fi

=5



outline



CWB GFS 500 Height
AC of Height

T GSI Hybrid T

A 3DEnVar
GSI 3DVar New SAS

T I T239L30 +RO data

I SSI 3DVar SBL
T1i19lL30 Ta79L30
(radiance Missing-3 mon)

Wen-Mei Chen
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Assimilated Observations - Conventional

Conventional

Deng-Shun Chen



Assimilated Observations - Satellite

Deng-Shun Chen



Assimilated Observations - Satellite

Deng-Shun Chen
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T511L60 Previous cycle  Current cycle
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System configuration
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Experiment Design - GPSRO

Resolution T511L60 (~25km)
Ens. Resolution T319L60 (~40km)
Beta Static Weights 0.25

Beta Ensemble Weights 0.75

Ensemble Member size 36

Additive Inflation NMC Method
Re-centering Yes

TC and EC bogus data Yes

Observations from NCEP and GTS
Horizontal localization 800 km

RO data type Bending angle
Experiment period 2016 7/1-7/31
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500 hPa AC of Height

Against self analysis



RMS Error of Wind

Against self analysis



ScoreCard



Typhoon track - NEPARTAK

Central pressure 998mb Central pressure 995mb



Typhoon track

Central pressure 970mb Central pressure 915mb



Typhoon track error



Radiance F L i@ * i p

 CrlS — Cross Track Infared sounder

* HIRS4 - High Resolution Infrared Radiation
Sounder

* MHS - The Microwave Humidity Sounder



CrIS assimilation at CWBGFS

: Cross-Track Infared sounder

> flying on Soumi NPP satellite (2011.10 launched)
> +/-50° from the nadir
» Width of swath : 2200km
» 30 earth scene fields-of-regard(FOR)
> 3X3 FOVs/FOR with 14km at nadir
» 1305 channels =
channel  1-713 long wavelength IR(9.14-15.38um) +
channel 714-1142 middle wavelength IR(5.71-8.26um) +
channel 1143-1305 short wavelength IR(3.92-4.64um)
PREERE AR LI ETRER CRRI G BR
ok 8 f247 & 1-2km -~ T 5k 3-4km o

Reference : ECMWF/EUMETSAT NWP-SAF
Satellite data assimilation Training
Course(2015.3)

Wen-Mei Chen



CrIs : Cross-Track Infared sounder

for NWP
No. of channel

Wen-Mei Chen
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15062706 , T, (O-B) v.s. obs count each bin-I

start from 15062700 Not Gaussian distribution for some channels at 1'st run
Bin from -5 ~ 5 with interval=0.1 Wen-Mei Chen




15071000, T, (O-B) v.s. obs count each bin - I

start from 15062700 Gaussian distribution for all channels after 13-day update cycle

Bin from -5 ~ 5 with interval=0.1 Wen-Mei Chen



CrIS_npp : (O-B)_

spin up

Chn37

Chné1

Chné9

Chn80

> start from 15062700
BIN from -5 ~ 5 with interval=0.1

nc v.s. (O-B)_c v.s. assimilated count - I

Chn49 Chn51 Chn53
Chné3 Chn64 Chné5
Chn71 chn73 Chn75
Chn81 Chn83 Chn85
(O-B)_nc : (O-B) with no bias correction
(O-B)_c : (O-B) with bias correction

assimilated count : count of assimilated radiance observation

Chn59

Chn67

Chn79

Chn87

Wen-Mei Chen



No bias correction

Large (O-f(B)),
From O? B? or —>
Forward model(f)

after bias correction
indow channel
Cold bias
need fime to spin up©
Pmax<100hPa

f max weighting function

Pmax> 900hPa

Wen-Mei Chen



CrIS quality by CWBGFS 6hrs forecast
Compare with ATIRS and TASI



AIRS/TIASI/CrIS data quality - comparison with CWBGFS background
Average : 15071000-15073112

AIRS TASI

CrIS

pressure level at peak of weighting

» avg (0-B) =>0 for channels NCEP assimilated
=> experiment m52gps0crsl

Wen-Mei Chen



AIRS/TIASI/CrIS data quality - comparison with CWBGFS background
for LW CO2 /Temperature channels, Average : 15071000-15073112

UK

Wen-Mei Chen



T/U analysis zonal mean & diff_rms - m52gpsOcrsl v.s. NCEP

NCEP analysis gpsOcrs1 analysis RMS (400crst analysis-NCEP)

