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Design of Observing System Experiment(OSE)

Model Operational Korean Integrated Model (KIM3.9) low-resolution (ne180, ~ 25 km)
Dat.a o Hybrid Variational DA (4DEnVar) (ne144, ~ 32 km / 50 ensemble members)
Assimilation

Experiment

Period 3 months (1 Sep ~ 1 Dec 2022)

Verl.ﬂcatlon 3 months (1 Sep ~ 1 Dec 2022)

period

Experiment Used GNSS-RO data
Name

CTL Operational RO data (8 types)
MetOp-B, MetOp-C, TerraSAR-X, TanDEM-X, PAZ, Sentinel-6A, COSMIC-2, KOMPSAT-5

EXP CTL (8 types) + New commercial or China RO data (8 types)
SPIRE, Yunyao, GNOMES-A, FY-3C, FY-3D, FY-3E, Tianmu, CICERO-OP1

NoRO Remove all RO data

'/ numerncal vioaenng wenwer
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Preprocessing of GPSRO on KIM

namelist_obs
Reject ratio(%)
GPSRO Bending Angle Data
L—/;/‘ 40.00

| Decoding & arrange |

40 Rejected data
0
20 56.8%
20 077 Used data
by col?l:nr::nngumber - 6.77 43 . 20/0
= . .
ROPP
(1D forward model of BA)
0
' Gross Duplication O-Bcheck  Thinning
Observation Error v" Gross check: unphysical value check
I L 4
I:nﬁ—l ) Lgﬁ_l = INNOV (earth radius of curvature, geoid undulation, average lat/lon, bending angle, impact height, etc.)
l v" Duplicated check: same profile reject
0-8 check v Height check: impact height < model topo = warning
| ac | : : -
v Simulated BA check: bkg_ba, jacobian of t, g are Nan
_Q%BA,_' v O-B check: O-B > 3 X Obserr
\/ Vertlcal thlnnlng Wlth 400m Interval Korea Meteorological Administration
KIM DA System O Numerical Modeling Center
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Specs of GPSRO in ROMEX

Global GPSRO BA Vertical Statistics
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Distribution of GPSRO in ROM

Before Thinning
Total: 483768 o

CTL(8 types)
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Total: 302629 o
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Count

v # of EXP(CTL+ New commercial RO) > 4.5 X # of CTL(Operational RO)

120°wW  90°W

v Thinning reduces data by about 40%.

(Only vertical thinning with 400m interval)
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SatlD

METOP-1 (Metop-B): 34706
METOP-3 (Metop-C): 34056

TerraSAR-X: 9348
TanDEM.X: 5481

PAZ: 10808

Sentinel-6A: 50776

COSMIC-2 E1
COSMIC-2 E2
COSMIC-2 E3
COSMIC-2 E4
COSMIC-2 ES
COSMIC-2 E6

SatlD

METOP-1 (Metop-8): 21630
METOP-3 (Metop-C): 21271

54268
51253
57746
59980
59024
56322

TerraSAR-X: 5695
TanDEM-X: 3113

PAZ: 5326

Sentinel-6A- 31830

COSMIC-2 E1
COSMIC.2 E2
COSMIC-2 E3:
COSMIC-2 E4
COSMIC-2 ES.
COSMIC-2 E6:

34205
32303
36484
37879
37369
35524

Total: 2188498

- var g

200000150000100000 50000
Count

0

Total: 1366308
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EXP(16 types)
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60°N |-

60°S
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20°W 60°W 30°wW

SatlD

METOP-1 (Metop-8): 34755
METOP-3 (Metop-C)- 34125
TerraSAR-X: 9369
TanDEM.X: 5495

PAZ: 10813

Sentinel-6A: 50872
CICERO OP1: 15274
GNOMES-A: 165301

SPIRE: 1029151

FY-3C. 24713

FY-3D: 24240

FY-3E: 39279

COSMIC-2 E1: 54430
COSMIC-2 E2: 51372
COSMIC-2 E3: 57939
COSMIC-2 E4: 60122
COSMIC-2 ES: 59172
COSMIC-2 E6: 56383
Yunyao: 390864

