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Summary

The mixing height and the atmospheric ventilation factor within the mixing
layer are calculated twice for each day of an one-year record of upper air
observation at Gosan station in Cheju Island, Korea, by using the Holzworth
method. The time of day of these calculations are morning and mid-afternoon.

In the first phase of this study, the original Holzworth method is applied to
estimate monthly and seasonal mixing heights for the data gathered at
upper-air station of Gosan, Cheju Island. Result indicates that the morning
and the afternoon mixing heights are maximum in January and minimum in
May. Compared with the estimated the morning and the afternoon mixing
heights, these calculated heights are very similar and capture the seasonal
variations, The morning mixing heights are believed to be overestimated, so
the application of an adjustment factor to account for the heat-island effects
by the original Holzworth method to data obtained at Cheju region still

contains uncertainties.
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The ventilation factors estimated in this study are maximum in January and
minjmum in May, with an annual average of 7500m‘/s. This result indicates
that the atmospheric environment of Cheju region has a large potential for
dispersal of air pollytants.

In the second phase, efforts are made, more properly, to calculate the urban
morning mixing heights of Cheju City. On the basis of urban-rural
differences of minimum surface temperatures, it can be shown that the
adjustment factor of 1 C insead of 5 C applied by the original Holzworth
methpd is more reliable to account for the heat-island effects on Cheju

region.
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I. A&

T A 2 g5 dridME AR 7)) @ WHE 3 HA
%, T Y BEQHE HAS FoE BHEe e FE& ¥ASA "o 219
I 7 3o wolv WRoE @aAAU A waMs @¥dAn AR A
2 Ao gAHME e A Bt Yoz drjey EFe BAL oF
Zt 59 AFE 54 2 2 gold wet A2A TS L& FHd o olg &
Fe gole Wrled g £AH olF A= AwIHnz grledEdy 3
Aol 8% 48 ) o)AMY NFHAAM 4Fo2 gr|edgEgde] Fo g
olFE 4 e A"YE d7] EFngn FEu, urjledEde] BAE &3}
71 9@ 2y g #2430 a#Alae]7Z]|= & oh(Aron, 1983). 18i o] &
FZ9 FA WA BEFELAESG A 7l edEH) EFEFS
Ztete d7] 871%& A& AEERE €89 4

W7l £ne vEaZY 717 5& o848y Y F3Y s ARAT HA
WHoz AAE7] fE @S mEo] o]FofRn gt o] kA Wy E w7
Ega RgE Auste 4F dAde =g JE 2dg olg3e wy
(Carson, 1973; Tennekes, 1973; Dnedonke, 1982; Lee, 1986)% Holzworth 3
(Holzworth, 1967, 1972, &} & 1998)o] dg] ol&5 i gtk A AE 2d
S o) 4387 AHAE Aol e A" 4 fluxs} vld £ & golof &
2, o]¥ 84E AFH FHo] v Z@sng Pdxe oA $£x Edo] g
a8tA "ot HZ o] A Fx Rde] sfite] giatA o)FojAmy AT
AHe] 54 S EFdste ofglgoi A8 e A4S WEsT o B
3 g3 g A4S FAd AYE A £E AY 53 ge Ao B
FE FoAMe Ao FErt &kl F, 1997). $249 Holzworth gL
AR 2dg ol W& ZE Adeds IEHEMT gHEm dEHez
EEnE AR £ v Ldolvt o] W s 44 BEHE ti Ao



T UAT 71 gyon B w B4 i Ao g EFF AERA &
48 4 9oz v @7 REH(US EPANA ti71d Hrle Had &3
AR & Yy A=z JAuHUS, EPA, 1990; ©l, 1991). Holzworth
7b P15 Aol &A% 6271 1E #F A2 ke vy #d ArE Ey
2 ddY d7E FUS olHfE driedd EFHe AEo ## g2 47
7F 3 ¥ Ytk (Holzworth, 1967, 1972; Aron, 1983; U.S. EPA, 1981, 1990). %2
kel 49 2 F9t 1E3748RE A5 MY EAR A Az o] & o
A&l Wol EFT A ad A7 8] AgEHoilrh(e], 1990; A, 1994,
Chang, 1997, H<t 9, 1998). wtztA dj7] £ Afd) & AAH EHojy
Aol v mulat W71ed FAAEES HutstAY oy £4 2dE M3}
T o] gl ol B A} aivt Hol k(A< ¥, 1998). B3 Sy
ot #EA, HA Fol ER B olu Yo Mo U T AZE 54
o] o}F T E BFEI HFoAM 4 RoMut nd7|dHSe] o]FolAn
Aol o] & o] &3t EH Y AN EFE HE MFdHorg. &
3 82g HE TAY WAo] FEHE FAoln 2UYE Q9 A F 2
& F7F AH e & NEE 54 WUHI K F Ao dygFHo BF
Ao 7] E§¢E ol ot ARANEL AL UL 2 Aolg 2Y A
oty B3 AMFAFL FRo] YT ENY Qo] Wy EFaxe 3 -3
HAHA g v RNEE, AFAG #F e AHFL N9 g &
o g7 Ble] A4 2 AL AAHY A8y AFL 9 dedid
o BdRg

