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Summary

I. Title
Development and Application of Technology for Atmospheric Observation
— Development of Application Technology on Atmospheric Research Aircraft (III)

IO. Introduction - Needs for the Research

O The lack of observations in the atmospheric vertical structure leads to
the limited improvement of predictability of numerical models and
difficulty in precise understanding of weather phenomena.

O Needs for improvement of forecast model and integrated observation as
the increasing interest of public for the environmental meteorological
phenomena such as aerosols and Asian Dusts

O Need to secure accurate and in—situ aircraft observation technique due to
the continuous increasing of greenhouse gases,

O Needs for the preceding observation of severe weather, monitoring of
environmental meteorology, and improvement of the capability of
weather modification experiments using the atmospheric research

aircraft.

M. Objectives
O Research on the cloud, aerosol, greenhouse gas and high impact weather

using the KMA research aircraft

IV. Results

A. Aircraft observations of cloud physics research
- Weather modification experiments (artificial rainfall and snowfall) and

cloud physics observation

= xvii =



- International joint research for advanced weather modification technique
B. Preceding observation of severe weather
- Analysis of data assimilation effect using aircraft dropsonde data
- Development of aircraft data quality control technology and
improvement of operation and management system
- Analysis of interaction between atmosphere and ocean for heavy
snowfall phenomena
C. Air quality monitoring and its climate impact analysis in upper troposphere
- Development of optimal air observation techniques for aerosol and
reactive gases
- Verification of observation data of aerosol and reactive gas through
analysis of aerosol characteristics over the Yellow Sea
D. In-situ aircraft observations of main greenhouse gases (CO, and CHy)
- Evaluation of aircraft measurements system for obtaining high quality data
- Analysis of vertical/horizontal distribution of GHGs at Anmyeondo and

Western land region in Korea.

V. Expected Impacts and Applications
O Aircraft observations of cloud physics research
- Response to the national issues about improvement of cloud seeding
and its technique
- Assistance of numerical model by vertical properties of cloud condensation
nuclei and cloud droplet
O Preceding observation of severe weather
- Improvement of predictability for severe weather using aircraft
dropsonde data assimilation
- Application of data quality control technology and development of

aircraft observation data utilization system

= Xxviii -



O Air quality monitoring and its climate impact analysis in upper troposphere
- Study on the physical and optical properties and formation, transport,
and extinction mechanisms of aerosols in Yellow Sea and
characterization of long-range transport of air pollutants
- Verification of Asian dust and haze prediction model and satellite
aerosol outputs
O In-situ airborne observations of main greenhouse gases (GHGs)
- Verification of ground and satellite greenhouse gas data using the
high-resolution aircraft measurements data.
- Providing scientific informations on the spatio-temporal distribution of

CO; and CH4 over Korea
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Table 2.1.1.

Results of Weather modification

research aircraft in 2019.

experiments by atmospheric

Hs g A A 9 daEd AYu% (km)
1 2019. 1. 25. A fE3ke 1.5
2 2019. 04. 10. AR =3k 2.7
3 2019. 06. 27. dhE Ao ity 2.0
4 2019. 06. Z8. A A pECiEAnty 2.5
5) 2019. 08. 27. Al pECiEdnty 0.6~0.9
6 2019. 10. 24. e A 23 46~48
7 2019. 11. 24. A3l <t [ 25~31
8 2019. 11. 25. A= A 8e=3he 1.9
9 2019. 11. 28. A A 3 1.9
10 2019. 12. 01. At [ s 1.9
11 2019. 12. 02. At ESRCASR-i e 1.2
12 2019. 12. 03. At 23 1.6
13 2019. 12. 07. 8l ok fr3 1.48
14 2019. 12. 17. A&l et Rty 0.9
15 2019. 12. 18. FHE A f2E3k 1.2
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Fig. 2.1.2. Total flight path (top) and observation altitude (bottom). B (red), b

(sky blue)/ s (pink)/ a (blue), A (yellow) are the observation
sections for before, during and after the seeding material. (S1-S2:
seeding line, OB1-OB2: observation line, ODO: O-dae Mt., CPO:
Cloud physics, YPO: Yongpyong, JBO: Jinbu, BWO: Barwang Mt.,
and DRO: Daegi-ri Observatory)



Table 2.1.2. Mean and standard deviation for observation sections.

Before seeding During After seeding
Variable B b seeding, a A
S
Altitude
(m) 2,254 (£3) 2,093 (£2) 2,093 (£2) 2,093 (£2) 2,251 (£2)
m
Temperatu
141 (£0.2) | 116 (x06) | 114 (x0.7) | 11.3 (£0.1) | 10.5 (£0.5)
re(C)
Wind
speed 2.5 (+0.7) 2.6 (x0.6) 2.8 (£0.8) 2.6 (x0.8) 2.8 (x0.7)
(ms 1)
Wind
direction 267 (£27) 246 (£25) 274 (£53) 269 (£35) 274 (£31)
(°)
Vertical
velocity -05 (£04) | -0.3 (£0.4) | -04 (x04) | -0.3 (x0.4) | 04 (£0.4)
(ms 1)
Liquid
water
0.46 (£0.41) | 0.28 (£0.17) | 0.70 (£0.64) | 0.58 (+0.32) | 0.81 (+0.54)
content
(gm ?)
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Fig. 2.1.3. Time series (left) and vertical distribution (right, mean and standard
deviation) of temperature, wind speed, wind direction, and vertical
velocity observed with AIMMS-20 and liquid water content from
CDP.
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Fig. 2.1.4. The averaged variations of SST (a) Normal cases, (b) East region
cases, and (c) South region cases The accumulated CaCl2 number
concentration (unit: # m-3) for the seeded simulation from the
surface to model top on 27 June 2019. The vector represents the
wind field at the seeding heights(2 km). Red line is seeding line

and red points is observation site.
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Fig. 2.1.5. The time series of accumulated CaCl, number concentration (unit: # m°) for
the seeded simulation from the surface to model top at YW]JC AWS site.
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Fig. 2.1.6. The vertical cross section of accumulated CaCl, number concentration (unit:
# m*) and temperature for the seeded simulation from the surface to 4 km.

