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Fengyun Meteorological Satellite by 2040
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Satellite Data Records and Their Applications

Applications

Cloud and water vapor imagery

Convective initiation

Temperature profile Typhoon location/intensity

Moisture profile NWP data assimilation

Aerosol optical depth Pollution and dust monitoring
Cloud mask Ecological monitoring/assessments
Cloud optical parameters Agriculture yield estimation

Renewable energy

Cloud phase (liquid/ice) Climate assessment

Derived motion wind
Rainfall rate
Fire and hot spot

Land surface temperature
Land surface type
Normalized vegetation index

Leaf ind
* EDR algorithm €at area index

- Product validation  SnoW Cover

. Soil moisture

" Sea Surface Temperature
Surface wind speed

Sea ice concentration

¢ Instrument

calibration 1
* In-orbit | —> Users and Service
Monitoring



How to Assess Instrument Noise Correctly?
MWHS Noise Characterization
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NEDT estimated from Allan deviation (black bar) and standard deviation (white) for all 15
channels. The number of scan of warm counts used for calculation is (a) 100; (b) 300 and (c)
500, respectively, from the orbit of 3340 on July 8, 2018
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MWHS Observations(K)
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How to Validate Level 1B Data?
MWHS Bias Assessment
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Multisensor Remote-sensing Testbed

Background
Atmospheric and
Surface Parameters
NWP model outputs or
climatology profile

Input
Satellite radiance or
Brightness temperature,
geolocation information

A 4

v

One Dimension
Variational (1IDVAR)
for
sequential or
simultaneous retrievals

Forward/Jacobian
Operators
CRTM
RTTOV
ARMS

A 4

Output
Atmospheric
temperature, moisture,
hydrometeor, aerosol,
trace gases, profiles

Algorithm valid in all-weather conditions, over all-surface types

Model& instrumental errors are input to algorithm

Background and observation error covariances are scene-dependent.
Selection of background from climatology, NWP forecasts, and regressions

Selection of channels to use and parameters to retrieve
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Comparison of FY-3D and NOAA

Microwave Sounding Capability
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Pressure (hPa)

Comparison of ATMS and CMWS Warm Core

ATMS CMWS-20 CMWS-28
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Comparison of Atmospheric Profiles Derived

from ATMS using MRT and MIRS

Dropsonde 0-900 km from TC center
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Collocation threshold: within 33 km & within 30 minutes. Number of
collocated dropsondes: 281

Slide courtesy of Hu Hao, CAMS
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FPressure(hPa)

10

100

1000

HIRAS Channel Selection
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Principal component analysis is used for channel selection.
450 channels 1s selected,

2.5
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HIRAS FOV Dependent Bias Correction
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* Significant bias variation between four FOVs
* Asymmetric bias between twenty-nine FORs
* Bias correction for every FOVs and FORs
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Pressure(hPa)

FY-3D HIRAS Derived Atmospheric Profiles

— 1D-var std ——— Regress std — — 1D-var bias — — Regr'ess bias
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Data between June 2018 to May 2019 are used for retrieval, validation with ERAS reanalysis

1DVAR is better than regression and machine learning
The mean temperature RMS is about 1K between 200hPa and 700hPa

Slide courtesy of He Yanfeng, Anhui Meteorological Bureau
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Cloud Products from FY-4A AGRI
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Slide courtesy of Min Min, Sun Yet-Sun University
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Validation of FY-4A AGRI Cloud Top Temperature
and Height Using Aircraft Ka Radar Observation
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Slide courtesy of Zhou Yugian, CAMS
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FY-3D MERSI AOD Retrieval Algorithm

. Bands: 0.41,0.47,0.55, 0.66, 0.86, 1.24, 1.64, and
2.13 um

*  Ocean- dark target

— reflectance contrast between cloud-free
atmosphere and ocean reflectance (dark)

— aerosol optical thickness (0.55-2.13 um)

— size distribution characteristics (fraction of
aerosol optical thickness in the fine particle
mode; effective radius)

* Land — dark target

— dense dark vegetation and semi-arid regions
determined where aerosol is most transparent
(2.13 pm)

— contrast between Earth-atmosphere reflectance

and that for dense dark vegetation surface (0.47
and 0.66 um)