nEtd & dFAANe AFE MEAQAGAN #EFH nF/N48RE Azl
Holzworth7b A|Al§ %48 H st di7] EFRE FAHs T, 7 AA 8%
54, Ednd SANE g AHENE AAEE, 7] @§21FE g Raxt
ot E£§ o] E Wi o2 ZA XHQ AFA MY EFan FHo BF By
& duraar Yo
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O. o234 WA

01 9% 2359 449 344

B g dEA W] FASES T3 okt EAEY FEE QA RHEA &
AxE vEhA dr dabge] Fohehe] wetd A ®7F ZFEE ojo A A
T ul F717F HEET AW Hdoe] ASA™E F|17t o F tEERA A A
% Z1%7F ¥gstA 9o ol YRR ¢ 24dE s8oE 8 Adzq
et 3ol dojudAM di7] AAZ g desiA dvh(E, 1993). °] 4% =
ol AWM UEE LHEH0 FAE F dv F79 AHEL AAF] dF
of E¥F Eolg dAste THE ofF Fasrh 2¥AY EFYPSAE dIF
AL Ao Wi AFIHEZ H4A o4 #§ £ gk driMe bR BAE
d g dF #BF 9 ol dFE FHLm IHFT LS Huse B4
& AWrrig o,

A FHAA dHoe A lowA wesa de ] AAF dolA
299 O F & fluxe 2T = Fig 213 2ol Ueld & gt 1oy B,
b &59 2 Ad(vertical shear)e] 23 7|A o dojue dF &%
o o dafe] AuHre HDFEAHQ  E(superadiabatic layer)! HA S
(surface layer)e] AW Aol ¥A #Adn gz, 2 Y= £Ho] vzl
SHe GF Ege] EAsE 2AF o F S (free convection layer)o] 91X g}, o]
A Ao o A B8 53] o Fo Y RENA, AF #AHN
E AR A9 299 EE(profile)7t ke Fastn 2 £ gl o
Af RiE ARode dAF5o2 @94 U ol FustdM FHEsta 9
T 7S E FHHOR E4HERIE $d,

o) AEAEL 7thed FAE W F7e € flux(¢L)E AFLA P
o] ¥ fluxe YA AW FFo ABAZ Q¥ 4 Alo]ld AAojEA el



ool Wi @ flux B HAE A &9 FAE &(-)e] ot 2y
Wi Egol ERFoln d9 9F(eddy) #ileol & & LZAAME 29 FAL
7b #olAl A "k dF 4 fluxs EEF W F717F A ddsiA tEH7
W g-o) LEF7tol wat AMHoE FAgT z=H,% A4 EFF A
B AAC 1 dxol A ol Fig 2104 99 EALHU Wey
vhebd e}

TEE WA die dFY AR F_S BilA EEFY AR AAE o
Bule 94% JodME Ee] dourE & £ vt olde dFe ¥F5E
T ol ENEH AAE: HE s A5sE AR §7) dRE Ee4
A grel o AAHNM LY F7] Fol(air parcels)E EFF UE AwzA
2add oy Aoz EREY gole F7M8A ¥9 7 A (interface)® %3
e F717F @¢F FY(turbulent entrainment)¥ 22 Q18] wEd FIE ol
2oz 7NAZBEA EES WY F7E NEANIIE IRHE F()9 ¥
flux7} VEtdt E8F S5 29 ZA dO/dz © %(+)°] Hi ol& Zd
TR 9 Yol 4 B Aol A3t Y-S e = Rl

