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Abstract We analyzed the high-resolution wind data of Aircraft-Based Observation from the
Mode-Selective Enhanced Surveillance (Mode-S EHS) data in Korea. For assessment of its
quality, the Mode-S wind data was compared with the ECMWF ReAnalysis 5 (ERAS) rean-
alysis and Aircraft Meteorological Data Relay (AMDAR) data for more than 3-months from
7 May 2021 to 24 August 2021 near Incheon International Airport, Korea. Considering that the
AMDAR reports are not provided by all commercial aircraft, total number of the Mode-S de-
rived wind data with a second sampling rate was about twice larger than that of available
AMDAR wind data. After the quality control procedures by removing erroneous samples, it was
found that the root mean square errors (RMSEs) of the Mode-S retrieved winds are similar to
that from the AMDAR winds. In particular, between 550 and 650 hPa levels, RMSE of the
Mode-S (AMDAR) zonal wind against ERA5 data was about 2.3 m s (1.9 m s ™), and those
increased to 3.3 m s (2.4 m s') in 200~500 hPa levels. A similar trend was found in the
meridional wind, but a distinct positive mean bias of 2.16 m s' was observed between 875
and 1,000 hPa levels. Winds retrieved from the Mode-S also showed a good agreement directly
with AMDAR data. As the Mode-S provides a large amount of data with a reliable quality,
it can be useful for both data assimilation in the numerical weather prediction model and situa-
tional awareness of wind and turbulence for aviation safety in Korea.
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(Mode-S EHS), Aircraft Meteorological Data Relay (AMDAR), Quality assessment
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(World Meteorological Organization) FZ¢] AjA| & ¢l
g7 7174 A= A|2=Elo g 15 700,0007) ©]’d2]
L, vl 5% U Rk ojg 12 ARE 4aea
Utk Wzt FF 715 B o|FA = IR HEL =%
Abe] A Ao dojAi= 2FAL 7] H a1 (Pilot
Weather Reports, PIREPs) A}5E2 %3] A7]Z o2 o]
A= B=7, AMDAR A 29| ®3H4H, In-situ TS

3] 9]zl EDR [¢'°; W& 2218(e)9 AAFIoz
Aolx1, eddy dissipation rate= "83}; Sharman et
al., 2014] #=o] Y EFH o2 ZE3)3t}(Sharman et al.,
2006; 2014). 1957AFE tistel=olA LAYs 7174 &
A g Ak 24%oA RS 29T AR CA
(Kim and Chun, 2011), Y&Fe} #HE 7AARE #=
S 53 Folsta AgHor BN F e e T
Q3lg. A, {57 B ANE (European Centre for
Medium-Range Weather Forecasts, ECMWF)&= ©] %-&
37 BSAEE dY AETs A" L8319,
3 23 45 AEZIRY i ATE P EE @
dEe} F7] dX A 3t 34 ok (Cardinali et al.,
2003). =3} Petersen (2016)S 3437] #Z A5 )
A7 A o wdo Al Az dF ger, A
o wadNE V¢ Fad o Arzha .

Ad F4 9 B uEH FH SACAME g o
% #(air traffic management)?] U¥ o2 ADS-B
(Automatic Dependent Surveillance-Broadcast) #x]S
H)Z23l g3 7FA] 7]<(air surveillance technology)E-©]
AT DA 33 A J1ee) BRE B3]
o] 71&AQl FHES et 2&sHA Bud 4 gl
7 3k Rolek. olAlo} Bl Aode) Be Bl
ADS-B A& AAstaL 28 Fd Ut ADS-B 3|
= 1,090 MHz2] Mode-S (Mode-Selective) ©lo]E
3E AE3te] HlolHE &ralgitt. 7]2 <] Mode-S
oA ¥ Mode-S EHS (Mode-Selective Enhanced
Surveillance):= H|3) AFeHE]7}A] AA|7te =2 A%
o2 thr] F ulg ARE AxE = 9tk Mode-S
EHSell 719kt 7123 2kg A4k 75 20073 KNMI
(The Royal Netherlands Meteorological Institute)= €
A &etgdth(de Haan et al, 2013). A A=
Mode-S EHS A5& o] &3l Ats vl 2 2% g1
7t 71E 7] #F Ase) vustex F4o] Sk
B35 tH(de Haan, 2011; de Leege et al., 2013; Stone and
Kitchen, 2015).

