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Bias Correction for Aircraft Temperature Observation Part I:
Analysis of Temperature Bias Characteristics by Comparison
with Sonde Observation
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Abstract In this study, the temperature bias of aircraft observation was estimated through com-
parison with sonde observation prior to developing the temperature bias correction method at the
Korea Institute of Atmospheric Prediction Systems (KIAPS). First, we tried to compare aircraft
temperature with collocated sonde observations at 0000 UTC on June 22, 2012. However, it was
difficult to estimate the temperature bias due to the lack of samples and the uncertainty of the
sonde position at high altitudes. Second, we attempted a background innovation comparison for
sonde and aircraft using KIAPS Package for Observation Processing (KPOP). The one month
averaged background innovation shows the aircraft temperature have a warm bias against sonde
for all levels. In particular, there is a globally distinct warm bias about 0.4 K between 200 hPa
and 300 hPa corresponding to flight level. Spatially, most of the areas showed the warm bias
except for below 300 hPa in some part of China at 0000 and 1200 UTC and below 850 hPa in
Australia at 0000 UTC. In general, the temperature bias was larger at 1200 UTC than 0000 UTC.
Based on the estimated temperature bias, we have applied the static bias correction method to the
aircraft temperature observation. As a result, the warm bias of the aircraft temperature has
decreased at most levels, but a slight cold bias has occurred in some areas.
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Fig. 1. Distribution of positions collocated sonde and aircraft temperature observations at 0000 UTC on June 22, 2017. Black
and blue dots mean positions of sonde temperature observations at analysis time and aircraft temperature observations within
+ 30 minutes from analysis time respectively. Red dots mean positions of sonde and aircraft observations collocated out of

black and blue dots.
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Fig. 2. Vertical profile of differences (black dots) between
sonde and aircraft temperature (sonde minus aircraft), former
altitude average (blue line with dots) and altitude average
(red line with dots) of background innovation differences
between sonde and aircraft temperature at 0000 UTC on
June 22, 2017.
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Fig. 3. Vertical profile of wind speeds of sonde (blue dots)
and aircraft (red dots), former altitude average of sonde (blue
line) and aircraft (red line) wind speeds at 0000 UTC on
June 22, 2017.
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Fig. 4. Distribution of positions about sonde and aircraft observations for a one month at 0000 UTC in June 2017. Black and
blue dots mean positions of sonde temperature observations at analysis time and aircraft temperature observations within
+ 30 minutes from analysis time respectively. Red boxes mean coverage of analysis data.

Table 1. The number of aircraft and sonde temperature observations for one-month at 0000 and 1200 UTC in June 2017 with
respect to Global (GL), North America (NA), Europe (EU), East Asia (EA) and Australia (AU).

Pressure GL NA EU EA AU

Data
(hPa) 0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
200-300 57,640 50,179 26,955 19,679 1,004 7,788 2,678 2,222 3,356 1,726
300-500 18,662 21,633 10,960 10,257 155 4,551 2,573 2,990 1,140 645
Aircraft  500-850 10,812 14,796 5,090 5,051 152 3,572 2,182 2,469 593 582
850-SFC 4,547 6,826 1,659 1,767 111 2,054 1,101 1,187 290 284

Sum 91,661 93,434 44,664 36,754 1,422 17,965 8,534 8868 5379 3,237

200-300 62,253 57,339 14,149 13,775 5,553 4,639 4,892 4,424 458 130

300-500 97,306 89,521 23,486 22,578 7,541 6,476 7,748 6,991 788 333

Sonde 500-850 130,212 122,211 29,453 30415 11,450 9,317 10,119 9,517 1,189 495
850-SFC 61,482 56,131 8951 11,122 5,836 4,038 5,615 5,083 628 210

Sum 351,253 325,202 76,039 77,890 30,380 24,470 28,374 26,015 3,063 1,168

Total 422,914 418,636 120,703 114,644 31,802 42,435 36,908 34,883 8,442 4,405

32 2N A}
Flgure ST: 20174 64 g & <t 0000, 1200 UTC
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850 hPa2] &57] #ZZES A 98l 0000 UTCE  #ASFE o] AAF Fdat 78 vissiAl 23
o} 1200 UTCS] &} 337] #5350 =5 4 th(Fig. 5b). F9< 1200 UTCET} 0000 UTCY] #=
A JEhgth vela s @l 200~300 hPadl ZEo] o WIFoE v A YeH, Rl F
A dE7e oF 025K AEe o #S ", & FHU AE 5 #ESFEe A7 3A
= oF 0.1K A= 3¢ = H Ut 500 hPa ©] EFtth(Fig. 5¢). Cardinali et al. (2003)01 AF3t H}g}
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Fig. 5. Vertical profiles of background innovation average of sonde and aircraft temperature for a 1 month at 0000 and
1200 UTC in June 2017 with respect to Global (GL), North America (NA), Europe (EU), East Asia (EA) and Australia (AU) (K).
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Fig. 6. Horizontal distributions of differences about background innovation average between aircraft and sonde temperature that
means the aircraft temperature bias for a 1 month at 0000 UTC in June 2017 with respect to 200~300 hPa, 300~500 hPa,
500~850 hPa and 850 hPa~Surface (K). Each value is the minimum, maximum, mean and standard deviation of global aircraft