Tianmu: 14829

cescon0e0e

SatlD

METOP-1 (Metop-8): 21655
METOP-3 (Metop-C): 21302
TerraSAR-X: 5706
TanDEM.X: 3112

PAZ: 5333

Sentinel-6A: 31858
CICERO OP1: 9265
GNOMES-A- 103424

SPIRE: 645218

FY.3C: 15246

FY.3D: 13483

FY-3€: 21682

COSMIC-2 E1: 34271
COSMIC-2 E2: 32345
COSMIC-2 E3: 36581
COSMIC-2 E4: 37942
COSMIC.2 ES: 37414
COSMIC-2 E6: 35570
Yunyao: 245687

Tianmu: 9214

cessneeee

v" Complementing for lack of observations in
high latitude areas by adding new data

»

e

Numerical Modeli

ng Center



Level [hPa]

Background(6hr forecast) assessment against radiosonde

New RO impact

T Error relative to sonde data

" Mean Error 50 STD Error
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Operational RO impact

T Error relative to sonde data
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v' (Bias) Massive new RO data improve temperature bias from -0.2 K to -0.1 K

v' (STD) RO data mainly positive impact for core region. The impact of new data is

Normalized STD [%]

similar to operational data

Korea Meteorological Administration
Numerical Modeling Center



Time series of analysis assessment

Core;

regio

v (Analysis) The impact of massive new RO is less than operational RO but it is positive for T and wia)

Pressure (hPa)

New RO impact
RMSDEXP -

(a) U (m/s)

avg=-0.082, min=-2.275, max=0.589
1

RMSDcp,

(b) GPH (m)

avg=-0.309, min=-13.788, max=9.212
1

(a) U (m/s)

avg=-0.224, min=-1.204, max=0.319
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Blue: Improved
Red: Degraded

¢ RMSDs are calculated against ECMWEF IFS analysis
Operational

impact
RMSDyoro

(b) GPH (m)

avg=-1.469, min=-12.121, max=3.205
1
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Core
region

New RO Impact of forecast for Temperature i

Difference of RMSD = RMSDgyp - RMSD 1, 3 RMSDs are calculated against ECMWF IFS analysis
24h T Difference of RMSE 72h T Difference of RMSE 120h T Difference of RMSE
Avg=-0.04352 (-3.57819 %) Min=-0.40704 Max= 1.54347 Avg=-0.03538 (-2.05751 %) Min=-1.93880 Max= 0.50478 Avg=-0.02128 (-0.93621 %) Min=-3.50277 Max= 1.20424
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Improvement rate[%] = (RMSD¢;, - RMSDgyp)/RMSD 7, X 100
Globe North Hemisphere Tropics South Hemisphere
8 | 24 | 48 | 72 | 96 | 120 | & | 24 | 48 | 72 | 96 | 120 | @ | 24 | 48 | 72 | 96 | 126 | ® | 24 | 48 | 72 | 96 | 120
T 50hPa 5.94 [4.35|4.06 |3.98 | 4.04 | 3.46 | 2.93 | 2.40 | 2.50 | 3.33 | 3.40 |3.57 | 6.46 | 4.45 [3.97 [ 3.51 [3.64 |3.50|8.14 | 6.23 |5.98 | 5.91 | 5.48 | 3.39
T 1eehPa 16,77 |2.11|0.72 | 0.69 |-6.53|-0.78] 6.49 | 2.91 | 1.62 | 1.63 | 0.43 |0.35|4.71 [0.70 |-0.39(-0.78|-1.24|-1.60|11.57 | 5.85 | 3.45 | 1.62 | 0.81 |-8.73
T 256hPa 172 24(6.42|3.30 |1.90 | 1.26 |0.68|9.38 | 4.80 | 2.63 | 1.55 | 1.72 9.93.3.37 5.87 | 4.35 | 4.18 | 3.60 |11.63| 6.55 | 2.66 | 1.42 |-0.02|-0.23
T 560hPa | 4.30 |0.64 |0.38 |0.40 |6.43 | ©.67|3.99 |0.89 |©.78 |0.50 | 0.77 | 0.57 | 1.25 |-2.99(-3.44|-3.09|-2.61|-1.53] 7.52 | 3.39 | 2.07 | 1.48 | 0.82 |-0.08
T 86hPa 7 95 |0.92|0.52|06.44 |0.39|6.26|0.86 | 0.75|6.51|6.74 |0.92 |0.68|-0.12(-0.62|-0.17|-6.51|-0.82|-1.13| 2.06 | 1.83 | 1.06 | ©.86 | 6.59 | 0.49
Degraded - - |mproved

