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Introduction : Assimilation of Surface-Sensitive Channels in CMA_GFS over Land

The categories and number of satellite data assimilated in CMA-GFS
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(pictures coming from CMA data assimilation monitoring system)

The observational data affected by
land surface is NOT ACTIVATED!



Dynamic Emissivity Scheme (without extrapolation)

Mechanism of Dynamic Method
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The Regions with Sparse Data Assimilated in CMA-GFS
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All-Surface Assimilation Framework

Platforms & Snow-free land Coastal Aread Sea ice Snow
Instruments Window CH Low-layer CH Low-layer CH Window CH Low-layer CH Window CH Low-layer CH
NOAA-15 AMSU-A 111 2-811] 5-14l4]
NOAA-18 AMSU-A
NOAA-19 AMSU-A 5-13P1, 4-5(lam)!101,5-
M&Q?% 36T 5415678111 5.1309] 57013 3[3.7.9,13] 4-8[3] 5-714.7.13] 5_13[9] 3[9.10,13] 113)
MetOp-B AMSU-A
MetOp-C AMSU-A
NOAAIS-MHS 3-5(cor)3-21,3-4141 2
-4[14] [1,5,6,9] ? ’ [9]
NOAA-19 MHS 3-4 1 5(cor)B! 1
Me@p% 1[1,5,6,7,8,9,11,13] 2_5[1],3_4[4, 8]’3_5[5,6,7,9,13] (5] 3_4[4,14], 3_5[9]’3[13]
MetOp-B MHS 4014] 2I5.7.13] I(Z‘zr)’3)'[§ 1 3]’3' 2012,13]
I' )
MetOp-C MHS c0
[11,12,13] _ [4] 6-0[11] £_KR[13,14] [11,13] _ [4] 6-0O[11] 7_Q[14] [11,13] _ [4] 6-0O[11] _Q[13,14]

NOAA-20 ATMS 3 6-15[4 6-9[11] 6-8 3 7-15[4 6-9[11] 7-8 3 6-15[4 6-9[11] 6-8
SNPP ATMS L611.12.13] 18-2204.11.13.14] 161 20-22[41 18-22(cor)!1] 16M11] 18-22[4:.11]

- e 17012.13] 20-22(lam)!12.14] 17012.13] 20-22(lam)!!2!
DMSP-F17 SSMIS 1 8[2.13,15,16] 9-1112.13.15.16] 1()-11[4] 10-1104] Q131 10-11[4.13] 8[12.13] 10-11[4.13]
FY-3C MWHS-2 11-1204 11-12014]
FY-3D MWHS-2 10141 560141 560141 1 11-12M4 101121 11-1204
FY-3E MWHS-2
Megha-Tropiques 1-3014]
SAPHIR
FY-3D MWTS-2 1 2-6 1 2-6 1 2-6
FY-3E MWTS-3 3 4-10 3 4-10 3 4-10

9 10-16 9 10-16 9 10-16
FY-3G MWRI-RM 23 24-26 23 24-26 23 24-26
FY-3F MWTS-III
FY-3F MWHS-II 5

FY-3F MWRI-II




Overview of All-Surface Assimilation

Operationally
Surf Type Assimilated Verified in 2024
A in 2023 (not all assimilated)
Coast

N\
Sea Ice \ \\ \\
Snow - \\ ] \
=

Snow-free N A\ N
land A
N | N
NG

N AN Platform
\ AN AN o
-G — _\< _\—\: — —\: — *\— — - _\_\_ _\\ (Orbit)
\R-Gre \ \ \ \ AN \\ ANEEANEN - = ~ >
[ I I

o 4/ ’V 1, 1] (e 1!y 9, k., % %K K %
Channels 44 44 44 o 9, @’O 44 @,(O @"O 044 Yo, U 9y e Ny T
(Variables) PO Jcp ‘{9 o . 2 4,\47 47@ @@ 47@ 47&& %b

%, M, % %0%0% g, % S N T TS
4

SR N N

6



The Extrapolation Correction of Humidity-Sounding Channels over Sea Ice
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for QC.
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QC over snowfree land