AlZbo]l AUHA, AR2REY dF 4 flux® ZACEZREHY 4/ fFeR
8] do] EFFor FFHEE Ho® 071 F7HH e 94 Fig. 219 e
o] 94 ZE(the strength of the inversion; 4)& ZA%u},

& JHde] € AR Fn FF AR HFe] EAQE BfAe EF FY
o] glom EFFoze A fluxtE AWAM dF 7t iR dojdr}, o
A Aol dishA Fig. 2200 JErRch o) A 99 iyl AAZ B¢ $9%
S g dEAves dAsA A-E £ gloh
Y HAHe ZFEZE ol F AW GFFYL FAE 7 gled, T2 olE o1
e EFFH die *F AUt RHI FR FAZAR AFA %
A g ety EEF gols dASA drt EE AWAA TEE ¢F EB
8 #<d(entrainment)e]l Fold & e AA7R el FIAHUA EFE
Eol= WalA 8 Aou

h§ AA29 %48 (dynamics)ol &A= Tennekes(1973)9) & afiA AHZH
v} 2dt}h. Tennckes(1973)% Alztel W& Hnd 49 ANE 71&sts $AAS
AA Yt o] FAHAL HFE AT FRH Aol Hadd, duizon J4
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Fig. 2.1 The convective boundary layer capped by an elevated inversion: (a)
profiles of potential temperature; (b) turbulent heat flux versus altitude.
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Fig. 2.2. The convective boundary layer under a weakly stratification:
(a) temperabure versus altitude; (b) potential termperature versus
altitude; (c) turbulent heat flux versus altitude.



o Z= (M bR Addee Zastn dFgde Frtels wEd EES
ol (Hp& HE AT 225 ofUAR F&E3 FristA 84, dv=d
717487 did(events)2® ZYHE ]9 A (subsidence) 2L FE
o EAe EFEFS WL A g Fu Yo

o2 &3a 24 34y

nm.21 H43 44 ¥y

TERE AREE At AR PP BPHY PPol 01§ & Uk &
g1 AQ 2R WA, 717, L £ ol HF 37 ANE HAH
ojfoldt} o] AEW HENAE YHI WASA Fasts AANANE EGT
2 AojsA Q.

.22 2v43 44 %49

7}. SODAR #%

AHA A4 deles HZol 94 #A Dopplar SODARE ©] 8371 % 3t
=, ol ug, dH R 2% dy|dA $4 Frd @] AL dAL
BEARE ANGES AAA FH A, EF2e AAe] vy HHFsHEE F
b AFE W=7 AAL AT 2yu obF 7R = w7 A& E (background noise),
A7 e, goldly AR o 1 km FEZA]), 2 v ¥ &4 F
o] SRl & Fol 820 ol stk

. AR 2d wy

agn EFENE AARse BHAH HHoEAN 1349 HE R4S ol&de W
Mol Atk oleld REEL T VR HAHNez 2¥E FHE AYUEA JH
o] Zol(F, EFL)Y A4 BE(4HE MY F4EHN AFEA ot ol
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87} dAas&A HAe} o)F HE RAE  Tennekes(1977), Driedonke(1982),
Paurier 9} Irwin, 1991, 2831 Lee(1986) To] ZEF v} Ut} o] FoA 73
A AME 71 gddsA 2D 2dL 4 Carson modelelgtn & F 3l
om o]l& Complex Terrain Dispersion Model ¢ 714 A2 Z2aP0F A
A=o] ek (Perry %, 1989). L ol = JHAM GF F9 el 2ot A st
A Adste F o RUET AANHIDT JYAT EFT B def ofH LS K
A% AFol e AR rde THFE AAYsted ofF K& =T
ol71& BAIRt E¢n FA HE Rdg AL AW @ fluxE AR
A A5 odx 2 Ede] Hadt BE HI B0 VA A EdE
ol AutElm A, $HE T BHAAo] YFHIE ATk FI =AAHo|
U A e BFdE AGeME W EAE Eedste odgoer A
ole{ gt E¥AAo) H& AL ot o9 Po] HE RdE o &3} EFF
axe] Wilg U7 A 9 WEHS dojot #. TFEAW FE WE
< ARH o B2 F v§ =& Ade)7] diEd HE WEFE FAY
o lojA= A FelMe 2ot ANAe LEE BEHHA AHEIVE o
old A% AXGIFH Ev W)Y 2= Fo| WA . 2y diF
7 g AL FAl A izt By A Ze] AYe] vuy Fi
T RoAE oledt W ol &Fel FEst BEA AHH F, 1997)

