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IROWG-10/ September 1218, 2024/ucAR  Recent progress In GNSS-RO satellite data assimilation
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Korea Meteorological Administration
Numerical Modeling Center

1. Background 4. Results

<+ Evaluation of analysis performance compared to Baseline
-« (CTL) Degradation in the middle layers of the southern hemisphere (SH) and lower layers except Antarctica

<+ We have been steadily promoting the use of the new

GNSS-RO satellite data for Korean Integrated Model (KIM). MetOp-A/B/C  : KOMPSAT-5 :COSMIC-2 : GRACE-C : Sentinel-6A  : Spire T 1 » (EXP_zfrac) Improvement in the lower layers of the northern hemisphere, degradation in the mid- and lower layers of the SH

. - : P COSMIC-1 FY-3C/D Spire (NOAA) : :
KIM was developed by Korea Institute of Atmospheric Prediction Systems e CUMETSAT) _« (EXP_obserr) Improvement in most areas except the tropics upper layer

(KIAPS) for about 9 years(2011-2019) and KMA started operating in April 2020. : ranoem-x GRACE-D
« Addition of three new GNSS-RO data in 2023 improved upper-temperature

GPH « CTL, EXP_zfrac, and EXP_obserr experiments improve the performance of the areas over the SH

< New GNSS RO of Korean Integrated Model > CTL EXP zfrac EXP obserr

KIM_CTL-KIM_BASELINE KIM_EXP_ZFRAC-KIM_BASELINE KIM_EXP_OBSERR-KIM_BASELINE
2070100-2022083112, ft000-000 2070100-2022083112, ft000-000 2022070100-2022083112, ft000-000

and consequential error reduction in long-term predictions.

But, resulted in geopotential height degradation in southern hemisphere mid- and upper levels. ST ! o T ! 10 =00 !
:gg o..125 :gg “ e n 0~.125 122 o..125 DegradEd
) . 200 A ‘] 0.1 200 — :3:1:3:; ’] 00:5 200 | y] 0.1
<+ In order to iImprove the forecast performance of the middle and lower levels of the atmosphere, iz = a | . e
0 S s 0 | H oo 400 I oo
experiments were conducted to adjust the observation error of GNSS-RO data and its effect was analyzed. Temp. ™ e - e ™ o
< . - e g
2. Data - A i i - i mprovec
<+ Three new GNSS-RO(Sentinel-6A, Spire, GRACE-D) = Tg—— 3 — S | I . begraded
* The new of GNSS-RO data in the first time of the experiment contributed significantly to the resolution of observation gaps in high-latitude 1 M
(especially the Ocean, South and North Pole). i . | A ..
- With the addition of new data, the data has doubled compared to the previous data and is evenly distributed across the world. GPH | i 4 1%, _ s
2022062512 (Baseline) 2022062512 (CTL) o = I IR i
Total: 402577 90°N —— S . . : ! Total: 826518 90°N . _ . _ _ | _ : ; o 1. ‘ . )
“?"' | - E | 1 l - 850 — 1 850 — j 850 — j
) SatiD SatlD 925 — if 025 — Iis 925 — I-zs Improved
' . E EEEEAER§(§EEE4 E EEEEERE%E; 1000 L [ F*® T T ¢ & v 1 1000 1 T 1 1 1 1 1000 NN I A A IR RN R E
° gﬁgnf 550933 o R s - h :. - {h:‘a. ; 1-& L .. ' b : EEFEE:E{;S‘EIBI 90S 60S 308 EQ 30N 60N 90N 90 60S 308 EQ 30N 60N 90N 90 60S 308 EQ 30N 60N 90N
SN L XS = e cosmc 31 5093 < RMSE difference of (upper) temperature and (lower) GPH of analysis compared to Baseline using IFS analysis >
B o EXP_zfrac has lower temperature performance compared to CTL, but geopotential height is improved

GRACE-D: 7525

EXP_obserr has lower tropics upper temperature performance compared to CTL, but overall geopotential height is improved

10000075000 50000 25000 I T TR 1075000 50000 25000 B I i s TBETE, <+ Evaluation of forecast performan ce Compared to Baseline

< Distribution of the pre-processed GNSS-RO observation locations at the first time of cycle (left) before and (right) after adding new data > . The degra ded oe formance of the mi d-Iayers geopotential height inthe CTL is the weakest in the EXP obserr
« The EXP_zfrac with twice fraction of the error applied only to less than 10km altitude is similar in high layer compared to CTL, but
3. Methods 850-500hPa temperature degradation is noticeable in the tropics.