-20 -16 -12 -8 -4 4 8 12 16 20 ~Jrea Meteorological Administration

Numerical Modeling Center

v" The impact on high-altitude temperature is positive until the 5-day forecast, especially in polar region.b) 8



New RO Impact of forecast for Wind, GPH, T, Q

Difference of RMSD = RMSDg,p -

RMSD¢r,

% RMSDs are calculated against ECMWF IFS analysis

U DIFF_RMSD (exp-ctl) + O@IQ
u Diﬂere nce o! RMSE Difference oi RMSE

Avp=-0.08731 (-0.55577 %) Min-23 53605 Max=15.00882
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T T Difference of RMSE

Avp=-0.03538 (-2.05751 %) Mine- 193880 Max» 0.50478

Q Difference of RMSE

Avy=0.00112 (-0.23405 %) Mine-0.08135 Maxs 0.09377
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Imp. Rate = RMSD;,;;S—D RMSD¢ry, SE = """% _ Imp.Rate — 0
at each time — e srological Administration
A A

il Modeling Center

Degraded Neutral Improved



Impact of forecast: Z core (New RO vs. Operational RO)

New RO [ Operational RO
Improved
Globe North Hemisphere Tropics South Hemisphere Globe North Hemisphere Tropics South Hemisphere

o ‘" ~lals A A IorewaAAAAAAAA An[AATA[A[A]A[AA]A[A[A[A]

won | AlA[A[A[A]A[A]A[A[AA] |A[A[A[A|A|A|A[A]A[AlA won [AlA|A|A|A|A|AlAlA[A[A[A[A]A[A[A[A]A|A[A]A]A]A]A
Wind® = |a|a|a|aa] [a|a/aaals|alaaln alaalan] |l {alaalalaalaalaa AAAAAA|AlA|a|alalal *F
Speed > |A A |A|A AlA AN AlAAlA AAA wae | A A|A|A|A|A|A|A|A AAAAAAAAAAANAL
wao (A A A AAl | (AlA|A|A| |2 AIA|A|A|A|AA IWSWAAAAAAAAAA A|lA A A A AAAAAAAAl 2sE

woon | I AA[A[A] |A A AlAA woo | AAA|AAA|AAA AN AlAAIAAIAIA
wor |A[A[A[A[A]A|A]A[A]AA[A]A A A[A]A|A AAAAA'WMAAAAAAAAAAAAAAAAAAAAAAAA 1 st

wans (A |A|AA A AAAAAAAAAAAAAAAAAAA won | slalalalalalalajajajalala/a/aalalalalalalalals
GPH oo AAAl vl (A~ A A vivirla | = alalala[nn]alala AAAAAAM|A[AAAAN
oo W[ W] TA[A] [W]W] [ATA] [V V[V |V [¥Y[¥[¥[A[A woor | [ AlA|AIAIA]W] A AVYVY AAA AN
woor |AIA|A|A AA LA A A NEDE ImmAAAAAAAA A AL AL AlA] ]
T |A|AA A AAAAAAAAAAAAAAAAALAAALAA[T" o TATATA[A[AA|A[AIA[A A A|AATA[A[A[A[A[A]A[A[A]A] 2°E

T "o~ |AlA|A] [V[V|A|AaA|A AAlvivivialalala ITwB“PﬂAAAAAAAAAAAAAAAAAAAAAAAAV
roon | AA[A|A[A[A|A|A[A|AA[A|A]AA|AA|A|A|A|A|A ran (AlAA|AAA|AAAlA A A AAAAAAAAAAN 3sE
o | AL A|A AAA AV V VVV|AAAAL T | AlAAAAA|AAlA AAAAA |alalaaany

roon |AA|A|A AAAA A vV VvialAlA|n ITS‘-‘B“%AAAAAAA A |AAAAAA
v' The impact of massive new RO is less than operational RO, but it has positive potential for T Degraded

v There are some side effects in GPH for short-term forecast

T

GPH
S

Positive impact at the higher altitude than 250hPa
Negative impact at 850~500hPa of Tropics

