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Supplemental Table 1 A list of satellite observations type and instruments (or variables) assimilated in the global data assimilation system
	Satellite Observation Type 
	Instrument or observation variables

	Microwave Radiances (all-sky)
	Advanced Microwave Scanning Radiometer 2 (AMSR2),
Global Precipitation Measurement Microwave Imager (GMI),
Special Sensor Microwave Imager Sounder (SSMIS),
Microwave Humidity Sounder (MHS),
WV channels of Advanced Technology Microwave Sounder (ATMS), 
Sondeur Atmospherique du Profil d’Humidite Intertropicale par Radiometrie (SAPHIR)

	Microwave Radiances (clear-sky)
	Advanced Microwave Sounding Unit A (AMSU-A), 
Temperature-sounding channels of ATMS

	Infrared radiances (clear-sky)
	Advanced Baseline Imager (ABI),
Advanced Himawari Imager (AHI),
Spinning Enhanced Visible Infra-Red Imager (SEVIRI), 
Atmospheric IR Sounder (AIRS),
Cross-track Infrared Sounder (CrIS),
Infrared Atmospheric Sounding Interferometer (IASI)

	Other observations
	Bending angles of Global Navigation Satellite Systems Radio Occultation (GNSS-RO), 
atmospheric motion vectors (AMVs) from geostationary and low earth orbiting satellites
Ocean surface wind vectors of scatterometers 




Supplemental Table 2.　IASI channels assimilated in all-sky and clear-sky experiments. The peak altitude of weighting function is calculated from the clear-sky first-guess corresponding to observations over the globe used in analysis on 12 UTC December 10, 2020. The type column represents stratospheric temperature sounding channel (S-TS), tropospheric temperature-sounding channel (TS), WV channel (WV), and window channel (W). The three WV channels (2951, 2993, 3207) assimilated in all-sky or clear-sky mode is shown in bold. The observation error column shows default values before inflation used in clear-sky assimilation.
	
	Ch
	Wavenumber [cm−1]
	Wavelength [µm]
	Peak altitude [hPa]
	Type
	Obs error [K]