T3 AdEAe] FF77F #5e ako] AP EHC] EAsEA dotr 7] 9
A AZEelol dFsts AFAGHUEE AE& BAtHFig. 2.1.6). F#A 9
of AQGEAS] FFxr ola, HeA A4 7|20t of7]d A OB1¥ OB2%& Al
FolF g7 BF3 AP FEAHolth ol¢f T AdAEHE I¥S T



3 A8 AR 24
2019 69 279 Abal 0900 LSTE dhire= 2
2177} o] R xAth dwtmel] A AuiHGE AW EA
A Fd G FEo G =
F7F 4 K ol ZA vEbg 71 of
AT},

X
rE
X
oz
b
ox
ol
e,
N
o
=
rir
&)
0

>,
rot
-
il
)
s

R
H
o
ol
2
X

/ .-’s'S'AS KMAl
< 2700UTC JUN 2019

DDUTC 27 JUN mmﬂjmfﬁ"
Surface weather chart

TC 27 T 27 18)
s ‘ar -

R&aamlenmﬁgcaﬂamm[ lrallnn{KMm

Roren Metaerologral AgmnlsralionlRMAT = BOUTE 27 JUN 3070 T00RST 27 JUN 2075

850 hPa weather chart 850 hPa temperature

Fig. 2.1.7. Surface and 850 hPa weather chart issued at 0000 UTC 27 June,
2019(red box: Korean Peninsula).

_12_



o COMS (Communication, Ocean

5|

nfl 3A]

ke
T

and Meteorological Satellite) $1/d¢] 7|’JA5E &85t COMS 14

e astAd Uhsh gshAd 47e) A AdE

)

A
vze)

X
o

&
G
Nro

127.7°E~129.7°E, $1%=:

d o (%

N
B

36.7°N~38.7°N)¢] COMS

ol 212

b ueb v (Fig. 2.1.8).

23!

ol
ar

X
22

ol
~r
AR
I

T2

]

ol

I
or
]
o)

0

o

=
vge]

X
o

ot

ToR

285~295 K(12~22 CT)= AdE

- -
-

ol Al

FAE 7

_13_



1030 LST 1100 LST 1145 LST

1295 128, 282 . - 1285
it

Cloud top
height

Cloud top

temperature

Cloud type
(ISCCP)

“iz0 @4 180 1298 iz " R BT w1280 1288

Ci Cs Co Ac As Ns Cu S5c 81 Ci Cs Co Ac As Ns Cu S5c 81 Ci Cs Co Ac As Ns Cu S5c 81

Cloud phase

LT
o tneddr, ) e e
Teas  1ga0  Teas 2] %280 1298

T Tma 1zen 1288
Watar = Mixed :rmrlam Watar = Mixed Uncartain Watar = Mixed Uncartain

1255 1w, .5 125.5 1z 1230 1295

Cloud optical

thickness
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Fig. 2.1.11. Scatter plots of total number concentration (top), effective diameter

(middle), vertical velocity (bottom) according to liquid water content

calculated by CDP at the seeding level (2.1 km, left) and 2.3 km (right).
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Table 2.1.3. Average and increase in total number concentration for each

observation section at the seeding level (2.1 km, left) and 2.3 km

(right). (unit, CDP: c¢m ?)

Altitude Obs. sections CDP
Before seeding (b) 360
2.1 km During seeding (S) 851
(Seeding level) After seeding (a) 704
Increase (b vs. a) 1.96
Before seeding (B) 342
2.3 km After seeding (A) 853
Increase (B vs. A) 2.49
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Fig. 2.1.12. Average particle size distribution observed by CDP at the seeding
level (2.1 km, left) and 2.3 km (right).
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Table 2.1.4. Mean and standard deviation for observation sections

Variable Before seeding (b) | During seeding (S) | After seeding (a)
Altitude (m) 2,212 (+324) 1,931 (£2) 1,928 (£2)
Temperature(C) -9.5 (£1.8) -75 (£0.3) -7.2 (£0.3)
Wind speed
5.1 (£1.2) 4.8 (£0.7) 4.2 (£0.8)
(ms™ 1)
Wind direction
) 179 (+61) 122 (+10) 138 (+23)
Vertical velocity
-0.3 (£0.3) -0.4 (+0.3) -0.2 (£0.4)
(ms™ ")
Liquid water
0.10 (£0.05) 0.07 (+0.06) 0.06 (£0.05)

content (gm *)
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Table 2.1.5. Average and increase in total number concentration for each

observation section (unit, CDP: ¢m ?, CIP&PIP: L~ 1).

Obs. sections CDP CIP PIP
Before seeding (b) 74 7.84 0.26
During seeding (S) 98 1.39 0.21
After seeding (a) 109 1.69 0.25
Increase (b vs. a) 1.47 0.22 0.96
103 102

b
—5
10?2 —_—1a 10!
E 10! = 10°
o %n
= 10° %10‘1
z Z
107! 1072
1072 1073
10° 10! 10?2 10! 102 103 10*
Diameter [ pm ] Diameter [ gm ]

Fig. 2.1.27. Average particle size distribution from CDP (left, solid line), CIP
(right, solid line) and PIP (right, dotted line).

)
Wa ARt d#e 64 Q= AARS Aot ARE TE
& FrAFsHAl YERUE= CPOS, CPC, DRO,
2 1907 BAsgon, Hea wash He olgatel A
A7 A" REE GEltFig 2128). deoz 4lae] BeeAAS Falol
QAo A7 Watel A o MEE sk Arh(Fig. 2.129).
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Fig. 2.1.28. Altitude reflectivity in micro rain radar and liquid water content

from CPOS, CPC, DRO, ODO.
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Fig. 2.1.31. Differences between the accumulated SEED and NOSEED precipitation

(unit: mm) from seeding start time on 28 November 2019. Black line

1s seeding path.
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ol Jth(Fig. 2.2.1). 7FAAA J9& L33 AR A7]&= T44x9280] 11, A==

4kmolt}., 7FH AR gty Bd FA4 Fo A uAH AR gL AT|e; A

T 747 622x810% 15kmola, Ao 2= 707] =& 7MY =EEY BEAE

£ 349 WE AREHEDVARZINE o8t A&y, RdTEd H4w
2.