2 AFdX = g3 A AFs ADS-B A&
(2021 5€ 7€~2021d 8¢Y 24U)E S3to] nl HE
£ =tk g AlFel uke AR FEAA
(Quality Control, QC)& AII31L, F=¥ 714 ARE
ERA5 (ECMWF ReAnalysis 5) A]15-41 22 2 AMDAR
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2.1.1 AMDAR (Aircraft Meteorological Data Relay)

WMO2] AMDAR #2+ A7t 42 t7] &=
= dal Fh8 Farledl 71 713 Aot vlolH &
F(ACARS)E AH&stH FH = 7] A&HE ATHWMO
AMDAR Panel, 2007). AMDAR A5+ A7k, $14], 22
=, 5o v ARE Egsta QLo H{(WMO, 2003),
AR HuE A FE2 Tt A= Fdo| v
g tloly HF )-8 AHE flste] AMDAR A5+ 5
A AZE Fotel A S Rushsd], v Ao w
2} oF 30x4 10& 3te] it o] B EthWMO,
2003). AMDAR A& Aol AR HE AZEg o] tf
3} 5 7](Stickland, 1998)) wt=W, H1S FHsh= 3
oA Azt f=, Axe gis] 2 @] olste] FR
& AAs= Aapr 2FFETHWMO, 2003). Y ollA] 2
AMDAR 75 F4d#8 #4d2 AH8she 29 w47
o] Aold 7|¥lkete] Aoz 18 = w(Drie et
al., 2008), 1 z}o]= X% Zt}(Cardinali et al., 2003).
AMDAR A2 Fen wdlo] AuEss 95 F
2 AMg-E3= 3o (Moninger et al., 2003).

AMDAR #t5 A2k 9 #ejol]l AAS 1g¢] &
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B3 Azl oA v 3 9 SR dn
v watelS w F2k9) Q xKrandom error) X th= | A2
9 A}(systematic error)E TS XSS o2 ddA
o™ (Driie et al., 2008; 2010; Ballish and Kumar,
2008), v 7] 71AH9] TR/ S AR 5ol 93
oJ8f-g Hh=r}(Ballish and Kumar, 2008). AMDAR z}&
of gt EAEL 7 54 AH 52 15 w
2t o] getd F 3lom, A5 E 83+ 4 V|HE
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surveillance), Z|7doll Ax|=o] Qe AL A 7AA

(ground surveillance)2 &€t} 3 A9 A4, &
» 1)

Alehs ghso] 2ol whet A3 dloly QFeutellA

g 49 dxpzkA o]t (primary surveillance radar), 3
710l A" ERARETIE A dolte A&V
(interrogator)ol] S H3o 2 F A& FZeE= H99 o]
217+~ o] Bl(Secondary Surveillance Radar, SSR)Z -
w5,

gole 7|gk Al Al2" 2 5 B 8 fFAo B
A} Bgo] 2 HUETE W] wiiel 1992
ICAO A292} F3] oA A BFLYPA|AE 2 CNS/ATM
(Communication, Navigation, Surveillance/Air Traffic
Management)’} A ZZFYAEZ A=, 2010
olF FAFFAIEH O Z S 8o A FHH
ATt CNS/ATM] 7124 Q] gu| 2 A= gha7] o A
o] 2= GNSS (Global Navigation Satellite System)
FHAAE 71RO R s ATEESHA-HEE(ADS-B)
o] =AU

SSRoJ| o]-&38F E2 02 Mode-A9} Mode-C EHHA
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Mode-S& 3F7] ID9} 5% ¥ (callsign)qt A3}
+ ELS (Elementary Surveillance) =+ 1| 3] Ael @ e 7}h
] %3} EHS (Enhanced Surveillance)= 1} ™, &
<ol ZE7)d F71EA 2 fAAHEE WA
W35l= ES (Extended Squitter)2 WA o] 9t}
SSR/Mode-S ESE dutad oz 1090ESz U7 o]
£ ADS-B 2lz 2 g3t}

ADS-B WA] A& DF (Downlink Format)e] we} 15
o] ZHAAL Sl AEIF th27] wliel ZF wAIA| o] A
SH|EZ DF 75 TE3It). Table 19 A3+ DFel
w2 gR1 F77} 71EE ok 47te] FRELS IH
3 BDS (Binary Data Store) H& 7} 2™ Comm-B &
21 218 = BDS4,0, BDS5,0, BDS6,0-& EHS A{H] 20
&3t

 obro] BEel vl wH o] A4S Sl TTA
(True Track Angle), GS (Ground Speed), TAS (True Air
speed), MHED (Magnetic Heading)2] X7} 4 g3}t
BDS5,00] TTA, GS, TASE ¥3}tslal glom, BDS6,03}
BDS0,97} MHED| &t ARE 2zkzk E3ketal ot
BDS6,00] EZ§Hsl= st S=(Mach number) AR E 53
71L& wa 23 4= 9l 91} (de Haan, 2011), & <3749
A g MR Askste] AFssc. & ATl A}
23t Mode-S EHS FH+= 374 4S T3 ozt

2.1.2.1 v}z Wy ALk
Alg e 248 AR BE3 w1 o

jud

Table 1. Relationship of Message type, Mode-S downlink formats, and different information.