	1
	38
	654.25
	15.28 
	62.7
	S-TS
	0.42

	2
	49
	657.00
	15.22 
	37.5
	S-TS
	0.40

	3
	51
	657.50
	15.21 
	58.7
	S-TS
	0.41

	4
	55
	658.50
	15.19 
	37.4
	S-TS
	0.40

	5
	57
	659.00
	15.17 
	61.2
	S-TS
	0.41

	6
	61
	660.00
	15.15 
	34.8
	S-TS
	0.40

	7
	63
	660.50
	15.14 
	60.7
	S-TS
	0.38

	8
	70
	662.25
	15.10 
	14.1
	S-TS
	0.37

	9
	85
	666.00
	15.02 
	39.1
	S-TS
	0.37

	10
	87
	666.50
	15.00 
	43.6
	S-TS
	0.36

	11
	109
	672.00
	14.88 
	60.4
	S-TS
	0.32

	12
	116
	673.75
	14.84 
	58.7
	S-TS
	0.29

	13
	122
	675.25
	14.81 
	60.1
	S-TS
	0.29

	14
	128
	676.75
	14.78 
	59.7
	S-TS
	0.29

	15
	135
	678.50
	14.74 
	60.2
	S-TS
	0.26

	16
	141
	680.00
	14.71 
	63.9
	S-TS
	0.26

	17
	146
	681.25
	14.68 
	36.8
	S-TS
	0.24

	18
	148
	681.75
	14.67 
	60.6
	S-TS
	0.25

	19
	154
	683.25
	14.64 
	67.2
	S-TS
	0.25

	20
	159
	684.50
	14.61 
	55.5
	S-TS
	0.24

	21
	161
	685.00
	14.60 
	66.2
	S-TS
	0.24

	22
	167
	686.50
	14.57 
	77.9
	S-TS
	0.24

	23
	173
	688.00
	14.53 
	88.5
	S-TS
	0.24

	24
	180
	689.75
	14.50 
	94.7
	S-TS
	0.24

	25
	185
	691.00
	14.47 
	104.5
	S-TS
	0.25

	26
	187
	691.50
	14.46 
	99.4
	S-TS
	0.24

	27
	193
	693.00
	14.43 
	123.7
	S-TS
	0.27

	28
	205
	696.00
	14.37 
	175.7
	TS
	0.30

	29
	212
	697.75
	14.33 
	186.7
	TS
	0.29

	30
	217
	699.00
	14.31 
	180.0
	TS
	0.27

	31
	219
	699.50
	14.30 
	190.9
	TS
	0.29

	32
	224
	700.75
	14.27 
	194.4
	TS
	0.26

	33
	226
	701.25
	14.26 
	201.0
	TS
	0.27

	34
	230
	702.25
	14.24 
	206.9
	TS
	0.25

	35
	232
	702.75
	14.23 
	218.1
	TS
	0.27

	36
	236
	703.75
	14.21 
	233.2
	TS
	0.23

	37
	239
	704.50
	14.19 
	260.2
	TS
	0.25

	38
	243
	705.50
	14.17 
	274.1
	TS
	0.24

	39
	246
	706.25
	14.16 
	288.5
	TS
	0.24

	40
	249
	707.00
	14.14 
	289.3
	TS
	0.23

	41
	252
	707.75
	14.13 
	304.5
	TS
	0.24

	42
	256
	708.75
	14.11 
	291.0
	TS
	0.24

	43
	262
	710.25
	14.08 
	318.5
	TS
	0.23

	44
	265
	711.00
	14.06 
	355.0
	TS
	0.26

	45
	267
	711.50
	14.05 
	295.1
	TS
	0.23

	46
	271
	712.50
	14.04 
	395.8
	TS
	0.22

	47
	273
	713.00
	14.03 
	342.4
	TS
	0.21

	48
	275
	713.50
	14.02 
	345.0
	TS
	0.24

	49
	278
	714.25
	14.00 
	473.3
	TS
	0.24

	50
	282
	715.25
	13.98 
	287.1
	TS
	0.24

	51
	284
	715.75
	13.97 
	470.0
	TS
	0.24

	52
	288
	716.75
	13.95 
	314.0
	TS
	0.23

	53
	292
	717.75
	13.93 
	420.2
	TS
	0.22

	54
	294
	718.25
	13.92 
	286.4
	TS
	0.25

	55
	296
	718.75
	13.91 
	244.5
	TS
	0.26

	56
	306
	721.25
	13.86 
	245.9
	TS
	0.30

	57
	308
	721.75
	13.86 
	441.4
	TS
	0.23

	58
	316
	723.75
	13.82 
	397.7
	TS
	0.23

	59
	320
	724.75
	13.80 
	632.8
	TS
	0.24

	60
	323
	725.50
	13.78 
	314.9
	TS
	0.23

	61
	327
	726.50
	13.76 
	539.9
	TS
	0.24

	62
	333
	728.00
	13.74 
	563.8
	TS
	0.24

	63
	347
	731.50
	13.67 
	309.2
	TS
	0.24

	64
	350
	732.25
	13.66 
	513.5
	TS
	0.23

	65
	354
	733.25
	13.64 
	279.8
	TS
	0.24

	66
	356
	733.75
	13.63 
	502.1
	TS
	0.23

	67
	360
	734.75
	13.61 
	284.8
	TS
	0.23

	68
	666
	811.25
	12.33 
	877.5
	W
	0.54

	69
	1110
	922.25
	10.84 
	784.9
	W
	0.55

	70
	2951
	1382.50
	7.23 
	619.2
	WV
	1.17

	71
	2993
	1393.00
	7.18 
	501.7
	WV
	1.44

	72
	3207
	1446.50
	6.91 
	389.9
	WV
	1.44

	73
	5130
	1927.25
	5.19 
	713.6
	WV
	1.01

	74
	5315
	1973.50
	5.07 
	829.7
	WV
	0.58

	75
	5397
	1994.00
	5.02 
	671.8
	WV
	1.03

	76
	5492
	2017.75
	4.96 
	613.4
	WV
	1.17




