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PART 01

FY-3E overview
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m Recalling the Former Discussions NeMe N(gw

“WMO VISION FOR THE GOS IN 2025”
-- Optimizing the current operational polar-orbiting system

E Recommendation 39.01. CGMS agencies are invited to assess the possibility of implementing
the mission with sounding capabilities in early morning orbit.

LST: 0Gh
LST: 12h

the network of polar-orbiting
satellites AM, PM and EM proposed by WMO



m Tiger Team Meeting, April 25 ~ 26, 2013, Beijing £ Ngw

Assessment of the benefits of a satellite
mission in an early morning orbit

s 1l GERNEAMIGNIEV/AMIATI ONFOF BENEFITS o
S REEDEFLOVING A ONAN[EARLY-VMIORNING Report from the WMO-CGMS Tiger Team ,@
IS ST BEIVINGR25226TARRIB20113 _ |
April 2013 e

é 1. BENEFITS OF AN EARLY MORNING MISSION FOR NWP
- 2. BENEFITS FOR OTHER APPLICATIONS
B Diurnal cycle and daily operations schedule

Tropical cyclones and other severe events
Climate monitoring
Air quality

Solar observations



NSMC NCSW

m CMA Official Statement on EM Orbit: from original AM orbit A d

1. Potential User Workshop

FENGYUN  Beijing, March 11, 2013

* CMA Headquarter, NWPC, NNWPC, NCC, CAMS

Second- r;r neration pola

2. Engineering Feasibility Seminar
e Shanghai, Nov. 8, 2012
e Shanghai, Jan. 10, 2013
e Beijing, March 12,2013
e SAST/CAST

3. Financial Support Discussion

* Jan., 2013
* CMA, CNSA, NDRC

FY 3C FY-SD FY-3E

):23.Sep LD:15.No 7 LD:05Jul.2021 . .
EDL .auzl EOL:> zuzz EOL:>2026 4. Tiger Team Meeting

5. 651" WMO EC: Administrator of CMA statement on E.M



m Successful launch of FY-3E on July 5, 2021

Local equator crossing time: 5:40 AM

No. Group Instrument
| Optical Imager Medium Resolution Spectral Imager-Low Light (MERSI-LL)
9 Passive Microwave Microwave Temperature Sounder-Ill (MWTS-III)
Sounder Microwave Humidity Sounder-Il (MWHS-II)
3 | oNaS Docultation & ) oo Radin Decultation Sounder(BNDS-I)
Reflection
4 | Active Microwave Wind Radar (WindRAD)
a | Hyperspectral Sounder | High Spectral Infrared Atmospheric Sounder-Il (HIRAS-II)
B Solar Irradiance Solar Irradiance Monitor-1l (SIM-11)
Observation Solar Spectral Irradiance Monitor (SSIM)
Space Environment Monitor-Il (SEM-II)
7 | Space Weather Sensor Triple-angle lonospheric Photometer (Tri-IPM)
Solar X-ray and Ultraviolet Imager (X-ELIVI)
® FY-3E together with the mid-morning and afternoon satellites provides an

optimal temporal distribution.
NWP communities will significantly benefit.

Further benefits are expected in severe weather/climate events monitoring

and climate.

(a)

High Spectral Infrared
Atmospheric Sounder-I|

Medium Resolution Spectral
Imager-Low Light

=k

(b)

Solar Irradiance
Monitor-I|

Solar Spectral Irradiance
Monitor

Solar X-ray Extreme
Ultraviolet Imager

Zhang, P., et al., 2022: Adv. Atmos. Sci., https://doi.org/10.1007/s00376-0211304-7

NSMC NCSIW

Wind Radar

.

Microwave Humidity
Sounder-lI

Microwave Temperature
Sounder-Ill

Triple-angle lonospheric
Photometer

a®

GNSS Radio Occultation
Sounder-ll

i%;;’&,

A

Space Environment
Monitor-l1I



m Schedule of FY-3E in-orbit testing after the launch A d

NSMC NCSW

The first picture of the third phase was released at a press conference of the CMA

O Use requirements
Tl & O Test outline
;03/21, lunched successfully O Test rules .
O Scoring & evaluation
X criteria

o;td;f’ Complete Satellite Platform check out

) -

¢ X Test summary phase
’ Complete Instruments Test

/\and Satellite delivery
Dec. 31

X 2021

2022

Turn into formal operation

Review of L1/L2 provision and data release

for trial operation
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Instrument performance
and L1 Quality




[| Wind Radar (WindRAD) & oJ

NSMC NCSW

® The first active remote sensing instrument of Fengyun series.
® Dual-frequency: C & Ku band, both with VV & HH polarizations.
® Advanced rotating fan-beam.

® Powered on time: July 9, 2021
® 10 items were tested including spatial resolution, swath width,
minimum detectable wind speed, radiometric resolution, internal

calibration accuracy, observation accuracy and important Earth surface backscattering products (20220303)
telemetry parameters. G-V~ 10tm 08
® Instrument status is quite stable. . Ti"f,“;.,i’j
- : wNFlggﬁ-v:g ‘ -f—""%
Instrument specification o~ -h ﬁ V..