* Increasing the observation error across all layers leads to a decrease in upper layer temperature performance compared to the CTL,

N RMSE g coiime Three new GNSS-RO + inflation factor(3.1) === Real-time operation in the KIM(v3.9) (Start date: 14 May, 2024)

A " " . " . . . .
<+ Fraction of observation error — Observation impact with O-B and A-B — slope of a linear regression equation but results in an overall improvement in prediction accuracy
» Core region(20km): GNSS-RO observations have a significant impact (slope: 0.275) 58 [ peeroie oo e, | |
56 1 —— STD of Increment B 24 48 | 72 | 96 | 120 | B 24 | 48 | 72 | 96 | 120 8 24 | 48 72 | 96 | 120 | @ 24 a8 | 72 | 96 | 120 B 24 | a8 | 72 | 96 | 1206 | @ 24 | 48 ?ther:a 120 | ® 24 ':;'op:.:; 96 | 120 | B zS:Uth.;gHem;pher:s 120
» Upper(40km): Very large observation error, so little impact from observation (slope: 0.026) 2] 77 i coservationst Errar ol ) EDEICe - | O - - - e ] e ) ) el Y AL
. . 50 ==+ DA Observational Error WS 256hPa | 1.36|0.95|0.32 | 0.33 |-0.01|0.44 | 1.23 | 0.86 | ©.10 | 0.04 | -0.03| 0.67 [ 0.22 | 0.00 | 0.11 | 0.31 |-0.18|-0.03]|2.72 | 1.88 | 0.69 | 0.67 | 0.16 | 0.40 ws 2sonpa | A | A Al /N Al A
 Lower(5km): Observation error is large, but the impact of observation is so large (slope: 0.099) ] s Soma (oo 00|05 |12 |0s 1027|055 o8 022 o0 [ o0 o [ .2 | .2 | .20 [ .0 |5 [woe |wot | woe [os [ oz [ ] s sooe | & | & | & oA lalala
N — - j;l: WS 856hPa | .28 | ©.66 |0.53 |0.61|0.09 | 0.22 [-.08|0.31 |0.05|-0.10|-8.52| 0.13 | ©.34 | 0.63 |0.33 | 8.27 |0.06 [-0.18)| 0.56 | .97 | 0.94 | 1.15 | 0.43 | 0.38 WS 850hPa A A A A A A A A A A A
gp=To 4 m gpsro d L gpsro d L 40 1 GPH 256hPa | p.95| 0.70 | 1.20 | 1.34 | ©.39 | 0.07 | 4.76 | ©.04 |-0.17| 0.18 | -0.14| 6.41 | 8.31 | 1.45 |-1.24|-1.26-0.33 0.56.@.87 2.43 | 2.16 | 0.76 |-0.10 GPH 256hPa A A A A v A A
izzzzz:ggané 4?§?22§ ke 9.027 - izzgzz:gsang 3?%?%% A e 0.1 . 50000_:“:25"5 30(;)332 — o g ;2: IL—) GPH 580hPa | 4. @1|-0.80|®.70 | 1.11 |0.27 |-0.73|-3.29|-2.65|-1.59|-0.30| 0.02 |-0.11]-1.60|-6.24|-6.28|-5.78|-3.72|-2.53|-5.208| 1.49 | 2.44 | 2.00 | 0.52 | -0.92 GPH 500hPa v v v v v v v v v v v v A A A
5 e 20 (!;!00 ormS: 122 : (5;(! 5 me s e 0-;0. 534_ GPH 856hPa | 2. 42 | 1.84 | 1.29 | 1.25 | 0.27 |-1.00]|2.28 |2.09 |©.85 | ©.39 | -0.47|-6.33| 2.37 | 1.99 | 1.84 | 6.66 | 0.34 [ 0.05 | 2.53 | 1.68 | 1.43 | 1.64 | .55 |-1.28 GPH 850hPa A A A A A A A A A A A
" e " - " R %:S: T 256hPa | .80 |3.73 | 1.81 | 1.65 |0.64 | 0.12 | 6.04 |2.80 [0.97 | 0.70 | 0.63 |-0.05| 8.77 | 5.05 |3.31 | 2.82 |2.41 |2.82 [6.40 | 3.60 | 1.95 | 0.83 | 0.30 | -0.15 T oseea | A A Al A AlAl/N Al A A A A Al A A A