=y =8Ag 59 F42 Fig.

[\JEEJ

Model configuration

Spanal resolution Vanable gnd: 4km / (fixed gnd: 1 5km)

Gnd size T44(x) x 928(v) / (fixed grid: 622 x §10)

Vertical laver 70 layer (Top — 40km)

Model version wo 101

Integral ime 48hr

Time step 50s (short-step: 30s)

Data assimilation 3DVAR

Spanal Discretization | Fuute Difference method UMDP-016

Time mteg ‘Advection] Semu-implicit Semu-Lagrangian scheme UMDP-016

Radiation Process Edwards-Shingo general 2-stream scheme UMDP-016 ™~

Surface Process Jomnt UK Lang Environment Simulator (JULES) UMDP-016
3 layer soll model veng van Geruchien { 1980) soil hvdrmlogy

PBL Process Furst order non-local boundary laver scheme of UMDP-016
based on Lock et al (2000) -

Microphysics Mixed-phase precipstation (3D) UMDP-016

Gravity Wave Drag G.W. drag due to orography (GWDO) not mcluding | UMDP-016
spectral gravity wave (44)

Surface B. C Chmatology

Fig. 2.2.1. Numerical model configuration and domain for dropsonde data

assimilation experiment.

F33 A HTable 2.2.1). A=
AT FAEA, 28 T del A o] Fo A

Mol o7t Qlow ol =37 (e

w= 1%—*@»‘2 TA S ¥ =4 3}71 Ho}oﬂ EEsd Assst v

S(CTL) A& 4&(EXP) 482 Z44 s =, CTLAY 123], EXPA
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12315 38kt ar, 1270 Atelell tigh A4 3E w248, #42 f8iA
Threat Score(TS), Probability of Detection(POD), 2] 31 False Alarm Rate(FAR)
5 @&, 7 A5 AL WS Table 2220 YebWSlc) 72} X5

o g dSAdet 718A 53 Fa wFA 1243 FHGFES ol &k 7
A

F(score)& AT, CTL} EXPY Aol= 345 o34 93& 245k

Table 2.2.1. List of dropsonde observation cases in 2019.

Case Date LR ! Remark:
area dropsonde
RN-1 5. 17. Yellow sea 8 204.5 mm/12 hr
RN-2 5. 26. Yellow sea 8 60.0 mm/12 hr
RN-3 6. 26. Southwest sea of Jeju island 4 145.0 mm/12 hr
RN-4 7. 10. Yellow sea 9 104.5 mm/12 hr
RN-5 7. 30. Yellow sea 14 41.0 mm/12 hr
RN-6 9. Yellow sea 6 1175 mm/12 hr
TP-1 8. Southwest sea of Jeju island 10 8" FRANCISCO
TP-2 8. East sea 8 8" FRANCISCO
TP-3 8. 9. Southwest sea of Jeju island 16 9" LEKIMA
TP-4 8. 10. Yellow sea 17 9" LEKIMA
TP-5 9. 5. Southwest sea of Jeju island 7 13" LINGLING
TP-6 9. 6. Yellow sea 4 13™ LINGLING
* AWS maximum rain rate or name of typhoon
Table 2.2.2. Verification indices for dropsonde data assimilation.
Observation (AWS) 75 — H
H+F+ M
Yes No o
POD = ———
Forecast Yes (P%t) (False Ijxlarmy A+ M
M C __F
(EXE, G No (Miss) (correct negatives) FAR = H+ F




= FAREH FANRE Hlastrlel] <A, 3ad WM AnF
stapgol Ay 27|ge TS AHHYTE Fig. 222 69 269 JF5 S
°] I5KST(06 UTC) 24 Z7]4<] 925 850, 500 hPa A& FHoltl. o714,
wHA Faev] Se EEEY AR A4E4" d98 ot =EE
BEAF7F AEHA &2 CTLAAE F9 A9 FARE S8S gad 4=
AN, EEEd 357 48 EXPolAdE o 200kme] WHEE A=

o] Yetdth o3 SEREE o] AtnEdt A fFaNtEa ddol

649 269 Abdle] A5, 9259 850hPag] Fd29 T Aol7f AFE FAE
ol A LhERSECE oF 0.1-10Ke] %e] RS Selg 4 213, 500 hPacl A 01-05
Ko 9e] 222 molth awth 459 300hPacl A Feldh olsh vehix o

{0

gom, o= Y At =5 Hst a7k 20,000 ft(C6 km) 71 Wit o vt
925 hPa 850hPa S00hPa
' ad H
CTL ”""w;""; /\
(without e
Drop) byl oA W
LI & e W 0
2 A §
. :’;‘"‘ H I h?,f- | I
EXP 1-;,4 '{... ki Ly S
(with Drop) ¢ ~&3 L - "
I I?;'.‘ S I._.l’ . 15 - : ,\.;’ e .I--.‘ -

Fig. 2.2.2. Increment fields of numerical model simulation at initial time according

to dropsonde data assimilation at 26 Jun 2019 heavy rain case.
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EEEd #E5AE AnFse ArdS dFS BAs] dstd, dFE$ 67

AR (CTL, EXP) 12A12F A& 747, 18

FARY AF ko] Ao (EXP-CTL)E A8t th(Fig. 2.2.39F Fig. 2.2.4). 7] A,

S AWS Z5Exe Wik sde Jde =EEd #5999 E gusn 7 A}
R

sseld. =ged 4

EXPCTL _

RN-1
(“19.5.17.)

RN-2
(“19.5.26.)

RN-3
(“19.6.26.)

Fig. 2.2.3. Distributions of precipitation amount estimated by AWS observation
data(left), numerical model output(middle), and those difference between

EXP and CTL for three rainfall cases as RN-1, RN-2, and RN-3.
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sl i,
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WETVITSOC T TIT Il

RN-5
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RN-6
(“19.9.4.)