r}. Holzworth 34

¥ v 74 AAMHeg2M Holzworth #Wel vk o] wye 19724
Holzworth7t A3t elef2, a2 #AB TP US EPA)NA d7ld Hrto) Be
FEF A oA BEHALR Adsn v & =RdME o] HHE
Hgatuzt gk 5F AY YA E AT F flux® =2 dad] ETd
7] W& A ff 2E AHAAN #EE AETHE 043 5 AH of
BH E¢SE: AEE AFeA AEde e 2 odlgo AUt aHdA= BT
s VFety gyos B o, EFRIAEE HNEF HuFeo|AE FHUAT FAY
A Aol g E£FF A H(indicaton)EA HEE AFT F UHDobbins,
1979,

Holzworth(1967, 1972)& 627} 37| gd#@&idA HF71des #Fde L2



¢} vl A% A8E BEUHE nF A9S ddez gy AAS S4d g
dEY A7E £ v Ydvk 28 ol EF L(morning mixing height), &%
E & 1 (afternoon mixing height), 28131 E#E FZ(mixing layer wind speed)
olgti Ao 24T UM AASA HES AT Holzworth?t AAIE &3
19 AdE& Fig. 2301 Webdo,

ol EFRI (Hawv obd &AL EFF 20l & AEH1A 8l 9=
24, 02LST(ocal standard time, AW EFA)NA 06LSTAFolo] #&H 2|43
A1 2 (Tma)oll AT FHS} offo] AAFA 237 FBHARAM AHE 15
7N2EE B3 FEE EYE NS o | #& 9 AYHA|LY 5 TE
He AF7)2AMLE d2dEHNE A4sA Eh o BAL vLe NPES
2AZ 32 Atk (1) 12GMT(Greenwich mean time)o] 244 ¥ =¥ £¥4
(profile)?] otef F&& ZFFo] AU Aztele]l H&E 5 Utk (2) Ton + 5
TE o] Ao AA =Ale] AFE 7|2¢ gAY 1) FE dF &35
(equilibrium convective mixed layer)2 AW EA A€} o7]q ABHA 7L
o e 5 T BAL d& F AFEHEY Yol % 719 g3 o3l A E7)
2o Qo] mAjet FELY Aolo] B RAEI] HF Aotk EE o] HAd
M (1) 12GMT7F A gviy AREEANZA S 2ol7l don, (2) &AL
o Ho] ZFF T AW Aleld FB#ATE Adrid ozt Q& Relx,
(3) EE A9 AAdd dsiA HA7 & W dd BARES FAdse A
TH ZL FEE HEol AvlE + JAdh 2FZAT @HHoRE old HAFE
B AdgA 28 ¢ de TAFHA ARE gle ¥ Helk(Dobbins, 1979).

LF EHn (HpmT 12GMTel 428 135 71385384 2499 n=d
2 E¥HAN 12LSTAA 16LSTARele] AFZHAA #FE HIL 72 (Tma)
AA AFE dEAHe] BN R AL woldtn Yz Q4. o] 2F &
FIE A AAd g s Bk AW de Aoz veElm 9, o
HAgL oA =9 E¥EF IE Hwol 2ot o 288 Rez ez ¢l

ToR E%E 35S AN 2dx TEE 159 5Y 1=7R BEE ug
= AR o] e dEd e ael nlwdle] A7t WA
AR DHHAE AL Holng da) AHEEm: g
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Fig 2.3. Definition of morning(Ham) and afternoon(Hpm) mixing height' T

is the minimum surface temperature observed between 02L.5T and
06LST; Tmax is the maximum surface temperature observed

between 12LST and 16LST local time; Y is the lapse rates of

atmosphere, and I' is the dry adiabatic lapse rate
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ETgE WY H F45& datod, tr|LdEdE NN BAAACN A
ofd W ty|ZoA g F844& AASE 847 €} o EFE FEL
ot o] Aejdin}

ar = % glqbl(zi), m/s

A7A qp(z)e B EUEAN E33 Wi ¥4 IEdN #FHoE2 HAd

&g woo,

. @] A

HEgoA e driedEde Babe g 7124 o222 7] 3 £
FEAe $ET EFEF 1Y F£9 Fol disiA wH #AZ dve A
t} #7) {1AH(ventilation factor)E qr: Hp(m'/s) 22 AoH o] o] Hv}
U AH2rte U7l eEgE A E4td tid o2 HEZA &8 5 Ut 9
Mg AEE ZHOE V|LYENAFE o] &37E vk oHed AREHE
@7 Ao HFEE F 21 o JEFHTHE, 1998).