— aerosol optical thickness (0.47 and 0.66 pm)

— fraction of aerosol optical thickness in the fine
particle mode

*  Land — bright target

— Deep blue for bright reflecting surfaces using
0.41,0.47, and 0.66 um

Atmospherically Corrected Surface Reflectance
Visible versus 2.1 um
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Slide Courtesy of Leiku Yang, Henan Polytechnic University 16



Validation of AOD Retrieved from MERSI vs. MODIS

Data period : 201406~201505

AOD over Land: 0.55 um AQOD over Land: 0.55 um
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Slide Courtesy of Leiku Yang, Henan Polytechnic University
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Validation of AOD Using Ground-Based Lidar
Measurements
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SABOR campaign RSP MAPP and HSRL-1 optical depth
correlations ar 532 nm using HSRL AOD product after a clouds-
above-aircraft mask was applied. Each color represents a different
day between 18 July to 4 August 2014. The one-to-one line is colored
in black, and the dashed black lines represent the desired 16 accu-
racy. The red line represents the least-squares bisector.

CMA/Atmospheric Sounding Center
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Retrieval of Normalized Vegetation Index (NDVI) at
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FY-3D MERSI-II Derived NDVI

NDVI at TOC

NDVI at TOA
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Slide courtesy of Han Xiuzhen, NSMC
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Remote Sensing of Ocean Color from FY-3D MERSI-II

OCSMART developed by Knut
Stamnes was expanded for FY-
3D MIRSI-II to retrieve the
ocean and water quality
parameters.

Parameters include suspended
matter, dissolved organic matter,
chlorophyll and other substances.

OCSMART directly relate the
reflectivity of the top of the
atmosphere to atmospheric and
water body parameters .

The simulation data sets
including atmospheric aerosol
concentration, water nutrient
elements, chlorophyll
concentration are used to train an
ocean color algorithms through
machine learning.
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Slide courtesy of Knut Stamnes, Steven Institute of technology, New Jersey .
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FengYun Satellite Application Segments and
Leadership at CMA

Severe storm monitoring (NMC-Xu Yinglong)

Ecological monitoring and assessments (NSMC-Han Xiuzhen)
NWP data assimilation in GRAPES (CNWP-Li Juan/Han Wei)
Agro-meteorology applications (NMC-Wu Mengxin)

Energy (Public Weather Service Center- Shen Yanbo)

Climate assessments (NCC-Nie Suping)

Weather Modification (CAMS-Zhou Yugqian)
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FengYun Satellite Weather Application
Demonstration System
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Typhoon Intensity Errors Estimated from FY-2/4

Typhoon Name Best Track New Algorithm Difference Data Sources
FESSRE BXEE BXEEE BXGEE
Fg | &% AiE) BX/RER IS ZFR SEEZNEX AL ENEITER | EMGITHRE =T
W BEHRERFZEE (m/s) (m/s) (m/s) Fr{ERNEE
1 2005 | 8H28H20FF | E4FEEWE (Katrina) 74.5 72.0 2.5 GRIDSAT
2 | 2014 | 78B18H1484 | ES# (Rammasun) 72 69.4 2.6 GRIDSAT
3 [2015]| 10823H08AY | MRYFEEE (Patricia) 771 79.7 2.6 GRIDSAT
4 | 2015 | 10823H206F | MH4EERE (Patricia) 95.1 87.4 7.7 GRIDSAT
5 |2017| 8B823H11AY XG5 (Hato) 52 52 0 FY-2G
6 |2017| 8sH23H11K} X85 (Hato) 52 50 2 GRIDSAT
7 | 2017 | 108218140 =& (Lan) 58 58 0 FY-2G
8 |2017 | 108218140 =& (Lan) 58 52 6 HIMAWARI-8
9 | 2017 | 9820H02A IFEE (Maria) 74.5 72.0 2.5 GRIDSAT
10 | 2017 | 9820H08AT IBET (Maria) 77.1 79.7 2.6 GRIDSAT
11 | 2018 | 9812H08AY LT (Mangkhut) 65 60 5 FY-4A
12 | 2018 | 9813H20A/ LT (Mangkhut) 65 60 5 FY-4A
13 | 2018 | 9814H02A LLFT (Mangkhut) 65 60 5 FY-4A
14 | 2018 | 10824802k E% (Yutu) 50 52.4 2.4 FY-4A
15 | 2018 | 10824808k ER (Yutu) 60 62.8 2.8 FY-4A
16 | 2018 | 108524814k E% (Yutu) 70 72.0 2 FY-4A
17 | 2018 | 108524 H20" E% (Yutu) 72 76.6 4.6 FY-4A
18 | 2018 | 10825802k E% (Yutu) 68 76.6 8.6 FY-4A
19 | 2018 | 10825808k F% (Yutu) 65 69.3 4.3 FY-4A
20 |2018 | 10826H08AY E% (Yutu) 58 61.6 3.6 FY-4A
21 | 2018 | 10827H20A/ E% (Yutu) 62 65.3 3.3 FY-4A
22 | 2018 | 10828H02A E% (Yutu) 60 66.6 6.6 FY-4A
23 | 2018 | 10828H08AY E&% (Yutu) 58 65.3 7.3 FY-4A
SEISRE 3.9