UM AFEEE G 6 AtHlY AedS Agx= JS5ES #18 TS, POD,
439 tH(Table 2.2.2). H52 21314 0.1 mmolAHE 05, 1, 5, 10 18

I 20mm7HAl F 6702 AAFS AASG T Fig. 2255 AWS A% o] &3t
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HAE39 67] Atdle] =8&d v 8L (CTL)I AL (EXP) 289 #4dZE Ao
o WA, AFEdrrt s 35S gustE TSS PODE 19 7S Fad=

T =2 AS oudth TS Wsk= A4 AR 059 1 mmeollA
Made Fdstdal, umA e dAACdAM = FIE MErE yEhgA edgkt
POD<= 1 mmelste] gk oA oF 0.02 7AW S JAARE, 28T A3t Zhe
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Fig. 2.25. Averaged values of verification for numerical model data assimilation

experiments as CTL(without dropsonde) and EXP(with dropsonde).
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aL%=7F 30,000 ft(CO9km) 2 69 269 AF#E(20,000 ft) H ot iAo 2 7] ot
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e () J01 9080408 UTE

shertinte
U A -

CTL TS N
(without Y E“‘ ,
Drop) N e

EXP 1.. - ™ A\ \ ._-'
(with Drop) L;’r *lg
™

Fig. 2.2.6. Increment fields of numerical model simulation at initial time
according to dropsonde data assimilation at 6 Aug 2019 typhoon (8th
FRANCISCO) case.
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Distributions of precipitation amount estimated by AWS observation

Fig. 2.2.7.

data(left), numerical model output(middle), and those difference between

EXP and CTL for three rainfall cases as TP-1, TP-2, and TP-3.
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TP-4
(“19.8.10.)

TP-5
(“19.9.5.)

TTCPIPTIIIIIIT T

TP-6
(“19.9.6.)

Fig. 2.2.8. Same as Fig. 2.27 except for three rainfall cases as TP-4, TP-5, and TP-6.

geoz BHE Atge A5dS AgdE HA5E s TS, POD, FARS ©] £33
I, A5E Y8 ArES 671 o 74]%;%(0.1, 05, 1, 5, 10, 20mm)< =359 Atdle} 2

t}. Fig. 229+ AWS % o] &3 HF 670 Ab#le] =& A -8(CTL)+
-8 (EXP) 299 Z4 JJrOlE} Lo 7Whzas drdSAdsert =55
nst= TS PODE %ﬁii%\:}. 0171 mmel A= TS7F ¢F 0.03 7§41, 10720 mm
M= TS7F oF 0.04 7= AT =, v TSkel 0.03 7HE A E =
Atk 2, POD+= 20 mmeol A RE 0.03 7R = ek, th o =) 0ol 77k
dr7t 58 8o FoEFS vt FARAAE F3ld Ad 238 g9
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At BE g Al 0.0370.059 A E37F yEva A &, =5
Ed #5287 A5Es oA FgdSel £ FEo] MAdEE S

of v gk,

TS POD FAR

- - o 4 .
01 05 1 5 10 20 01 0.5 1 s
Threshald fmm12n) Threshatd (e 2h) Teeshedd e

Fig. 2.2.9. Same as Fig. 2.25 except for Typhoon cases.

(4) 8.oF
Table 2232 SHA AL A5 o9-9 HS AMHS =5&d AR5t 480l
e HASAge S idE Aot oA, i &2 FEA A (CTL) v
MAES omdth dAutE oz oF 5710% MAES & 5 da, FARS /WA &3
7F 159 12%= =4 YEEt 5 =5Ed 35 s3hE T ArdF
o _

o] Y Eo] Feia

Table 2.2.3. Verification result of dropsonde data assimilation and improvement

rate for heavy rain and typhoon cases.

Verification result Improvement
Case Index

CTL EXP rate
Threat score(TS) 0.55 0.58 5%

Heavy . )
) Probability of detection(POD) 0.58 0.61 5%
Rain False alarm rate(FAR) 0.19 0.16 15%
Threat score(TS) 0.38 0.42 11%
Typhoon Probability of detection(POD) 0.54 0.57 6 %
False alarm rate(FAR) 0.43 0.38 12 %
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Fig. 2.2.10. Atmospheric research aircraft observation data process.
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ASPEN(Atmospheric Sounding Processing ENvironment) Z 2132 o]-&3tt}
(Martin, 2009). ©] ZZ1alo] = 7} Mol A9} o] S A As A, A=A}
o A& HAF & F 249AY FHA AL o] FolXn o] }AFe A EOL2DE
o] ol ARE AEEA HW, olF FE wigk Az AE B AETS 96
GPS ol# HAME St} &g, GPSo As7F @& AsE AAsteE 34 7
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(a) Dropsonde (b) GVR
Dm"s{?‘dﬁlz“’ file Read L1 file

i

ASPEN QC 3-lines for warm, hot,
sky load temp. data are Flag =699
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GPS error
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. hei fi
Max. height >500hPa profile 50°C<T,,, <70°C NG Flag = 770
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Fig. 2.2.11. Quality control flowchart for (a) dropsonde and (b) GVR.

2) EOL(Earth Observation Laboratory): P]=r NCAR®] A|F#AZAF 1Fol|A 7183k ASPEN £2#d] &2
g MNEE g4
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Fig. 2.2.12. Same as Fig. 2.2.11 except for CIP and Nephelometer.

_56_



)

W
Him

=K

Bake] 7]

A A7HA =

7]

)

—~
fite)

I3
=

3 2 O3

, 2019b),

H

] (529 7] 48]

2019¢), 183l @7)

2019a), @

€,

yhe}

2

v] (=7 | 7]/} st

2019d). =HA

N
W

<
2
ol
K

ﬁo
—

;OT_

2

(5517) 4 7} 8}

—

o] flol =,

bo 2} Ao g

o]-g3

FHI(SFMR) 9] Fd 3] dAjolth. 7)Ao,

Itl. Fig. 22.13& &% #=

5|

s

A& (raw)el] o gk

o] o] #k(Fig. 2.2.139

&E

—_
"o

N
W

JJJ

A= Ao AFor AAH

KeR
T

14:40 o] )

Y

o

@AW =5Y AtEd

A sy,

< (Raw, AQC, MQC)=

#5319

)
=

]

=
=

]

MQCH A= AFA AFE L, 3

g Ayt=

o

logell 715

_57_



H=HE B +5QC
Esey |
P 1 v

o AEHY

=T

o REHI|

JefE ApE

Wednaaday, jum I7, 142844100
* SEMRSWndSpdim/s). 40

- Holw XpE

OCed b9 73

]

20M8-06-27 1 6 070
714270810

18-D { l
18 4 3790 360

Fig. 2.2.13. Example of manual quality

) 5w-01 OB2018-RF001.FO1_18_06 27 04 56 38.serial.sfmr.raw

= i e i e SRA
1 5 5
+ SEMRSWindSpd(m/s)

+4| (s I

4 =3

QC Hag s 31 i

HE

: HE

= He

control process using atmospheric

research aircraft operation and management system.

