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1. Background

IPCC Assessment Report 5, 2013 Bruce A. Wielicki, et al, 2013: Achieving Climate
Observed globally averaged combined land and ocean Change Absolute Accuracy in Orbit. BAMS
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Vision for WMO Integrated Global Observing System in 2040 @ A

NSMC
To harmonize the radiometric measurement BEcS
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Tier 1 Backbone system with specified orbital configuration and
measurement approaches
Basis for Members’ commitments, should respond to the vital data needs;

Building on the current CGMS baseline, but with fully deployed (global) coverage,
and with addition of newly maturing capabilities.

Tier 2 Backbone system with open orbit configuration and flexibility to
optimize the implementation
Basis for open contributions of WMO Members, responding to target data goals.

LST: 12h

LST: 00h

Tier 3 Operational pathfinders, and technology and science demonstrators
Responding to R&D needs.

Tier 4 Additional capabilities
Contributed by WMO Members and third parties including governmental and non-
governmental actors (including from the academic and commercial sectors).

October 6, 2022 4



Documents to Support the SI-Traceable Space-based Climate

Observing System / Radiometric Benchmark System

k-
“'SYSTEMATIC OBSERVATION REQUIREMENTS FOR

SATELLITE-BASED PRODUCTS FOR CLIMATE

Supplemental details to the satellite-based component of the
“Implementation Plan for the Global Observing System for Climate

in Support of the UNFCCC”

September 2006
GCOS-107

(WNOITD No. 1338)

Achieving Satellite
Instrument Calibration
for Climate Change
(ASIC?)

Strategy Towards an Architecture
for Climate Monitoring from Space
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WMO GCOS, 2006: Systematic observation requirements for satellite-based products for climate

G. Ohringi, et al, 2007: Achieving satellite instrument calibration for climate change

M. Dowell, et al, 2013: Strategy towards an architecture for climate monitoring from space
CEOS/CGMS WGCliate, 2018: Space agency response to GCOS implementation plan
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SI-Traceable Space-based Climate Observing System @ &
/ Radiometric Benchmark System

Stability

ACHIEVING CLIMATE CHANGE
ABSOLUTE ACCURACY IN ORBIT

TRUTHS:
Understanding 1 Mol S0
Short Scale

Phenomena

Understanding
Change

A Benchmark Mission for
Climate Change and GMES

>
@)
@
| -
3
)
Q
<

Detecting
Change

A Chinese Space-Based
Radiometric Benchmark

Accuracy vs. stability diagram following
_Ohring et al. (2004)

Weather Satellite to Climate Satellite
CEOS, CGMS response to GCOS
Multiple On-orbit Instruments

Historical Satellite Data Records
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http://www.npl.co.uk/content/ConMediaFile/3749

2. Project Introduction

Projects on Space-based Radiometric Benchmark

A Realizing the importance of reference-type missions for improving climate
= science and for harmonizing global satellite observations, an expert team on
e T——— Earth observation and navigation of Ministry of Science and Technology
. (MOST) proposed the concept of the Chinese Space-based Radiometric
Benchmark (CSRB) in 2006. The CSRB project was approved and initially

funded by MOST in 2014.

Founded by
E National High Technology R&D Program of Chinabefore 2018

E National Key R&D Program of China after 2018
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https://www.baidu.com/link?url=ZtWE9hBkLnCa3MrnesZHqUpbPc1d4xtE9zIHaXKjBbt-3oZH2g6SGvkdCloVx-6y1vi0hEKsuodE3FvcqMhvUFXhLX_ltEk0LAjTKwCpIKn4aUg1nPA6OgbLIpp798LCkd5CKukG8njVh-HIRtJEsrEVnzxoIOptoJqP4Upen6Lq1-gcdqTJCVii-zEopSId48yy1jZcHoQ_aLwwnZncc-YHS-oZebCtgDJTAPa093QVSk2y9LkV-1pgPlFtzN_8v518fGbBMnY9163ilRsGTsMH2Wy9X8buL5ueWzEvE7KW-JVRAU-CDVEiyyPh-IOMsiy6Cnt_XETtXZOic_rxJk451u_rUYVsfs-XjeAk1MU4YtnSRJwdAaGO6jO-eAwL_yBj3fU5LFxneIG7_pRE61V-tzl8ETui4cvbZB1uDNbkLgPlN2tYOHb4E-Uk1NzSTE3WR7liJiRsCrf7sbPwy3biFykD7Oc88g3-j7EQezbMC1AhCzDdOgHgXuu3gPgrM2H5evtOSxjAShDjBVMfCkDi39dxjBZRyIpnkHLiTx2feinaK_Ck2sXH7pSZrT4AFm3VQSJJT0R4yAgAvM2RCCt1p6lKxFZ_lprGi7wsP_u2ZE3BbJ-3_1hR7oEWKAWMDdSo8DSkFgFnjeps4ZqmjjEtTrJehub8877kZ5ZrX4W&timg=https://ss0.bdstatic.com/94oJfD_bAAcT8t7mm9GUKT-xh_/timg?image%26quality%3D100%26size%3Db4000_4000%26sec%3D1540104647%26di%3D5f934a712c8ec83d1833e24ec3276f28%26src%3Dhttp://dingyue.nosdn.127.net/6fThzUBhJqlwhybzJTJKdtysJ34c9eI29eVMPD2fGWNC71513783943882.png&click_t=1540104799719&s_info=1350_651&wd=&eqid=94766f91000719cb000000035bcc21c7

