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» 5 channels centered 183.31GHz for detecting water
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* Providing accurate initial field information on
atmospheric humidity and temperature for
numerical weather prediction

* Early warning capabilities for typhoons,

rainstorms, and other severe weather events.
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. Background of the Work
«

* FY-3D MWHS-2 data assimilation in CMA-GFS was suspended in 2022 due to unstable biases

and noise fluctuations.

* In early 2023, the data quality has been improved, and it was reintroduced after our

assessment .

Numbers of FY3D-MWHS-2 data in
assimilating system
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“ @ This work includes:
/

» Adding six channels for assimilation (five for water vapor and one for temperature).
» Updating channels selection

» Updating observation error file

» Updating quality control scheme.

» Updating the coefficient files for bias correction.

» Experiments with different bias correction schemes.

» Continuous cycling assimilation experiments.

» 10-day forecast verification.
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Updating observation error file
W
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FY-3D MWHS-2 obs error
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Blue : before reuse in 2023 ; grey : before 2022.

Observation errors changed a lot during years.

Before, all MWHS-2 share the same observation error file in CMA-GFS, without the consideration
of the difference among satellites.

 Specifically added a separate error file for FY-3D MWHS-2.
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Quality Control

W

Rejecting the observations :

a) on mixed surface, land, sea ice, ice or e T
snow (surface temperature less than of b .
271.45K) y

b) those affected by clouds (scattering o g : o
index >= 10 or channel 15 < 260K) » Clgpd detection
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“ Design of Bias Correction Predictors
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‘{_ Bias correction sample selection
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Obvious difference of coefficients

No. Types of sample
(20days)
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» Channels for temperature: coefficients differences vary by channel, the lower , the bigger
» Channels for detecting water vapor : no channel difference, but systematic bias between two

models



X\
Experiment design
W

«~

Channel Selection:

Using channel 2. 3. 4. 5. 6 (for temperature) 111, 12. 13. 14. 15 (forvapor) on the sea.

CMA_GFS 4.0,

Cycling 4DVar assimilation per 6h, 20230218-20230331,
Forecast: prediction for the following 10 days per 6h.

» Control Exp.: No FY-3D MWHS-2,

» Assimilation Exp.: FY-3D MWHS-2.

» Static Bias correction : in the first 10 days

» dynamic bias correction : inthe following 30 days.
When do static BC offline, using:

1, NCEP_GFS samples; 2, CMA_GFS samples.
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O-day Bias Correction results
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(1) The dynamic BC effect of most channels is better than that of static bias correction.
(2) Static BC has no effect on channels 5, 6 and 14;
(3) After initiating the dynamic BC, O-B of channels 5 and 6 suddenly ingreased.
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40-day Bias Correction results

Before BC, after BC
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(1) The bias effect is good; (2) Consistently stable;
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(3) Channel 5 shows that the background field tends towards the direction with smaller bias.
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Static Bias Correction Results
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With CMA GFS samples

Frequency number of O-B BT before and after bias correction
SAT:fy3d INST:amb CHAN:2
COUNT:1257 TIME:UTC202302180300
Before Bias Correction bi .913661 std:1.37014
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Frequency number of O-B BT before and after bias correctic
SATHy3d INST:amb CHAN:3
COUNT: 1426 TIME:UTC202302180300

Before Bias Correction bias:-3.78011 std:0.643277

After Bias Correction bias:-0.0302757 s1d:0.626173
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Frequency number of O-B BT before and after bias correction
SAT:fy3d INST:amb CHAN:12
COUNT:1382 TIME:UTC202302180300
Before Bias Correction bias:-1.80747 std:1.25639
ooAner Bias Correction bias:0.371778 std:1.20863

Frequency number of O-B BT before and after bias correctio
SAT:fy3d INST:amb CHAN:11
COUNT:1248 TIME:UTC202302180300

Before Bias Correction bias:-3.35365 std:1.29399

After Bias Correction bias:0.432747 std:1.24761
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SAT:fy3d INST:amb CHAN:4
COUNT:1449 TIME:UTC202302180300

Before Bias Correction bias:-2.56307 std:0.512277

After Bias Correction bias:-0.0525505 std:0.498973
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Positive Impacts

Frequency number of O-B BT before and after bias correctio
SAT:fy3d INST:amb CHAN:13
COUNT:1460 TIME:UTC202302180300

Before Bias Correction bias:-1.37066 std:1.21052

After Bias Correction bias:0.345639 std:1.16724
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Frequency number of O-B BT before and after bias corre
SAT:fy3d INST:amb CHAN:5
COUNT:1616 TIME:UTC202302180300

Before Bias Correction bias:0.794766 std:0.74825

After Bias Correction bias:-0.0230952 std:0.588912
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Frequency number of O-B BT before and after bias correction
SAT:fy3d INST:amb CHAN:14
COUNT:1518 TIME:UTC202302180300

Before Bias Correction bias:0.596238 std:1.13036

After Bias Correction bias:0.436848 std:1.12086
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sncy number of O-B BT before and after bias correction
T:fy3d INST:amb CHAN:15
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Dynamic Bias Correction Results
W
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Frequency Number

Frequency Number

With CMA GFS samples

Frequency number of O-B BT before and after bias corre:
SAT:fy3d INST:amb CHAN:4
COUNT:1554 TIME:UTC202302280300

Before Bias Correction bias:-2.50336 std:0.519087

After Bias Correction bias:-0.00515267 std:0.500279
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COUNT:1361 TIME:UTC202302280300
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Frequency number of O-B BT before and after bias correcti
SATfy3d INST:amb CHAN:3
COUNT: 1544 TIME:UTC202302280300