QC over sea ice

QC over snow

Generic QC

TS>278K over land Land-sea mask < 0.10] TS<278K over land!>-12.13]
Identifica Sea-ice fraction > 0.5[121(0.01(13]) Snow_depth>1mml(!?]
tion TS<271.45K5:11]
TS<278KI!3I
H(CH4)<500m®! lat(CHS)> - 60[71(0r131) No Antarctica (CHS) 3<scanpos(CH5~13)<28
H(CHS)<500m!6-3%101(1500m)1 H(CHS5)<500m |OMB(CH4)|<0.7KI3.7:%-13]
H(CH6)<1500m!%-32-19(2000m)!(only for Antarctical!3) H(CH6)<1500m (only for Antarctica)!!3] |[LSE(retrieval)-LSE(atlas)|<0.2!11]
AMSU-A | [lat(CH?7)|<3016:8.10]
[lat(CHS)|<3016:8,10]
TB(1)-TB(15)<3.0K(for CH5~6)[13]
No Antarctica (CHS5)
H(CH2)<500m(®] H(CH3)<1500m!!3! 9<scanpos(CH3~5)<82
H(CH3)<1500m[¢-82-10.131(3000m)[ H(CH4)<1000m['#] |OMB(CH2)|<5KI3:3-913]
MHS H(CH4)<1000m![6-8.9-10.131(1 500m)[*] H(CHS5)<800m |[LSE(retrieval)-LSE(atlas)|<0.2(!!]
H(CHS5)<1000m(>-¢-31(800m!(¢-131,1500(°7)
[lat(5)|<550-61(601131)
TS>27815.7
TB(1)-TB(16)<3.0K(for CH6~7) [11:13] OMB(CH18)<2.5K!?! OMB(CH18)<2.5K!" OMB(CHS5)<0.7K(for CH6~8)!!!]
H(CH6)<500m!'3-141(1000m in tropics!'3!) H(CH6)<500m!'314(1000m in tropics!13) OMB(CH17)<5K(for CH16~22)(!1]
ATMS H(CH7)<1500m!'3-141(2000m in tropics!'3l) H(CH7)<1500m!'3-141(2000m in tropics!'3/) |[LSE(retrieval)-LSE(atlas)|<0.2(!!]
H(CH18~19)<800m!!3.14] H(CH18~19)<800m!4!
H(CH20~21)<1000m!13:14] H(CH20~21)<1000m!4I
H(CH22)<1500m!!3.14I H(CH22)<1500m!!4!
[lat(CH18~19)|<601!4] [lat(CH18~19)|<601!4]
H(CH9)<800m!!3! H(CH10)<1000m(13]
H(CH10)<1000m(!3 H(CHI11)<1500m(13
SSMIS | (CHI1)<1500m!1
[lat(9)[<60113]
H(CHS5)<1500m!'4 H(CH5)<1500m!4 |OMB(CH10)|<5K
H(CH6)<500m! H(CH6)<500m! |OMB(CH15)|<2.5K
MWHS-2 |H(CH11)<1500m H(CH11)<1500m |OMB(CH11)|<2.5K(for CH11)
H(CH12)<1000m H(CH12)<1000m |OMB(CH12)|<2.5K(for CH12)
OMB(10)-OMB(1)>20K
H(CH2~4)<500m H(CH2~4)<500m |OMB(CH3)|<0.7K(for CH2~6)
MWTS-2 | H(CHS5)<1500m H(CHS5)<1500m
Cloud percentage<(0.76 or |OMB(CH1)|<2K
H(CH3~8)<500m H(CH3~8)<500m |OMB(CHS5)|<0.7K(for CH3~10)
MWTS-3 |H(CH9)<1500m H(CH9)<1500m 8

|[OMB(CH3)|<2K




Consideration about Bias Correction

Auto BC?

All-

surface
Assimila
tion

Offline
BC?




Channel Selection and Experimental Setup

Channel selection criterion is the OMB after BC:
(D has mean value <0.1K; or
(2 has performance not worse than the oceanic

case. " 2 . Q
CTRL AddLand AddSnow AddlIce AddCoast
(CTRL+snowfree land) (AddLand+snow) (AddSnow+sea ice) (AddIce+coast)
NOAA15 AMSU-A 5 (land), 7 (land, ice) 7 7 7
NOAA18 AMSU-A 5-7 (land), 7 (ice) 7 7 7