Table 2.1 Air pollution dispersal index

Dispersion Ventilation(m'/s)
Bad 0 ~ 2000
Fair 2001 -~ 4000
Good 4001 ~ 6000

Excellent > 6001
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g 7I3AEE st dulelAl dmEAM ArHoe=z AFsi gl
Appendix AdlE 102 THoE 38 2EF @J3age] d2E Jehyon,
Appendix Bell= 7]4€Edd AAIE A8 UdFE AASAL B AFdAE
102 71402 AAYE 12714 #EZABEE Type A data®, 7|14 9B E&ES
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Fig. 3.1. The location of Cheju upper-air & radar weather station
{Gosan) and Cheju regional meteorological office(Cheju).
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Fig. 41. Seasonal variation of temperature, relative humidity, and
wind speed according to the geopotential height.
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Fig. 44 Frequencies of morning and afternoon mixing heights.
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Fig 46. The effect of application of 18GMT upper air data on the
estimation of mixing height.
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Table 4.1. Rank of atmospheric ventilation {unit : day)

Averaged Mixing heght (m)
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Table 4.2, Estimation of atmospheric ventilation (unit © m'/s)

Morning Afternoon

Year Non- L Non-

All Precipitation ) All Precipitation o
Precipitation Precipitation
Jan 16033.6 24134.9 116919  14689.27 17456.6 127532
Feb. 10944.9 18846.2 145532  11606.08 15637.3 11047.7
Mar 8567.3 5358.2 11916.5 8030.22 9679.0 7404.4
Apr. 4093.9 10681.9 8229.0 46959 26211 5033.2
May. 2855.0 4143.8 40704 2871.7 2703.1 2803.6
Jun. 4008.5 4329.1 2653.9 41571 48255 3789.2
Jul. 71097 5927.3 3241.0 6229.0 6438 6 5959.7
Aug. 65379 7397.9 7078.9 5813.1 4450.4 57105
Sep. 6033.1 6687.6 6527.6 6880.1 7385.6 6524.2
QOct. 56182 2481.2 6459 4 5221.1 bo64.7 4981.0
Nov. 11608.2 11409.3 4950.0 9064.8 7278.7 9140.3
Dec. 13351.0 9976.7 11962.9 10129.8 147949 3664.1
Mean 80634 9281.1 77719 7441.16 8236.3 6984.2
Spring 5172.0 6728.0 8072.0 5201.3 5001.1 5080.4
Summer 5885.4 H884.6 4324.6 5399.7 5238 2 5153.1
Fall 77532 68059.4 5979.0 7055.3 6743.0 6881.8

Winter 13443.1 17652.6 12736.0 12108.4 159629 10821.6

V.24, A &4
Ll A oF EFIVF EF 2000m olFeE wA H rHE A F(case S

24 R % st 293A @AY 2F @A HUEE A $(case Lo o
}A 2= 71 oo R Alsl 2 E AMEHT
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7}. Case H
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Aok, ajx E8H JA EFIEAA Wi H dFSA FAHL L °]’2>]'9] Al
EoME A @it gHE 2RIdE o 7 A o2 By EFHF
A Adake Efo] 983 olFAL AFE ¢ T UL

t}. Case L

°eHd % ex éi}m} B ol A BEe AdEHA 4T ALE BHtE @
o] mxEE 29 F4, EYVIEELE Fig. 487 Appendix D o JEHT}: o#
B4e 3ol CH v'i'*°] FFEn gled, AF2EH 127t 744 w2
A7t HRH o2 Frtdte A¥e RYS €+ d oy A nEE TS E
¥E NY AFEY TAHAA nxd T4 UIL AsA dehd ¥ ohuF} A
e A R F& dEe] AstA JEdE & & Utk B 209 1=
d EE Bl Y ZAHAME axd E3u M7 dAZ AsA A9y
02 n% Frlel wet FRAHow Ao FEE BHYTh oMY 24 R 2