_58_



e

Hn
o

N
N
)

SR

AR=

=
=

= ¥

AdstAct. 7]
|

7h

]

2 A

SRS E RS

Fol

~

A8 A

oA

Ao olmA] ks A 2 Azt

%3 5MbellA 100 Mb&

stk o A, 7%

A

B
fite)

o
o

o

X
_ZTI

)

7] & 9]

y

ok e

=4

=

o} tha zkol7} dth(Fig. 2.2.14.).

UES

-
R

7} ATt Fig. 2.2.14b

=)
2
H

;e

o
pE

Saew T Log P DLAGIAN

(B) After (KMA format)

(a) Before (ASPEN)

M

=

LECREEETS o =5z

Fig. 2.2.14. Before and after skew T log P diagram in atmospheric research

aircraft operation and management system: (a) ASPEN output and

(b) KMA format.

_59_



E3h FFHYA 2T A8AET s S NSt =5Ed dS5AE(TEMP, ¢
AAE, BUFR)E 717473 S3710 A4 ZAI=F(COMIS 4)°] dFssitt. o5 8,
9 g HAES0] COMIS 45 o]L3dlo] =&y #2259 AR ddHE, YA
Az BUEHo] 7t AAE FHEAT o] fdx, =5FFd BUFR 349
AES 71474 ARE27<749 §x= 8¥ 30¥94%H Global Telecommunication

FgHEA sl EEHE A4E BEPU(SFMRIY APEES AgE s
tHFig. 2.2.15a). B3, GPSe| 217} b4 5

SO A B8 A4m LAE EA7) bt o £A9E A
A7) fistel, ge e BAEE HAS HuE Emergosts 715 2
A% AFEE A9t /15 FAse] SEMR SIFES) Y S w2k

e
rlr e
L

do

fr

K

rf

n

2

X

>

ox

-

it

2

bo)

(a) Before (B) After
Sea Surtace Wind Spoed (m/s)

E& O|0|X| bt HE 00|X] 3% =73

il : SHES Atz M2
) = A (B2 120~135,9%28~40)

Fig. 2.2.15. Before and after sea surface wind speed of SFMR in

atmospheric research aircraft operation and management system.

_60_



N
4o

U §819 FRAA TES e 0

=
=

2

2z 7

N
)

Ho
mmo
Nro

7 AR An](Virtual Private

3)

Holof Fth olE 9

Eil

XA o
5 =

o
A

o]

JJo

ok e,

A

=
=

Network, VPN)

N

o

beae.

S

%3 5MbellA 100 Mb=E 7§

Fdet (1)

313

Al

o

o)

Ho

e

SE AGAT 714

gt

Ry
-

ZHguest) =

CEE

N

Nr
)
=K
vze]

—

0
—~

o

_61_



P

=]
LS

A7F S

1

0
yul

o

=

=

Az A

=
LN

o

cEEEdUE

5h
¥}35+91(2018a)

s

H] 3y

B

,mwo

bl ot

%3

7]

=

=

A7 3}

20181 2¢ 6l 3¢ 18Y7HA

Q2

[€)

39 (Civil Aircraft

job

s

l

T<H

Training Area 1, CATA 1)°]a, Y3} 2%+ 30,000 ft(eF 9km)olt}. =

)
L

]

(flux)E AlLFsAT

Ea

=

2 2 (moisture flux)&

3T
=

1}

=3 n}H(horizontal wind)©]t}.

1
o

A5, Vh

) iﬂ,

o
o

L3 Ae ohele 2k

_62_

(Integrated Water Vapor Transport, IWVT)<



Trop — 1 Trop —
IWvrT = / qV, dzzzf qV, dp

Easd #50] sdE 21d Y 57 2 At A= Figo 2.2.1600
o

S e S T
_.'I | EDE_S 5_02 . F . Feb, 5 . Feb. B _ Feb. 7 ) . Feb. 12
2 | 2018205
[ "3 | 2018206 |
| 4 | 2018207 |

5 | 2018210 )

6 | 2018212 | e _ :
|7 [ 208213 | @=4g1, Y ka

8 | 2018214 -
[9 ] 2018215 | '
10 | 2018218 | . _

12 | 2018220 | Feb.2o |\ Feb2t | Feb. 22 A . Fab 24

13 | 208221 | ' R oo [

14 | 2018222 | ' ' |2

15 | 2018223 |

16 | 2018224

17 | 2018228 |

18 | 2018.3.08

19 | 2018308 |
| 20 | 2018374 |

21 | 2018316

Fig. 2.2.16. Vertical distribution of moisture flux(Q) using dropsonde data

during winter season 2108.
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Fig. 2.2.19. Variations of moisture flux(Q) for snowfall cases.

_66_



7
Njo

A= A

ki3

ks
-

1o ey, o)

7 vhebg g o))

ﬁ
N

)

_67_



A3 A W 4F B4 GAS TG BA

NFFTNE BEF BYNFATR IRE A3S B SUUHE FUsE
ga9 B4 A Askel AsgE #7142 Al Aotk o #Eaw
= T edBAR 8 Bl wake Add 3149 542 B8, o
Qo) /19 FAHL, FTIAOR JFo] MAE 9P A BeAd

01999 B4714 FBBES AP FAh AR S nFE ool2E A
Ak WA BEG FEE Ol EF U1A BEP] WY R R4S E A
Wgbs BEgH o] BEBY AARE 8 4GLA ARl FAL Tk

20190l ANG #4713 ATE A FEH5S Table 2313 2t

Table 2.3.1. Summary of the flights.