Road Map of Chinese Space-based Benchmark Project @ A

X - NSMC
e Calibration Reference Short—term goal (2014- Medium—term goal Long—term goal
Satellite Since 2006 2018) (2018-2022) (2022-2025)

Blackbody and emissivity

measurement on-board

Engineering

Instrument & Model for
Satellite Coherent photon Tech for reference

optical path reuse S —

Flight
Model for

Solar total
irradiance 0.01%

reference
satellite

EOS data (Lunar, DCC, PICS) &

Traceability chains

h_____—_—__—_—_—_—_—_—_—_—_—_—_—_-

Solar spectral | I
irradiance 0.1% |
Earth reflected I |
solar radiance I : Cryogenic radiometer
0.3% I '
Earth outgoing |
0.1K | Satellite Data |
Reprocessing
I Radiometric |
_ benchmark & |
Long-term Chinese ] Traceability chains Benchmark I
|
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Phase A for SI-Traceable Standard (20 million RMB)

E National High Technology Research & Development Program of China (863 program)

Blackbody and emissivity
measurement on-board

e I“"Q‘j?'{?s/ Anhui Institute of Optics and Fine Mechanics
optical path reuse (AIOFM), CAS

Cryogenic radiometer

and Physics (CIOMP), CAS

(A) Changchun Institute of Optics, Fine Mechanics

National Satellite Meteorological Center (NSMC),
CMA

October 6, 2022 9



Phase B for Prototype Instrument

October 6, 2022

D

for Benchmark CASHIPS
Instrument b/

Prototype Model

@

Historic Satellite
Data Re- A
Calibration

NSMC

Radiometric
Reference /*y
(Lunar, DCC, PICS) NE
& Traceability rassaLLaLt
Chains

National Key R&D Program of China (300 million RMB)
Chinese FY Satellite Program
Chinese HY Satellite Program
Chinese ZY Satellite Program

Shanghai Institute of Technical Physics (SITP), CAS

Anhui Institute of Optics and Fine
Mechanics (AIOFM), CAS

Changchun Institute of Optics, Fine Mechanics
and Physics (CIOMP), CAS

National Satellite Meteorological Center
(NSMC), CMA

Academy of OPTO-Electronics (AOE), CAS

- N
@

NSMC
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Specification of the Prototype Instrument

Table 1. Detailed payloads specifications of the LIBRA prototy pe model.

Instrument Name Payload Requirements Key Technology

Spectral range: 600-2700 cm ™!
Spectral resolution: 0.5 cm~!

IRS [FOV: 24 mrad Miniature fixed-temperature
) Sensitivity: 0.1 K@270 K phase-change cells
Emissivity of BB: >20.999
Measurement uncertainty: 0.15 K (k = 2)
Spectral range: 380-2350 nm,
Spectral resolution: 10 nm,
EMIS Spectral precision: (0.5 nm, Space Cryogenic Absolute
Spatial resolution: 100 m, Radiometer

Coverage: 50 km,
Measurement uncertainty: 1% (k = 2)

Spectral range: 0.2-35 um,

TSI Measurement uncertainty: 0.05% (k = 2) Space Cryogenic Absolute

Long-term stability:0.005% Radiometer
Spectral range: 380-2500 nm,
Spectral resolution: 3 nm (380-1000 nm),
SITQ 8 nm (1000-2500 nm) Spontaneous Parametric
Spectral precision: 0.1-0.3 nm, Down-Conversion

Self-calibration uncertainty: 0.2%,
Measurement uncertainty: 0.35% (k = 2)

© A

NSMC

Infrared Spectrometer (IRS)

Earth-Moon Imaging Spectrometer
(EMIS)

Total Solar Irradiance (TSI)

Solar spectral Irradiance
monitoring instrument Traceable
to Quantum benchmark (SITQ)

P. Zhang et al., 2020: Development of the Chinese Space-Based Radiometric Benchmark Mission LIBRA. Remote Sensing

October 6, 2022
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3. Prototype Model Progress

