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1. ACDL/DQ-1 introduction and comparison with EarthCARE
2. Recent lidar instruments at OUC

3. Summary
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» The first spaceborne lidar (IPDA) for CO2 detection in the world

Platform

» The first spaceborne lodine-based HSRL working at 532nm in

the world

Specifications Parameters
Wavelengths 532nm, 1064nm and 1572nm;
Laser energy 2130mJ@532nm
>2190mJ@1064nm
>240mJ@1572nm
Divergence 50urad

Stability of the laser
linewidths

1572nm: 0.6MHZ@10000s
1064nm: 5MHz@10000s

PRF

20Hz@1572nm (On/Off dual-pulse)
20Hz@532nm and 1064nm (dual-pulse)

Telescope aperture

1000mm

FOV 190urad
HSRL lodine cell: OD > 25dB
532nm HSRL

Receiver channels

532nm parallel-polarized

532nm cross-polarized

1064nm aerosol

1572nm CO2




1. ACDL/DQ-1 introduction: Data products

level

Data processing

Data products

Level O

The observation data obtained by downlinking multi-packet data integrity
inspection and data splicing through the two channels of the satellite.

Raw data

Process the level 0 aerosol data, obtain the profiles of 532 nm and 1064
nm channels, with the geographic location and height corrected.

Profiles data of 532 nm and 1064
nm channels

Level 1B

Process the level 0 CO2 data, obtain the profiles of 1572 nm channel, with
the geographic location and height corrected.

Profiles data of 1572 nm channel

Level 2A

Attenuated backscatter coefficient with systematic constant correction

Attenuated backscatter coefficient

Level 2B

Differential Absorption Optical Depth (DAOD) products

Level 2C

Cloud and aerosol products including extinction coefficient, backscatter
coefficient, depolarization ratio, AOD, lidar ratio and color ratio
(vertical resolution: 50 m);

(Horizontal resolution: 10km/3.3km adjustable at this moment);

Cloud and aerosol optical
properties

Level 2D

XCO2
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Satellite trajectory during 24" June, 2022 as an example

Red denotes the daytime/ascending orbit, Black represents the nighttime/descending orbits.

The ACDL/DQ-1 orbits in a sun-

synchronous orbit at 705-km

60°N

altitude with an ascending node

equator crossing time of 13:20 LST.

The orbit inclination of 98 ° provides

coverage between 82° N and 82 ° S,

30°S with orbit tracks that repeat around

51 days.

60°S
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Official name | Space Surveillance Catalog Number Owner Operational Status | Data Source

DAQI 1 52257 People’s Republic of China | Operational AGI's Standard Object Data Service

Satellite Tool Kit (STK): an analysis engine for calculating the position and

attitude of the satellite at any given moment, and DQ1 has been

uploaded to the SSC coded satellite database, which can be easily used

for satellite orbit display and orbit prediction.

Export predicted satellite orbit information in

Civil Air Patrol Use Only p p .
Satellite-DAQI 1 52257 the target coordinate system

Time (UTCG) Lat (deq) Lon (deg) Alt (km) x (km/sec) v (km/sec) z (km/sec)
14 Nov 2023 16:00:00.000 -59.508584 —24 985197 T22.533279 4.725716 —-4.513284 3.66T557
14 Nov 2023 16:01:00.000 -56.012744 —-27.045827 721.312729 4.4T7T7683 -4 .,421685 4.069521
14 Nov 2023 16:02:00.000 -52.492071 -28.805824 T720.013637 4.212525 -4.310057 4.455234
14 Nov 2023 16:03:00.000 —48.952153 —-30.342215 T18.653991 3.931459 —-4.178806 4. 823135
14 Nov 2023 16:04:00.000 —-45,.396839 -31.708558 T1T7.252554 3.635763 -4.028186 5.171731
14 Nov 2023 16:05:00.000 —-41.828887 -32.943213 T715.828577 3.326771 -3.858701 5.45359601
14 Nov 2023 16:06:00.000 —-38.250341 —-34.074394 T714.401510 3.005872 -3.670903 5.805403
14 Nov 2023 16:07:00.000 -34.662784 -35.123352 T12.990699 2.674498 -3.465435 6.087882
14 Nov 2023 16:08:00.000 -31.067481 -36.106453 T711.615089 2.334122 -3.243021 6.345874
14 Nov 2023 16:09:00.000 —-27.465491 —-37.036567 T10.292929 1.986250 —-3.004474 6.578309
14 Nov 2023 16:10:00.000 —-23.857726 -37.924025 T0%9.041488 1.632413 -2.750684 6.784223




Latitude

Latitude

vy
b L

120°E 150°E 180°E 210°E

Longitude

Longitude

Altitude/ km

[
A11datic : o
30 . 30
Calipso
~———ACDL
25t 1 25t
20 ot
£
2
T,
13 % 15
=
—
=
10t %— < 1o}
5 5+
ok | ? | | , . | )
001 0005 0 0005 001 0015 002 0025 003 10 0 0 20 0 a0 &
-1 -1
Total Attenuated Backscatter 532/ km’ sr SNR 532nm
T T T T T T aﬂ T
Calipso
———ACDL
25F E 25 =
20 2t
£ £
~4 R
.
5] e
= 15 = 5k
= E
= =
< 1o} < 10}
5 s
ot . . ok : 3
001 0005 0 0005 001 0015 002 0025 003 20 0 0 10 a0 20 0

