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Vision: An organization working to become a
national leader in applying satellite data and

research to analysis and forecasting in CMA

earth system numerical prediction models

Mission: To accelerate and improve the
quantitative use of research and operational
satellite data in weather, ocean, climate and
environmental analysis and prediction model
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Satellite observation operators

Preparing for new instruments
Assimilation of cloud-affected radiances
Assimilation of land surface observations
Assimilation of ocean surface observations
Assimilation of air quality data

Observation system simulation experiments
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Advanced Radiative Transfer Modeling System (ARMS)
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Advanced
Doubling and
Adding (ADA)

Mie Table as a
function of
frequency,
temperature, radii,
and hydrometeor
type and density

Water, ice, rain,
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NPOESS IR LUT,
Wu/Smith IR
Ocean EM, MW
LandEM, FASTEM
MW, Ocean EM
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and density, Discrete
Dipole Approximation

Water, ice, rain, and
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UWisc IR Emissivity
Database, Cox/Munk IR
Ocean EM, FASTEM,
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Polarization Two-
Stream (P2S), HRTS,
ADA, VDISORT

Mie Table, T-Matrix as
a function of frequency,
temperature, and
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NOAA 15 to 19 AMSU-A
NOAA 18-19 MHS
NOAA 18-19 HIRS
NOAA 15-19 AVHRR
SNPP/NOAA-20 ATMS
SNPP/NOAA-20 CrIS
SNPP/NOAA-20 VIIRS
METOP-A to C IASI
METOP-A to C IASI
METOP-A to C AMSU-A
METOP-A to C AVHRR
JAXA AMSR2

NASA GMI

EOS Aqua AIRS

EOS Terra/Aqua MODIS

ARMS Z#HIE

FY-3A MWTS
FY-3A MWHS
FY-3B MWTS
FY-3B MWHS
FY-3C MWTS-2
FY-3C-MWHS-2
FY-3D MWTS-2
FY-3D MWHS-2
FY-3B/C/D MWRI
FY-3B/C VIRR
FY-3C MERSI
FY-3C IRAS
FY-3D MERSI-2
FY-3D HIRAS
FY-4A GIIRS
FY-4A AGRI

FY-3E MWTS
FY-3E MWHS
FY-3E HIRAS-2
FY-3E MERSI-LL
FY-3E Windrad
FY-3E GNOS-R
FY-4B GIIRS
FY-4B AGRI
FY-4B GHI
FY-4M GMIS



Pressure Levels (hPa)

PRIEFE S AR AR 2\ (ARMS) £

—t

ARMSHIEERAEHE: 1) EFSFUREREE
%ﬁ%ﬁﬁ’ﬂﬁ&%}iﬁﬁ%ﬁﬂ 2) FIEFRThAEET S
KA.

ARMSHIEENWPHR: FESSEEHES). R
WEERRRAS. NOAAT EEEIEELS )

%1 02z, EEXIRIE MAMERBEWEG

g) .

ARMS ERERFRNA: BTXNZEESIKRE
KERBEEE. WRATEFLICRTM (FRE)

200 o et by b g b b by b 200 o et by g b g g by by 1
300 - - 300 \ -
I/
400 { - 400 o
500 = 500 o
/|
]
i
A\
700 - 700 o
850 B = 850 B -
1000 e e 1000 T HELIL M I I
10 8 6 -4 2 0 2 4 6 8 10 -100 -80 -60 -40 20 O 20 40 60 80 100
T difference (K) RH difference (%)
——T BIAS ARMS ——RH BIAS ARMS
——T RMSE ARMS ——RH RMSE ARMS
——-T BIAS CRTM —--RH BIAS CRTM

—==T RMSE CRTM —-=RH RMSE CRTM

)

2004

175 ~

150

Track errors (km)

125

100 ~

N

H PR [F 40 R 38 Ik e B

& A= LB E kiR E S

Forcast times (h)

I CTL
AMSLU-A
Bl AMSU-A+FY3D

it & RURIE 5 B AE XA b 5 NARMS F AR R [R144 F 4 v 1) 3% [ R % FRICRTM.
HI {8 HIARMS, SEBL T Rz T2 g BRSO 2 i DX s 3R] A B2

MAN BRI A TR Z G T R R, R s PEBTE (AMSU+FY-3D)
Xt B X7 B BR AR TR R I IERCR, AE66h TR 2 N 1 iR Z= #R e A W 5
FEAIR



hEA R TERR RIS

'x'ﬁm%ﬁ@ YEAR - 160 13 A& 19 My 21 22 23 28 G 26 X PR A 2 2 32 34 #3536 R 38 39 a0

