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Abstract In this study, for the application of observation errors to the Korean Integrated
Model (KIM) to utilize the Constellation Observing System for Meteorology, lonosphere & Cli-
mate-2 (COSMIC-2) new satellites, the observation errors were diagnosed based on the Des-
roziers method using the cost function in the process of variational data assimilation. We
calculated observation errors for all observational species being utilized for KIM and compared
with their relative values. The observation error of the calculated the Global Navigation Satel-
lite System Radio Occultation (GNSS RO) was about six times smaller than that of other satel-
lites. In order to balance with other satellites, we conducted two experiments in which the GNSS
RO data expanded by about twice the observation error. The performance of the analysis field
was significantly improved in the tropics, where the COSMIC-2 data are more available, and in
the Southern Hemisphere, where the influence of GNSS RO data is significantly greater. In par-
ticular, the prediction performance of the Southern Hemisphere was improved by doubling the
observation error in global region, rather than doubling the COSMIC-2 data only in areas with
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high density, which seems to have been balanced with other observations.
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AR 9 g A =" A2} (Global Navigation
Satellite System Radio Occultation, GNSS RO) A&
£ A w3k A5 2 A AA F9RAEY] AR
53} #8537 9JthBavuer et al., 2014; Bonavita,
2014). GNSS RO A&+ th7] 454 %47 (anchor)
o 4PL s A Ae] w2 BEsH, A5

*Corresponding Author: Hyoung-Wook Chun, Numerical Modeling
Center, Korea Meteorological Administration, Government Complex-
Dagjeon, 189, Cheongsa-ro, Seo-gu, Daejeon 35208, Korea.

Phone: +82-042-481-7536, Fax: +82-042-476-0365

E-mail: chunhw@korea kr

33

02 F& HNEE 7K Ao HEEAE AR
ZZE I B 9 FGERY] JXRAY A
283 4 JtH(Cucurull et al., 2014).

3] Zharel e SRR ST S
S8l HS F sl|aol 71 AR FHo| Ho

i} GNSS RO 914< A&d oz wlsle] £gata
At FHZ st vl=o] 35 7HEE FORMOSAT-
7/COSMIC-2 (Constellation Observing System for
Meteorology, lonosphere & Climate ©]$ COSMIC-2)9]
67l #7801 20199 6¥ 259 LAMHIAAL 20201 3
16458 A A 7174521 H(Global Telecommunication
System, GTS)& &3l AAIZF vlE= Ut}

aie] zt=te] FA | BAE A= A5t COSMIC-2
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A5 &8 9 A7E 7 Folth. Schreiner et
al. (2020)2 COSMIC-22] GNSS RO & ZhH(bending
angle) #Z2159} F3 %7 RAE (European Centre
for Medium-Range Weather Forecasts, ECMWF) &.¢
2HE AEE w37 7 AolE Bd ghel 6~40
km L5040l 7H7ke] HAP7F ul-g- 2SS 1%
vl o} E2H Lien et al. (2021)2 NCEP2| AR+
o ZA]2~H(Global Forecast System, GFS)Z} wi-$- &
ARgE tivE 71743 0] AEEs AANAN S dTS
F&ate] COSMIC-2 A& FAZAL 71 #H AA
&5 A% A3 7] 45 (10-35 km)oll A FH 49
IAE&S Bl sd AxollA A5 FHo| Hrhe
g RNt slg =iolxe Al A5 a3t
2 AREES S8 FEAAR AF At Hig AFE
T, 71 BZ2219) Desroziers et al. (2005)
WHO R AEA AT A5t 7ol oF 20fe] 2
o7} v A& i) o] AFolMe e &
59} AFE YAl ARS8 NCEP GFSHIZAI7F #HA o
dololx Ajet zpo]7t & 4+ ATk B3t Shao
et al. (2020¥> NCEP2] 4l dY GFSollA Desroziers
et al. (2005 HOZ A& AZF A= V&R &
HoE NEA 2= A5 AE AREEH] COSMIC-
2 A5F3t FFS WA B ok