Time

Date (LST) Latitude/Longitude  Altitude(m) Remarks

1 2019 01. 17.  10:30 - 13:40 600~1000  Aerosol decrease test
0 17 " Analysis of aerosol

2 2019. 04. 16. 1500 - 17:40 600~1000 characteristic
o _ 14 _ Analysis of aerosol

3 2019. 04. 19. 11:20 14:10 600~1000 characteristic
on - 17 N Analysis of aerosol

4 2019. 05. 03.  14:30 17:00 600~1000 characteristic
5 2019. 06, 08. 11:30 - 13:30 600~1000 ~ Analysis of aerosol

characteristic
6 2019. 05, 21. 1330 - 16:30 600~1500  Analysis of aerosol

characteristic
on - 19 37°20 ' N-35°20 " N/ . Analysis of aerosol

7 2019. 05. 22. 10:20 13:00 124°30 " B 1000~1500 characteristic
N 1o _ Recative gases pressure

8 2019. 08. 01. 13:40 16:40 600~2000 regulator test
AN e N Recative gases pressure

9 2019. 08. 26. 10:00 13:20 800~1800 regulator test

10 2019. 09. 10. 1330 - 1655 2000~15000 SP2 tes flight
AN 1o N Recative gases pressure

11 2019. 10. 21.  10:00 12:30 1000~1500 reglator test
o 1 _ Recative gases pressure

12 2019. 10. 31. 14:00 17:20 600~3000 reglator test
=N 1o _ Recative gases pressure

13 2019. 11. 18,  08:50 12:50 2000~12000 regulator test
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route on May 8.
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Table 2.3.2. Summary in improvement activities

Date Equipments Activities

Increasing flow rate & re-calibrated (Os; SO, NOx)
Analyzers . )
- Modification : Orifice diameter

Operated with 3 reactive gases analyzers
2019.6.24  P. regulator - Working pressure : 800 hPa

- Connection : Oz, SO, and NOx analyzers

Added to pressure regulator for bypass
Pump
- Capacity : 44 L/min

Removing internal leakages of NOy analyzer
- 3 points within external converter
Analyzers Bypass the external sampling equipment

Increasing flow rate & re-calibrated (NOy)

2019.9.27 - ) )
- Reuse orifices of the external sampling equipment

Operated with 4 reactive gases analyzers
P. regulator - Working pressure : 800 hPa
- Connection : Oz, SO,;, NOx and NOy analyzers




Table 2.3.3. Summary in modified orifice with diameter index

After

Replacement parts Before

Date

15

Sample Cell A

O3 analyzer

15

Sample Cell B

20

Sample Cell 13

SO, analyzer

2019.6.24

22

20

Sample Cell

NOx analyzer

10

Dry Air

n/a

22

Ext. sampling for NO

n/a

22

Ext. sampling for NOy

NOy analyzer

2019.9.27

22
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Sample Cell
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Fig. 2.3.16. Pressure regulation equipment (a) Front panel (@O Absolute
pressure display, @ Bypass flow display, @ Inlet flow metering
valve, @ Power switch), (b) Rear panel (® Manifold to
instrument, ® Inlet, @ Bypass pump, RS485 Communication,
© Power plug), (c) Internal structure, (d) Connection &

configuration.
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(@) Altitude and chamber pressure for

03, SO2 and NOx analyzers
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Fig. 2.3.17. Sample chamber pressure measured on Oct 1, 2019 (a) in case of

03, SO,, NOx analyzer, (b) in case of NOy analyzer.

Table 2.3.4. Guide for sample chamber pressure under const. 800 hPa inlet.

Date Type of Analyzer Pressure (hPa)
O3 analyzer 600 (ref. value)
SO, analyzer 560 (ref. value)
2019.6.24 Case A 345 (ref. value)
NOx analyzer Case B 285
Case C 277
Case A 330 (ref. value)
2019.9.27 NOy analyzer Case B 265
Case C 263
NOy #E4uE AERAS @A ege) A B U HEL Q%
aASAY 54 3 318), 9% WEY 2A

S FAAA AL SR e (Fig. 2.3.19).
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(a) Internal leakages in Ext. Converter (b) Replacement at @) point

(c) Replascement at © point

& -F

Fig. 2.3.18. External converter for NOy analyzer and replacement parts (a)

Exchanged pats in external converter(Q), ©) 2 Re-fitting
position(©@), (b) Part for @), (c) Part for ©.

(a) NO ! (b) Schematic change of Ext. sampling
a analyzer
Y Y equipment in NOy analyzer

Calzin
el

Saroele

sl 2
et

Fig. 2.3.19. Organized NOy analyzer for the air-plane and schematic drawing
for external equipment for NOy analyzer (a) Aircraft rack
configuration (@O External converter, @ External sampling
equipment, @ NOy analyzer), (b) Internal configuration of external
equipment for NOy analyzer and positions(), ©, ©) for

replacement parts.
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on Sep 27, 2019.
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Fig. 2.3.21. Sample chamber pressure on Oct. 16, 2109 (a) in case of O3z, SO,
NOx analyzer, (b) in case of NOy analyzer.
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2.3.24. Time-series of aerosol concentrations, size and meteorological
parameters for the whole measurement period. SP2 data was

averaged for 10 minutes, and the others are 1 hours averaged.

Table 2.3.5. Summary of aerosol measurements conducted at Korea University in

Anam-dong, Seoul during 29 July, 2019 ~ 9 August, 2019.

Mean=*std 25 percentile 50 percentile 75 percentile

rBC mass conc. (ug m™) 0.58+0.32 0.35 0.49 0.78
rBC number conc. (# cm®)  3359+189.8 202.9 288.8 454.9
rBC MMD (nm) 119.5+4.7 116.1 1189 122.6
PMs (ug m™) 176.£9.1 10 16 22

EC (ug m™) 0.82+0.47 0.42 0.80 1.1

OC (ug m™) 3.4%1.6 1.8 35 47
OC/EC 5.35.1 2.9 41 5.9
EC/rBC 15+0.6 1.1 15 1.8
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Fig. 2.3.25. The size distributions of rBC particles. (a) number size distribution,
(b) mass size distribution, and (c) a relationship between rBC
mass concentration and MMD. In (a) and (b), the data on 5

August 2019 was used for example.
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Table 2.3.6. Meteorological factors (temperature, relative humidity, wind speed,
pressure) and flow average, standard deviations, and minimum

values of SP2.

temp RH Ws P Sample Flow
(C) (%) (m/s) (hPa) (veem)
Average 23.8 979 85.7 940.6 1199
(STDEV) (0.17) (1.05) (2.85) (0.37) (0.89)
MIN 23.4 94.5 79.4 939.2 116.7
MAX 24.4 100 94.3 941.6 122.8
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Fig. 2.3.27. Time series distribution of rBC. (a) mass concentration, (b) number

concentration (1 second, 5 second average, 10 second average, 15

second average, 20 second average from above).