Message type Downlink format Information
ADS-B (56 bits) DFO0 Short air to air message
DF4 Altitude surveillance
DF5 Identity surveillance
DF11 Mode-S only all call
Airborne position (BDSO0,5)
Surface position (BDS0,6)
ADS-B ES (112 bits) DF17 Message identification (BDSO0,7)
Aircraft identification and category (BDSO0,8)
Airborne velocity (BDSO0,9)
Mode-S EHS DF20 Altitude replies: (BDS4,0/5,0/6,0)
DF21 Idensity replies: (BDS4,0/5,0/6,0)

ADS-B, Automatic Dependent Surveillance-Broadcast; ES, Extended Squitter; Mode-S EHS, Mode-Selective Enhanced
Surveillance; DF, Downlink Format; BDS; Binary Data Store.
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& WE|(1,)9} olFshH vld7]e] FEoA B3 v
719 o)F &= HWE(v)e Folm Attt Vi
TAS, V& GSE E3tt.

—

V= -7

At AMSE 8F7] 1xE BEH Vg ARER
E Al4t=E™, ISA (International Standard Atmosphere)ol|
A AYeE 711 = FAAAS w2k B AT A A}
&3 A5 FAVE B3 FA B2 AR F Al =
8} A)7H(packet assembly time)o] Z¥}H 32 A| A3 1}
A) ¥ ¥(parsing filtering)o] =& A5 o]t}.

2.1.22 A7 AAE

AlE e 2Agwe QCE T HA e A4S A3l
9 QC, BAR QC, YA1A WF # QU7 IR HIU S
o, Ztzke] 7]FEEe WMOoIA #l&shs &37] 7t
#3 W QC 7IEE whaw Table 20 Uebitt
(WMO, 2017).

9 QCe ZH w7t Al 7H & e WAl ws
Hoju A, 217+ di7]elx] #557] FE Mo s
7Hd W) 2 gk o FE ATt AAsE QColrth A
2%k QCe 2t Wire] gho] Alztel| whet WahA] oS 74

# A H(Mode-S EHS) 7|ute] wigh #5248 A4 8l 54 AF

S 1 e OFE Fudls QCE, 5% B9 #ho] o
& 1 ge AASHA "ot dAE WE 3 QCe
ozl A& A3 9] FHh M WHelspe] &
AL R AslE QColtt. Al 7FA QCe
71%2 Table 20| BAE 2718 w2t}

A7 QCY I WE # QCE 3] $lsiA
= FAE A8 A AE4H) AR2RE g A
of tigt AFo] Fas3irt AR AT w2 A5 ¢
2 ey 2E 337] D9} 3F Fod e Eie
glo] FEE o] I, wEhA o]F T3 FFHL
Fata Aelsle 2ol s

ojluf AR AFEE 5F Foo e V|FoE EF3}
A =W F 7EA 2A7F A "ok A WAl o2
gaHo| 3lF B e & HIE Hof Wgks 1),
Jg]x FY3 FFHe 5% 157} v F7ho| vy
As o A A0 2 AFe AR HAeg.,
158 )i} dlolel & ZehA I AIRE 7HE koA f-A]€
3% 35 A&" vgolgta ke Aol A3t
T Abs

Ir it 4o
o ont 4N o

ki ox

dr v

2.1.2.3 F7}2<l QC (Quality Control)
Hf3k Mode-S 2kg.9] SA4¢ 7|¥kek F712<1 QC
7} ool Rc. Apme] £ gkl WA O 400 kis

Table 2. ABO variables and quality control test information, adapted from the Table Al on the Guide to Aircraft-based

Observation in WMO (2017).

Apply static Apply temporal Threshold for

Variable Unit Range value check variation check temporal variation
(Y/N) (Y/N) check
Pressure Feet [ft] —-1,000 to 50,000 .
altitude Meter [m] 2330 to 17,000 Y Y 5,000 ft min
Static air °C 99 to 99 Y Y 20°C min”
temperature
Wind direction ~ Degrees from true 1 to 360 Y Y 180° min’"
North
. Knot [kts] 0 to 800 .
Wind speed ms! 0 to 400 Y Y 50 kts min
. g 90°00’S o o1
Latitude Degree: Minute to 90°00°N N Y 0.5° min
. g 180°00°'W o o1
Longitude Degree: Minute to 180°00°E N Y 5° min
. . 00:00:00
Time (UTC)  Hour:Minute:Second to 23:59:59 Y N N/A

ABO, Aircraft-Based Observation, WMO, World Meteorological Organization.