71737 elM = 2020 425 E PR R
(Korean Integrated Model, KIM; Hong et al., 2018)=
A *FE o] FE Hs TS 98 =dHE A A
B353tE F7IHoRE st vk A2 AEEs)
70 FEa)AE Kim et al. (2021)S KIMel = o}
2] %55 (KOMPSAT-5) 52| Al4+ GNSS ROE F7}
2 &3] 98l g AE(7-40 km)7t obd A
AHE(0~60 km)E ARSI O B2 ARE E8E
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= #ASTE 7Nk AL 71EE 24 d=
Aes AR bk Ak o] F2 KIMe] ¢S54 A
e 98 7R Al #5AE] &8-S st
A7E sl 7 Tolnh

o] &7 KIMel| COSMIC-2 GNSS RO Al 2h&
£ s3tehe HAoIM A5 AE sl 23t
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ol MAE I AE BHsted 5HE T
ATk 28l #5 v&es 7INe 2 GNSS RO
o #FeAE sk W AF 7S s
AL, 3= A5 A0 HRAF A8l e &
AR AP Y A, AREs B RdY o=
A FASINL, g0l gof B AeS 7lEsisit

2. AT Uy

2.1 COSMIC-2 X}&

COSMIC-2+= 2006'd0] A|2HE COSMIC-1 (Anthes,
2011)¢] F& mAolth. COSMIC-2E COSMIC-19]
HJ3l] ml=2] GPS, #{Al°l2] GLONASS 5 92 GNSS
NS5 PR F oA AR B AFEE ke
OE JAEFE= &8 #7AHlow-inclination) A =9
wjxEo] A= oA 7Y & AR dEE 7R
th(Ho et al., 2020). =3 COSMIC-2¢] F8 AF-+=
a4 GNSS RO®| #5 F2& 7iAdsk= Zlo)7]
ufli#ol] He A417](Tri-GNSS RO System instrument,
TGRS) ¥ QY ARg2 =2 <l o]xe] th& GNSS
RO $14 XL} =2 A& 331 (signal-to-noise ratio,
SNR)E EIth SNRO| o] S5 w3z 2ol
gk G4 F5e] 7197t FHAste] Bt gk
ARE AET 4 dth(Schreiner et al., 2020).
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Fig. 1. Horizontal distribution of the pre-processed GNSS RO observation locations at 1200 UTC on June 15, 2021. The
colored dots represent each satellite, and additional six GNSS RO are COSMIC2-FS (1~6). The number next to each satellite’s
name indicates the number of data. The histogram represents the frequency of data considering the area-weighted for each

latitude section.
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71E0] &83]12¥ GNSS RO #ZAF5E &% 4
Hol 2 g o Hste] £57] AR vX=
FE Ay FAAREDgAN Holr] ojH AT
COSMIC-2 #ZAE= Gt AWolM A5 25 4
vigre] el S viAe AoRE HAEHJT
(Ruston and Healy, 2020). 7]= 3|& AAF+2d
(United States Navy Global Environmental Model,
NAVGEM)JIA & gt] @8] thiH] 700~300 hPa2] T
T 7571800 F3ist /NS B3 ECMWFS
5 &l =59 (Integrated Forecasting System, IFS)ol 4]
= Ful A2l 200hPa o] % JfAe] oF 5%=
A YEPsttHRuston and Healy, 2020). ol ® A% &
RdloA COSMIC2 #ZARE &85t oS &
A0 FFE X = 2SIl