Parameter Metric . :,. - 3

Frequency 5.4 GHz (Cband) 13.256 GHz (Ku band) s R ,__E‘J L

Polarization VV. HH VV, HH e | — | s Sl TSN T -3 9.,.5' "“-L- ""'
Spatial resolution 25 %0 5km 10 x0.5km Ko - 10k OBS nh——

(azimuthxrange)

Swath > 1200km o - B §
Scanning mode 360° conical scanning 5 0
- = 0 -5
Minimum detectable 3 m/s(-26.2dB) 3 m/s(-30.84B) -
wind speed -10 158
Radiometric 0.5dB (wind speed=5 m/s) - 20
resolution 1.0dB_(wind speed = 3 m/s) s -25
Radiometric <0.6dB ﬂ 9. ; E s
accuracv 0" 30°E 60°E 90°F 120°E 150'E 180" 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180° 150°W 120 W 90°W 60'W 30'W

10



u] Wind Radar (WindRAD)

Internal calibration: better than 0.3 dB.

{b) 0.12

SCAT

ASCAT

20 4

40 3 .
=40 =20 0

20 7
Slope: 1.02609
Intercept: -1.88064
R: 0.924481
Forced Slope: 1.1852

WRAD

20 7
Slope: 0.609334
Intercept: -5.17204
R: 0.761881

=20

=40 :
—40 -20
WRAD

Forced Slope: 0.927055

0

(a)

20

(a)

20

0.006 Mean _
WRAD:

0.005

0.004 ..
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0.003 g
0.002
0.001

0.000

Mean
WRAD:

0.004 ASCAT:

0.003
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0.002
0.001

0.000 r
—40

SNO: preliminary results
® Sigmal bias of C band is smaller than Ku. Sigma0 of Ku band is relatively large.

7.103

10.58,

11 4

—-20

== WRAD

mm SCAT |

®) 61

= WRAD
m ASCAT

+0.00
20

0

r0.08

+0.06

ity

Dens

r0.04

r0.02

+0.00

20

& d

NSMC NCSW
Payloa Operat band polariz Scanning Swath Spatial
ds or ation System Resolution
QuikSC NASA/J  Ku VV/HH Pen beam 1600km 25km
AT PL conical
SeaWi scanning
nds
ASCAT ESA C \AY Fixed fan beam  550km Standard
x2 Quality:25km
WindR NSMC, Ku/ VV/HH Conic beam 1200k C-band:25km
AD CMA C scanning m Ku-band:10km
Frequency Accuracy of internal Specification
calibration (dB) (dB)
C 0.2399 <0.6
Ku 0.1937 <0.6
Correlation coefficient Bias / dB
Ku HH 0.92 1.80
Ku VV 0.91 1.65
Ccvw 0.76 0.41

® Further improvement is under investigation, and external calibration will be carried out.

® Detailed SNO and NOC will be carried out.

11



u] Microwave Temperature Sounder-lil (MWTS-I1II)

® The third type MWTS with 4 more channels (23.8 GHz, 31.4 GHz, 53.246+0.08

GHz and 53.948+0.081 GHz) and better NEdT requirement.

® Powered on time: July 9, 2021.

Instrument status is stable.

Instrument specification

& d

NSMC NCSW

Near surface

CH | Center Frequency Bandpass NEdT Polarization Accuracy*
(GHz) width (MHz) (K) (K)
1 23.8 270 0.3 QH 1.2/0.8
2 31.4 180 0.35 QH 1.2/0.8
3 50.3 180 0.35 Qv 1.2/0.8
4 51.76 400 0.3 Qv 1.2/0.8
5 52.8 400 0.3 Qv 1.2/0.8
6 53.246+0.08 2*140 0.35 Qv 1.2/0.8
7 53.596+0.115 2*170 0.3 Qv 1.2/0.8
8 53.948+0.081 2*142 0.35 Qv 1.2/0.8
9 54.40 400 0.3 Qv 1.2/0.8
10 54.94 400 0.3 Qv 1.2/0.8
11 55.50 330 0.3 Qv 1.2/0.8
12 57.290344(fo) 330 0.6 Qv 1.5/1.2
13 fo+0.217 2*78 0.7 Qv 1.5/1.2
14 f0+0.3222+0.048 4*36 0.8 Qv 1.5/1.2
15 f0+0.3222+0.022 4*16 1.0 Qv 1.5/1.2
16 f0+0.3222+0.010 4*8 1.2 Qv 1.5/1.2
17 | f0+0.3222+0.0045 4*3 2.1 Qv 2.5/1.5

*: Requirements/Expectation

' 50.3GHz

Typhoon Infa Observations
(2021-7-20)

12



AdJ

NSMC NCSW

u] Microwave Temperature Sounder-lll (MWTS-III)

NEdT: better than FY-3D MWTS-II.

SNO: Std <1K

—— Requirement
2.00 {1 mmm FY-3E

FY-3D

1.75

1.50 1

1.25 4

NEDT (K)

1.00

0.75 A

0.50 4

0.25

0.00 -

01 238GHz
02 314GHz
03_50.3GHz

04_51.76GHz
05_52.8GHz
06_53.246GHz

07 _53.506GHz

08 53.048GHz
09_54.40GHz
10_54.94GHz
11_55.50GHz
12_57.290344(f0)GHz

13 f0+0.217GHz

14 §0+0.3222+0.048GHz
15 f0+0.3222+0.022GHz
16_fo+0.3222+0.010GHz
17_f0=0.3222+0.0045GHz

9

10 11

Channels

Std
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13

14
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FY3E MWTS-I1l vs JIPSS-1 ATMS
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|| Microwave Humidity Sounder-1l (MWHS-II)