F=7)ets) U] A7 45 (2022)
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Aeked7] Wol, MHEDe] talA ghel 0°% 75 A7
she AAE F7kste] g AAYUh TASH isiA
= FA% 238 ABedt ke vhe 255 v
WG W $2E G4 ARl gol 02 7l 2
78 mill oz BEsh 2 FHHe QC %

T3, WMO9| A3 a4 oA ¢7] flshdd,
vkt #E ALk JEFE vAE Ul 7HA 34 ARE
(TAS, MHED, TTA, GS)¢] UA4 W& kol thalA
T A&A A=ZE JPstslen, 1 7] Table 37
2tk

2.1.2.4 Heading Angle ¥%|

Heading Angle 7te] A& Ao th3al ¥4+ Mode-S
EHS 7|9k vlg HH 2bZEo] glojx] Fasic). shA|ut
de Haan (2011)°llA =2u=s Bl 7]vivt {3t B
oty Qlete] I e debd & ok wEkA A=
Aggelr &8 T2l G529 weldo] Aol 3l
= 2U& ol&ste] vig7] JWAIZE 7hAAL Sli= Heading
Anglee] ZAHR) 08 AT, ol mAeE
$9e A2 5 ek

I Aoz 4 Mode-S AE oA EIE L Y=
F37] IDs}t djd digHE Fder] 7AE e
(e.g., “484CBC’: ‘Boeing 777-300ER’, ‘3C4589’: ‘Boeing
777F° ..). 2 ¥ BH3F Mode-S AE A S1HAZAF
o] o2 AH ol sidsl= 917wk 315=(37.4°~37.5°,
126.4°~126.5°, 1% 1 km |3} T3t A5ES A¥
st} o] w0 Wslol ATaks AEs} 307 o)akal
Hjal7] 5ol @ste] ARATYe] BF2 197
91 153°s} MHED gke] QA13h=4) $A40 7145
of AT F = FB) AAE Fech

o] FA M 257 T3] B2(HT W M W
307K o)) Bl 7] 71% 5ol tisiA= MHED el
71%l wg o7t vkl waby] o flek(AlE &
1%, HO: MHED = 153°). w}g}A], &l 71EEol thalo]

Table 3. Additional quality test information for the air-
borne variables.

Threshold for temporal

Variable Unit variation check
True air speed kts s 50 kts s
Magnetic heading ° 5! 10° s
True track angle °g! 10° s
Ground speed kts s 10 kts s
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AE A ABE 1xF g AHsle] AFE AB8E
ARSEITE o] AE7) 7HE Qe AR, 9 AR Y
A7F T el A] A TTAS] 9] FA7F itk Mode-S
A5 B2 144 2@ TTAY ZreE 0°)4] 360°
o] HE| Yol 2ABIES st A5 3 DAl A
—180°¢i|A] 180°2] ® ¢ Ulol] &AIsI=E 3} HA A
180°0l|A] 360° W29 x57} FEEHe FA7F SAst
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AAA] A5 9] 2FA BT ARSI, 3 2
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[e:

rlr
m

2.2 ERA5 (ECMWF ReAnalysis 5)

ERA5+= 20173 ECMWEolA A213E SAIT] A&
ARZ, IMZF A E AFEL o, +94 33t 3|
AEE 0.5° % 0.5°0)32, A7 t7]=S 1,000 hPatF-E]
1 hPaz7}A] 377)9] o2 o]Folx Qlth o] e
o] AEA A5E T FAE Zdl IFS (Integrated
Forecasting System) cycle 4129 7]u9tsle] AJat=c)
(Hersbach et al., 2020).

H]= ERAS5S] 7]E withe ECMWFY] d¢] AT 4
B A|2"Ql IFS Cy41r2 o 2Ao]x]wk, 2019 1€ 7]
= 3F 2,400%F 7lo] #= 227} 4AD-VarE 53 5
EshEar o} St v, 25, FE #5S =
ZAF 71’3 E3(PIREP), gtr] &, =FEdl, 337]
B2og FAHET. AMDARE H|E3 337 ¥=o
AGAR] #F0 =2 FHEo], ECMWFS] ol vz A
A1 2F=<l ERA-Interimol| 4 AF8-g+ W3 FdaH|
(Dee et al., 2011) &%=, vlgh, A $=d ) A5%F
8 =3 o}, web] 2 Aol e = Mode-S EHS
9} AMDAR =}2¢}e] A vlate)| ¢lojx] Mode-S EHS
2} ERAS x}5.9} #Hxlol v]&] AMDARS} ERAS #1859}
o WAk e ikl 9 Rolehs AL YT 5
glom, 2F dholtt AR S g S 4ad
ol &3t 2t HlwE F7FE P Fado] vt

3. 4% 2&x

3.1 A= 5 dH|ud

Figure 12 2021d 59 7932¥ 20219 8Y 247}
A, oF 4709 B9k Fwbe ZA oA ¥ Mode-S
EHS 7]} 2129} AMDAR #t&e] Al7hE A8 A5E
23 wlaek w2 zelch. A9 AIRK+09 UTC) o2

Atmosphere, Vol. 32, No. 4. (2022)



328 AR TR T e 7] F4 JE(Mode-S EHS) 7vke] vigh fEAts Aak 8 £ AT

3RS wf FIh E7) wEo] woldo| wah
A5 W7 B2 B, oztele A= NG H2 54
= X}E oAl BT g1% 4= k. Figure 2+ & =
BEE ¢4 Jargh 2ho 2 Z o]tk Mode-S