temperature bias.
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Table 2. Vertical average of background innovation (O-B) and bias-corrected background innovation (C-B) about aircraft
temperature for a 1 month at 0000 and 1200 UTC in June 2017 with respect to Global (GL), North America (NA), Europe

(EU), East Asia (EA) and Australia (AU) (K).

Pressure UTe Global North America Europe East Asia Australia
(hPa) OB CB 0B CB 0-B CB 0-B CB 0-B CB
200-300 0000  0.2453  0.0304 0.1669  0.0099 0.3516  0.1598 04169  0.1578 0.0626 -0.2116

1200  0.273 0.0498 0.1863  0.0265 0.1236 —0.1305 04983  0.206 04491 0.15
300-500 0000 02292  0.1586 02443  0.1872 0.2942  0.2004 0.204 0.1098 0.0269 —-0.0629
1200 02122 0.1362 02404 0.1782 0.201 0.1139 0.1461  0.0529 0.0386 —0.0637
500-850 0000 -0.0503 -0.0967 —0.0441 -0.0789 —0.0803 —0.1296 —-0.0357 -0.0941 -0.0459 —0.0839
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bias before and after bias correction at 0000 and 1200 UTC
in June 2017 (K).

observation; C)ellA Ed ul7 F(Background; B)<
W Heg BAPH F=FE(C-B, ie., Bias-corrected
background innovation)®] Hd SXE 43T

42 2o A3

Table 2= 20179 69 3k & &<F 0000, 1200 UTC
of tist &g 7] 2x9 ASTHEY AY BAH A=
TS Hst Ak, A7 A FHZ vk Roln)

>



A -~

7] #F AE7F ol BESIAL o] HEFo] F
Ve 200~500 hPa Atole] ¥ Z%%% 5
=] 7R

X3 :‘i']'\lﬁ]' 01041;], 1 9o yxoA HEF BA
WEbd & XS] T FiA] BA o] AESFH0]

2 UEAY 2 Ao

T2 0 202 Ueyth 35

~A) EH %Lﬂﬂr 200~300 hPa«] 1200 UTC

e BAed, 59 &9 g

A ]'qu )\oﬂ -_§—T ]*1']

FIohy 1Y) oge A

X off
E)-E

oI £ g

zz]ﬂ
1_—| o

2 90 i
ro o S
MLl ool B o T
o it Iy 1o ®

!

o

R
oz dlo
il jg
2 §
B

N
M
Ay
o,
o
=3 —l

[0 oo ofd Mt Flo (B fo 1o W L Ot oot
ol
N &
[o
for

il of
=

ure 82 20173 6¥ 3+ & &<t 0000, 1200 UTC
3“ A 1A A3 §o] 7] 2= AFS
Zio]t}, Table 204 RHQl vie} o] &3 A=
E7de] vrol Fig 8ol 2E3slA] et AA|=
Sof| g7 2o] Yol ko] Fo
skelgr 4= Atk 200~300 hPaol| A ek ®
e, ARG g |2 oF 025K
22, dF oA AHgke] A BA
o] ko] ko] So] WO R YEPHI, FoAo}
9} FHolA RYH So] AL o 7FsHAl vels:

o
=)
"'{

p”

=2

oX oX i o dr © &
Tox oy Mo g 3

H m[o )

N o

— e

—\.'~ l"I

o o.nN.,

Z“.

5. 29 A E9|

£ AFx = KIAPS AE53E A543 (cycle-
el A GF7] BE exwo WFRA ek L
A APArR 1%, grjedd ASaaete] 1)
BE B9 A, AYTIE L A7k W FF7] W
L o] HIF EAJL BAEQT 3] =28
AP e FYste AQ7NAES grre) A
W ATEe FFE BE 54E vHS 37
42 pRE Bo AUd 2% AFRAo] o]Fol
Mok goky F4eky ik, et 1] Ble
s&é;q_eﬁ 0]3‘0}_ KPOPoﬂ/\ﬂL‘ 61—_:_7] Ntﬂ s
o 318 F2h 10 12 4%e) AR e F
A7t %% wAYel weh, AYATEo] AN SHE B}
o} o] FF MR TR AFEA F40] A7
S WSl Sske] Bl §4, oMok, &
> 5 1104—;— PRI, A L] whet H] e
< = HAHes &