Slide courtesy of Xu Yinglong, NMC
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Monitoring Typhoon Mangkhut Warm Core Evolution

pressure levels (hPa)

Using FY-3D MWTS and MWHS

2018-09-11-06

15

100 —,
10

200 220 w2 280 300 320
Himawari-8 Band 13 (10.4 p m) Brightness Temperature (K)

Slide courtesy of Hu Hao, CAMS
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Assessing Ecological Condition

Technical Criterion from Ministry of Ecology and Environment (MEE)
A SIS RN BARE (SRR, HI192-2015)

EI =0.35% BRI +0.25x VCI +0.15x WNDI +
0.15x (100 — LST) +0.10x (100 — PLI) + ERI

where BRI: biological richness index, 0-100

VCI: vegetation coverage index, 0 - 100

WNDI: water network denseness index, 0 -100

LSTI: land stress index, 0 - 100

PLI: pollution load index, 0 - 100

ERI: environmental restriction index reflecting a major ecological destruction
and heavy environmental pollution
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Critical EDRs for Ecological Assessments
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Ecological Index (EI) from MODIS Products

El,  =—0.0565x LST +0.5926 x F +0.7086 x NDVI +
0.3305x NPP—0.1828x VPDI +0.028 x LUCC

In the formula, EI is the ecological environment condition index, LST is the surface
temperature, F is the greenness index, NDVI is the normalized vegetation index, NPP is the
net primary productivity, VPDI is the drought index, and LUCC is the land use type.

EEETIMNERRERTN D HE

2017€

&
i -

Slide courtesy of Han Xiuzhen et.al, NSMC

* The principal component analysis is

performed for each parameter and the first
PCA component is used to determine the
contribution of each parameter to EI. This
weight setting is stable.

Notice the coefficients of greenness degree,
vegetation index and NPP are all positive,
indicating that they jointly contribute
positively to better ecology; while the
coefficients of heat (surface temperature) and
dryness (soil moisture) are negative,
indicating that they have a negative impact on
the ecological environment
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Assimilation of FY Data in CMA Global and Regional
Assimilation and Prediction System (GRAPES)

Instrument Name

MicroWave Temperature Sounder
(MWTS)

MicroWave Humidity Sounder
(MWHYS)

MicroWave Radiation Imager (MWRI)
— In Operation

GNSS Radio Occultation Sounder
(GNOS)

Hyperspectral Infrared Atmospheric
Sounder (HIRAS)

Advanced Geosynchronous Radiation
Imager (AGRI)

Geosynchronous Infrared
Interferometric Sounder (GIIRS)

Status in GRAPES

* operationally used
v'  MWHS-2 (FY-3C/D)
v" GNOS (FY-3C)
v' GIIRS (FY-4A)
v AMV(FY-2D/E/G)
*to be operationally used soon
» GNOS (FY-3D)
» HIRAS (FY-3D)
» MWTS-2 (FY-3D)
» MWRI (FY-3C/D)
* on-going research
o AGRI(FY-4A)

Slide courtesy of Li Juan, CMA NWPC.
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Anomaly correlation coefficient at 500 hPa