o] 7o) 835 GNSS RO #AEE 71¥9] MetOp-
B/C, TerraSAR-X, TanDEM-X, KOMPSAT-5, FY-3D
9} M2 F7F5F COSMIC-2 ©|ThFig. 1). COSMIC-2
AtE= Ho et al. (2020)°14 ®.Ql v} thE 50°S-50°N
JJolA HZEH 40°S-40°Nol| F2 A=A 87}
¥ Jde AL AT § ok
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o] AollA= KIM WA 3.7(KIM3.7) A5-53} A
Al COSMIC-2 AREE F712 831t ARky
o] AFAA AFL Kim et al. 20217 TL3HA +
J3tth #=9xF 24 ¢le]l COSMIC-2 A4t A& S
&85t Aol A 5350l vXe JFo] T A o]
J= ZUth@AF 7A|A]). COSMIC2E HZ oz &
|37 fEA #EHex 24 AES AT =AU
t}. A KIM AZ53AAME 228 Ax7
FgollM dgd AF ] 10% BFAE 283}
2 ok wEbd 249 (CNTL)S 34 &8 59l
MetOp-B/C, TerraSAR-X, TanDEM-X, KOMPSAT-5,
FY-3D2} A5t #2<] COSMIC-2E 37} &-43 23]
o= A, ol AEFshl| GEEHE HFL
2 SA el kel o] 10% WAE xjo|RE
371X = A4 (inflation factor)E 1.1} 3E7]
S tH(Table 1). EXP12} EXP2 A3S 743171 ¢
A FEHozF IS AP L AA T W82 2.3
HollA B, It A3E 53] GNSS RO IAZAE
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Table 1. Configuration of experiments on applying the
inflation factor of observation error by region.

Experiment Inflation Factor
CNTL 1.1 (90°S-90°N)
EXP1 2.2 (90°S-90°N)
EXP2 1.1 (90°S-40°S, 40°N-90°N), 2.2 (40°S-40°N)
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GNSS RO7} th2 $)4dol vlsl] <F 6H] =LA JTdF=S
H||5L A7 LGS ml7EA] Z0]7] $138] EXPI
o A AFHeE BE GNSS ROY BAAFE CNTL
ojv] e 2 Z71sE o)A, EXP2E Fig 19 9= ©
S| AETY| B 4 1%o] COSMIC2E ol
AuAG A=o] Fo dig YHE7F 2 TS 40
oAl 54l 40714 F el HisA Tk ZE GNSS RO
o] WAAFE 20 E A3 YA P& CNTL
I FL3A 1L.1Z A3 Zoltk. CNTLY EXPIE
Pa #=04 AAASE 2|2 3 a9E 2y
4 3, EXP13} EXP2E H|wehd A5 ol o}
#HEx 24 HE ¢ F U S, F AYS
&) #=9xF A WE GNSS RO A&7} 4%
FEFS etd 4 9ot
20219 69 254FE 7€ 3147H4] 6
T8 AES Yo 1247 7H
598 dZ593, 6U7He] 2TPS
Aeltal 79 195E 31G7HA] oASAe g A%
< F3AH.
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KIMolA4] GNSS RO2| #HZ90xl= A FodA FHuj
20%%E % 10 kmolA 1%7HA] Aoz 71543}
T 10km o) ZEANME 1% 23} ZEE 7|uke
2 3TtHKwon et al., 2015). GNSS RO 9j=thd &
ZF ol Zo|7} AL Whgsle] dAl= 5~10 kmE
1% 27F Al s 1571 98 g b2 434
o] 9lt}. GNSS RO #AZF 0= w7zl o] 24}
2YE e @8 ARESA itk WE AR S 4
(DellA e} 7o) H]-8-8F4=(cost function, ©]3} HE &
Z(observation, ©]3} J,) &3} vl % (background, ©]
3t Jp) FOo2 27y #EZ 0 A} wjH oS A
Aot Fo T &l o] HAY we e 4
g AL o] AFX = KIME] A= F3E 24
o2 AAFEE FE N LTee) ASNGE EE5)
A5 THE AF 23] 5 (Shrink) EE XT3t
Atk olw] A= A= AZ FA F= v, B
A Fzbe] S 883k W (Desroziers et al.,
2005y vlECoZ A&k 2(2)9 7] TF ]
L3Ry e MR ()T BE(y)2] Aol= Tl
7 ¥gge, A(3)e HF #= v gl e B
A (x )2 BE(y)e Aoz e v ETER 7
& 4 ot AAE AFEFI] YEY¥she AZFLA
(af,inpu,)—t— #Ze] AT A AdER 7] e
e AR N #AS FoA T AF AL
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gl A5 7|7kl W3]l MetOp-B/C, TerraSAR-X,
TanDEM-X, KOMPSAT-5, FY-3D2} COSMIC-2 GNSS
RO AEE Yo F4H = AFE 58 =2
25 AHE-3ke] s ol 23800 V&
Z2F(CNTL)o sig3ith =% X4+5 UiY 3o
S W, ] eEd 7t 0.929] o g 7PF =4 U
3L ©]o] GNSS RO7} 0.66, Aircraft’} 0.38, Aladin
o] 030 £22 YERTHTable 2). KIMo| M= £33
2528l grjeEd el 7] JYEHE #SHAE
Aoz AA HAAaA B oA 25 ko] 7}
A 2 Ao Vet 1 thE o GNSS RO9 A}
B 9] A L= AOE YEEEY ol o
2 A FHggtol 0.11¢] Fol vls) oF ev) 2 7t
oty Z HE oo} 3719} Aladin 94 vl AR
o] GFo] & AR YEHT. 2F5EE A A5
Fe gresdy 337 5 AuHes 22