Total Attenuated Backscatter 532/ l(m'lsr'l SNR 332nm

ACDL and CALIOP simultaneous measurement: 2-3 times higher




»Raman lidar - WATCL
»Atmospheric and ocean HSRL

»Coherent Doppler wind lidars




Coherent Doppler wind lidars and Raman lidar

Our Products

¢
X 3D Scanning Wind Lidar
Wind3D 10K

.
Floating Buoy Wind Lidar
WindMast 350-MB

Super Mini Wind Lidar

L]
3D Scanning Wind Lidar
Wind3D 6000

Vertical Wind Lidar
WindMast WP350 ,

' : |
| .
// .\ . Airborne Wind Lidar
o < oundery | ey Wi et WindMast AB3000 L
( '3 WindMast PBL
& .
‘ { CO, /CH,
i Gas Flux Lidar =
Nacelle Wind Lidar Raman Temperature and Humidity Lidar
WindHorizon H400 WATCL 15K




WATCL Raman Lidar

Specifications

Parameters

Wavelengths

355nm;

Laser energy

>100mJ@532nm

PRF

20Hz@355nm

Telescope aperture

300mm/Cassegrain

Temporal resolution

1 s (adjustable)

Vertical resolution

7.5 m (adjustable)

Data products

a, B, 6, LR, WV, T, RH (6+ channels)
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Atmospheric and Oceanic HSRL —

Specifications

Parameters

Wavelengths

532nm/355nm;

Triple wavelength laser
(355/532/1064 nm)

e e
SSSSS

O

%
N

Beam
D 1, filter

expander

BS Mirror
PBS EE APD
Chher - P
- -
Fied unit Atmospheric and Oceanic
Rotatable unit HSRL

Laser energy

210mJ@532nm; 210mJ@355nm;

PRF

1kHz@532nm&355nm

Linewidth

100MHz@532nm

Temporal resolution

1 s (adjustable)

Vertical resolution

7.5 m (adjustable)

Data products

a, B, 6, LR

O The Atmospheric and Oceanic High-spectral-resolution
lidar based on lodine absorption cell technique is under
developing.

O The scheduled accomplishment time: April 2024
O One scheduled cruiser expedition: September 2024




Qualification

Wavelength
Repetition rate
Pulse energy
Pulse width
Detection range
Data update rate

Range resolution

Coherent Doppler Lidar

Specifications

Wind3D 6000
1550 nm
10 kHz
160
100 ns to 400 ns
80 m to 6000 m
4 Hz
15mto 60 m

Pre-amplifier

Power amplifier optical

switch

WindMast PBL
1550 nm
10 kHz
100 wJ
100 ns to 400 ns
30 m to 4000 m
4 Hz
15mto30m

Aerosol w0855
. Sof _
Paticles 980 \Y

_ 0o
fD=2VI.O$/2'/

@

1 Wedge

Signal processing

mainly measure wind/aerosol

profiles in atmospheric/planet

boundary layer (PBL) and lower
troposphere

Be noted: Only parallel-

polarization components!
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—"The Belt and Road" Lidar Network for Dust Monitoring————
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Doppler LIDAR Ne

Floating lidars

WindHorizon

Glidar lidars
Wind3D 6000

Wind3D 10k

n‘ WATCL
( ~ / 05 g!" WindT roB’0 -

/ - %
SRaT ~

LiDAR networking information data platform
A multi source, multi type, and multi-dimensional information data platform helps improve the level of

comprehensive air quality control services and refined meteorological monitoring and forecasting, pollution
emergency prevention and control.

In this project, all of the data are the potential reference data sources for EarthCARE CAL/VAL.

5 - FNETF 1111342 - BOCPEHI301735 - Data © iR 5 &




Shipborne Lidars in Navigation Observation of
Oceanic and Atmospheric Profile




. The first spaceborne lidar for simultaneously observation of CO2 and aerosol based on IPDA and HSRL

techniques are introduced, including the data processing, orbit display and prediction.

. The data products (including backscatter, extinction, depolarization ratio and lidar ratio) from ACDL/DQ-1

can be utilized for the cross-checking of data products from EarthCARE after the wavelength convert.

. The lidar-net over China including HSRL, Raman Lidar, Doppler lidar is capable of providing simultaneous

observation of aerosol profiles with EarthCARE. Actually the lidars are also be able to be applied for

shipborne measurements.

. We have already learnt some lessons during the CAL/VAL for Aeolus, which may benefit for the CAL/VAL for
the EarthCARE.

Email:
wush@ouc.edu.cn
daiguangyao@ouc.edu.cn
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Construction of "Ground-Sea-Air-Space" Stereoscopic
Remote Sensing Monitoring System by Integrated Lidars

ADM-Aecolus COz DIAL+HSRL EarthCARE Oceanic Lidar MERLIN

Atmos pheric methane

Global wind field
Atmospheric cloud layer

Atmospheric dynamic profile Ajr sea dynamic profile

Optica_l prbﬁ_lé - Mariiné primary
of water body productivity
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o gy

A data processing and optical properties retrieval
method adapted to the specific characteristics of ACDL-A
global observation dataset

Optical properties

Scene classification

Validation

Data applications

~ -
____________________________________________________________

’/

e

System Parameters &

Calibration Coefficients

Original Data

VA

Pulse Splitting E:>

Auxiliary

Meteorological Data

\Z

Altitude
Correction

Pre-processing
Optical Properties Retrieval

Average
Strategy

Global distribution
of average AOD

7

Sub-channel
Denoising

1t

Cloud-aerosol
classification

V.

Background
Noise Extraction

v

Data Noise Ratio

—— ——

Optical Properties
Retrieval

Data Quality
Control
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