Assimilation of FY-3D MWTS Data in GRAPES

Neutral to positive impact
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FY-4A GIIRS Impacts in GRAPES 4DVAR

GRAPES global 4D-Var
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Accelerating Research to Operation in FengYun
Satellite Programs

Transition the Advanced Radiative Transfer Modeling System (ARMS) to
NWP data assimilation

Transition the multisensor remote sensing testbed for FY atmospheric
sounding

Use FY microwave products in NMC system to enhance the typhoon
monitoring capability

Generate the long-term NDVI data records from FY series of instruments
and connect with EOS and NOAA NDVI data records

Develop comprehensive techniques for assessing the ecological conditions

and functions
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Advanced Radiative Transfer Modeling System (ARMS )

Sensor, Satellite Prlsg;; s
Channel Geometry Solutl on ’
Surface
Infor Infor Options
Parameters

L

RT-Forward (full RT-Tangent RT-Adjoint
. . Linear (Stokes
polarimetric, all {-------mrmmeeeeees - L >
wavelengths) }() s, component
© R Jacobian matrix)
Part1c}e Gaseous Band
Scattering, -
. Absorption
Absorption;
Data Base,
Surface
Emission, Antenna
. Pattern Stokes
Reflection Database Radiance
Database

Jacobian
Matrix

ARMS is designed with the state-of-the art radiative transfer sciences, cutting edge software engineering,
and flexible interfaces with other fast models. It will serve for many CMA applications including NWP data
assimilation, satellite ground processing in instrument calibration and environmental parameters

Weng, F., X. Yu, Y. Duan, J. Yang, J. Wang, AAS, 2019



2019 International Workshop on Radiative Transfer
Model for Satellite Data Assimilation, Tianjin, China

On April 29 to May 3, 2019, CMA,
EMCWF and JCSRA jointly hosted a joint
workshop on radiative transfer models for
satellite data assimilation at Tianjin, China.
More than 100 scientists from China, US,
UK, Germany and Japan attended the
workshop.

A science steering committee for radiative
transfer (SSC4RT) was formed and 9
distinguished scientists are selected as SSC
members. Several critical actions will be taken
after the workshop.

The participants reported the major
progresses in developing the fast radiative
transfer models for satellite data assimilations.
In past, the NWP community primarily uses
RTTOV (Europe) and CRTM (US). Now,
China is developing the Advanced Raditaive
Transfer Modeling System (ARMS) for
Chinese satellite data applications. The SSC i [ D
recognized the significance of ARMS and will e
be the third pillar, after RTTOV and CRTM.
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National and Regional Remote Sensing Service

National Remote Sensing Operational Products and Service

) ) ) ) Satellite data reception, quality control and data sharing
Chinese Remote Sensing Product Requirements and Quality Assurance .

service
Operational Products Generation, Proving Ground Demonstration and

Transition to Operation Major technology Advances, Ground-Based Validation

National Unified Operational Service Platform International User Services and Technical Exchange

National Remote Sensing Operational
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Assessing Ecological Function: Wind Prevention
and Sand Fixation - B X\ & ¥)

Technical Criterion of Ecosystem Status Evaluation

A TSI KO IR S ATSE R R R IPER, HI192-2015)

EC,,= 0.60*[0.24*vegetation coverage index + 0.1*protected area ratio*100+0.22*forest area ratio +
0.22 * water and wet land area ratio + 0.14*(100-farm and construction land area ratio*100) + 0.10*(100-
land desertification area ratio®100] + 0.40*[0.45*(100-major pollutant emission intensity)+0.10*rate of
pollutant emission meeting the standard*100+0.10*city polluted water collective processing
rate*100+0.15*rate of water quality reaching the standard*100+0.15*rate of air quality reaching the
standard*100+0.05*rate of collective drinking water source reaching the standard *100]
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Assessing Ecological Function: Water and
Soil Conservation -7K T {5%F

-

Technical Criterion of Ecosystem Status Evaluation

A SRR TN AR SE GRE RIPER, HI192-2015)