L dJ

NSMC NCSI
® Inherited MWTS with 15 channels with better requirements. | p— ‘
Window channel at 166 GHz instead of 150 GHz. Tg S
® Powered on time: July 9, 2021. RN T R AR
. - . . i ke’ 5P i i~ ;‘%“\‘-‘
Instrument status is stable. ‘j [ 1 S & /
Instrument specification s (S :
Center Frequency - Bandpass | NEdT | Accuracy ... s R TOU RN

CH (GHz) Polarization Width(MHz) | (K) (K) tonghuce

1 89.0 Qv 1500 0.4 0.8

> T718.7510.08 QH >0 55 55 NEdT better than speC|f|cat|on

3 118.75+0.2 QH 100 1.0 1.0 2.5 T

4 118.75+0.3 QH 165 0.8 1.0 3

5 118.75+0.8 QH 200 0.8 1.0

6 118.75+1.1 QH 200 0.8 0.8 o 15

7 118.75+2.5 QH 200 0.8 0.8 =

8 118.753.0 QH 1000 0.5 0.8 Il

9 118.75+5.0 QH 2000 0.5 0.8 0.5 Jl lI ||

10 166.0 Qv 1500 04 0.8 o II II II ddddddddd

11 183311 QH 500 0.6 0.8 2 % 7 Ccrannel Nomber o HT®

12 183.31+1.8 QH 700 0.6 0.8

13 183.31+3 QH 1000 0.5 0.8

7 833714 E R 5600 E 55 SNO std <1K for 5 humidity channels

15 183.31+7 QH 2000 0.5 0.8 : e r———————

Instrument temperature
(89/118 GHz 166/183 GHz)

10

2622 ZE

Channel Number 14

300

280

260

240

220



u] High Spectral Infrared Atmospheric Sounder-ll (HIRAS-II)

AdJ

NSMC NCSW

O The second generation HIRAS
2
O Detectors: 2*2 --> 3*3 ggg _ k
O NEdT well improved, especially MW/SW L xl
O Full spectral coverage from 650 to 2550 cm-! without gaps §:
y
between 3 spectral bands. -t
O Detectors and interferometer powered on time: Oct. 12, 2021 i S i il
. . H & e = { 320
O Instrument status is stable since August 20, 2022. o PRI TS SO s e |
3 Y ahtih, ol e s '-?_ii‘)? %
Instrument specification " i i o K
% ; : G '\ g *ﬂ.q : 2401
- - ’ . ﬁz: ' et i \4‘- 220
60°S =2 = -
650 ~667 cm"" 0.8K 1K/0.8K RN L - f
bt . 'WV 120W 90'W -GO‘W 3&"‘1:/” - ""*‘"“'“"""* “ 15:)5 ‘ALlSO o
i | esne Ea 2 0.625 667 ~ 689 cm"" 04K | 0.5K/0.4K tonue
(1538 ~8.56 Hm) 689 ~ 1000 cm-! 0.2K 0.4K/0.3K 5o Spectral Coverage and Resolution Comparison
1000~1136cm™ | 04K | 0.5K/0.4K g W“ - ,'.f??',mw,i
: /5 ppm ool ]
s | 116875~ 1820 0.625 1210~1538cm' | 0.2K 0.4K/0.3K PP W N WWWMWWM Nw "C,,S N
(8.55~5.21 um) 1538~1750 cm | 0.3K | 0.5K/0.4K wol-
s | 1920625 ~ 2550 0.625 2155~2300cm” | 0.3 0.5K/0.4K W W
(5.21~3.92 um) 2300~2550cm” | 0.5 | 0.6K/0.5K = WWW\MMWWWWWR; mesn

L ' L L
1600 1800 2000 2200

Wavenumber (cm™")

L L 1 1
600 aoo 1000 1200 1400

L '
2400 2600 2800
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|| High Spectral Infrared Atmospheric Sounder-1l (HIRAS-II) A d

NSMC NCSW

NEdT:Good noise performance in LWIR & MWIR, comparable Spectral bias: all within £5 ppm.
to CrlS and IASI in LWIR. SWIR FOV-1 out of family & worser
than specification. Channels around 1700 cm-1 slightly higher. P . . Lw Spectrat Bias

=
=
== (o 1 o
=<} | B e
5 ogmssssgssotiad
101 FY-3E/HIRAS NEdT @ BB 280 Kin 2021.12.08 % 10
- T T T T T &
20 . L ) L L . . . A
5 10 15 20 25 30 35 <40 as 50
Sample
NEdT FOV3 = !VlW Spef:tral BI?S
—— NEdT FOV4 g
—— NEdT FOVS = 1ot .
NEdT FOVE = Emme et
= —— NS
NEJT FOV7 | B ofrer o eaaa W - ,/;K p— il
10 0.8K e NEdREoua = SESESS S8 = 22N Saes e S = e S “"‘w)ﬂé“* "*5.’:53*&" - —
—— NEdT FOV9 = _10 Bt o S
=B
— =2
= 2T . A L
= s 10 15 20 25 30 35 ao as 50
0 Sample
= o SW Spectral Bias
= T T
=
10" | = = 10
3 - S—
& o AR
= . - ,
=
8 -10 1
=
5
20 = o
=3 o ES 20 25 30 3s a0 as s0
Sample
102 L 1 1 L 1 L L L 1 L
500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700

SNO: BT bias in LWIR < 0.3K and most MWIR channels < 0.5 K. OMB DD: BT bias in LWIR <0.5K, 0.5 to 1.0 K in MWIR.

a) Mean BIAS Dif(HIRAS—RTI\/!)__Dif(IASI—RTM)

— HIRAS OMB - IAS| OMB

BT [K]
=l
o
J
J{

]%

A
{t
[

.