EHS thl A5, 69 8204 A=7} EA5HA] e F
Wl 717ke] EAlEtH, wheba] S 20219 6Y ¢t E §
oF } 7]ztel v]a] Mode-S EHS #A5$} AMDAR A5
9}o] W =fol7} 14\:]- Bln 7)7F %<t Mode-S EHS 7|
vl 2.9 e F 1,375,5497) o, vbH AMDAR
7o 5= & 703,510711*, AMDARGO] ]3] ok 1.95
v e 28 7f4E B H(Table 4). Mode-S EHS 9]
2A527F gle 7IbE AA3HE 3 7 AR e

Hourly data points comparisen

140000 1 m— Mode-s

mmm AMDAR
100000 4

=il

oﬁnmqmmhmmﬁr—cgﬂr—cﬂﬁ.—cﬁﬂﬁﬁmm
time {UTC)

120000 4

# of points

Fig. 1. Hourly counts of sampled Mode-S EHS and
AMDAR from 7 May to 24 August 2021. Mode-S EHS,
Mode-Selective Enhanced Surveillance; AMDAR, Aircraft
Meteorological Data Relay.

Monthly data peints comparison

700000 4 m Mode-5

[ AMDAR

11}

Fig. 2. Monthly counts of sampled Mode-S EHS and
AMDAR (Same period with Fig. 1). Mode-S EHS, Mode-
Selective Enhanced Surveillance; AMDAR, Aircraft Mete-
orological Data Relay.

600000 4

500000 4

400000
300000 4
200000 4
100000
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month

# of points
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F=7)ets) U] A7 45 (2022)

AMDAR®]| 1|3 Mode-S EHS A&7} @4 @olx]=4),
AMDAR A8 & &2 ok 6400719 A2 S xﬂi‘c‘%ﬂ
H]3 Mode-S EHS A& 31F0) <k 14,20072] #1822
AFete] oF 228 B AFEE AT

Figure 3-& H]nl 717} &<tke] Mode-S EHS 7w} vl
Age] #3 FEx8, A2 g 7<l°ﬂ91 7 se 1
TE gttt Figure 39 et 9-Sell= 242 9jxe)

To W& s FX| 2B 2 YR

13424 Uk FAZI7E AR E AT EE T2 W
Ao Aurt FHEAAL, FIAYGY Aune 4
A skl Fogitt. FAV|oA Hojd4E A1
To] A57t FREA &%=l o= Mode-S EHS2]
golt] Azt AFAQ Aol o5 721 # 9l
FHAIE Zherhal s EE, e A ool 23 2w
TAE A= O g Al FA717F A A= o
of gh& om|gitt. 53] g5 Ao B¢ Al 3 A
gl FalltEt A7k PR Amrt A
eFokaL, ol A N o= JAAIRE, e Ak
of AgHQl dgFo] Arkar s Hct. <1z dmfrieA
o] Rge AHs whe) QIH Alo] Apm 9
EA7F —Xmolﬂﬁ, FEd g AEQtelA o e uiE
AR L TFHLZE @] oK dgEvtH T4
2l 2HE 7T & U

2017 Mode-S EHS 7]4t nle& ztge] 42 ol
% 2A o Anr Az g =Tt Hrhe Al
SJt}. Figures 4a, b= Z}7 Mode-S EHS9 AMDAR #}
5o QA 7 ZA 9] 2w Bxe} YA E T gl
EJo|t}, Mode-S EHS A3 2 53] 219 x5
TS W Es) 3ol AMDAR°ﬂ HlE F2

0]

i

2 PP glov], 53] Falw G Mshet Ag
S hvjckel U bm ok %] b A¢ %
2 5 ek Asl % A A9 e L FEd

oo FAZe YAFER, FEd Ao Ty on
5] Mode-S EHS #}57} 538}=]o] o Hof] 2853
o Al B kS wied 4 918 Aolgk 7|

y

o 2 XN O o0

Table 4. Number of observations of AMDAR and Mode-S
EHS before and after QC.

AMDAR  Mode-S EHS

Before QC 2,456,338
Total — 703,510
After QC 1,375,549
Per grid (triple collocation) 24 14.2

AMDAR, Aircraft Meteorological Data Relay; Mode-S
EHS, Mode-Selective Enhanced Surveillance; QC, Quality
Control.
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Table 5. MAE, RMSE and R values of the comparisons for zonal wind, meridional wind and wind speed for triple

collocation (Unit: m s™).