y = 0.099x +0.102 gﬁ:n ?Egg y = 0.275x +0.012 rS:E:n Eggz y = 0.026x +0.106 %‘E:n §§Z '_,528- T 500hPa 1.63 |0.42 | ©.07 [ 8.33 [ 0.22 | 0.38 | 1.62 [-0.47 |-0.81|-0.56|-0.46|-0.09|-0.67|-1.77|-2.14|-2.05|-1.46|-0.86| 3.61 | 2.76 | 1.69 | 1.58 | 0.95 | 0.84 T 500hPa A A A v v v v v v v A A A A
201 201 1 % gi: T 850hPa | p9.65|0.66 |0.49 | 0.42 |0.60 | 0.09 | 1.20 | 0©.95 [0.51 | ©.22 | ©.15 | 0.05| ©.01 (-0.15(-0.26 |-0.45(-0.10|-0.09| 0.85 | 1.13 | 1.60 | 1.01 | 1.16 | 0.17 T  856hPa A A A A A A A A v A A A A A
= ] 1 g- 22 1 Globe North Hemisphere Tropics South Hemisphere Globe North Hemisphere Tropics South Hemisphere Improved
= = i~ 8 20 A @ | 24 | 48 | 72 | 96 | 126 | ® | 24 | 48 | 72 | 96 | 120 | @ | 24 | 48 | 72 | 96 | 120 | 8 | 24 | 48 | 72 | 96 | 120 6 | 24 | 48 | 72 | 96 | 120 | & | 24 | a8 72p 96 | 120 | 8 | 24 | a8 N 72 | 96 | 120 | B | 24 | 48 np 9 | 120
‘:_f' O‘/,/'// > ‘f o e ‘f 0 o —— | pR——— 12: Q 7@6hPa |.p.19|-0.98|-0.01|-0.02|-0.15|-0.08(0.35 | ©.25 |0.13 | 0.01 | 0.02 | 0.04 |-0.62|-0.22|0.05 |-0.01|-0.28|0.00 |-0.16|-0.50 |-0.58|-0.19| -0.15|-0.57 Qo 70enPa | \/ A v \V4 A .
—104 —104 —104 14 - WS 256hPa 1.52 | ©.75 | ©.12 |-0.03|-0.16 | 0.06 [ 1.49 | .76 | 0.20 | 0.02 |-0.22| 0.57 | ©.47 | 0.06 |-0.17 | .02 (-8.13 | 0.28 | 2.68 | 1.40 | 0.23 | -0.05|-0.09|-0.37 WS 250hPa A A A A A A A A
o ol - 13: O WS 500hPa | §.28 [0.37 | 0.11 | 0.10 |-0.31|-0.17|-0.12|0.30 | 0.12 |-0.08|-0.08| 0.17 [-0.69|-0.54|-0.70|-0.22 |-0.28| 0.28 | 1.27 | 0.92 | 0.41 | 0.28 | -0.40|-0.41 ws seonpa | A\ | A \ ARVAA 4 Al A 2 SE
- - o 8 - CU WS 856hPa | g .22 (0.44 | 0.08 | ©.16 |-0.23|-0.03|-0.01|0.30 |-0.15|-0.09|-0.01|-0.00|-0.01| 0.35 |©.06 |-0.07|-0.25(-0.20| ©.59 | .61 | 0.23 | 0.38 |-0.35| ©.01 WS 856hPa A A A A L <
—30_30 . 5 %5 = o Ok“'téoé;gﬁ —30_30 . 5 %5 = o Oku£560001.467 —30_30 T 5 %5 = o olok“rgi.s 8}'..159 i: q: GPH 250hPa | 3 34 | 1.60 | 0.52 | 6.18 |-0.41|-0.54|5.62 | 0.93 |-0.11(-0.33|-6.09| 1.00 | 8.06 | 2.61 |-0.62 |-1.14|-6.70|-0.14|-1.97| 1.67 | 1.85 | 0.53 | -0.56-1.29 GPH 250hPa A A A A A A v v A )
0-B[%] 0-B[%] 0-B[%] | 2 NI GPH 580hPa |5 91 | 1.82 | ©.41 | ©.19 |-0.46|-1.00| ©.55 |-0.64 |-1.51(-0.95|0.21] 0.74 1.34 |-1.78|-2.92|-3.16(-2.33|-2.21| 3.05 | 2.48 | 1.52 | 6.77 |-0.58-1.51 GPH 500hPa A A v A v v v v v A A A 1 SE
0 . . . T . . .
5 5 5 - - o o 0 0 2 4 6 8 10 12 14 D— GPH 856hPa | 5.81 | 1.32 | 0.45 |-0.07|-0.16|-1.18|2.69 | 1.64 | 0.37 |-©.43| ©.36 | 0.05 | 2.42 | 2.01 | 1.33 | .01 | ©.03 |-0.81|3.03 | ©.93 | 6.34 | 0.07 | -0.33|-1.57 GPH 850hPa
Observation impact is approximately 4 times greater at 5 km than at 40 km using similar obs. error Normalized Observational Error [%] X Tl el e e[ e e T : : n : : — : : f rerer : f _ e