4

&

.
Double Difference(K)

U T UV U
750 1000 1250 1500 1750 2000 2250 2500



m Medium Resolution Spectral Imager-Low Light (MERSI-LL) ,é,j,c gw

VOC
O Optical imager with 6 infrared channels inherited from FY-

3D and 1 panchromatic low-light band (500-900nm).
O RBS powered on time: July 9, 2021
O TEB powered on time: Sept. 7, 2021

O Onboard Solar Diffused Transmission Board (SDTB) is used
for RSB degradation monitoring.
O Instrument status is stable.

Instrument specification

CW | Lpo/Toay | Lo/ T Lo/ T, SNR/ NEAT i}
CH | (um) | Wimzisr | Wimzisr | Wimsisr | @L, /T, |~°Curacy
4e-5(night) 7 50%/10%

1] 070 90 3e-5 50(day) 200 10%/5%
2 | 38 350K 186K 300K 0.25K 0.4K/0.2K
3 | 405 | 380K 185K 300/380K 0.25K 0.4K/0.2K
4 | 72 270K 186K 270K 0.30K 0.4K/0.2K
5 | 855 | 330K 185K 270K 0.25K 0.4K/0.2K
6 | 108 | 345K 185K 300K 0.30K 0.4K/0.2K
7 | 120 | 345K 185K 300K 0.30K 0.4K/0.2K

*. Requirements/Expectation

250m: 10.8 and 12 um LLB Image Aug. 2, 2021

17



=

Y4 ®

m Medium Resolution Spectral Imager-Low Light (MERSI-LL) A
SNR: LL band low gain NEdT: 1km-channels <0.1K, 250m-channels<0.18K

(a) KO side (b) K1 side 0.35
2000 ; e e SHOG e R e a e e e
F - 1 0.3 i . v
1500 M 1500 m . 0.25 g 1 !
& = . = : | 2 o2
—d — —d L
’:—.\’_,.‘-—0—0—0—*..!—*—*‘_4 tf—*-\f—f“‘—o——o—*"’“—f—_i =
% 1000 n °z©‘ 1000 F ] E 0.15 W«m
A 500 = e—e—eOn-orbit | A 500 F +—e—oOn-orbit e 0.1
= A—A—AS|IS = = A—A—AS|S = bt .-
L v N B - i Sy 0,05  Suiddish,
Tl | o] T SR R e Doe o o Mo 5 5 s g 5 B B oo S Aphbiataa
9 2 4 6 8 10 O 2. 4 6 8 10 1]
Pixel Pixel 1 11 21 31 41 51 61 71 81 91 101 111

Detector Number

SNO: IR biases within 0.3 K. LLB low gain:

ol e HETOn & &1 ooy 20 F factor (L q/Lmea) I8 @around 1.035. 1/F factor trending shows
that radiometric response of LLB is stable with total drift <1%.

(a) (b)
0.08
2801 Slope: 0.993458 0.0200 Mean = MERSI 0.07
Int t: 1.5987 MERSI: 247.9 . . : ; .
F{‘:(E)T;SFB}GOI 0.0175 1AS): 247 9 m |AS| = FY3E MERSI_LL TOA radiance ratio time seénes;202$o712~?:c:1220307)
Forced Slope: 0.999904 . © BO1(dSD uncorrected) Taom hoas ofoao
260 - 0.0150 1.2 O BO1(dSD corrected) 700nm 1.035 0.014
- 0.0125 = CH2_3.8 -0.394 11 a >
< 0.0IOOE = o ol P - a8 8 88 8 &8s S8a8 Sgglnn
CH3_4.05 -0.116 Eao
=
0.0050 _& 09
220 0.0025 CH4_7.2 -0.127 0.8
: ; . ‘ 0.0000 -0 7 . i i i
220 240 260 280 220 240 260 280 CH5 8 5 0 032 7 Lde/Lmea - Ca||brat|0n Sca“ng faCtor’ F
MERSI (©) (d) —_" " 0.6 + ' v v . v T T
4 175 20210801 20210901 20211001 20211101 20211201 20220101 20220201 20220301
Slope: 0.0065418 0.07 Mean: 0.02286 Date
3 Intércept: -1.5987 sto. 03235 50 CH6 10.8 -0.039 _
R: 0.123393 0.06 Samples: 394 —_ FY3E MERSI_LL Trending
2 4 Forced Slope: 9.61232e-05 : Rt
1.25 L= BO1(dSD corrected)
N, 005 _ S CH7_12.0 0.023 2a
L= %'—— 0.04g G 1o o T o, o s o0  Ooo ooc oo
5 — . = e 2 oo oo i
2 075 2 H
. 0.030 a o.o ; ;
-1 - e
—24 - - 0.02 0.50 = o8 - H Nurm=a1
Days=—23%9
—34 0.01 0.25 et - 3 - - - - 2o he®6 cooozs
| Ztsiososse
—4 . ! ! ; 0.00 —— . 0.00 = H Total Drift—-0.548787%
220 240 260 280 -4 -2 0 2 4 o sl b Fi e il
zoz20201 20220301

Zoz10801 20210901 20211001 20211101 220211201 20220101

MERSI diff
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m GNSS Radio Occultation Sounder-1l (GNOS-II)