4ZoAE QYT AW, AP 2 BE

Table 2. The results of the input observation error diagnosis in the control experiment based on Jo and marked in descending

order.
Observational Shrink Observational Shrink Observational Shrink Observational Shrink
species Index species Index species Index species Index
Sonde 0.92395 Scatwind 0.17523 ATMS 0.12625 ATMSWV 0.04400
GNSSRO 0.66362 Amsr2 0.15554 AMSUA 0.12187 CSRHIMA 0.04074
Aircraft 0.38228 AMV 0.13068 IASI 0.08377 CSRMSG 0.03909
Aladin 0.29863 Surface 0.12968 MHS 0.05197 CSRGK2A 0.02619
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Fig. 2. The vertical statistics of global bending angle
innovation mean (solid line), standard deviation (long dash)
and number (short dash) of the pre-processed GNSS RO
observation locations from 50°S to 50°N on July 2021. The
colored lines represent each satellite, and additional six
GNSS RO are COSMIC2-FS (1~6).
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12 UTC on 15 June 2021.
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g3l th. COSMIC-29] #HEFZHL on &
+S(Schreiner et al., 2020; Lien et al., 2021)°l4] X
JE upel o] FHo] gug Zom FRIHI

Figure 32 7+=(CNTL)Z + A& (EXP1, 2)0llA] &
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Fig. 4. The result of evaluation of the observational impact of CNTL, EXP1 and EXP2 experiments by observational species.
The color of each line represents the experiment, and the error bar is also displayed.
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Fig. 5. Vertical profiles of zonal mean of the analysis error difference for (a) EXP1, (b) EXP2, and (c) EXP1-EXP2 compared
with CNTL during the period from 1 July to 31 July 2021. The analysis error means the Root Mean Square Ditference (RMSD)
of each experiment against the IFS analysis. The negative values indicate that the error in the analysis field has decreased due to
modified observational error. The black and gray dots indicate significance confidence level of 95% and 68%, respectively.
Parentheses indicate the average improvement rate of the experiment compared to the control.
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Fig. 6. Same as in Fig. 5 except for 5-day forecast.
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Fig. 7. Score card of regional averaged root mean square error (RMSE) of analysis and forecast field for (a) EXP1 and (b)
EXP2 compared with CNTL against IFS analysis at 1200 UTC during the period from 1 to 31 July 2021. The positive value

indicates improvement of EXPs.
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Fig. 8. Normalized difference root mean square error (RMSE) of forecast time in Northern hemisphere (upper) and Asia
(lower) for (a) EXP1 and (b) EXP2 compared with CNTL against IFS analysis at 1200 UTC during the period from 1 to 31
July 2021. The positive value indicates improvement of EXPs. Black and blue range bar are confidence level of 95.0% and
68.3%, respectively.
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hPa A 9|39} ofrlo} 850 hPa &%=ol el <& At Aol H AstEe] 5U dZFolMe oF 3%