NOAA19 AMSU-A 5-6 (land)
MetOp-B AMSU-A 5 (land), 7 (land, ice) 7

MetOp-C AMSU-A 7 (land, ice) 5,6,7

NOAA19 MHS 3 (land) 3,4,5 3 3

MetOp-B MHS 3 (land) 3,4,5 3 3

MetOp-C MHS 3 (land) 3.4,5 3 34
NOAA-20 ATMS  9(land),6-9&18-22 (ice) 6,7,8,18,19,20,21,22

SNPP ATMS 9(land),6-9&18-22 (ice) 7,8,18,19,20,21,22  6,8,19

FY-3C MWHS-2 11 (land) 4.6

FY-3D MWHS-2 2,4,5,6,11,12 12 12 4,5,6,11,12
FY-3E MWHS-2  2-4 (land), 2 (ice) 2,3,11,12 11,12 11,12

FY-3D MWTS-2 5

FY-3E MWTS-3 7,8.9 7,8,10 7,10
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Ratio of “Assimilable” Data to Total Data

highest ratio is
79% In AddCoast:

The newly-added data in 6-h is 25.7 thousand;
The average assimilable data ratio increases_

from 36% to 46% -
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Analysis

AddCoast (assimilating all
the newly-added data)

Pressure (hPa)
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(D Analysis of each variables at the whole atmospheric layer are improved in global.

(2) The results between different experiments is similar; the more the assimilated data, the better the results.

(3 The positive impacts in NH are concentrated in middle-layer troposphere, while those in SH and TROP are

concentrated in upper layer and lower layer.