Table 2.3.7. Aerosol concentration from aircraft observation.

Total triggerd
particle Number
Conc. (# m-3)

rBC Number
Conc. (# m-3)

Scatter Number
Conc. (# m-3)

rBC Mass
Conc. (ug m-3)

mean+std

18.7£4.9

10.3+2.8

8.913.8

0.027£0.015

minimum

5.5

3.0

1.0

0.002

25 percentile

38.0

8.5

6.1

0.017

50 percentile

154

10.0

8.5

0.024

75 percentile

18.4

12.0

10.9

0.033

maximum

219

20.4

22.5

0.121
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gt =4, RS-2328 A4 9] 87 A8 WH (ValcorhE AbE Alofste] A5 =0l
A s SR FEARE 08 &2 FATH A, 257 A9y S
AAT AAFHEA7N(RLATV-X)9] A3 sidel HA e dAdHe dH ety
Z1tE ek oF 05 7 0.7 baro] ), CRDSXFH] A etol @5‘]‘ e Aol A A 9F
g dAgEe] dAF wA] AEdHzdr|oA FEFS AE AofsFs WA
o2 As FUAHS A Ao L}‘:‘r.

NOAAdA Azte FF7FaE e 2247t~ w28 dxmsta, AA7ZIA7+
772 (Calibration scale: WMO-C0O2-X2007, WMO-CH4-X2004A, WMO-CO-X2014A)
A e BEFAE AFRSATHCO, 374.06, 41945, 467.78 ppm; CH4:1756.5,
1901.3, 2325.4ppb; CO:89.7, 311.1 ppb). CO2 AF A2/ 2E F718te] 7 34
WANE FHYPa, BE ASAHRE 3H wAHGE ol &ste] BAFJ 201849 11
9, 129 A - wAS FPg A & G Alo] ¥ 23ak= CO.9 4-F 0.03 ppm,
CH,2 09pphE UrE}kk M, WMO/GAWS] %34 WH2(COx 0.1ppm; CHy 2
ppb)Wlell Al FA1E ¢ = @3k FFEolvh. Wy dREt Y VA EE ] $Fdns
a#ske] 20199l = 3%, 64, 84, 99l ZtZF WMOt+4 9 EF7AE o83 2
A A - Aol FaE Ak

Elight observation diagram i
Wader & Air
trap {5 pm)
ik = m : PICARRD
] Nafion dryer o — -
(24 length) =z
 Standard i L — Pr!,“u" .
| gases = <y Becwonie -0
i Regulator
H Muilti-
position
Valve
Laboratory calibration diagram

Fig. 2.4.2. Measurement flowchart and laboratory calibration scheme.
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718 @E7) A7 #5 ARe] BEgne 71719 A9 = (Precision), i 34
Ao W 2 Fo] nHrh o Fdwe
g 2A% F9ste] Ars xFEAARE AbAE e on, 20194
e A - AN A A Pt EFHAE CO, CHy, CO°ll wisliAl 2H2E 0.03
ppm, 0.1 ppb, 2.2ppbE WESTE CRDS-240lme 89 % #Z7bssy 4=
&

% (dry-mole fraction)& 7]7]elA Ab&3dt) 74337

e
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i
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N

FX & BT PicarroAlell A AlFste R A HEE AFES

2 3= 7 =,

of AFE3E FholH, o] QAE AbESHY] 9fdko o He AEE Y3t
At o] Ao FE FA/AA7 EAY 7F53 Nafion 8 ndhet E8 (2
o]:24)7} ZFzrEl Wy ofAY wrAaE AR TH(Fig. 2.4.3)

e = i 3\ ~t

Fig. 2.4.3. The picture of Nafion membrane tube(24“ length) installed in acrylic
box (left), and it filled with chemical dryer of silica gel (right).

Nafion FE. 2= NOAAOA A 2Fsk A 5(COs 467.78 ppm; CHy: 2325.4 ppb)

2 8972, o}aE ura Yo A9 How £FU|E A YT ol BLFEA
B A99F FR F7HE AT, oz e REARY FENEE 4P
t}. Fig. 2449 CRDSo|A Riusls £%7] xd w2 CO,9t CHye 7Ax37
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manufacture provided water correction parameter corresponding to

NOAA standard gas at mole fraction of 467 ppm for CO; and 2325.4 ppb
for CHy with gradually increasing water vapor content from 0.3 to 2.3%.

Fig. 2.4.4. The residuals of CO, and CHy dry mole fractions corrected by Picarro
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Fig. 2.45. The CO; and CHy dry mole fractions of NOAA standard gas at mole
fraction of 467 ppm for CO.; and 2325.4 ppb for CH,4 corresponding to
simulated flight conditions over the pressure range of 320-1000 hPa.
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CH41.8 ppb, CO:3.7ppb= 2H2t ARt At &g 7]el AAd o] Bgm 9]
NOAAONA Hste= FFEAg9 ozt 3% E 3% (Expanded Uncertainty)E
Table 2.4.1°1 g7 yetdlon, 35 2 5o 4 3 RAHGNA e ojof &
Aot}

Table 2.4.1. The total uncertainty of KMA aircraft based CO,, CH; and CO

measurements for 2019.