EC, .= 0.60*%[0.23*vegetation coverage index + 0.13*protected area ratio*100+0.23*forest area ratio +
0.18 * water and wet land area ratio + 0.13*(100-farm and construction land area ratio*100) + 0.10*(100-
moderate to high land desertification area ratio®100] + 0.40*[0.45*(100-major pollutant emission
intensity)+0.10*rate of pollutant emission meeting the standard*100+0.10*city polluted water collective
processing rate*100+0.15%rate of water quality reaching the standard*100+0.15*rate of air quality
reaching the standard*100+0.05*rate of collective drinking water source reaching the standard *100]
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Assessing Ecological Function: Water

Conservation -/KJRIEFE

Technical Criterion of Ecosystem Status Evaluation

A SRR TN B ARRSE GRE &IPSR, HI192-2015)

EC, = 0.60*[0.25*water conservation index + 0.20*protected area ratio*100+0.15*forest area ratio +
0.10*grass area ratio+0.15 water and wet land area ratio + 0.15*(100-farm and construction land area
ratio®100) | + 0.40*[0.45*(100-major pollutant emission intensity)+0.10*rate of pollutant emission
meeting the standard*100+0.10*city polluted water collective processing rate*100+0.20*rate of water
quality reaching the standard*100+0.10*rate of air quality reaching the standard*100+0.05*rate of
collective drinking water source reaching the standard *100]+ecological capability adjustment index
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Assessing Ecological Function: Biodiversity

Conservation -“E¥) 2 FE 1 253

Technical Criterion of Ecosystem Status Evaluation

A SRR TN AR SE GRE RIPER, HI192-2015)

EC,.=0.60*[0.23*biological richness index + 0.20*protected area ratio*100+0.15*forest area ratio +
0.10*grass area ratio+0.15 water and wet land area ratio + 0.15*(100-farm and construction land area
ratio®100) |+ 0.40*[0.45*(100-major pollutant emission intensity)+0.10*rate of pollutant emission
meeting the standard*100+0.10*city polluted water collective processing rate®*100+0.20*rate of water
quality reaching the standard*100+0.10*rate of air quality reaching the standard*100+0.05*rate of
collective drinking water source reaching the standard *100]+ecological capability adjustment index
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Mission Dependent NDVI Products
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Slide courtesy of Nie Suping, NCC 40



A JMR Special Issue for Satellite Ecological Remote Sensing

IMR1iEE: PESSERSNEET

S&SIRENRIMR

Journal of Meteorological Research

THAEXEFE

8H: PEESERSNA

Satellite Ecological Remote Sensing and Applications

AtE, PEMNSZETESHERN, 201845 ERERERIEH2000EE2017E
TEERBEEFRIEM7%. B, TERESXEBSBEREFEEENTI16ENTIEETRT
19.3%. 2018E28512H, ZEMARESGRSIEL, "HREEI20FE1EET", "KE NASAL
HHNEEEADT, EFEMNENASGHESTHEES! ", 3, AMITENEZENNED
Ik TR S D E (USSR T el — 5 PEHIEAREARENNESR. 2BTHENEBRETE
FESHNNSEHNEEERREFEEINTRNE. IX—EHRBNEESERERENEE
15, FREZREINEINARIS—KERNET. ZETBASREELCTERSINEENEE
BILRER, FFEENSREEEERESERETINE, BHNEEERNARTEESEN
SREMSIELTHIXER.

Papers for this special issue are solicited for, although not limited to, the following topi
(s

1. Remote sensing fundamentals of land and ocean products from satellites.

2. Atmospheric air quality products from satellites.

3. Applications of satellite derived products for monitoring of ecological environment.

4. Impacts of meteorological conditions and climate variability on ecology.

Slide courtesy of Yi Lan, JMR
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Summary and Conclusions

Innovative algorithms are being tested for Fengyun satellites and generate the
products with a quality similar or better than those from other missions.

Many of Fengyun satellite application facilities have been established at CMA and
research institutes, making very impressive progresses.

FengYun satellite program requires developments of critical sciences and
technologies such as fast and accurate radiative transfer models, advanced data
assimilation system, severe weather monitoring, and ecological assessment tools, etc

Uses of FY satellite for ecological assessments are unique and reflect China’s
national priority (“Zx7KH LA /& 4 1L #R 1117~ Lucid Waters and Lush Mountains are
Invaluable Assets )
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