Negative impact at 500hPa until 1 day forecast

Positive impact on 0~3 day forecast

Neutral

Globally Positive impact at whole levels and all forecast time
except for GPH 500hPa at NH and tropics on some forecast time

ition
iter
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Forecast time 000h CTLoperational rRo) VS. EXP(new ro) Sep. 2022

P H Bias and RMSD are calculated against ECMWF IFS analysis
CTL (operational RO) EXP New RO) EXP-CTL

Height Bias Height Bias Height Diff

CTL(operational RO) EXP(NeW RO) EXP-CTL

Temperature Bias Temperature Bias Temperature Diff

I
|
|
|
KIM_CTL KIM_EXP KIM_EXP-KIM_CTL | KIM_CTL KIM_EXP KIM_EXP-KIM_CTL
2022000100-2022083012, {000-000 2022000100- 22063012, 1000000 2022090100-2022093012, 1000-000 I 2022080100-2022083012, f1000-000 2022090100-2022093012, f1000-000 2022090100-2022083012, 1000-000
1o _Min:4.140, max; 0737, avg: 0,112 Glos 1o _min:-2450, max; 2630, avg: 0 GLoB min: -0.154, max: 3,358, avg: 0.121 | Jo TN -40.870, max: 1,892, avg: 2952 GLos Jg _min: 8849, max: 21901, avg: 2575 GLOB 1o _Tin: 2011, max: 36,094, avg: 5528 aL08
E f | e L A Ol0P B
50 — = = 50 50 50 4 50
100 o —_ 3 100 ’\_\7 3 ! 100 - v ] W 100 o % 00
150 TR 25 150 25 } 150 1 = 150 — 2 50
200 : 1 200 | 200 : 1 20 200 20 200
1 1
i d .
200 1 ! s 300 - e ! 200 i ! 00 300
[— i f Y | . 10 10
. 400 05 400 -] o8 } 00 5 400 5 00
01 ot | 25 25
500 500 500 500 500
‘\ o 01 I 25 25
05 a 05 } 5 5
h 1 -1 10 -10
. 700 - 700 4 | 700 00 700
15 15 | 15 -15
/ 2 / 2 } 20 2
86 ] o 25 850 5 | 850 25 850 25 0,
925 ’:\1 L\ El 925 — DD J 3 I po w 925 - -
| 1000
1000 T T T T T 1000 T T T T T I 1000 T T T T T 1000 T T T T T
905 805 08 2] £ 60N 90N £ 608 E EQ 0N 0N 0N | 0S 805 £ EQ 30N 80N 90N 5 605 S Eq 20N 60N 90N
|
77777777777777777777777777777777777777777777777777777777777777777777777777777777 |
T T e e e
Temperature RMSE Temperature RMSE Temperature RMSE diff } Height RMSE Height RMSE Height RMSE diff
KIM_CTL KIM_EXP EXP-KIM_CTL KIM_CTL KIM_EXP KIM_EXP-KIM_CTL
zuzeoao 002022093012, 1000-000 2022090100-2022093012, f1000-000 12, | 2022090100-2022093012, 1000-000 2022090100-2022093012, 1000-000 0220901 205301
min: 0.264, max: 4.583, ay GLOB min: 0.254, max: 6.211, avg: 0.687 GLOB min: -1.557 202209“ 000000 | min: 2.785, max: 42882, avg: 7.351 GLOB min: 2.994, max: 26.899, avg: 6.823 GLOB :.27.873, m;‘; 0m°° ;202 2:1000:000,
10 — 10 : | 10 10 Sl 10
50 50 50 50
100 42 100 42 | 100 i 100 | 0 ‘::
150 - 39 150 39 | 150 — 65 150 3 150
200 ~ 386 200 36 } 200 80 200 80 200
200 | 33 00 | 33 | 00 | 55 200 55 200
3 3 | 50 50
T 27 400 a7 } 400 — 45 400 45 400
i 24 500 — 24 | 500 40 500 | 40 500
21 2.1 | 35 35
J 18 J 18 } 0 30
15 15 S 25
¢ 700 ! <700 | 00 — 700 700
12 12 | 20 20
09 | 15 5
850 05 850 } 850 — o 850 . 850
825 - [0} 03 g25 - |18 | a25 | 5 925 | 5 925
1000 1000 | : - - - - T T | 1000 - : - : 1000 ~+———————— — — 1000 T T
908 sus Eo mw aoN 908 608 308 EQ 30N s es %S £a 3N BN 90N ‘ 908 60S 308 4] 3N 60N 90N s 605 05 =) 30N GN SN 9s  e0s 308 EQ 3o 6N 90