CO; (ppm) CH, (ppb) CO (ppb)
Instrument precision 0.03 0.1 2.2
Water correction 0.16 1.7 05
Repeatability test
simulated flight 0.03 05 3.0
condition
Total uncertainty 0.16 1.8 3.7
Expanded uncertainty
0.19 3.4 09
of NOAA standard

2 7] AYsd  JHF(CM-01: Climate
Mornitoring) ojolo] MZLE #S AdF(CM-02) ATdS ¥ % &g 2 o
k=3 o

=
g 27 vE Qe #9 st % WA

ﬁl*‘ﬂ* ?‘%%1%—% SR VRSN AE A SIS
of mE 2AVkA FLREEE FAss Zolth WAy 35 1=welE 05 7 85
kmelm, Uad #3542 i% 2kmeoldtel A= oF 1-2km, 2L o] LR AE 9
km olWlZ FAsATHFig. 24.6). o= Azl weg wE WstE Al - 3t
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Fig. 2.4.6. Flight designs and typical tracks for CM-01 (left) and CM-02
missions (right).



Table 2.4.2. KMA Kingair campaign flight details for 2019. The maximum and

minimum temperature, CQO,, CHj; levels observed during flight are

shown.
Tempera-—
Flight Flight Flight ture CO: CHy
date hours
Min Max Min Max Min Max

CM1.1 6 Jan 4:10 -46.2 -2.0 410.1 4199 | 18894 | 1973.1
CM1.2 17 Feb 4:20 -49.3 6.6 410.8 4282 | 1885.0 | 1977.0
CM1.3 27 April 3:10 -39.8 20.0 414.0 4299 | 1891.1 1990.2
CM14 23 June 3:15 -40.7 34.5 393.9 414.1 19035 | 2076.2
CM1.5 3 Aug 4:05 -16.8 265 409.9 5181 | 18529 | 2103.0
CM1.6 12 Oct 4:00 -20.5 28.3 407.4 4184 | 1903.1 | 20104
CM1.7 16 Nov 4:10 -42.7 10.6 409.5 429.2 | 18925 | 2037.9
CM1.8 8 Dec 4:00 -49.8 7.2 408.3 4332 | 1886.0 | 19914
CM2.1 18 Jan 5:25 -6.0 9.9 412.5 458.7 | 19204 | 20495
CM2.2 15 April 5:35 - - 415.8 439.8 | 19371 | 20324
CM2.3 15 May 3:45 114 24.0 4135 439.2 | 19375 | 21053
CM24 21 June 315 10.8 185 405.5 4199 | 1920.7 | 2180.2
CM2.5 4 July 3:45 16.3 20.4 396.9 4172 | 19235 | 2265.0
CM2.6 19 Aug 3:46 15.8 284 388.8 4255 | 19478 | 22395
CM2.7 22 Oct 5:25 8.9 25.1 4111 424.4 | 19369 | 20475
CM2.8 21 Nov 5:41 2.7 15.0 411.0 422.3 | 19163 | 19976
CM2.9 13 Dec 3:40 =29 4.1 413.9 4376 | 19456 | 21785
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Table 2.4.3. The aircraft measurements of CO, and CH; mean concentrations
below 2km and above 3 km, respectively, and comparison to Global

Marine boundary layer(MBL) concentrations from NOAA.

CO. (ppm) CH,4 (ppb)
Observed
date below above Global MBL below above | Global MBL

2km 3 km (month) 2 km 3km (month)
1 Dec 415.0 409.1 408.95 1946.6 1902.5 1864.7
6 Jan 414.9 411.2 409.69 1945.3 1902.0 1864.7
17 Feb 417.8 411.7 410.14 1952.4 1909.3 1864.6
27 April 422.6 414.5 411.1 1970.0 1906.3 1865.2
23 June 401.3 404.5 410.35 2007.1 1936.3 1860.0
3 Aug 4219 4111 407.43 1929.2 1889.3 1863.6
12 Oct 4155 408.5 408.80 1985.9 1956.7 1865.7
16 Nov 422.6 410.5 410.28 2010.6 1909.7 1866.2
08 Dec 416.4 411.0 409.6 1961.7 19234 1865.8
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A 5, 2019). 20189 12€9 CH.o A A7+ 93+ F%7} 1866.8 ppb= #HQtatHd,
129 193} 15904 #53 CHyo #2542 B a3l dA 7 w4 52

He) £ A & & AdvhFig. 24.8). 129 1Y A9 A5 AFHE 77 w=(oF

600 m)ol A CHy &%=7F FTolA9e F=XHth 60ppb =2 Wi, 159 At 49 FT
oMol w7t AF ARG oF 20pph EA BZHJY 53] 129 159 AE
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Fig. 2.4.8. Vertical descending profiles of CH; near Anmyeon-do on 1 and
15 December. 2018.
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CH/CO 7]&7]+ dE ®wZAY Hateruma #3429 ALZH 7]1£7]1(0.2-04,
(Tohjimaet al, 2014)) WHldl +H3 FFolvh & Heto] 91X Hateruma vl
A7 #E527F ALE T F 2 A9 FAAR} e AEA G u)

= 9%E T2 W AE AFSH(Tohjima et al, 2014), 129 1Y€ CO, CO,, CHy
s Atdle FE AR ARGl o Ao AlsdEn. 1569 FToA #=4
CHy/CO7]1& 7]+ 2007-20083 Pasadena (Wunch et al, 2009)¢F Mt. Wilson (Hsu
et al, 2010) =44 #5H CH/CO7]&7]1%1 0.66 + 0.12¢9F 0.55 + 0.03 Ak,
ARCTASS®} CalNex &¥7] 78921S &3l Log Angeles basinol 4 #=¥ CH,/CO
71711 0.76 + 0.04<} 0.74 + 0.03°] <Hs= @S Hola Jth(Peischl et al,
2013). =, 1549 QA% FTolA #3549 1er AHdE EAAY9Y o 54T f
AbeE Aoz FAE

St Lo =usk Fr| ¥ 7]YS LolH 7] -?48}01 129 1¥(Fig. 2.4.10(a)3 15
A (Fig. 2.4.10(b)) Zr7F 9503} 500 hPa %o tsh & 5de] HYSPLIT 94 &
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Fig. 2.49. Distribution of CH; and CO profiles colored with CO; measured (a)

below PBL height on 1 Dec. and (b) between 500 and 700 hPa heights

on 15 Dec. 2018 over Anmyeon—do and linear fit shown as black line.
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