& d

NSMC NCSW

® GNSS Reflectometry (GNSS-R) module added.
® GNSS Radio Occultation (GNSS-RO) module
including GPS and BeiDou system.

lonospheric RO distribution

R .y
q{@.‘—% L= Y . . .. N N
"“"-"'f“'use o ManE A Y omsTEV vy E\
VA o R v .
B

a Ak
W v, A
g ‘_.5‘.1;. . A 5 .
a e T st " = T3 v
‘ v .
k’:ﬂl\q‘&_ [ = v atv & -
v . a ¥ O Y e A &
*f -
A
LM z v ,.‘ v + ¥ ry ¥ i "‘,
& v Tt - LT & A
L4 - “a* v B
. v .
‘Jr W_.Au-—r—h’rﬂf:'—t:.:_ T x'v . S - T v
R S S, ¥ o1
= av a & A o T e A &
A — T " =1 W¥a

« GPSETHEA: 281 w BDS3FERHEA: 236 & BDS3 | 7HiEN: 283

v GPSTEHEL: 230

Total number of occultation: more than two times of FY-
3D. GPS/BDS atmospheric occultations >1000 GPS/BDS
ionospheric occultations >1200.

Tangent point

GNSS-RO

Bending angle accuracy: std
<2 % (10~35km) for atmospheric
occultations

FY-3E GPS Bending Angle Errors for NSMC 80 Bangle
70 70
60 60
g sof 18 sof
D0y ‘/ 12401
2 \ 2
=N
g0 ) 1E0f
20¢ ] { 20
10 L 1 10
T H
—_ i = A
0 ‘ ‘ : ‘ ‘ 0 ‘
-15 -10 -5 0 5 10 15 0 2000 4000

Relative Bending Angle (%) Num

Specular Point

QN GPS satellite

Sea surface wind
(20210802-0807)
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4 d

u] Solar Observation Instruments A
Solar X-ray and Ultraviolet Imager (X-EUVI) Solar Irradiance Monitor-Il (SIM-II)

Total solar irradiance (TSI)

® 2 spectral bands: ————
X(0.6-8nm), EUV(19.5nm)
® 8 channels: T vome |
X1:0.6-8.0 nm X2:0.6-6.0 ,__%?i:: ]
X3:0.6-5.0 nm X4:0.6-2.0 nm % e
X5:0.6-1.6 nm X6:0.6-1.2 nm 5 I
EUVA1(thin) EUV2(thick) 15603 B'a.s"ﬂ\. 35 0.032Wim*, 0.03%,
8/15 8/25 9/4 9/14 9/24 10/4 10/14 10/24 11/3 11/13 11/23 12/3

FY-3E X-EUVI XRY (0.6-8nm) 2021-08-24 10:28 UT FY-3EX-EUVI EUV(19.5nm) 2021-11-09 01:15UT So I a r S pect ra I I rra d ia n ce M o n ito r (S S I M)

Solar spectral irradiance from 165 to 1650nm

SSIM:
Inm@165-650nm
8nm@650-2400nm

TSIS-1:
2nm@200-280nm
@280-400nm
45nm@400-2400nm

L L
300 400 o 60 80 1000 1300 1800
wavelangth [nm]

® 3 spectral bands: UV(165-320nm), VIS(285-700nm), NIR(650-
1650nm)
® Spectral resolution: UV&VIR:1 nm, NIR <8nm.

o 500 1
X (arcsecs) o
O A
NS
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u] Space Weather Instruments £ N(;!w
Triple-angle lonospheric Photometer (Tri-IPM) Space Environment Monitor-1l1 (SEM-II)

Measuring airglow radiation intensity of oxygen atoms and Measuring the space factors (particles, radiation dose,
nitrogen molecules with 3 probes, which can inverse the surface potential, magnetic field vectors, etc.) in situ.
variation of ionosphere/middle and upper atmosphere.

Airglow map with 3 sensors
(local time 17:25, 17:40 and 17:55)

P = I 5 () A I - T Pz = A E N () B - T P = A B () B R A -
w1 L
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Instrument status and L1 quality monitoring system ; d

Operational monitoring/alarming:
® Platform monitoring: GPS and IOE

® Instrument parameter monitoring: 11 instruments
® L1 calibration accuracy monitoring: based on RTM

simulation and reference instruments

® Other calibration analysis

NSMC NCSW

O ™ = B ™ e e e e e e

NWear real timme monitoring platform

Satellite platformm

status and ceometric

Instrument status amd

parameters > Instantaneons state amd
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Calibration monitoring
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calibration data L >
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Others
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Collaborative analysis

{(accuracy & stabilitv evaluation,
in-orbit statns variatiom.
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on-board calibration parameters)
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Key instrument telemetry monitoring N;AMC NQW
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u] L1 quality monitoring using reference instrument

® MERSI: vs. IASI

® HIRAS: vs. IASI

® MWTS&MWHS: vs. ATMS

® WindRAD: vs. CFOSAT/SCAT&HY-
2/SCAT &Metop/ASCAT
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|| L1 quality monitoring using RTM+NWP A d

NSMC NCSIW

Geographic Statistics of FY3E MWTS 2021-11-23
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| PART 03