Wen-Mei Chen



Temperature RMS(m52gpsOcrs1-ANAncep)
CWBGFS_byCWBana analysis 24hrs fcst 120hrs fcst

CWBGFS_byNCEPana

NCEP_byNCEPana

Wen-Mei Chen



U-comp RMS(m52gpsOcrs1-ANAncep)
CWBGFS_byCWBana  qnalysis 24hrs fcst 120hrs fcst

CWBGFS_byNCEPana

NCEP_byNCEPana

O U




m52mn4gps0Ocrs1 v.s. control run (m52mon4gps0) - Temperature RMS
(m52gps0-NCEP)  analysis 24hrs fest 120hrs fest

m52gps0 (fcst-analysis)

(m52gps0crs1-mb52gps0)



Temperature : (m52gpsOcrs1-NCEP)yns-(Mm52gpsO-NCEP)ys

analysis

24hrs forecast 48hrs forecast

72hrs forecast 96 hrs forecast 120 hrs forecast

Wen-Mei Chen



U-comp : (m52gpsOcrs1-NCEP)xus-(m52gpsO-NCEP)ys

analysis

24hrs forecast 48hrs forecast

72hrs forecast 96 hrs forecast 120 hrs forecast

Wen-Mei Chen



Height : (m52gps0crs1-NCEP)xus-(Mm52gpsO-NCEP)y s

analysis

24hrs forecast 48hrs forecast

72hrs forecast 96 hrs forecast 120 hrs forecast

Wen-Mei Chen



Impact of HIRS4_metop-A on CWB T511L60 system

HIRS4 - High Resolution Infrared Radiation Sounder
e 20 spectral bands

— one visible channel. IFOV 1.4
— 7 shortwave infrared (IR) channels. IFOV 1.4’
— 12 longwave IR channels. IFOV 1.3

* Vertical temperature profile and pressure from
surface to 40 KM.

e orbital altitude 833KM.
* NOAA18 ~ 19 » METOP-A/B
 Metop-A (2006/10 launched)

from : EUMETSAT website



Impact of HIRS4_metop-A on CWB T511L60 system
avg(15071000-3118)

Observation count, tot/assimilated

Experiments

1. Temperature
ABS(avg(0O-B)) <0.05 and avg(O-B)s1p < 0.5
=> chn 3,4,14,15,16 exp m52gpsOhr4AT

2. Moisture
chn 10,11,12 (exp m52gpsOhr4Aq)

(gcmark=0 and O<tbobs<le+8) => qcbc

Wen-Mei Chen

ob | Channel | USE ., | Pyinax (O-B) | (O-B)_std
T 1 -1 30mb 0.12 1.81
2 1 60 0.05 0.62
3 1 100 0.05 0.49
4 1 400 0.05 0.31
5 1 600 0.09 0.25
6 1 800 0.12 0.31
7 1 900 0.12 0.40
T, | 8 1 surface | -0.05 | 0.60
0; 9 1 25 0.02 0.66
10 1 900 0.10 0.57 |
11 1 700 0.41 1.30
12 1 500 0.23 1.83
T 13 1 1000 -0.06 | 0.34
14 1 [9s0  [oor [o020 | |
15 1 700 -0.04 | 0.27
16 -1 400 -0.05 | 0.51
17 -1 5 -0.07 | 0.65
T, |18 -1 surface | -0.07 | 1.07
19 -1 surface | 0.49 1.08




impact of HIRS4_metop-AT on T511L60 system(newGSl) - |

Observations assimilated for control run (newGSI_opob-ec-gps):
assimilated by operation except ECgrid and gpsro_ref
(i.e. conventional observation + radiance(AMSU-A+IASI+AIRS+ATMS))

GSI : new GSI (NCEP 1605 operated)
GFS system : T511L60 (gfsv5.2)

experiment period : 15062700-15073112
verified preiod : 15070200-15073112 (by own analysis)

results :
N. Hemisphere : slightly negative impact for day5 forecast.
S. Hemisphere : neutral

experiment description

newGSl|_opob-ec-gps newGSl, no gps_ref

newGSI_opob-ec-gps+HIRS4_mtA | same as newGS|_opob-ec-gps
with HIRS4_metopA obs

assimilated

(temperature channels : chn3,4 and
14,15,16 assimilated)

Wen-Mei Chen



impact of HIRS4_metop-Aq on T511L60 system(newGSI) - |

Observations assimilated for control run (newGSI_opob-ec-gps):
assimilated by operation except ECgrid and gpsro_ref
(i.e. conventional observation + radiance(AMSU-A+IASI+AIRS+ATMS))