Lo JlN'

IHAIZE 20179 69 229 0000 UTC AlzEollA] 2
Ho&Ed #EAHE F4HE A/FHE HH(+0.5
deg./=30%) Wel 37 AZSAEE AF vlwshs
EAH S AREo), A4 2 FEudkes &
25 AEAE AES FHEY) Oia I} S B4
I=o wel Mg AfEelA AAE 7]

.1

N\
1o,

5 -HUY 365

5% AY ooz sl 2 84 A%} 2%
A, ol 2 Ae] A srleEd 3%
2o] tiEol GTSE B3l ARFHZ AFEel w

AC
>
2
)
N
o
2
oK
ol
rr o
td
ly
i)
N
Fd
b
=
>
1o
do

o}~ A Oi 7% o}l UAR, AAZE FAZA]
Z3H 200km ol HE|7HA] BRshe Ao
ASAEE T et S, dAeE A
Z91x] <} 1155 Agete 337 ASAE} FE4
—i AU7A] EFIPSA & 5 gle Fgresd &
Z}EE A vwg Ads 2Fs] offus 4
£8 =& Th
oA w IEHA 2 a ko] SAE FES
7] 98te] 2v Al E 20179 68 URY Bk AR
T 2 7 ek gy A7 77kl gis) 0000, 1200
UTCZ o] A=t g37]¢) o esd 72+ 35
e %—i«%ﬁ'——% Hwgto =y g7 A5
stk A= 7k et
Sl 9F 200 hPa -7+l A
A2 FA Yo, %

B2 RE AN §37)

o

i\

—H

N N o fo
Loy
ot ot

Am
\103:
o

i
o

ﬂéﬂﬂm
o 52 okt okt i

x0
o X, 09.-'4

)

o O

k)
N
o

t] Q. thiH] o] HAZFS
IETEE §37) B3
] 27 vehvte A de717
= HgolAM AE e {34 2
] 7] WEel Aoz =AEy 9t}
(Schwartz and Benjamin, 1995). ©]Z %E B A
& A= FE719] LI Eq'a‘r 1725 9
&7k ZH o] dig E4 3 AFEAYS TRk
= U i ]°—“‘1‘:'a”’ %T}Q Alnitt o2 SRl H
e B, i g esd A5 vls) 3
7] B35 2EolA Fe] HFfo] eI, T
35 5o A A= viiE 29 %&0] g
H71% stk 7)ok g el #
8] B2 HuAGelA Hke] 7P A ‘/}EP‘X}Q
o, o0& 7‘]9301] Ha] gt eEd A= 7 AdE
o7 A AU TFME BE LA gL
TH ¢ 7] #5220 ASTE A7t 7HE 2
Al Vel Aloel] mEt ek A A 3
7] A5 x| o] "WFS FE 0000 UTCH.T}
1200 UTCol] Atid oz ¢ Alsk Aoz YeEltE=d],
290l wet g A7) sGse Ag- B BAL
FF7] HF 20 ol APl YFE vHE AL

o Jo & ir Lo 1
Ffo s

o

\
[
e ¢
_|L
o
_o|L
ko

Atmosphere, Vol. 28, No. 4. (2018)



366 27| &% B= 2159 HWaF HA Part I:

= Mun 7178 A4 #F 24 S KIAPS
AEgs Azl Agei=s hAdskt & A

€ 54 2e7a ng dew LT ed 2y
ASE ABFH Ao AEF U= APL
s, auos 93] B30 o Agu
e AT A5 BEFio] 00 & shrbel 24
SI9la, o] MGFE FaskAR, AR Ao M
w2 go) Bigo] F7hu/1% Sk 53] &0 A
o] Z71%F ol Aol Juglel F37) B &
E2RY Ay ASuE Zolt Yo R Ay
Be 48307 WEon Ana.

o MEOIN AFE 7] L% BE Ao B
Pl ot AFE A WAk Fol fHOE A
e 497t dRRela, B4 A4 WY uy 3
2§ At T2e IT AR A9 29 A
Al shtel AFE olgsta ek Teu B
ANE 7] B2 Lmol BFo] Ao w}a} 3
27 ehte R Selskga, A9 gglel A
A7 gele] Ug nETrd e AFRAASFE

o8 Az AZAPNN 038 Lo WPl
=718l B gyt 2 4 9JLL 3ol
o e Aele] we e dgudel Yadg

& gtk vk, gl o Be] EAske &4

1_4

E

2 B Ao AHE 7 A M e Tl
HE 2ro HE BEAS Bl o]& 7Hte g A
FHAS AL 7 JAAAR, o eEd A= &
7] #ZFo] AHFHoZ 7&‘1%1 %= A T A
AX = HAFELS B HEFRY Wetks 4
&317] A2 HAE 7 Utk FF AFeAM =
A3} A7kl wet tEA Yehe 3] 35 2
=9 AFEAS EF A3 fste 7 #EFAH
o Aol A7k} I AEE 7M. E AESH B gEAL
o} o HIko] HAAE B4l o]E AFH A &
£33l WS MRS Algelt B3t A8 ATES
TR 7] AS5AES] wAAdES FE KIM
7ol sk ASFEE 7INte R 3 A+ HIF