FY-3E Typical products
and applications

“Test+Application+Service”




m FY-3E quantitative product generation testing NSM; N(‘c!w

Types Example Process

Quasi constant contrast image Complete preliminary product examples, provide service, release first image of the

third phase
o Complete preliminary product examples, provide service, release first image of
Image City lights the third phase
Global IR mosaic - Complete preliminary product examples
Vertical sound image Complete preliminary product examples, release first image of the second phase
Cloud and Cloud type Complete preliminary product examples
Radiation ,Outgoing long-wave radiation Complete preliminary product examples
Atmospheric temperature and humidity profile Ongoing
Atmospheric temperature and humidity Complete preliminary product examples, release first image of the second phase,
Atmospheric profile—Microwave provide service for Beijing 2022 Olympic and national game
parameter GNOS-IlI Atmospheric temperature and . N :
humidity profile Complete preliminary product examples, application testin NWP

MWHS-II rainfall Complete preliminary product examples
Complete preliminary product examples, release first image of the third phase,

LST provide service for national game
Sea and Land WindRAD Sea wind field Complete preliminary product examples, release first image of the third phase,
provide service
GNOS-II SWS Complete preliminary product examples Test context
GNOS-I1I Atmospheric Density profiles Complete preliminary product examples @ Example
Space weather Tri-IPM Total Electron Content Complete preliminary product examples
P SEM products Complete preliminary product examples @ Assessment
X-EUVI image Complete preliminary product examples, release first image of first phase
Cryosphere WindRAD Sea ice Complete preliminary product examples
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m Demonstration of atmospheric, Marine and land surface products ,\%,\Qw

FY3E TSHS 850hPa Atmospheric Humidity 20210910 POAD(UTC) 33KM Descending
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m Atmospheric parameters——Temperature and Humidity A d

NSMC NCSW

Pressure (hPa)

Quality evaluation :

» Compared with ERAS5 reanalysis field, the preliminary test conclusion: the precision of clear sky ocean temperature
profile & relative humidity is better than 1.5K, and 15%, respectively.
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Comparison and verification of FY-3E/VASS temperature and relative humidity
profiles with ERAS reanalysis data

29



Atmospheric parameter——GNOS-I| ) FJ

NSMC NCSW

Overview : GNOS occultation atmospheric products are atmospheric vertical observation information formed by GNOS
detectors receiving navigation satellite GPS and Beidou signals worldwide, including atmospheric Bending
Angles, Refractivity profiles, Density profiles, temperature, humidity and other vertical profiles.
Specifications and indicators

Assessment

Tn”go:i:sg GNOS Opt.  Vertical: 100m, Horizontal: 200-300 km SD: 2% g:gginggzﬁ
Alégf;r)i%trei]\ztr;c GNOS Opt. Vertical: 100m, Horizontal: 200-300 km SD: 2% g:ggm;g%z
AtrE):)eOE%Ec;;riC GNOS Opt. Vertical: 100m, Horizontal: 200-300 km SD: 2% g:ggm;g%s
emperature  GNOS  Opt I el 200300 km SO 2K 5 3okm1 27

umidty  GNOS opt L ontal 200300 km  SD20% s e

Application scenario: NWP, Assimilation, Climate change analysis.
Process: First batch released, complete product demo and quality assessment, application demonstration and service,

assimilation test in CEMC.



m Atmospheric parameter——GNOS-I| AQA d

NSMC NCSW

Example : > Vertical resolution of refractive index
R R * I > and density: approximately 100m
» Vertical resolution of Temperature and
, 1 1 e ’ : humidity profiles: Consistent with GRAPES
i : e : | Vertical resolution

20 20~

» Average number of times a single receiver
receives a single navigation constellation is
about 550

i
[a] 100 200 300

?50 260 250 360 350 5
Refractivity Density(g/m®) c10* Tp(K) Specific Humidity(gfig)
. s
Pr@llmlnary assessment :
» Meet he accuracy of
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. . r 10 g 10
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prediction < )") —BIAS/BDS set < 3 2
> b h h £%5 ) STDIGPS rise £%5 3 g
% —STD/GPS set o, | g g
Above 100 hPa, the 220 TSTDIRSset | By £
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5 i 5 " | .
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m Assimilation effect of FY-3E MWTS/MWHS in CMA GFS A d

NSMC NCSW

Anomaly Correlation:500hPa geopoential H
SHEM(lat:-90 to -20,lon: 0 to 360) N O rth H e m IS p h e re Anomaly Correlation:500hPa geopoential H
Date:20210719-20210730 vs:model_an NHEM(lat:20 to 90,lon:0 to 360) Outh H e m Isp he re
1.0 Date:20210719-20210730 vs:model_an
—— GRAPES 1.0 4
09 4 — CMWS : —— GRAPES
0.9 A1 — CMWS
0.8 1
0.8
0.7 1
0.7
061 0.6 1
0.5 4 0.5 4
0.4 1 ]
0.20 4 0.4
0131 0.075
0.10 4 D
0.050 4
0.05
0.00 = = [ ] 0.025 - = ﬂ B
~0.05 - U 0.000 — — — N
-0.10 =0.025 I~
T T T T T T T T T =0.050 A
0 24 48 72 96 120 144 168 192 216 240
Forecast Time (hrs)

0 24 48 72 96 120 144 168 192 216 240
Forecast Time (hrs)

Add FY-3E CMWS data in CMA__ GFS 4dvar system, using ARMS as the observation operator,
(CMWS=MWTS+MWHS) Comparison global numerical prediction experiment with control
experiment (CMA_GFS) 10 days and 240 hours forecast statistics show significant positive effect
in South Hemisphere.
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m Assimilation effect experiment of FY-3E MWHS in CMA-GFS 4DVAR