Before Bias Correction bias:-3.70943 std:0.657937
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Frequency number of O-B BT before and after bias correcti
SAT:fy3d INST:amb CHAN:5
COUNT:1752 TIME:UTC202302280300

Before Bias Correction bias:0.769672 std:0.726898

After Bias Correction bias:-0.014649 std:0.572099
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Frequency number of O-B BT before and after bias correc
SAT:fy3d INST:amb CHAN:14
COUNT:1674 TIME:UTC202302280300

Before Bias Correction bias:0.0201525 std:1.18232

After Bias Correction bias:-0.00636156 std:1.12735
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\30-day assimilation Results
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Tropical area East-Asia The Northern Hemisphere The Southern Hemisphere

(1) The tropical regions are the best, while East Asia and the Northern Hemisphere have better effects than the Southern
Hemisphere.

(2) During the first 7 days in the tropics, the first 5 days in East Asia, the first 3 days in the Northern Hemisphere and the
first 2 days in the Southern Hemisphere, the temperature and wind field of almost the entire layer have a significant

positive effect.
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40-day Forecast Results (ACC)
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40-day Forecast Results (2-m temperature)

W

Positive impacts of 2-m temperature

Control Exp.
Assimilation Exp based on CMA-GFS samples
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24-h precipitation

0.4

2407 RAIN
Mean ETS
Date:20230219-20230330
TH

in China

240 RAIN

Mean ETS
Date:20230219-20230330
T+4B

24he RAIN

Mean ETS
Date:20230219-20230330
T2

40-day Forecast Results (ETC score)

24

" RAIN

Mean ETS
Date:20230219-20230330
TH20

-l — 03
- 30 Wk 03 -0 MHSZ O 03 -—CTRL -l
0.3 - FY30_MWHS2_C! FY30_MW
02
02 02 02
0.1 0.1 0.1 01
ome o0
o 00
—= o ] []
0.00 002
I_l |- | | — — 0.00 —1
o.00 L] .01
- L= | 1~
-0.02 00 0.00
-0.04 T
003 -n.01
0.6 e 4 8 h . ; 2 h ooz 1 2 O h
-0.04
Omm - dmm - Smm - I0mm o 25mmo 50mm olmm Imm  Smm  10mm  25mm  50mm  100n
Thresholds(mm) Thresholds(mm) 0lmm lmm  Smm  10mm  2Smm  SOmm  100n olmm lmm  Smm  10mm  25mm  S0mm
Thresholds(mm) Thresholds(mm)
24-h global ipitati
'3 24hr RAIN
:ﬂt‘:n“g;‘ 24hr RAIN 24hr RAIN Mean ETS
Date:20230219-20230330 M ETS lean ETS Date:20230219-20230330
424 Date120230219-20230330 Oate20230215:202303%0 L
T+48
-—CTRL 03 -—CTRL
03 T 03 -—CTRL —CTRL - 3D MWHS2_CMA
. FY3D_MWHS2_CM/ W FY3D_MWH 02
02
02 02
01
01 I - 01
00
00
/[(\ﬁ/\ " . 002
il 001
0.00 = 0.02 M 1—1/\‘:}—1:]
=y gl L 000 S 000
- — {0l L
-0.02 0.00 o0 002
- - 48h.. 712h° 120
0lmm Imm  Smm  1omm 25mm  50mm -0.03 olmm 1mm  Smm  1omm 25mm I sdmm Sbordm
0lmm 1mm  Smm  10mm 25mm  50mm  100m 0lmm 1lmm  Smm  10mm 25mm  50mm Thresholds(mm)

Thresholds(mm)

Thresholds(mm)

Thresholds(mm)

0.

o

0.

0.0
0.02
0.01
0.00

-0.01

-0.02

240 RAIN

ean ETS
Date:20230219-20230330
+144

- CTRL
I I I m— FYID_MWHSZ_CMA
0.1mm 1mm S5mm 10mm 25mm 50mm 100mm
Threshelds(mm)

24hr RAIN

Mean ETS

Date:20230219-20230330

P
0.25 - CTRL

i e s
0.20
015
0.10
0.05 '
0.00
0.02
mfe ATonn
0.00 D
1 h
T 4 L
0.1mm 1mm Smm 10mm 25mm S0mm 100mm

Thresholds(mm)



Xay
({ Conclusions
~/

This work adds the satellite data of the FY-3D MWHS-2 moisture channels into CMA-GFS4.0.
(1) The observation error with satellite attributes has been added to the model, which can be
updated along with the changes in the instrument status (integrated into version CMA-GFS).
(2) The bias correction coefficient, generated from regression of the predictors of the CMA-GFS
model , has good and continuously stable bias correction effects and assimilation effects
(integrated into CMA-GFS).
(3) By assimilating the FY-3D MWHS-2 data, the humidity of 1000hPa-100hPa was improved,
etc. The comprehensive scores of the 10-day forecast made positive contributions, and the

ETS precipitation score increased.
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W Future Plans
XY
> Post-verification of observation error (O-A & O-B)

» Validation and calibration of scan bias
* The large-scale trend of scanning deviation has been removed, but there are still small-scale residues

> DBNet FY-3 MWHS-2 data assimilation in CMA_MESO model (on going) and

adjusting the bias correction coefficients for regional model
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Thank you |

Xishuang@cma.gov.cn
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