- Z FouistA = = = nyrh o

+ A¥ 7F RMSE 7H{\j%(wx 100, %)oﬂ el etAl AskE = @-‘Jt 20 8?0 hPa &
CNTL SoAE BAGRE 5D G2 feln A
el A F 45 95%, 68.3%S 2tz e, gkl o HEe 43S Btk EXPolAE EXPlY] HIE] R
2Pl 2 A5 th(Fig. 8). EXP12] H1H 500 hPa BN 01 = 02 UEhd=e] 500 hPa X 9%

9] =
NI BEAFAA 5 Y] oF 15% NAES] 59} 850 hPa 259 5 o =oA] ok —1% oA]

rot

=71748k8] tl7]  #33¥ 1Z (2023)



Ae

ol

e

M

A &= AR 5
2 & 5 9

Figure 9= 500 hPa iAW &0 tfgt 59 o=
9] 2021d 7€ 3 2ol gk z+ AH RMSES A
Algelth. COSMIC-2 AE53sh= AF 7|7 &<t 4
A % 7125 A WAAFIH o]= Lien et
al. (202114 ®irgh Aol fFAkeA JEpaL
t}. F& thy] EXP1S 2.56%, EXP2E 2.89% 7415
Atk Z score= 1 o)A #Y W §olEe onstE=
o 7 A BF 3 ol #e Hol {3 Adee
74 0 5]_0 -51 /\ 0)\1:]—

AT el YR8k 9lojA Fyol

4. Q0 % A=

o
2

A= Al COSMIC-2 GNSS RO AHEE KIM
|22 283 Adoltt. A AAIAC=E 7}% %
F4 94l CcosMIC-2
0}71 HoH GNSS RO A8 ¢
}%‘E} GNSS RO¢| #=293}

% A 4=(inflation factor)E

atr] f18) & 2d 7F

i)
o b

o,
o
Al
mlm

ol ‘\r—“

K it
e
A
:i
5
FJ
P,L

ox.
olr
tilo

MR e o o 2
i

i I ox 2 S U ot o2
5
o
?48,
_E

O
Lo
3

-

A
1’0 o

b= 4— v &r)E e R
, GNSS RO¢| 48 #H=xp7} the ¢
J)r_-—o}ﬂ] A A= o] o5 e
ARG o2 ST S8l % tHH]
=, HHE Fostas. T3, S 9=
S e AE R H & COSMIC-2
%EM AE ook B9 40= offjellvt
QALE 2H]R FUFSIAL 1 o] M=
E°‘ A3 A3t v st
COSMIC-2 A5.2] LR F &2 A=e} GNSS RO
2tz FFo] A dehts koA 473
ol €538 FFENAT. 53], COSMIC-2 A&
7t AFHOR XS e G AFAE 2
v F7bshs AR A Aol FAsHA 28] 3
At Aol i Uiy Eukpea e S5l F

o r;l}l tlo

::,FUE
L i

l

i do ox (X
o &

2

1m

r
rd
_I{)ll

e 2L
o
N
)
Y

61751‘_]_ Oﬂzrk_o_ U];{—lj’_ A ;(].?_;{4 o7T A o] 3pA}
HE 43E BAt o] GNSS RO #=23 273

B3l A
romAM o & dF

il

29 oA #53 wiAd g7t #3ol
A3E Jepll= 71_05; =]
AZLE =35 COSMIC-2 AlF YAAE
gaa m), A AT Gl #=oAS 2}3]]; =
A]71E Z1°] GNSS RO AR 9] #=9jgko] F7) 1|
= FHrelA] KIMO] dlE3A S ARt A
2 A

—1)1' ro m o

flo 2 NN T yE o
Hug
ik

o} 2 919
Ao, 9 paARe 9ol A ey
nE 23 #5048 AUs 24 Bast dvk

.71(1'