118GHz [5 Channel] +183GHz [5 Channel]
time— avemged q(gropes) q(ec) RMS of N. Hemis
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Anomaly Correlation:500hPa geopoential
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L dJ

NSMC NCSW

— CTRL nomwhsl
— EXPR_addmwhs118 183 1

Forecast Time (hrs)

Timeliness increase by about 3 hours |rv1\\
North Hemisphere
ool
0 2|4 4‘8 7|2 9|6 lé() l£|14 16|8 lEIJZ 2i6

The analysis bias of humidity decrease by 5%, after adding FY-3E MWHS data to CMA-GFS 4DVAR

240
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Forecast effect on the “7.21”extreme rain in Zhengzhou of FY-3E MWHS A of
=N

m data assimilation: 24-hour prec

ipitation forecast

obs precipitation
——

IKTRAG I ST .
08 BN CTRL cld  EEEE MWHS2 cld
37° N

0.7 9 Scores of predicted accumulated precipitation in 24h

0.6 -
e 35° N 50.0
0 0.5 -

0. 4 - 5.0

cnl @
0.3 33° N
0.2 - F
0.1 10.0 25.0 50. 0 75.0 120.0 200. 0 . o O .
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MWHS2 cld 24h precipitation

Compensate the deficiency
of vertical observation of
humidity in early morning,
improves the humidity
analysis, and the prediction
accuracy of extreme
precipitation, and has a
positive contribution to the
"21.7" rainstorm forecast in
Zhengzhou.

37° N

35° N

33° N

CTRL_cld 24h precipitation




m Sea&Land surface products — Sea Wind vector

Overview : Equivalent wind at 10m above the sea surface observed by WindRad, including Speed

and direction
Specification and indicators :

Opt./Exp.

Accuracy (Bias)

Product Sensor Resolution

Compared with buoy
<
sea wind : 20km (Grid RUIELE @ Speed __2mls, data
WindRad Opt. : RMSE of Direction
vector spacing) <25° (3-20mis) RMS1.64m/s
- RMSE23.39°
Example:

FY3E WRADC ORBA OVW 20220306(UTC)

guvul WindRAD OVW 20210724-21:37
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20°N

T12°E 11

Main process : First batch product online; Complete sample data and assessment, application
demonstration, first image of the second phase released, Carry out the assimilation test in
CEMC. Complete the algorithms for C-band products, daily and monthly products ; Form
the global and regional demonstration ability ; Complete the accuracy verification. Update
the operational algorithm; Optimized Ku band and dual frequency inversion algorithm.
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NSMC NCSIW

Assessment :

WindRad windspeed vs buoy windspeed
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[| Sea&Land surface products — Sea Wind speed 2 )

NSMC NCSW
Overview : Sea surface wind speed (SWS) of FY-3E GNOS Il is the sea surface wind speed at 1T0m height retrieved from the

reflected signal of global navigation satellite (GNSS-R). it can be observed all day and all weather, and not affected by
heavy rainfall due to using L-band navigation signals.
Specification and indictor :
Assessment Accuracy

RMSE < 1.6 m/s, meet

SWS GNOS-II Opt. 25 km RMSE <2 m/s :
the requirement
Example . FY3E GNOS Il Sea Surface Wind Speed Product (BDS & GPS) Quality assessment 8
UTC: 20210714T003210 — 20210715T002950
GPS BDS
7 2 z
E E
W w
= i
o 15 3
& &
0 o =)
& £
Z10 =
) Npts = 6330715 %) Npts = 5975415
g Bias = 0.16 g Bias = 0.04
) 5 RMS = 1.66 O RMS = 1.44
Corr =0.89 Corr=0.90
5 10 15 20 5 10 15 20
[ms] ECMWF wind speeds (m/s) ECMWF wind speeds (m/s)
Main process : First batch online; Complete sample product, Accuracy assessed based on ECMWEF reanalyzed data
assessment and application, first image of the second (2021.7.10 -2021.12.31)

phase released, carry out the assimilation test in CEMC. 36



FY-3E WindRADYUTRER bk -k s e 2021-09-09 (UTC) FY-3E WindRADSUSLREA ik -8k 2021-09-09 (UTC) FY-3E WindRADXUTIE B bR 8 vk -8k B sk BE 2021-12-15 (UTQ) FY-3E WindRADYURER] bR gk - gnkaEE 2021-12-15 (UTC)

FY-3E WindRADIUTIREREatR K-k ELRE 2021-08-29 (UTC) FY-3E WindRADXURIRERFa ki Ik-iBiACER 2021-08-29 (UTC) FY-3E WindRADSUE FR PSR iB k- ik SRR 2021-12-15 (UTC)

(e) - ) y )

Global sea ice parameter products retrieved by combined FY-3E WindRAD and FY-3D MWRI. (a) 2021-09-09 Arctic sea ice concentration

(b) 2021-09-09 Arctic sea ice extent (Minimum) (c) 2021-12-15 Artic Sea Ice Concentration (d) 2021-12-15Artic sea ice type (e)
2021-08-29 Antarctic sea ice concentration (f) 2021-08-29 Antarctic sea ice extent (Minimum) (g) 2021-12-15 Antarctic sea ice
concentration (h) 2021-12-15 Antarctic sea ice extent




[| Nighttime Light of FY-3E

FY3E is equipped with a low light channel, which can detect weak
visible light sources at night, greatly improving China's ability to
monitor weather and climate conditions and human activities. City
lights can reflect the infrastructure construction level and energy
consumption, as well as the economic development level and
population. Its changes can be used to assess the impact of urban
development, natural disasters and war. The city light thematic map
of FY-3E shows China, USA and Europe are obviously regions.