AMDAR — ERAS

Mode-S EHS — ERAS Mode-S EHS — AMDAR

U A% wspd U A% wspd U \% wspd

MAE 1.808 1.768 1.930 2.547 1.958 2492 2.292 1.625 2223

200~500 hPa RMSE 2416 2408 2574 3.307  2.662 3.265 3.155 2.231 3.080
R 0.981 0.948 0.971 0.969 0.940  0.961 0.972 0.959  0.964

MAE 1.395 1.381 1.459 1.716 1.536 1.723 1.631 1.495 1.657

550~650 hPa RMSE 1.906 1.855 1.989 2294 2.063 2.262 2.225 2.060  2.240
R 0.969 0943 0.954 0.957 0.936  0.939 0.959 0.940  0.943

MAE 1.552 1.555 1.670 1.926 1.840 1.895 1.977 1.850  2.070

700~850 hPa RMSE 2.146  2.153 2.206 2708 2456  2.624 2750 2394  2.791
R 0.953 0.910 0910 0.935 0.904  0.899 0.933 0.925 0.878

MAE 1.508 1.850 1.674 1.726 2810 2424 1.961 2.812 2533

875~1,000 hPa  RMSE 2.048 2517 2279 2334 3.998 3.591 2.586 3984  3.529
R 0.929  0.827  0.860 0912 0.732 0.755 0.894 0713 0.747

MAE 1.551 1.592 1.663 1.952 1.928  2.036 1.942 1.863 2.061

Total RMSE 2.124 2189 2235 2,676 2.694  2.829 2.681 2.595 2.842

R 0.973 0.925 0.955 0.961 0.907 0.937 0.961 0.920  0.935

MAE, Mean Absolute Error; RMSE, Root Mean Square Errors; AMDAR, Aircraft Meteorological Data Relay; ERAS,
ECMWEF ReAnalysis 5; Mode-S EHS, Mode-Selective Enhanced Surveillance.
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spatio-temporal resolution is higher than the triple comparison. AMDAR, Aircraft Meteorological Data Relay; Mode-S EHS,

Mode-Selective Enhanced Surveillance.

AMDARS} thu]3le] ERAS 24 2pms} vlwshglS
o] AR ZALS Bk A 1o A3 #2459 RMSE
£ AMDARS} ERASE W31 9 ) F 22 m s}
1, Mode-S EHS9} ERASE H|w3}gS wf 2 2.7 ms™
o]t oF 0.5 m s'¢] RMSE %717} JIAIRE, ERAS
7} AMDAR #35& 233t A5ds aelstals o
I xolE @5 7Fssith Athrl, AMDARSE Mode-S
EHSE A3 v|wels uf FAuga) dauigte] =
ol tis =ZA RMSEZ}F HAstglen, o ¢t 47
2.195 m s'9} 1.685 m s'2, AMDARS} ERASE v
393 o] A4 RMSERTE Yolxth

Mode-S EHS 7|9t nlgt 287} 2 AFeilA vla g
71& &¥F7] #FZ5(AMDAR) ¥ AR #ge} zt= 7
2 ztolde Ui s AAS 1=olA e B

o] AgFol¢ltt. 875 hPag} 1,000 hPa Alo]o] 1%z oA

Mode-S EHS9} ERASE H|w3}l9lS wf oF 2.164 m s
o] & HgFo] AF =AUt} o= Mode-S EHS2| #Z0]

2 ASEH vjusto PAABEAST ZAH 1xolAM o
GEAG ] nlEE ¢ Wo| #EJkE Ao, o] &
T gholtt A= 5 /1S 7hsd SYE SRS ES Y
33 g Aol Hag Fiolr

B Ao A=A ERAS A& A57F AL o]
AMDAR #57} 538}=7] wfiol|, s vlae] AMg-g
ERAS5 A4 2t39} AMDAR #& #F5.9}9] F&4d0]
ZAgHs o] A8t AMDAR #t59} ERAS 7
% b e ojnjyl EAlE 4= gl o ERAS AEA=t
E9}e] H|aE 55 Mode-S EHS A&9] A% 2F&
A w] AMDAR 5 At=9] A e57F wkedd
k. Ak B odTto)] A}-8-3F Mode-S EHS A& <=
717 & o) sFsls wsi = vt Algst 1

El
A

B A el

Atmosphere, Vol. 32, No. 4. (2022)



338 M

Zonal Wind [ms~']

Meridional Wind [ms—']

20 20
15| MBE =0.166 5| MBE =-0.613
MAE = 1.709 - MAE = 1.233
1 RMSE = 2.195 " & 1 RMSE = 1.685
5| R=10.979 51 R=0.969 '
b ‘{‘
g ° - g °
= . = =
= & -5
_10 o -
15 -15
20 4 -20 . , .
=20 =15 -10 -5 0 5 10 15 20 =20 -15 =10 -5 o 5 10 15 20
AMDAR AMDAR
| I | T
o 5 10 15 20 5 o 5 10 15 0 5 30 35 40

Fig. 12. 2D density plots of zonal and meridional wind from AMDAR and Mode-S EHS. AMDAR, Aircraft Meteorological
Data Relay; Mode-S EHS, Mode-Selective Enhanced Surveillance.

Zgon, wpgbr] ERAS A4 2k5E Hlael] AME-3)
k.

