backscatter heterodyne lidar. I.
Spectral accumulation and the Cramer-Rao lower bound, Geoscience and Remote Sensing, IEEE Transactions,

31, 16-27, doi:10.1109/36.210440, 1993

Frehlich, R. G. and Yadlowsky, M. J., Performance of mean-frequency estimators for Doppler radar/lidar, J.
Atmos. Ocean. Technol, 11, 1217:1230, 1994
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Performance of the line center estimates algorithm based on
repeated simulations

B = 200 MHz (Ts = 2.5 ns), Spectrum resolution = 1.56 MHz (M=256),
Pulse FWHM = 200 ns (~0.96 MHz)
Random line frequency = 50 +/- 5 MHz

Line center estimate for SNR = 10~ and N, =4000

150 . ; ; . .
= . ) . LOS wind estimates are characterized by:
S0 o4 . .* " | Bad estimates | - The number of bad estimates
S e (noise peak selected instead of the
OO0 e e atmospheric line)
© . * . ) - The spread of good estimates is
E  Opgmeymemes wynerduenssmmesn | (G00d estimates .
3 . R related to the measurement precision
~50 :

0 20 40 60 80 100 120 140 _ . .
Only observations with a small probability
Retrieval simulation index of bad estimations are used, typically

smaller than 10%.
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LLOS wind precision

Dashed line: estimation without line-center fit
Full line: estimation with line center fit

101 STD (MHz)

1072

Na is the number of averaged data.

For Na>10 and Na*sqrt(SNR)< 10, the
measurement precision depends on
sqrt(Na) and SNR.

The targeted LOS-wind precision (0.5
MHz at A=2050 nm) is achieved for
SNR>10-3 (Na=8000)

The polynomial fit significantly
improves the line center estimate
precision.

107 100 10° 100 10° 10° :
S N For SNR>10 and Na>1000, the wind
* N=1 SNR x / N,,, o - -
. N=10 | av precision slightly increases because of
e N,=50 the errors from the line center poly. fit.
e N=100 |
e N,=500
o n-1000| Target: LOS-wind precision 0.5 m/s =>STD = 0.5 MHz at A=2051 nm
e N=3000| B =200 MHz (Ts=2.5ns), Spectrum resolution = 1.56 MHz (M=256),
e N=8000 Pylse FWHM =200 ns (~1.56 MHz)
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Calculated SNR using the simulator ISOSIM-L

2=2051 nm

Telescope diameter = 40 cm, Pulse energy = 125 mJ, Pulse FWHM = 200 ns, PRF = 30 Hz
B =200 MHz (Ts = 2.5 ns), Spectrum resolution = 1.56 MHz (M=256, T=640 ns)
Orbit height =220 km, Nadir angle = 35 deg.

Single range SNR between 0-3 km

Single range SNR between 5-10 km

Single range SNR between 12-18 km

15l ° SHmid-lat. ? « SH mid-lat. B « SH mid-lat.
[ o Trop.: . Trop.
£ 14[.=..NH.mid-lat 9 : Lr:F:nid-lat' . NH mid-lat
Altitude | "
glﬂf § 5 10 km Altltu de .....
2 5 : - :
i) -t Kmy 12-18 km
o B
E BF e E
2 Y\ D\ YA
20
5)”4 B 107 10° 10 -‘.1(-;- 10

Satellite altitude = 200 km

Latitude

~150

N(IEF

100 -50 0 50 100 150

Longitude

eMost of the observations lie in the suited SNR range
(SNR>103 for bad estimates < 10%)

eNeed Na>4000 in the free/upper troposphere (horizontal
resolution 50-100 km, vertical resolution 1 km)

eln the lower troposphere, good observations can be
achieved with Na<100 (e.g. vertical resolution 100 m and

horizontal resolution 10 km)

These results have to be taken with precautions

because the model validation is still in-progress
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sample: 0d550aqer

GOE 120E 180 120W

—-28 -25 -2z -18 -16 -1.3 =1 0.7 -04 -01 0.2

GrADS: OOLA/IGES

2014-01-28-17:37

ISOSIM(wavelength=2051nm): all(bc so du ss)

B3

EOE 120E 180 120 GO 0

—-28 -25 -2z -18 -16 -1.3 =1 0.7 -04 -01 0.2

GrADS: COLA/IGES
L/ -y — 3 — - — - - - = - - - - === -7

ISOSIM(wavelength=550nm): all{bc so du ss)

—-z8 -25 -2 -18 -16 -1.3 =1 -0.7 04 -0G4 0.z

GraDS: OOLK/IGES 2014-01-28-17:23

Comparison of AOD

Aerosol data (OOUT, August 1, 2010)
produced by MASINGAR

a.MRI result at 550nm

b.ISOSIM-L result at 550nm
c.ISOSIM-L result at 2051nm
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ISOSIM-L attenuated backscatter at 1064 nm and Nadir direction

14 km
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DWL obs.error [m/s] before/after QC at 12 UTC 1 Aug 2010
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Summary

 NICT and MRI are developing simulators to conduct “OSSE” with

collaborating each other.

— NICT developed Doppler wind lidar simulator (ISOSIM-L) in FY2001. In order to
simulate lidar signal using flexible lidar system parameters (integration time, multi
directions (up to 4), multi satellite (up to 10) etc..) and 3D realistic atmosphere, Major
changes of ISOSIM-L were done in FY2013.

— ISOSIM-L simulated the lidar signal during from August 1 to August 30, 2010, and
produced 3D LOS wind speed and errors (Horizonal: 100km x 100km, Vertical: 0.5,
1.0, 2km). Preliminary results were provided to MRI.

— Aerosol/cloud backscattering coefficient calculated by ISOSIM were compared with
550-nm AOD calculated by MRI and CALIPSO data. The comparison suggested that
ISOSIM overestimated aerosol/cloud backscattering coefficient. We must improve how

to calculate the backscattering coefficient. Improvement is ongoing.
 Ice clouds, turbulence, vertical wind...
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Research framework of collaboration

Study on SLATS-borne Doppler lidar |_

JAXA Y. Satoh, S. Yamakawa

Science Team

Tohoku Univ. Prof. Iwasaki

Univ. Tokyo Prof. Satoh

MRI K. Okamoto, M. Yamaguchi,
T. Sekiyama, T. Maki

JAXA R. Oki, T. Kubota,
M.Hirakata

RIKEN T. Miyoshi

JMA H. Yamashita

YNU Assoc. Prof. Fudeyasu

Nogoya Univ. Assoc. Prof. Masunaga

Kyoto Univ. Prof. Shiotani,

Assoc. Prof. Takemi
Hokkaido Univ. Prof. Hasebe

LIDAR team
NICT S. Ishii, P. Baron,
K. Mizutani
TIT A. Sato, K. Asai
JAXA D. Sakaizawa, Y. Satoh
Chiba Univ. T. Shiina
TMU Y. Shibata
NIES T. Nishizawa,
N.Sugimoto
JAXA SLATS Team

K. Konoue, Y. Satoh, S. Imamura

Adviser
JAXA H. Kohata, R. Sato, H. Inokuchi

NICP.
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