IRS: System Scheme and performance Broadband, large

field of view infrared
interferometer

> Infrared interferometer

* Response spectrum: 600 cm'~2700cm!
« Spectral resolution: 0.5¢cm! Broadband, large
size & small array
infrared sensors

AN G IHEETYC Gl PR IR

_ Multi-temperature zone
VA 75 e |nfr§red cryogenic
optics technology

Ja SRR 4R e

I
R aE T

Efficient refrigeration
for 50K temperature
technology
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IRS: fixed point cells @ A

on-orbit accurate temperature scale established by using fixed-point-cells
(miniature phase change cells)

® System of miniature gallium fixed point onboard
blackbody radiation source was added on HIRAS
of FY-3E satellite as the prototype

® 4 crucibles filled with gallium and fixed on the
bottom of the blackbody

® Heating circuit used to provide stable heat flow
into the blackbody

® The temperature of gallium is very stable during

gallium fixed point

the phase change process

October 6, 2022 13



c?@-‘h‘&
Fixed point cells: Data colletced in experiment and on FY-3E @ A

NSMC
® Inflection point : the momentary temperature when the 308,
. o . 30.6r :
phase change is finished I e e
® Inflection point has a relationship with the heating o “
%20,8—
power 29.6r
® In the experiment with the blackbody only, the 14 __
reproducibility of the inflection point is better than 0.03K. o O il i
0 20 45 70 95 120 45 17.0 193
. o . . Time/h
® In the on-orbit measurement, inflection point can be S e |
observed clearly. When the heating power is 4.11W, the i = e e s
inflection point is 304.1K. ARy
® The relationship between the heating power and the - _
inflection point is being analyzed with modeling.

Time of 2021-11-03(UTC)
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EMIS: System Scheme and performance

The radiometric benchmark is established
by space cryogenic absolute radiometer,
Earth-Moon

and
imaging

transferred
spectrometer

the

by benchmark

transfer chain, in order to improve the

long-term accuracy.

o

Optical Fiber

Space
cryogenic
radiometer

Laser power
calibration

Full spectral
light source
Y
Integral Sun
sphere \;J

I
Transfer radiomet

power calibratio

Calibrated transfg

radiometer
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Earth—-Moon Imaging Spectrometer (EMIS)

EMIS has completed the whole machine integration,
detected the spectral radiation characteristics, and
carried out the flight calibration experiment

Telescope

Visible Near Infrared Radiance
spectrometer(VNIR)

S — T

Short Wave Infrared Radiance
spectrometer (SWIR)
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The average spectral resolution
is better than 10nm
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Space Cryogenic Absolute Radiometer (SCAR) @ A

The cryogenic detector and space refrigerator of the
SCAR are integrated, and relevant tests and
optimization are carried out

Space refrigerator
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Benchmark Transfer Chain(BTC)

The BTC has completed layout, and researched the full
spectrum light source, multi-spectrum monochromatic
light source, free-form surface reflector and Transfer

Radiometer (TR)
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@ S
SITQ: System Scheme and performance @ A

Spontaneous Parametric Down-Conversion with Correlated Photos NSME

& @ M, =nx<N, >
N o®®

M, =n,x< N, >

Nonlinear crystal ® o O
@

@ M. =mnn,x<N_>
-

Twin photons of strict correlation <N | >=< N , >=< N c >
in crystal
- M, /M |
Absolute quantum efficiency of detectors 0 ¢ / 2 Independent on primary standard and

- M / M standard transfer train, the method 1s
h =M, 1| | intrinsically absolute
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演示者
演示文稿备注
 A radiometric benchmark is designed based on a quantum optical effect, SPDC, that is Spontaneous Parametric Down-Conversion. A pumping photon generates a pair of photons when passing a nonlinear crystal. The photon pair is usually called correlated or twin photons, because they are generated at the same moment. Detection of any one photon indicates the existence of the other, even without detecting it. We use two single photon detector to receive twin photons. The output counts of them will be the product of their quantum efficiencies and photon rates, or the incident photon numbers per second. A third counter, which is called coincidence counter, will record the electronic pulses that simultaneously generated by the two detectors. It will be the product of quantum efficiencies of two detectors and the number of photons simultaneously reaching the two detectors. Due to twin properties of photon rate, N1, N2 and Nc will be the same. Then we obtain the absolute quantum efficiencies of these two detectors by a simple computation. The whole calibration process is intrinsically absolute and independent on any outside standard, which promise an application of space-borne radiometric benchmark.