A, 2 A7ES AFEHE, AT, AT, ek o
T, B4, 22 % o Ao FuEoe] dAd
ADS-B 21715228 t 71 7|7 512020 59 8
21~2022\d 69 23Y) 5% Mode-S EHS9| YA A&
2 Ut oz gratrt. o] Ao tial] 2 AttelA
A QC 37 3l WEez 43 A, 2.1.24 4

Holx) AFE TTAS] W9 #4128 sldatlon, A1
ol 2 A AHE wEuake] 27 YeriA

Bos e g3, H2 J0Hd T 2 Fe)
A= g 2EH =7} /}:j‘.x]E] Z}o]t}(Light Detection

and Ranging, LIDAR), 9= Z 23} 2|(wind profiler)
el vy B2 ARt SREE 02 FE
A% AHed 5 ol
e 95 A4on 24 o 1

wio .
T

T L)
Mode-S EHS A2 2] 273
7tk whghA, o &
71Z2¥ o Y& o] Mode-S EHS A&52
#= g9l nlwsto g2 34 Mode-S EHS 74t u}at
A7 o] ABAQ Ao 7eE Aol
Mode-S EHS A2.& 53l d& 38 &4 A 2 4
Ao el t&sF nFA v 5= AFH R
s gEe] LS E3etar Q7] whiEol R HE A
Zo] 7}53ltH(Kim et al,, 2020; 2021; 2022). o] & &3
T 2 FHF 9 AL Ao A5 IS
AR AT vOMVH g0 7| et olrt, o] A
2L s B AR5E B Y T L= A
2o 271 5 “‘ A5-53F FAge 2ask FHEe
Zo 2 7|t Ht.

st Agd 5 g

OJ

F=7)ets) U] A7 45 (2022)

Al =

of AT A9 A FIHE A9 F37
717/l (NARAE-Weather)s (KMI2022-00310)2]  #| €]
T 71A A See-At7] 2714 ATEAL (KMI2020-01910)
of Ao g FYHAFUTE ADS-B A5 74l 2 A%
I AN F713 ARIsHe] Aol "AEI
AN G713 E RS JJrZM, Az & 2
ADS-B A8 3% #dd 3714d AAAEEA
AAP="EY T

REFERENCES

Ballish, B. A., and V. K. Kumar, 2008: Systematic differ-
ences in aircraft and radiosonde temperatures: im-
plications for NWP and climate studies. Bull. Am.
Meteorol. Soc., 89, 1689-1708.

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.

Dee, D. P., and Coauthors, 2011: The ERA-interim rean-
alysis: configuration and performance of the data as-
similation system. Q. J. R. Meteorol. Soc., 137, 553-
597, doi:10.1002/q;.828.

de Haan, S., and Stoffelen, A. High resolution temperature
and wind observations from commercial aircraft. In:
Proceedings of the 8th International Symposium on
Tropospheric Profiling; 19-23 October 2009; Delft,



Netherlands.

, 2011: High-resolution wind and temperature ob-
servations from aircraft tracked by mode-S air traffic
control radar. J. Geophys. Res. Atmos., 116, D10111,
doi:10.1029/2010JD015264.

, M. de Haij, and J. Sondij, 2013: The Use of a
Commercial ADS-B Receiver to Derive Upper Air Wind
and Temperature Observations from Mode-S EHS
Information in The Netherlands. Royal Netherlands
Meteorological Institute (KNMI).

de Leege, A. M. P,, M. M. van Paassen, and M. Mulder,
2013: Using automatic dependent surveillance-broad-
cast for meteorological monitoring. J. Aircr., 50, 249-
261, doi:10.2514/1.C031901.

Driie, C., and G. Heinemann, 2001: Airborne investigation
of arctic boundary-layer fronts over the marginal ice
zone of the Davis Strait. Bound. Layer Meteorol., 101,
261-292.

, W. Frey, A. Hoff, and T. Hauf, 2008: Aircraft
type-specific errors in AMDAR weather reports from
commercial aircraft. Q. J. R. Meteorol. Soc., 134, 229-
239.

, T. Hauf, and A. Hoff, 2010: Comparison of boun-
dary-layer profiles and layer detection by AMDAR
and WTR/RASS at Frankfurt airport. Bound. Layer
Meteorol., 135, 407-432, doi:10.1007/s10546-010-9485
-0.

Hersbach, H., and Coauthors, 2020: The ERAS global
reanalysis. Q. J. R. Meteorol. Soc., 146, 1999-2049,
doi:10.1002/q;j.3803.

Huntley, M. S. Jr., J. W. Turner, C. S. Donovan, and E.
Madigan, 1995: FAA Aircraft Certification Human
Factors and Operations Checklist for Standalone GPS
Receivers (TSO C129 Class A). Federal Aviation
Administration, 230 pp.

Kemp, D. E., 1968: Federal aviation administration air safe-
ty program. J. Air Law Commer., 34, 363.

Kim, J.-H., and H.-Y. Chun, 2011: Statistics and possible
sources of aviation turbulence over South Korea. J.
Appl. Meteorol. Climatol., 50, 311-324, doi:10.1175/
2010JAMC2492.1.