& sAE - s 45

F

T3 d AAIFSZE GNSS RO #&F mjAdEo
St lofA At AR S F7F E8-5 HET] 3l
W ool #3AE 488 F § 5
5 ABRERE BZeAE AF AEHE T BFL
i]— }J—Aﬂﬁ],_é _'46‘]— xlz% z‘ﬂ:}\]— gj_q._l;__ :‘[:z‘sg‘&al Ago =z
KIMS| 2713 4% ANl 394 9% A 45
g ABolE 71eF Aoz JYhi

HAe =
2 = S %o] 7) A3 F& e

— ?x]t'%‘wﬂﬁ r=+ MIE f;% A58& 710
1HKMA2018-00721) JJrXiH deko = Y JF

REFERENCES

Anthes, R. A., 2011: Exploring earth’s atmosphere with
radio occultation: contributions to weather, climate
and space weather. Afmos. Meas. Tech., 4, 1077-1103,
doi:10.5194/amt-4-1077-2011.

Bauer, P, G Radnéti, S. Healy, and C. Cardinali, 2014:
GNSS radio occultation constellation system experi-
ments. Mon. Wea. Rev., 142, 555-572, doi:10.1175/
MWR-D-13-00130.1.

Bonavita, M., 2014: On some aspects of the impact of
GPSRO observations in global numerical weather
prediction. Quart. J. Roy. Meteor. Soc., 140, 2546-
2562, doi:10.1002/qj.2320.

Cucurull, L., R. A. Anthes, and L.-L. Tsao, 2014: Radio
occultation observations as anchor observations in
numerical weather prediction models and associated
reduction of bias corrections in microwave and infra-
red satellite observations. J. Atmos. Oceanic Tech-
nol., 31, 20-32, doi:10.1175/JTECH-D-13-00059.1.

Desroziers, G, L. Berre, B. Chapnik, and P. Poli, 2005:
Diagnosis of observation, background and analysis-
error statistics in observation space. Quart. J. Roy.
Meteor: Soc., 131, 3385-3396, doi:10.1256/qj.05.108.

Ho, S.-P., and Coauthors, 2020: The COSMIC/FORMO-
SAT-3 radio occultation mission after 12 years:
accomplishments, remaining challenges, and poten-
tial impacts of COSMIC-2. Bull. Amer. Meteor. Soc.,
101, e1107-e1136, doi:10.1175/BAMS-D-18-0290.1.

Hong, S.-Y., and Coauthors, 2018: The Korean Integrated
Model (KIM) system for global weather forecasting.
Asia-Pacific. J. Atmos. Sci., 54, 267-292, doi:10.1007/
s13143-018-0028-9.

Kim, E.-H., Y. Jo, E. Lee, and Y. H. Lee, 2021: A study on

Atmosphere, Vol. 33, No. 1. (2023)



46 COSMIC-2 GNSS RO A}& &8-S §J3 =03} /|l A+

improvement of the use and quality control for new
GNSS RO satellite data in Korean integrated Model.
Atmosphere, 31, 251-265, doi:10.14191/Atmos.2021.
31.3.251.

Kwon, H., J.-S. Kang, Y. Jo, and J. H. Kang, 2015: Imple-
mentation of a GPS-RO data processing system for
the KIAPS-LETKF data assimilation system. A#mos.
Meas. Tech., 8, 1259-1273, doi:10.5194/amt-8-1259-
2015.

Lien, G-Y., and Coauthors, 2021: Assimilation impact of
early FORMOSAT-7/COSMIC-2 GNSS radio occul-
tation data with Taiwan’s CWB global forecast sys-
tem. Mon. Wea. Rev., 149, 2171-2191, doi:10.1175/

sk=171248ks] g7 A333 1% (2023)

MWR-D-20-0267.1.