GSI : new GSI (NCEP 1605 operated)
GFS system : T511L60 (gfsv5.2)

experiment period : 15062700-15073112
verified preiod : 15070200-15073112 (by own analysis)

results :
neutral
experiment description
newGSl|_opob-ec-gps newGSl, no gps_ref

newGSI_opob-ec-gps+HIRSA_mtAg | same as newGS|_opob-ec-gps
with HIRS4_metopA obs
assimilated

(moisture channels :chn10,11,12
assimilated)

Wen-Mei Chen



Impact of MHS on CWB T511L60 systemnewGSI
(exp m52gpsOmhs, satellite n18/n19/metop-a/metop-b)

e MHS - The Microwave Humidity Sounder
e cross-track scanning

— five-channel microwave
— full-power radiometer
— operating in the 89 to 190 GHz region

e +49.44° from the nadir
 Width of swath : = 1089km
e |FOV size at Nadir : 16 km

from : EUMETSAT website



impact of MHS on T511L60 system(newGSl) — |

Summer month(1507)

Observations assimilated for control run (newGSI_opob-ec-gps):
assimilated by operation except ECgrid and gpsro_ref
(i.e. conventional observation + radiance(AMSU-A+IASI+AIRS+ATMS))

GSI : new GSI (NCEP 1605 operated)

GFS system : T511L60 (gfsv5.2)

experiment period : 15062700-15073112
verified preiod : 15070500-15073112 (by own analysis)

results :
neutral

experiment

description

newGSl|_opob-ec-gps

newGSl, no gps_ref

newGSI|_opob-ec-gps+MHS

same as newGSI|_opob-ec-gps with

MHS obs assimilated
( noaal8/noaal9/metop-a/metop-b)

Wen-Mei Chen
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- —

satwnd HIMAWARI-8 HIMAWARI-8 -~ 9 IR,VIS,WV
METEOSAT-9 METEOSAT-8 ~ 11 VIS, WV
GOES-13 - 15 GOES-15 - 16 IR,WV
AQUA AQUA IR,WV
TERRA TERRA IR,WV
METOP-2(A) IR
METOP-1(B) IR

NOAA-15~16 -~ 18 IR
19



—

Radiance

AMSU-A(MW) NOAA-15 ~ 18 ~ 19 NOAA-15 -~ 18 ~ 19

METOP-A METOP-A

AQUA METOP-B

AQUA

ATMS(MW) Suomi NPP Suomi NPP
AIRS(IR) AQUA(only use 35 chan.) AQUA(use 118 chan.)
IASI(IR) METOP-A(only use 23 METOP-A(use 165 chan.)

chan.) METOP-B(use 165 chan.)



CrIS(radiance) X Suomi NPP
SEVIRI(radiance) X METEOSAT-10
GOES-sndrd1-4(radiance) X GOES-15
SSMIS(radiance) X F17 -~ F18
MHS(Microwave humidity X METOP-A - B

Sounder) NOAA-18 -~ 19



LI N s S I

GOME(ozone) X METOP-A - B
SBUV/2(ozone) X NOAA-19

» 5.3 THLF I > 5 radiance data thinning ~ i
AL EE T



RO data type

Altitude

GPSRO

operation

refractivity

30Km

METOP-A
COSMIC
TerraSAR-X

2018 plan

Bending Angle

50Km

METOP-A
METOP-B
COSMIC
TerraSAR-X
COSMIC-2
GRACEB
TanDEM-X



Assimilated Observations - Satellite

Deng-Shun Chen



Assimilated Observations - Satellite

Deng-Shun Chen



Assimilated Observations — Satellite Wind

Deng-Shun Chen



' N million
N B w N

2017 4/30 00 All Obs.

observation assimited count observation type percentage

.OOZ I I
L . —

0, 0, 0
conventional satellite wind gpsro radiance TOTAL & 2.54% 1.58%

. conventional satellite wind gpsro radiance
5 ———— Radiance data used percentage
23 %
20
15
10
5

54



2018 plan Exp. Result
Score of Height

Against self analysis
Deng-Shun Chen



RMS Error of Wind

Against self analysis
Deng-Shun Chen



RMS Errorof T

Against self analysis
Deng-Shun Chen



Radiance data monitor

channel 14 of the Aqua AMSU-A

from : Earth System Assimilation Section
ECMWEF working group
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Radiance data monitor

Zih-Mao Huang