I DOUbIeS fraCtlon Of Observatlon error to reduce Observatlon Impact under 10km <Observat|0n error Of GNSS'RO> T 500hPa 1.09 | 0.04 -0.34|-0.46|-0.48|-0.37| 1.56 |-0.34 |-0.90|-0.94|-0.68| 0.07 |-0.80|-1.08(-1.10 |-1.36|-1.23|-0.72|2.26 | 1.16 | 6.35 | 0.09 |-0.21|-0.49 T 500hPa A A v v v v v v v v A A 3 SE
\/ The dotted Ilne represents the Observatlon error Of T 850hPa 1 p9.35|0.64 |0.32 |0.20|0.07 |-06.31]|0.86 | 1.02 [0.71 | 0.33 |-8.33| 0.09 |-0.12( .01 |-0.32|-0.30|-0.36(-0.43]|0.42 | 0.89 | .53 | 0.40 | .52 | -0.53 T  850hPa A A A A A A A A v
A . . the GNSS_RO a Iled to da.ta aSSImIIatlon |n KIM’ “‘__............. ........ ECAAbbELLLLLLELE LELLED NDrthHemlspherETmplcs .................... : DUthHemlsphere ..................................... R lobeNorthHemsphere TmplCSSDUthHemlsphere ....... .,..Degraded
N Inflatlon fa.Ctor Of Obser\/atlon error . pp . . .. :" @ | 24 | a8 | 72 | 96 | 120 | 8 | 24 | 48 | 72 | 96 | 120 | ® | 24 | 48 | 72 | 96 | 120 | © | 24 | 48 | 72 | %6 | 120 8 | 24 | 48 | 72 | 96 | 126 | 8 | 24 | 48 | 72 | 96 | 120 | @ | 24 | 48 | 72 | 96 | 120 | B | 24 | a8 | 72 | 96 | 120 ’g‘
and the normallzed Observatlon error Is Slmlla’r at _-: Q@ 700hPa | 1.06|0.72 |0.76|0.53 |0.28 [0.43 | 0©.80 |0.74 |0.84 | 0.35 | 0.02 | ©.43]|1.15 | 0.69 | 0.71 | 0.63 | 0.33 |0.30 | 1.21 | 0.61 | .78 | 0.71 | 0.85 | 0.84 @ 7oenPa | A | A | A | A NIAI Al A A A A A Y U VAN VAN VAN AN -
® Adjust Obser\/athn error based On COSt funCtlon Of Obser\/ation 5 km and 40 km ws 250hPa | 1.74 [0.98 | 0.70 | 0.86 [0.75 | 0.62 | 1.22 |0.68 | 0.21 | 0.22 | 0.18 | 0.54 | 0.68 |-0.05|-0.07|0.41 | 0.17 |-0.13|3.38 | 2.34 | 1.77 | 1.72 | 1.48 | 0.87 ws 250nPa | & | A | A /N /\ A/ A A A A A/
. . . - ] : s WS 560hPa | 1.53|1.14|6.74|0.89 |0.59 |0.58 [0.86 |0.83 | 0.23|0.20 |-0.61|0.03[0.81|0.41|0.01 |0.28 [0.10 |0.07 [2.50 | 1.73 | 1.25 | 1.34 | 0.96 | 6.90 ws seenPa | & | A | A | A Al A Al A A A A
- Reference: A study on improvement of the observation error for optimal utilization of COSMIC-2 GNSS-RO data [KMS, Atmosphere, 33(1), 2023] O e e e e e e e e e e e e ) ) e PN PN P N N N B P Y A A NINTA
...........6“5181 @) GPH 250hPa | 227 | 2.30 | 1.87 | 1.56 | 0.50 | 1.10 [0.60 | 1.43 | 0.38 | 0.23 |-0.20| 1.16 [-1.21|-0.10| 0.58 | 0.30 | 0.14 | 0.39 | 6.62 | 3.84 | 2.97 | 2.40 | 0.93 | 1.28 GPH 256hPa | & | A& | A | /\ A \ A A A A
Increased Observatlon error to reduce Observatlon |mpact across IeveIS EQO.N 2 ; _3:’“35 Do-l GPH 500hPa | 2.28 | 2.35 | 1.81 | 1.69 | 0.76 | 1.60 | 1.54 [ 1.10 |-6.10| 6.67 | 0.40] 0.99 | 0.24 |-6.42|-6.69|-0.55|0.00 |-6.20|3.47 | 3.64 | 2.86 | 2.42 | 0.92 | 1.04 GPH 500hPa : : : f : : . - : : : i
5 5 . . . . . : N _j"’?f’g:&{;—%ﬁ L ~'. 2 .;, GPH 850hPa | 1,60 | 1.73 | 1.62 | 1.79 | 1.07 | 0.68 | 1.57 | 1.60 | 0.60 | 0.59 | 0.80 | ©.42 | 1.44 | 1.69 | 1.16 | ©.59 | ©.38 | ©.50 | 1.73 | 1.83 | 2.13 | 2.39 | 1.25 | 0.74 GPH 850hPa