, and , 2012: A numerical simulation of con-
vectively induced turbulence above deep convection. J.
Appl. Meteorol. Climatol., 51, 1180-1200, doi:10.1175/
JAMC-D-11-0140.1.x

, J.-R. Park, S.-H. Kim, J. Kim, E. Lee, S.-W. Baek,
and G. Lee, 2021: A detection of convectively induced
turbulence using in situ aircraft and radar spectral
width data. Remote Sens., 13, 726, doi:10.3390/rs1304

339

N
o
For

0726.

Kim, S.-H., and H.-Y. Chun, 2016: Aviation turbulence en-
counters detected from aircraft observations: spatio-
temporal characteristics and application to Korean avi-
ation turbulence guidance. Meteorol. Appl., 23, 594-
604, doi:10.1002/met.1581.

, H-Y. Chun, J.-H. Kim, R. D. Sharman, and M.
Strahan, 2020: Retrieval of eddy dissipation rate from
derived equivalent vertical gust included in aircraft
meteorological data relay (AMDAR). Atmos. Meas.
Tech., 13, 1373-1385, doi:10.5194/amt-13-1373-2020.

, J. Kim, J.-H. Kim, and H.-Y. Chun, 2022: Charac-
teristics of the derived energy dissipation rate using
the 1 Hz commercial aircraft quick access recorder
(QAR) data. Atmos. Meas. Tech., 15, 2277-2298, doi:
10.5194/amt-15-2277-2022.

Lee, D. K., H. R. Kim, and S. Y. Hong, 1998: Heavy rain-
fall over Korea during 1980~1990. Korean J. Atmos.
Sci., 1, 32-50 (in Korean with English abstract).

Moninger, W. R., R. D. Mamrosh, and P. M. Pauley, 2003:
Automated meteorological reports from commercial
aircraft. Bull. Am. Meteorol. Soc., 84, 203-216.

Park, S. U, C. H. Joung, S. S. Kim, D. K. Lee, S. C.
Yoon, Y. K. Jeong, and S. G. Hong, 1986: Synoptic-
scale features of the heavy rainfall occurred over Korea
during 1~3 September 1984. Asia-Pac. J. Atmos. Sci.,
22, 42-81.

Petersen, R. A., 2016: On the impact and benefits of
AMDAR observations in operational forecasting—part
I: a review of the impact of automated aircraft wind
and temperature reports. Bull. Am. Meteorol. Soc., 97,
585-602, doi:10.1175/BAMS-D-14-00055.1.

Sharman, R., C. Tebaldi, G. Wiener, and J. Wolff, 2006:
An integrated approach to mid- and upper-level turbu-
lence forecasting. Wea. Forecasting, 21, 268-287.

, L. B. Cormman, G. Meymaris, J. Pearson, and T.
Farrar, 2014: Description and derived climatologies of
automated in situ eddy-dissipation-rate reports of at-
mospheric turbulence. J. Appl. Meteorol. Climatol., 53,
1416-1432, doi:10.1175/JAMC-D-13-0329.1.

Stickland, J. J., 1998: An Assessment of Two Algorithms for
Automatic Measurement and Reporting of Turbulence
from Commercial Public Transport Aircraft. Bureau of
Meteorology, 42 pp.

Stoffelen, A., 1998: Toward the true near-surface wind
speed: error modeling and calibration using triple
collocation. J. Geophys. Res. Oceans, 103, 7755-7766.

Stone, E. K., and M. Kitchen, 2015: Introducing an ap-
proach for extracting temperature from aircraft GNSS

Atmosphere, Vol. 32, No. 4. (2022)



340 ol

of

and pressure altitude reports in ADS-B messages. J.
Atmos. Ocean. Technol., 32, 736-743, doi:10.1175/
JTECH-D-14-00192.1
Trier, S. B., R. D. Sharman, and T. P. Lane, 2012: Influen-
ces of moist convection on a cold-season outbreak of
clear-air turbulence (CAT). Mon. Wea. Rev., 140,
2477-2496, doi:10.1175/MWR-D-11-00353.1.
, and R. D. Sharman, 2018: Trapped gravity waves
and their association with turbulence in a large thun-
derstorm anvil during PECAN. Mon. Wea. Rev., 146,

F=7)ets) U] A7 45 (2022)

G F9 a3 937 F4 A8(Mode-S EHS) 7uke] nigt waw A0 2 4 4%

3031-3052, doi:10.1175/MWR-D-18-0152.1.

World Meteorological Organization [WMO], 2003: Aircraft
Meteorological Data Relay (AMDAR) Reference
Manual. WMO, 80 pp.

, 2017: Guide to aircrafi-based observations. WMO,
132 pp. [Available online at https:/library.wmo.int/doc
_num.php?explnum_id=4120] (Accessed 7 Jun 2022).

WMO AMDAR Panel, 2007: The international AMDAR

program. World Meteorol. Organ. Inf. Fly., 12, 141 pp.