(@) The improvement in the NH is largest, then the SH, then the TROP. 5



Forecasting

Score Card for AddLandl against CTRL2 I Score Card for AddSnowl against CTRL2 I Score Card for AddIcel against CTRL2 I Score Card for AddCoastl against CTRL2
Domain | Parameter| Level Anomaly Correlation RMS Error I Domain | Parameter| Level Anomaly Correlation RMS Error I Domain | Parameter| Level Anomaly Correlation RMS Error I Domain | Parameter| Level Anomaly Correlation RMS Error
860 a [a]= aa|a]a 860 a|a[ala a|a|a]a 860 a|a[ala aa|a]a 860 a|a[alala a|ala[aala
HGT 500 | <|+|~ A = HGT 500 | <]+~ A = HGT 500 | <] -]+~ A = HGT 500 | <] +|+]>]|~ nnooe
260 | & AND I 260 | A4+~ Ala[als I 260 |+ |4+ Als s I 260 ||+ alx aalalalala
860 |4~ a a|Ala|ala]a A 850 |+ |~|~|~ S |Ala[A]a 860 |4 |A[|~ a|alala 850 ||~ x Annn x
TEMP 500 | A+ no 0 TEMP 500 |44+~ noan TEMP 500 |4+ 4 oD TEMP 500 &4 |4 |||~ Aa|a]a]a]=
NH 260 | 4|44 a|a|ala ry I NH 260 | 4|42 aa|a|ala I NH 260 | 4| 4|44 Ala|aa a i I NH 260 |4 |4|4|a Ala|alala ry
B850 |4 |+|4|a|2 4| a| s B850 4[]+ Ala]a]3 860 |~ +|+ Ala|a]a]s 860 |~ |+ |+|~]* a4 |a|&]a]A
UWND 500 |A|4|&|a]= Ala|a|a]a I UWND 500 | 4|4 |~|~ alala|2 I UWND 500 | 4|4+~ alalala | I UWND 500 | 4|4 |~|a]= aa|a]a]a
250 |~ N = e 250 |~ |+ a4 250 ||+~ ARnn 250 ||~~~ Annnn
850 alalalala alalalala 850 ala A Alalala 850 alalala alalala 850 alalalala alalalalala
VWND 800 <[ NOD r VWND 800 <<+~ NOOD D VWND 800 <<+~ NOOD VWND 800 <<= == T
260 A A A - & I 260 A A A I 260 Ala|ala Alalalala I 250 Ala|alalalas Alalalalala
850 A 850 “ A 850 “ » 850 “ »
HGT 500 a HGT 500 HGT 500 HGT 500
250 A I 250 I 250 I 250 4l Ala
850 als A Al a 850 - A 850 - - A A 850 - alas A Ala
TEMP 500 2 TEMP 500 2 TEMP 500 + TEMP 500 3 il il
SH 250 |« x I SH 250 v x x - I SH 250 |« x x a I SH 250 |« v X x v x
850 850 44 A 850 850 4la A
UWND 500 UWND 500 UWND 500 UWND 500 2 D
260 260 - . kg 260 |~ a 260 x
850 850 850 AND . 850 A S
VWND 500 VWND [ 500 | VWND 500 |~ a|a|a a VWND 500 D a
8650 |~ x i i 8650 |~ |+ x x alalx 8650 |~ |+ A x i 860 |+ |4 |+ x S
HGT 500 | & r 2 e I HGT 500 |+~ | oo alala - I HGT 500 | 4| 4|A[4]~ a|a|a|ala]a I HGT 500 | 4|~ a4 ry a|alalals
250 - ala ala i 250 a4 a D aala 250 a|a|afalala Iy 2 a|alala 250 D ala - Y A alalalala
850 |~ |v|~ ry s |4 ala|a - 850 |~ a4 o a]a il A 850 |~ NN Annnnn Y 850 |~ Annnnn
TEMP 500 |~ a2 * NOD D TEMP 800 | <]+~ el [a]=]= T TEMP 800 | <]+ <= ST a e =]~ TEMP 800 | <] |+]~]= nopnooon
EASI 260 |4+ a alala r I EASI 260 |4 |4+ a ry I EASI 260 |4 |4|a|a|a ala nNe I EASI 260 |4 |4|a|a|a r a ala
850 x r . T ala 850 S| a|4 + 850 * a4 - z 3]s ~ 850 0 N Anan
UWND 500 a Iy alala a Alalalalala I UWND 500 i |4 I alala I UWND 500 alafalala]s alalalalalala I UWND 500 e a|a alalalafala
250 x - 2 v [a 250 - - 250 x| a2 - x ARan 260 |+ s |a|2 A ARan
860 a i ry ry Y 860 a[af ] ] a 860 a Y ry Y Y 860 ry a ry Y
VWND 500 2 VWND 500 D VWND 500 nE ] VWND 500 oD . oD -
260 |~ ala ala ila I 260 |~ ala & I 260 |~ a[a]a a X I 260 |~ x & D a|a
850 |+ 2|4 850 - Iy 850 ~ 2] a 850 |~ - 4 ¥
HGT 500 “la]as G HGT 500 s HGT 500 n n HGT 500 T~
250 A A vy[*|~|~]~[~|~ I 250 A v v I 250 A 2 v[*]~|~]~ I 250 A v[v|~|~|~
850 A - - 850 an a v |~ ~ 850 a v [+ [~ - 850 A v |~
TEMP 500 I alala alals Y ry TEMP 500 ry - & Y ala ala ry TEMP 500 ry I ala ry TEMP 500 a|4|a|a & alalala
TRO 250 0 S a]s]x x I TRO 250 0 <= X I TRO 250 alalafa]s » I TRO 250 + = nnne >
850 A & alalas 850 850 > 850 4 v
UWND B00 <] ]> ]|~ A aae ] UWND B00 | <] |> Slalale UWND B00 | A]<]+]2 ]| Slalaale]r UWND B00 | << |+]>]~]= Slalala]e
260 ||+~ ARD I 260 ||+~ ARD I 260 |~ S x r 260 |~ ||~ ARD
860 | <]+~ an 850 | <]+ 850 + 860 | <|+|- oD
VWND B00 |+ |4 4] a alala VWND 500 |+ |4+ alala ala VWND 500 |&|4|4]a a ala VWND 500 [A[a4]a | aa|a
| 250 | x [ I 260 * 260 ala « NN 250 als
A: Far better 4 : Better : Better but not significant ¥ : Equality a: Far better 4 : Better : Better but not significant ¥ : Equality a: Far better 4 : Better : Better but not significant ¥ : Equality a: Far better 4 : Better : Better but not significant ¥ : Equality
¥ : For worse - : Worse : Worse but not significant I ¥ : For worse ~ : Worse : Worse but not significant I ¥ : For worse ~ : Worse : Worse but not significant I ¥ : For worse ~ : Worse : Worse but not significant

(D Forecasting of each variables at the whole atmospheric layer are improved in global.

(2) The results between different experiments is similar; the more the assimilated data, the better the results.

(® 1-6-day forecasting in NH, 6-8-day forecasting in SH, and short-to-medium-term forecasting in TROP, are improved significantly.

(@) Forecasting at higher layer (not shown here) are also improved significantly. 13



Future work

(D About the surface type
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® About the observational error model
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THANKS !