« Theadding of new RO generally leads to anincrease in T (B,b). Consequently, this results in an elevation in GPH (E,¢).
« The determination of RMSD improvement is dependent on the pattern of biases in T and GPH.

Blue box | Biasof CTL | RO effect | Bias of EXP RMSD Bias of CTL | RO effect | Bias of EXP RMSD
on bias on bias

Improved Improved
(A) (B) Im proved (C) (a) (b) Im proved (c)

GPH @D ® PDD Degraded GPH ©0 ® S) Improved
(D) (E) Degraded (F) (d) (e) Improved (f)
11



Adjustment of Observation error inflation

Difference of RMSD = RMSDg,p - RMSD 1,
GPH (b) GPH (m)

avg=-0.299, min=-18.562, max=14.476

o, : observation error of CTL U

o, X1

o, X3

(a) U (m/s)

avg=-0.076, min=-1.425, max=1.072

pressure levels [hPa]
»
8

1

pressure levels [hPa]

2|\
%S 60S 308 0 30N 60N 90N
"0 0015 003 0.045

-0.045 -0.03 0015

© T (K)

avg=-0.054, min=-1.277, max=2.824

pressure levels [hPa]

! 1
908 60S 308 0 30N 60N 90N
_CENENNEEN
-0.045 -0.03 -0.015 0 0015 0.03 0.045

pressure levels [hPa]

I
90S 60S 308 0 30N 60N
-1 -08-06-04-02 0 70‘2L04 06 08 1
(d) Q (gkg)

9=-0.002, min=-0.416, max=0.044

90N

0008 0004 O 0004 0008

g, XV1.5

pressure levels [hPa]

pressure levels [hPa]

(a) U (m/s)

avg=-0.063, min=-0.980, max=0.295

1 |

pressure levels [hPa]

Blue: Improved
Red: Degraded

RMSDs are calculated against ECMWEF IFS analysis
GPH (b) GPH (m)

avg=-1.234, min=-18.297, max=5.595

!
0 30N 6N 9N
0 0015 003 0.045

-0.045 -0.03 -0.015

© T (K)

avg=-0.048, min=-0.706, max=2.172

S o

pressure levels [hPa]

| UNNEEN

6-04-02 0 02 0.4 06 08 1

(d) Q (gkg)

9=-0.002, min=-0.293, max=0.049

-0.045 -0.03 -06‘5 0 0015 003 0.045

U (a) U (m/s)

avg=-0.041, min=-0.488, max=0.536

GPH_weme
1

avg=-0.716, min=-9.001, max=6.527
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g, X V4.5

avg=-0.024, min=-1.084, max=0.670

U (a) U (m/s)
1

pressure levels [hPa]
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(b) GPH (m)

, Min=-5.021, max=7.566

5 5
w
10 g 10
50 = %
100 e 100
200 3 200
300 o 300
500 g 500
700 o 700
850 S 850
‘§§§ 1§§§ . L . . 1
%S  60S 308 0 30N 60N 90N
CLTTTT T Ir—
-0.045 -0.03 -0.015 0 0.015 0.03 0.045 41 08-06-04-02 0 0.2 04 06 08 1
I (©) T (K) (d) Q (g/kg)
avg=-0.017, min=-0.774, max=0.459 vg=-0.001, min=-0.162, max=0.050
1
5 5
10 § 10 4
50 =
100 ?>>
200 K}
300 )
500 2
700 3
850 a:

-0.045 -0.03 -0015 0 0015 003 0.045




Impact of forecast: Z core (New RO vs. Obs. emror Adjust)
New RO (o, X v1)

New RO (a,X v/3)

Improved

Globe North Hemisphere Tropics South Hemisphere Globe North Hemisphere Tropics South Hemisphere
Q o 7eenea | AL A Al A I o 7oonea | A | A Al A AlA A AN A
wort A A|A|A A A A A AAA A A A A AAAAAAA ok A A A A A A A AAALLNAAAAAAAAALAALAN
Wind* ™ |a|a|a|aa] |a|aa|aa|s|a]aaln alaaalal || ee(alalaa AlAla|n AA AlAA|A 7o
Speeds soes | A AL AIA AlAINIA A A AlA AlAlN ws 2senea | A | A | A A Y WVANFAN WA Al A AN A
WS 56@hPa A Al A A A | Al Al A A A ANIANIAIA A A A I wosonpe | A | A | A A Al A A A A AN - 2 SE
WS g5enpa AAlA A A A AlAlAN wsossenpa [ AL AT AT ATA AN VAN AN
o |A[A[AaTA[AA[aTA[aTA[a[a[aA]Aa[a[A[ [A[A[A[A[A] | @ [A[A[A[A[AA{A[A[A]A A[A[A A A[A[A[A[A[A[A[A[A] | s
crm | AAA A A A AAAAAAAAAAALAAALAAAAAAN oot | A A A A A A A A AN A A A AAAAAAAN
G PH GPH 250hPa AlA A v AlA Al A Y VIAIA I erasones | A | A A A Al A Al A Al A AN 1 s
o seenve | W7 | WP Al \ A8 4 ALA VYV VVVYVIVVYIAIA GPH soonPa [ 7 AlA v \ A8 4 AlA|lN
eiosonea | A A A A AlA NN A A A Al GPH 858hPa I A ALA
rove |A[AAA|AA|A|A|A|AAA|AAA[AAA[AA[A[A|AA I AAAAAAAAAAAAAAAAAA|A[AlAlA[A[A] 2SE
T T | AL A A VIV IAI A Al A A A_ VYV VIVIA A A A I Totwenea (A A A Al A Al A A VIVIA A AlA AV
v [ATAA|A[A|A|A|A[A|A|A[A|A[A AlA|a|A|a]A]aA v oo (AAAIAIAL |AA[A AA A AlAlA[A 3 SE
Toswnea | AL A A Al AN AV VIV VVIA A A A Tosoenea | A AL A/ AlAl/N Al A AV Al A Al v
Toeme | A A AA AAANNA V. V. VIA A A A IT“""PEAAAA AlA|A \Y A A AA N

v’ After inflation of the observation error, the side effects in the red boxes were greatly reduced.

T

GPH
WS

Positive impact at the higher altitude than 250hPa

New RO (o, X V1)

Negative impact at 850~500hPa of Tropics

Negative impact at 500hPa until 1 day forecast

Positive impact on 0~3 day forecast

Neutral

New RO (o, X v/3)

The negative impact seen in the Tropics are greatly reduced.

The negative effects seen at 500 hPa are greatly reduced.

Positive impact is slightly reduced in the Northern Hemisphere.

The positive impact is improved slightly.

Degraded
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Summary

e New RO characteristics

~ (Quality) Similar to operational RO: standard deviations are similar at core region(7-35km, 400-10hPa)

~ (Quantity) 4.5 times of the number of operational RO, especially adding observation in polar region

r Impact assessment with new RO compared to operational RO
~ (O-B, Radiosonde temperature) The impact of new RO is similar to operational RO

~ (Analysis) The impact of massive new RO is |ess than operational RO but it is positive for T and wind

~ (1-5day Forecast) The impact on high-altitude T is positive until the 5-day forecast, especially in polar region

There are some side effect in GPH

= By inflating the observation error by a factor of v/3, the side effects that appeared in GPH are reduced.