= Doubles inflation factor of observation error to reduce observation impact of entire atmospheric levels RN g‘-'\ .‘3\,,.\ i ﬁ T osere [2on |18 [ [eon [os [os [52 [205 [oe [os [oos [oa | 2| aor ol oo [o [oo oo |28 |10 2o |1 [oms] 7 = |A A& A~ Al2 A viv alalalal~
.......................................................................................................................................................................................................... AT A i a7 G T e o ] o e e e o ) ) Il P VNP N AlA AAAL AlAlAla
N . L o‘ﬁa‘,\;b{\(\@zﬁ L ". § ”' b, \%.}r:\ N & -_‘ T 850hPa [0.73|0.61|0.47 |0.64 |0.50 [0.48 | 1.11 | 1.08 | 8.79 | 0.67 [ 0.52 | 0.47 | 0.60 | 0.09 |-0.20|-0.21(-0.16|0.08 | 6.64 | 0.71 | 0.74 | 1.09 | 0.75 | 0.59 T ssenha | A A A A Al Al A/ /\ A A A A
+ Experiment design PR PR L BN | —— e ‘.
R DM R e st O i RTTTTE e eeeeereret et e s s s e eeieetesesesesesessesesesesessssssesesesessssssesesesessssssssesesesesssessssesesesssssessasesesesssssessasesessssssssssesesssesssssssesesesssnaet’
« Model: KIM(v3.8), Add three new GNSS-RO and adjust observation errors i e e WA S Y g < Improvement Rate compared to Baseline using IFS analysis field > < Z-Score compared to Baseline using IFS analysis field >
. . . 9005’ 30°E 60°E 90°E 120°E 150°E 180° 150°W  120°W 90°W 60°W 30°wW / . . \
» Period: 2022.06.25.~08.31.(Verification: 2022.07~08., two months) < Distribution of only three new GNSS-RO > Northern Hemisphere 500hPa 5-day forecast GPH improvement rate(%): (CTL) -0.11, (EXP_zfrac) 0.74, (EXP_obserr) 0.99
L . . .. v New data is evenly distributed across RMSE improvement rate shows a significance of 3 sigma levels until 72 hours prediction
* Validation method: Comparison with ECMWF IFS analysis fields world and has significantly more Spire = Results of EXP_obserr show the most improved forecast performance
soo0go . 2022062512-2022083118UTC - — /
Name of EXP. | New GNSS-RO | Description(Inflation factor, Error fraction of lowest level) ]
Baseline 2.2, 20% g
CTL 2.2, 20% so0000 g : : :
y ! i A
] + Conducted an impact assessment on the adjustment of GNSS-RO observation errors
EXP_zfrac O 2.2, 40% : N _ _ L .
_ _ _ oo ———  Observation error adjustment reduces the rate of temperature prediction improvement, decreases the negative effect of GPH
EXP_obserr 3.1, 20% (Consideration of doubling the data: 2.2X+/2=3.1) e I T R e e s | | | | |
oo THEF TS  Improved model prediction performance increasing observation error better entire layers, than only in the lower (below 10km)
(EXPs — IFS)? RMSEpqseiine — RMSEgxps X-u < Number of GNSS-RO >
RMSEEXPS —

Improvement Rate = X100 Z = e v' The number of new data is about
twice as large as before /

\
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