2 J

NSMC NCSW

City lights in Europe are very dense,
especially in the area from Western Europe
to Central Europe. Moscow and St.
Petersburg are particularly dazzling in
Eastern Europe. In addition, Nile Valley in
Egypt along the river has high dense lights.




2 J

NSMC NCSW

City lights in China are mainly distributed in
the east, especially in the Beijing Tianjin Hebei,
Yangtze River Delta and Pearl River Delta
regions. Provincial capitals are outstanding in
the central and western regions. Strong
contrast between South Korea and North
Korea on the Korean Peninsula.

Lighting areas on the east coast and the
Great Lakes region of USA. Several major
cities in the central and western regions have
extended traffic routes, small cities regularly
distributed, forming into a city network. In
contrast, there is little light in the west,
especially in several large cities such as Los
Angeles, San Francisco, Seattle, etc.



Land surface Dally variation from FY-3E and FY-3D (2021.10) ,Q,QAW N(gw

FY-3D 2a.m.

Ice and snow  Water Ice and snow  Water

FY-3D 2 p.m. / FY-3E 6a.m.

lceand snow  Water
Ice and snow  Water




FY-3E Tonga Volcano emergency response 2 ¢J

NSMC NCSW

FY-3E fElEEydtbERER (EE) 2022-01-15 UTC g & 1‘: : , FY-3E Ash& & (22BF) 2022-01-15 UTC
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Space weather monitoring — Solar (X-EUVI) image NSM)C,S!W

FY-3EX-EUVI  XRY (0.6-8nm)  2022-01-10 07:15UT FY-3EX-EUVI EUV(19.5nm) 2021-11-02 02:05:00 UT

Product overview:

Solar image of X-EUV channels. EUV reflects the active
regions and coronal holes in the corona. The X-ray bright spot
is the situation above the active area, which is the part in the
corona with higher temperature than EUV.

« Wavelength: X-ray (0.6-8nm) ; EUV 19.5nm

* Spatial resolution: X-ray: 4.1 arcsec ; EUV : 2.5 arcsec

* Time resolution: single channel: ~7 sec; all-channel: ~2 min
* Plan : Image processing needs to be optimized, including
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e - K(: lllll ] - k @ ;:n - - . X (arcsecs) ) B @ .& . . .
FY-3E X-EUVI Solar image (Left: X-ray, Right: EUV) rotation, attenuation, noise, etc
Application Scenario: 4 R
6 Hou ET aL.
. ope . : (a) A :10: (0) X— A 15110
(1) Scientific study : Study on the mechanisn delazs s SR ERE L IR LY (o) cuvi 195 A 15:37:30 U7

of solar activity eruption

(2) Operational application: Identification of = s
solar activity features, such as flares and their
precursors, active regions, coronal holes, EUV
waves, etc; Early warning and forecast of solar
activity

(3) Popularization of Science
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* Figure 1. Overview of the solar corona before the flare in the AIA 193 A (a) and X-EUVIL 195 A (b) images. In (a). Figure 3. Propagation of the EUV wave from the edge-on view. The black and cyan dashed lines outline the wave-
FIrSt batch of prOdUCt Onllne ' Complete the fronts obtained from the EUVI 195 A (a) and 304 A (b) running-difference images. An animation of this figure is
FY-3E X-EUVI Solar image ( Solar change of EUV Waveband > 42

application and demonstration, released the first mage



m Space Weather Service—First monitoring of solar storms by China ,QSAAW NQW

(2021.11.02-04) Strong magnetic storms lead to an increase in the flow of high-energy electrons
(HEP_EO1, 0.15~0.35MeV) in the outer radiation belt (high latitude region) , an

increase in high-energy protons (HEP_P01, 3 ~5MeV) in the polar cap region
FY-3E Space Environment Monitor-II Ground aurora observation source

Dataset Name: HEP L1 PO1Y Grid Date:20211029 - 20211104 M
in Canada
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WAI brightness and range of aurora have obviously

03

increased, and more complex fine structures have also FY-3DAVA! 20211104 0005(UT)

been produced inside
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[| Summary 2 J

NSMC NCSW

m FY-3E Satellite platform and instrument tests are completely finished and transition into
operation. Instrument status and performance are monitored operationally. L1 products were
available since Mar. 2022, and L2 products started operationally to be released since June,
2022.

B FY-3E is used to optimize the current global operational polar-orbiting systems for providing
better distribution of sounding data in the 6-hour NWP assimilation window. The data
assimilation in global models show that the significant benefits have been achieved by the
different NWP communities from the improved temporal distribution of observations provided
by FY-3E. (The example from ECMWF by Niels Bormann has consistently shown a significant
benefit from the added observations and confirmed good data quality, with better noise
characteristics for the 118 GHz channels compared to earlier MWHS-2).

B Further benefits are expected in a number of application areas including severe weather event
monitoring, improved sampling of the diurnal cycle for accurate climate data records, more
efficient air quality monitoring in thermal infrared, and quasi-continuous monitoring of the Sun
for space weather and climate.
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Thank you for your attention.

zhangp@cma.gov.cn
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