Ruston, B., and S. Healy, 2020: Forecast impact of FOR-
MOSAT-7/COSMIC-2 GNSS radio occultation mea-
surements. Atmos. Sci. Lett., 22, €1019, doi:10.1002/
asl.1019.

Schreiner, W. S., 2020: COSMIC-2 Radio Occultation
Constellation: First Results. Geophys. Res. Lett., 47,
€2019GL086841, doi:10.1029/2019GL086841.

Shao, H., K. Bathmann, H. Zhang, Z.-M. Huang, L. Cucurull,
F. Vandenberghe, R. Treadon, D. Kleist, and J. Yoe,
2020: COSMIC-2 NWP assessment and implementa-
tion at JCSDA and NCEP. Fifih Int. Conf. on GPS
radio occultation, Hsinchu, Taiwan.



= A
o] Aol AH-E Aok At WS
et al. (2005)2 7IRte g &t A AR FIALH
HEAEEsE Ao ddFAole Ethe
afol] o] FojH Tt ]‘ql Fig. A1A]9 “7 e #
st olsfoll =Fo] et 2HAAN o= B,
W73, a= l“i_r“ﬂ True= A th718] 87 el
UrE‘r‘ﬂl g W50 AFARHSLAL o), a5

7374 BFAAMNE AL, 63), g5 A EF

1r
>
N
(e

5=

AY2

r_l

X]—(l"i—’—‘# 93}, o)L A 2l3t}. Desroziers HS F
7HA] P& AMEshEHl ARl Bt} vl &)
= o] fle AE 5YFolge Aol EXlE 1
A AE Al #E(0), WMD), (@ HF
(bias)e] §lth= Aot

27| #= vE35= AR (b)Y 2 %(0)-/] 72}0]

2 77 Mg AANeR Yelste] B )

TMN)LZ U 2 (A)E ] & = Stk
N 2
initial, — b Z — b R
Jolmtlal Ef\/‘ (02 ) 1~(20 )1 (Al)
% input o input
Joinitial _ (0 _ b)2 (Az)
Ninitial 2
Op input
a
€p
Ea
0 (
O %o True

Fig. Al. Triangular diagram of observation error diagnosis
based on Desroziers method.

(AN EAFERRS Foj2Hl 4(A3)F 22T ©]
o, #Zeapet w7 oAl Afoldle el glenw
Cov(e, &)y 0] HH HIFE QQoB=E (0-b)”
Al 0] #rt.

(0-bY' =0, ,+(0-b)’=0,+q,

—2Cov(e, &)+ (0- b)Y’ =+ b (A3)

HE A5 v LT dEsiXE sdsAl A &A
AAHZ Aol & JI #AZF NFN)E FH
2(ASZ oAl 28T 4 U

2 N 2
Jaﬂnal _ zf-Vﬁnal(Oz_ a)i — z:i (20 - a)i (A4)
O, input 5-0 input
final N2
Jo _(o-a) (AS)

]vfinal o2

o input

2(A5)N A EAETS Fo1L ], Cov(g, &)
a,0costPll S8 (o) o) B B glouR (o - a)
= 00] =o] 2(A6)x 7] €}

L)

2

(o—a)ZZO'_ +(0—a)2— +G —2Cov(g

0 g)

’ (A6)

+ (o - )70 +0'—20'—02—0

715k A% B2 VISPFE 47 BSAFNZ 1
2] (A2)9} (AS)Q gt s 75 AT AANE
Al & O‘E]- o] 714 Desroziers FHH .2 A%
Ao (o) M) Fol7h #BFHoR
2yoll vlsiA @AE) AL grolgtx s, £

FE 2] YT BHL(E, ) B BEE B

229 (02) M2 vehit.

Shrink Index
Jommal Jofmal 20 4 Gi 02 20.2

mtlal inal — .2 .2
N N

0o input o input

gsMr by

)

e

Atmosphere, Vol. 33, No. 1. (2023)



	COSMIC-2 GNSS RO 자료 활용을 위한 관측오차 개선 연구
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과
	4. 요약 및 결론
	REFERENCES