GIIRS: 1L AN RAARN T4 g
GMAS: i 1L fs KSR MY

Space Weather Instruments

Rz =55
MWTS/MWHS: SR, 324 4 _.
MERSI-LL: 0% A% A%

PR: IS%7K%§¢ " In Orbit Test i B : y
GNOS-R: 4 22 1 S 510 X W + [ Designed Lifetime | T

NEAR 160 1 38 190 S 2 2R G Eahs 36 | IR 2E [ 3 3 32 33 34 3536 F3T 38 30 A0

Space Weather Instruments



FengYun (FY)-3E Early Morning Satellite

* The CMA first operational weather satellite launched on
July 5, 2021 1n the early morning orbit at 5:40 am local

time

* It carries 13 payloads onboard and constellates with

NOAA and EUMETSAT weather satellites
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g
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RlLE Rt

L

S

MWHS-2
SIM-2
WindRAD

SWS/SEM/HEPD

SWS/SEM/IMS

SWS/Tri-IPM
XEUVI

MWTS-3
HIRAS-2
MERSI-LL
SSIM
SWS/SEM/MFD

GNOS-2

Micro-Wave Humidity Sounder -2
Solar Irradiance Monitor - 2
Wind Radar

Space Weather Suite / Space Environment Monitor / High
Energy Particle Detector

Space Weather Suite / Space Environment Monitor /
lonosphere Measurement Sensor

Space Weather Suite - Triple-angle lonospheric PhotoMeter
Solar X-ray and Extreme Ultraviolet Imager

Micro-Wave Temperature Sounder - 3

Hyperspectral Infrared Atmospheric Sounder - 2

Medium Resolution Spectral Imager - Low-Light

Solar Spectral Irradiance Monitor

Space Weather Suite / Space Environment Monitor /
Magnetic Field Detector

GNSS Radio Occultation Sounder - 2
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Micro-Wave Temperature Sounder (MWTS)- 3

23.8 GHz 31.4 GHz

e EE— |
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 150 160 170 180 190.200 210 220 230 240 250 260 270 280 290
BrightnessTemperature(K) BrightnessTemperature(K)

MWTS-3 two newly added K/Ka bands at 23.8 and 31.4 GHz provide nice surface characteristics. The

observations from open waters are largely dominated by the scan angle dependence. Overall, there is no
orbit gaps due to an increase of scan swath of MWTS-3 with respect to MWTS-2

13
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MWTS-3 New Channels:

2; Uniformly scan; Scan Swath: 2700 km; Coverage / Cycle: Near-global coverage twice/day. Polarization for MWTS-3 is uncertain.

Characteristics of MWTS-3 Polarization Alignment

https://space.oscar.wmo.int/satellites/view/fy 3e

Frequency
(GHz)

23.8

31.4

50.3

51.76
52.8
53.246+0.08
53.596+0.115
53.948+0.081
54.40
54.94
55.50
57.290344(fo)
fo+0.217
fo-£0.3222+0.048

fo+0.3222+0.022
f0+0.3222+0.010

f0o10.3222+0.004
5

Bandwidth

MWTS-3

Polariz
(MHz) ation

270 VorH

180 VorH

180

400
400
2*140
2*170
2*142
400 VorH

400
330
330
2%78
4*36
4*16
4*8
4*3

23.8, 31.4,53.596 X+ 0.115 and 53.948 = 0.081 GHz; New Scan Pattern: Cross-track: 98 FOV, Sync with MWHS-

Spatial
Resolution
(km)

50

50

33

33
33
33
33
33
33
33
33
33
33
33

33
33
33

Applications

Water vapor,
clouds, surface
emissivity
Water vapor,
clouds, surface
emissivity

Atmospheric
temperature
profile

Fix Parabolic

Reflector

Feedhorn for
23.8,31.4 GHz

Polarization
Grid

Feedhorn for
50-60 GHz

cos29 sin2 0

—sin26 sin26
0 0

0
sin2 0  cos20 —05sin20 0
0
1

Reflector

V-Pol

X H-Pol

Surface
Radiation

0.5sin260

cos26
0

Flat Rotating
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MWTS-3 K/Ka Bt

Methodology:

Simulate MWTS with NCEP analysis data as inputs
to radiative transfer models

Compute MWTS observations minus simulations
(O-B) in clear-sky ocean conditions

MWTS brightness temperatures are simulated with
either vertical or horizontal polarization

Cloud-affected MWTS observations are removed
through uses of FY-4A AGRI data

MWTS O-B is also compared with ATMS O-B as
well as ATMS pitch maneuver observations

Tools and Datasets:

Radiative transfer models: Advanced Radiative
Transfer Modeling System (ARMS 1.1.1)

NCEP Global Analysis Data: July 12 to August 10,
2021

Satellite Data: FY-3E MWTS-3, Suomi NPP ATMS,
FY-4A AGRI

A

MWTS Channel No. 1 @ 23.8 GHz
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MWTS-3 S5ATMS R4k
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Cloud Liquid Water Algorithm

kv V + kL = —% {IH(TS ) =0T L~ E)] & 270 } (6.12)
"

Using two channel measurements, we can derive

L = aop[In(T, — T 1) — a1 In(Ty — Ty 2) — ag), (6.13)
and

V=bopu[In(Ty —Tp1) — by In(Ts — Ty, 2) — bol, (6.14)
respectively. 7} is the channel sensitive to liquid and 7} 5 is the channel sensi-

tive to water vapor. The coeflicients, ap 1 2 and by 1 o are related to water vapor
and liquid water mass absorption coefficients as

ap = —0.5kv2/(kvakL1 — kvikL2) (6.15)
bo = 0.5kpo/(kvokrp — KyikL2) (6.16)
@y = Kvi/Eve (6.17)
b = k1Ko (6.18)
ag = —2(t01-—@To2)/pp+ (1 —a1)In[T,(1—e)] -
apln(l — eg) (6.19)
by = —2(t01-bitoz2)/pn+ (1 —-b1)In[T(1 —€)] -
biIn(1 — €3) (6.20)

From Rayleigh's approximation, £z can be parameterized as a function of
clond layer temperature, T; in Celsius as

ki =ag + 0Ty + Cp T},

(6.21)

Oxvgen optical thickness is parameterized as a function of sea surface tem-
perature throngh

To =y + 0,15,

(6.22)

Table 6.1: The parameters calenlated at four AMSU-A channels and nsed in
liquid water and water vapor path algorithms

238 GHz | 314 GHz | 503 GHz 80 GHz
Ky 4,80423E-3 | 1.93241E-3 | 3.76950E-3 | 1.15830E-2
tr - or | L1S201E-1 | LO8TT4E-1 | 4.53967E-3 | 1.03486E00
kr - by | -3A8T61E-3 | -5.45602E-3 | -0.68548E-3 | -0.T1510E-3
kp - cp | 5.01301E-5 | T.18330E-5 | 8.57815E-5 | -6.50140E-5
To-0, | 3.21410E-2 | 5.34214E-2 | 6.26545E-1 | 1.08333E-1
Tosb, | -6.31860E-5 | -1.04835E-4 | -1.09961E-3 | -2.21042E-4
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Cloud liquid water retrieved from MWTS Channel I and 2 is consistent with ATMS s
clouds. However, since Suomi NPP and FY-3E are flying in different orbits, the spatial

difference is more related to the diurnal variation of clouds and precipitation observed
from two instruments.
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Bias(K)
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FY-3E MWTS/MWHS k&M= $58 (Striping Index
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Anomaly Correlation:500hPa geopoential
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Global Scene-Dependent Atmospheric Retrieval Testbed(GSDART)
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Work for all the microwave
Instruments
Work under all the conditions

Advanced retrieval sciences
Simultaneous retrievals of a suite
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Pressure Levels (hPa)

CMA CMWS has a better performance than NOAA ATMS
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Precipitation from CMWS-28

from FY-3 MWTS and MWHS
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Precipitation from CMORPH
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CMWS-28 is combined from MWTS and MWHS
CMORPH is NOAA multisensor precipitation products.
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Flight Observed Surface Pressure (hPa)
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Summary and Conclusions

CMA Earth System Modeling and Prediction Center (CEMC) 1s fully prepared for uses of FY-3E data
in its data assimilation systems. The forward operators (ARMS and RTTOYV) are fully ready for CMA
data assimilation and other applications.

Initial checks of L1 data from FY-3E MWTS-3, MWHS-2, HIRAS-2 are completed. The polarization
alignment of two newly-added K/Ka bands in MWTS-3 is characterized as quasi-horizontal (QH) for
the best simulation. These two bands are critical for quality control in NWP data assimilation system.

FY-3E HIRAS-2 O-B is being analyzed and is well behaved in terms of the band mean errors and FOV-
dependent values.

In 2021, FY-3E MWTS/MWHS data were also utilized to support the major national events and the
products were used for the major briefing as required according to CMA in-orbit calibration guidance.

Finally, we would like to express our gratitude to FY-3E calval team for their professional and diligent
works and timely share the data with user community. It is your open-data policy that will prosper this
great nation’s FY-3 mission.
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