Korea Meteorological Administration
Numerical Modeling Center
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EFSO with LETKF of KIM

NoRO

Total obs. impact

SONDE [ 53.52%) -
SURFACE | 4.00%) —
AIRCRAFT( 11.66%) -

GPSRO (-0.00%) —

ANV [ 1491%) <
AMSU-A | 0.80%) —
MHS [ 2.14%) =
TCBOGUS { 0.08%) —
IAS] | 0.68%)
CRIS | 0.84%) —
CSR  (-0.00%) -
AMSR2 ( 1.92%) o
ATMS (| 2.28%) —
SCATWINDI 5.13%)

MWHS2 | 2.04%) —

[ -0.00%) —

1 1 I
B 5

Impact[J/Kg]

Sum of
obs. Impact
in Energy norm

v" EFSO impact is double by adding 3.5 times more new RO than operational RO

-15.31 J/Kg

SONDE (41.08%)
SURFACE | 3.22%)
AIRCRAFT( 9.37%)
GPSRO (22.41%)
ANV { 11.64%)
AMSU-A | 0.60%)
MHS | 1.66%)
TCBOGUS | 0.07%)

IASI | 0.4B%)
CRIS { 0.62%)
CSR (-0.00%)

AMSR2 ( 1.28%)
ATMS | 1.75%)
SCATWIND{ 4.23%)
MWHS2 | 158%)
( -0.00%)

CTL

Total obs. impact

A0 40 g ] 1]

Impact[J/Kg]

-17.55 J/Kg

224k

Operational RO impact

SONDE [ 27.69%) —
SURFACE ( 2.32%) —
AIRCRAFT( 6.70%) —
GPSRO { 47.39%) —
ANV (| 7.72%) -
AMSU-A | 0.39%) —
MHS ( 1.07%) =
TCBOGUS [ 0.06%) —
IAS] § 0.29%) <
CRIS { 0.42%) -
CSR  {-0.00%) -
AMSRZ ( 0.77%) —

ATMS ( 1.14%) =

SCATWIND{ 3.01%) <
MWHS2 { 1.03%) -

[ -0.00%) —

EXP

Total obs. impact

-4.65 J/K

| I | I I
0 8 L i 2

Impact[J/Kg]

-22.20 J/Kg

New RO impact

Each RO

Normalized obs. impact{EXP)

MetOp-B 3.94%)
MetOp-Cf 4.07%)
TerraSAR-X[ 3.79%)
TanDEM-X| 5.84%)
PAZ| 2.88%)
Sartngl-68] 4.51%)
CICERO-OP1[ £.48%,)
GNOMES-A[ £.17%)
SPIRE( 4.06%)

FY-3C( 3.83%)

FY.3D( 6.21%)

FY-3E| 5.97%)
JOSMIC2-FS1( 5.90%)
HOSMICZ-FS2( 5.84%)
JOSMICZ-FS3( 5.60%)
JOSMIC2-FS4{ 6.02%)
JOSMIC2-FSS 5.83%)
HOSMIC2-FSB 5.84%)

KOMPSAT-S) 3.47%)

0.9x10* o&x10" 030" 010"

Impact]J/Kg]

v' The impacts normalized
by the number of obs. are
at a similar level
regardless of satellites

= Even if the efficiency of new RO is slightly lower than operational RO, New RO 'cftiuMarl.idwmimstmﬁon

Numerical Modeling Center
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ForecaSt tlme OOOh CTL (operational RO) VS. EXP(New rO)

¢ Bias and RMSD are calculated against ERA5 analysis
TCT L(operational RO) EXP(NeW RO) EXP-CTL G R-Iltloperational RO) EXP(NeW RO) EXP-CTL