=
3 AT= PYsojol & Aolr}, 1Yo =N M
AFEo] AN FF/UE FEE AGEY 24
9 ol uigos @ WRA W A A=

Segslolol @ Aol

B ATE /R0 AL B ARYFH R
EEEAERBIEEEE

2
of
:O{;,“
3
o=
il
32,
oy
i
ui

§=7145ks] 7] A28 43 (2018)

Zr9t v E B3 L% HEF

A9

A BA

o)

[
M

REFERENCES

Ballish, B. and V. K. Kumar, 2006: Comparision of air-
craft and radiosonde temperature biases at NCEP.
Preprints, 10th Symp. On Integrated Observing and
Assimilation Systems for the Atmosphere, Oceans,
and Land Surface (IOAS-AOLS), Atlanta, GA, Amer.
Meteor. Soc., 3.5 [Available online at http://ams.con-
fex.com/ams/pdfpapers/103076.pdf].

Benjamin, S. G, B. E. Schwartz, and R. E. Cole, 1999:
Accuracy of ACARS wind and temperature observa-
tions determined by collocation. Wea. Forecasting,
14, 1032-1038.

Buehner, M., and Coauthors, 2015: Implementation of
deterministic weather forecasting systems based on
Ensemble-Variational data assimilation at Environ-
ment Canada. Part I: The global system. Mon. Wea.
Rev, 143, 2532-2559, doi:10.1175/MWR-D-14-00354.1.

Cardinali, C., L. Isaksen, and E. Andersson, 2003: Use and
impact of automated aircraft data in a global 4DVAR
data assimilation system. Mon. Wea. Rev., 131, 1865-
1877.

Collins, W. G, 1999: Determination of new adjustment
tables in order to bring radiosonde temperature and
height measurements from different sonde types into
relative agreement. EMC/NCEP/NOAA [Available
online at http:/www.emc.ncep.noaa.gov/mmb/papers/
collins/new_tables/new_tables.html].

Ha, J.-H., [.-H. Kwon, J.-H. Kwon, J.-H. Kang, and H.-W.
Chun, 2015: Use and impact of sonde, aircraft and
satellite observations in the KIM-3DVAR system.
Proceedings, The spring meeting of the Korean Mete-
orological Society, Seoul, Korea, KMS, 151-152 (in
Korean).

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.

Kang, J.-H., and Coauthors, 2018: Development of an
observation processing package for data assimilation
in KIAPS. Asia-Pacific J. Atmos. Sci., 54, 303-318,
doi:10.1007/s13143-018-0030-2.

Painting, D. J., 2003: AMDAR reference manual. WMO,
84 pp [Available online at https://library.wmo.int/
pmb_ged/wmo 958 en.pdf].

Park, O.-R., and Y.-S. Kim, 2002: A study on the verifica-
tion and sensitivity test for the ACARS data. Asia-
Pacific J. Atmos. Sci., 38, 333-342.

Petersen, R. A., 2016: On the impact and benefits of



Ay - AT - weE 367

AMDAR observations in operational forecasting— online at http://bluebook.meteoinfo.ru/uploads/2010/
Part I: A review of the impact of automated aircraft individual-articles/01 _Sako Hiroshi_aircraft temp.pdf].
wind and temperature reports. Bull. Amer. Meteor. Schwartz, B., and S. G. Benjamin, 1995: A comparison of
Soc., 97, 585-602, doi:10.1175/BAMS-D-14-00055.1. temperature and wind measurements from ACARS-
Sako, H., 2010: Assimilation of Aircraft Temperature Data equipped aircraft and rawinsondes. Wea. Forecast-
in the JIMA Global 4D-Var Data Assimilation System. ing, 10, 528-544.
In J. Coté, Ed., Research Activities in Atmospheric WMO, 2017: Guide to Aircrafi-based Observations. World
and Oceanic Modelling. WMO, S1 33-34 [Available Meteorological Organization, 1200, 132 pp.

Atmosphere, Vol. 28, No. 4. (2018)



	항공기 온도 관측 자료의 편향 보정 Part I
	Abstract
	1. 서론
	2. 시·공간 일치 분석
	3. 평균 오차 분석
	4. 편향 보정된 항공기 온도의 평균 오차 분석
	5. 요약 및 토의
	REFERENCES