Space-borne solar spectral irradiance radiometry with
absolute calibration by correlated photons

Correlated photons production Two mode switch Sun observation
780nm laser :
~N— Mirror . Transmission
Off—ams revision Iris
mirror
Polarizer BBO /y I ' |
-_| N —H— — >|‘<~ Sun
488nm laser Shutter¢ % . —
@ Calibration
— attenuator Si detector
266nm laser Y »(E
DM
Lens
Shutter
[ ) APD_SPD

Shared optical path

*Spectral range:380 nm - 1000 nm h

InGaAs a N a Storage *Spectral resolution: 3 nm
detector ] )
| | i oot Power «Absolute solar spectral irradiance

- detector . Signal
APD-SPD f - [ Driver j [anjysis accuracy: 0.3%

Photoelectric detector Signal acquisition and control -Spectral expa nded to 2500 nm by ZOZZ.J
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演示者
演示文稿备注
A prototype of space-borne solar spectral irradiance radiometer is fabricated in 2021, which covers the spectrum of 380 – 1000 nm with a resolution of 3 nm. A correlated photon unit is integrated as a part of the radiometer for system calibration. Correlated photons and incident solar beam share the same optical path and electronic circuits, which guarantee the equivalence between calibration and observation modes. By means of correlated photon calibration of detectors and traceability to Planck’s constant , uncertainty of absolute solar irradiance is expected to be better than 0.3%.  The working spectrum will be expanded to 2500 nm by 2022.
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Inter-calibration with reference sensors @ %
NSM

FY-2D

Direct Inter-calibration with
global data matching

O Space

O Time

O Geometry
— O Spectral Indirect Inter-calibration with PICS
Geo-Leo

Leo-Leo
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Pseudo-invariant sites (PICs)

O

NSMC
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Xiuging Hu, Ling Wang*, etal, Preliminary Selection and Characterization of Pseudo—Invariant Calibration
Sites in Northwest China, Remote Sens. 2020, 12, 2517; doi:10.3390/rs12162517.
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Quasi-Synchronous Intercalibration Transfer Mode by Orbital @ %
Maneuver

Current stage quasi-synchronous
observation -

deat 1 ~ Sy
Targeted sat. 1 f ~ G o
i Reference | ~ aq,
(Fy,i1) o ~ ey,
,{ sat. (h;,r:)lll ~ e
~
| A

__ Next stage quasi-synchronous
Reference | observation
sat. (f3,i3) |
Targeted ||

sat. 2 |

(T14,i5)

Substar bias

| N 0~15km

Substar bias

Active SNO mode

Equator
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Simultaneous Nadir Overpass (SNO) Cross Intercalibration @ A
Transfer Mode (GEO-LEO or LEO-LEO) NSMC

satellite

"-' Targeted
F

/ 20 _ ~ Cross track
' *. scanning FOV

Reference Flying
satellite

C1 C2 (.‘3; - direction
- P~ _7._ A R -

Passive SNO mode __
Pl j ~ P3
-f] Ground 0° (Substar) +0
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Using Lunar Observations for Intercalibration

October 6, 2022
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Using Vicarious Reference Targets for Intercalibration @ A

NSMC

Reference satellite Sy
Target satellite 2 . .
Target satellitel Radiometric Transfer mode 2

s
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Products to support intercalibration with radiometric traceability @ A

NSMC
Calibration Metadata

Table 3. Products to SLIPEDI‘[’ intercalibration with radiometric traceability.

Fr—————— - =1
Instruments | Products : Intercalibration Method Example
; I Quasi-synchronous intercalibration [16]
Spectrally-resolved infrared |
1 9P Y ] 3
IRS : adiance : LEO-LEO SNO [30,31]
I I GEO-LEO SNO [32,33]
! : Quasi-synchronous intercalibration [34]
I Spectrally-resolved ! o
: reflectance of solar radiation | LEO-LEO SNO [35,36]
GEO-LEO SNO 37
EMIS | : 571
I Selected DCC reflectance : DCC [38,39]
I
1 Selected PICS reflectance | PICS [40]
: Selected Lunar reflectance : Lunar [41,42]

P. Zhang et al., 2020: Development of the Chinese Space-Based Radiometric Benchmark Mission LIBRA. Remote Sensing
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5. Summary

1. CSRB project keeps going well. The engineering model of the reference
instrument (IRS, EMIS, TSI and SITQ) will be completed this year. The 3™ phase
CSRB will be funded by MOST since 2023.

2. The LIBRA mission hasn’t been approved yet. However, the demonstration
mission with IRS only is considered as the opportunity mission by CNSA.

3. IRS will be considered to mount on FY-5. The key technology of the EMIS, TSI and
SITQ will be considered to use in the development of FY-5 in 2028.

4. Each satellite agency to consider sample and store the match-up data in the
standard way by the recommended inter-calibration method as the satellite
calibration metadata.
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