Temperature Bias Temperature Bias Temperature Diff Height Bias Height Bias Height Diff

|
|
KIM_CTL KIM_EXP KIM_EXP-KIM_CTL | KIM_CTL KIM_EXP KIM_EXP-KIM_CTL
2022080100-2022113012, 11000-000 2200010020221 13012, 1000-000 2022090100-2022113012, 1000-000 222060100 20221 13012, 4000-000 2022090100-2022093012, f1000-000 2022090100-2022113012, 1000-000
4o —min:-4.864, max; 0,958, avg: -0.138 GLOB 1o —min:-3.176, max: 2702, avg: -0 GLOB min: -1.194, max: 2.047, avg: 0.117 | 10 —Min:-40.898, max: 9.985, avy: - Glos 4o —fmin: -8.849 max: 21 901, avg: 2 575 GLOB 1o min: -1.707. max: 33.348, avg: 5.481 GLOB
e e e GLOR —min: 9176 mac 2702 v 0022 GloB | -,r— BT
50 50 50 50 50
100 - — 3 100 == N ! 100 - 5" 100 o 100
150 | IR 150 } 150 — (P = 150 — 2 150
200 : 1 200 | 200 : ] 20 200 20 200
1 1
i d .
300 | 1 ! '8 300 e ! 300 i | e 300 ® 300
[— f 1 | mm—— 10 10
L] 400 o pmm——— 1 08 400 | 05 } 400 | 5 400 — 5 400
: 01 o1 | 25 25
500 500 500 500 500
1 a1 0.1 | 28 25
L 05 05 } 5 5
1 4 10 o
toT00 —;\ ©oT00 —“ ! ©700 - © 700 © 700
15 15 | 5 5
2 N 2 } 20 20
850 25 850 25 | 850 25 850 25 0,
925 | : a3 925 I\ﬁ l FJ 3 | 925 30 925 — Y 825
| [ i | 1000
1000 T T T T T 1000 T T T T T I 1000 T T T T T 1000 T T T T T
908 508 308 EQ 30N 60N 90N 908 608 308 EQ 30N 60N 90N I 905 80S 308 EQ 30N 60N 90N 908 608 308 EQ E 60N 90N %08 608 308 EQ 30N 60N 90N
|
77777777777777777777777777777777777777777777777777777777777777777777777777777777 |
T T e e e
Temperature RMSE Temperature RMSE | Height RMSE Height RMSE Height RMSE diff
KIM_CTL KIM_EXP | KIM_CTL KIM_EXP KIM_EXP-KIM_CTL
zuzaoaowu 2022113012, 1000-000 2022080100-2022113012, ft000-000 | 2022090100-2022113012, f1000-000 2022090100-2022093012, 1000-000 2022090‘00 2022113012, 1900000
min: 0.333, max: 5.450, a GLOB min: 0.300, max: 4.027, avg: 0.673 GLo8 | min: 1.875, max: 43 207, avg: 7.689 GLOB min: 2.994, max: 26.899, avg: 6.823 GLOB in: 27,980, ma: 7380, a
10 10 | 10 Thm—— 10 e 10 _min: .
50 o 50 50 50 - 50
o] - @ - w o " "
150 o 38 150 39 | 150 65 150 | 65 150
200 — a8 200 38 } 200 — 0 200 60 200
200 | 33 300 | 33 | 00 | 55 200 55 200
3 3 | 50 50
A 27 400 — Ha7 } 400 — 45 400 — P 400
i 24 500 — 24 | 500 40 500 | 40 500 —
21 2.1 | 35 35
18 18 } 0 30
15 J 15 S 25
700 I < 700 4 E | 700 700 700 —
12 12 | 20 20
(X} 09 | 15 15
850 08 850 Hos } 850 10 850 10 9.
825 03 925 — Hoa | 925 | 5 925 5 825
1000 | 1000 - u I 1000 . . . . " 1000 1000 T
908 605 308 €a 30N 60N 90N 908 608 308 EQ 30N 60N 90N 908 608 308 £Q N BN 90N I 908 605 £ EQ 30N 60N 9N 905 505 308 =) 30N 80N soN 908 608 308 £a 30N BN SN

« The adding of new RO generally leads to an increase in T (B,b). Consequently, this results in an elevation in GPH (E,e).
« The determination of RMSD improvement is dependent on the pattern of biases in T and GPH.

Blue box | Biasof CTL | RO effect | Bias of EXP RMSD Bias of CTL | RO effect | Bias of EXP RMSD
on bias on bias

Improved Improved
(A) (B) Im proved (C) (a) (b) Im proved (c)

GPH @D ® PDD Degraded GPH ©0 ® S) Improved
(D) (E) Degraded (F) (d) (e) Improved (f)
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