¥ Efamrt Mty ez g e d7f 00GMT AFo 2 <7t #&%
© gol tiFEoqiv A #Ado] flx A¢(3Y 29¥)edE AR FIAA E
e 1= F7Hd @k F438 FaEgs B . AN

V3. AFA A9 Ejta &

AT AGoA 7hd =AEE AFA A9 EFAE FAs] HH AFA
AgofiA B&FE AG71eaasd AFA 71 4SAZFE % 3Tkm €I A
F AR AF AHd YAF nidelM 00GMTE #&H 1374 8F A8E
EdE oA 9 25 EFE NP AHE Fig. 49~Fig. 4.12¢] vetch

Fig. 49% AFA A9 AR A1 7|3 LA #&d 15713853
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4.7. Typical profiles of potential temperature (upper), wind

speed (middle), and muxing ratio (low) when both of the

morning and afternoon mixing heights are high
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o2 Z7tstd 1499 HnHgS B F A 2 Fo2 A dd
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7|d@Eo] me] EE AFA QM o]FoAE Bt Ao FFgE nH Y
fsl NEHAM7ILA 5 CTE dAFE WL AMAF v Aok, 2T 49
EdE NER BEAoU EAY FE F o8 A7 BFEA gdEHq U
Aol wald g H4¥ ¥ark dHChang, 1997). weEbAd & AT = &
A oA Eda AP AFA G AR AN 02~06LST Ateld] Yed AR
HA 7129 2o]E AEE Fig. 4.120] Jebdch @AM F g6 A 7
&9 AelE HYE 11937 1290E AFAAFY AX HA 7]o] LAAYR
e Aog vehgAg o 98 e AFAY HA s 1ARHEHG
BE 1 CHAE ¥ Aoz Jeyd gy & dFdaxe AFAGqA EA
gt A|ZR Y Alole] HA 72L& 1 CTHES Aolg Holv ALZ AdsH
Table 4.39€ €4 &FE =87 948 &= EAQE €¥std HEAS
Wz Aol wel o Efasl AdEHE da9 AEHA X I8 A
& Ydebdlth, FolA Case Avw AFAA #AEH A& HA 7[23gE BAPY
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o8 Case D nateAMel AR HA 7|24 Holzworth ¥4 & wet 5 TE
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Fig. 4.9. Monthly variation of afternoon mixing height estimated
at Cheju city.
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4.10. Comparison of seasonal afternoon mixing heights between
Cheju city and Gosan area.
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Table 4.3. Number of days with and without morming mixing height occurrence

Days of each case

Month Case A Case B Case C Case D
HT M HT M HT M HT M

Nov. 9 19 3 20 14 14 28 0
Dec. 10 21 11 20 17 14 30 1
Jan. 14 16 0 30 9 21 29 1
Feb. 21 16 0 28 8 20 27 1
Mar. 11 19 0 30 9 21 29 1
Anpr. 9 19 0 28 9 19 25 3
May. 5 25 0 30 3 27 25 5
Jun. 7 23 0 30 11 19 28 0
Jul. 13 18 3 28 19 12 31 0
Aug. 17 14 0 31 4 27 31 0
Sep 4 25 0 29 6 23 28 1
Oct, ) 24 0 29 ) 24 29 0

HT Morming muixmg height can be estimated

M  Morming mixing height can not be estimated

Case A * Application of Tme observed at Cheju City without temperature correction
Case B Apphcation of Twn observed at Gosan without temperature correction
Case C . Application of Tmpt1T using data observed at Gosan

Case D Application of Tumnt5C using data observed at Gosan

Case B% Case D olF v2A E¥3 44 d494 4 E7F 4471 A9
st A bdEgE & F Ut

Fig. 4139 Case A%t Case C98 Z-9¢ dis] 4FE 24 EFue 71&L
Z 9 Hodte Felstdoh dAdE 98 Py oF EFLE v Y, |
4, 34, 108L Ad3tis F F¥ EF vz EFL FEE RYS ¢ F
Art o] & AAHE BW(Fig. 414 F1), ALAS A¥ B A= AY v
g BYdg ¥ At ALH 2 EFIUL Ak £ AolE Holx
- o] J¥F AT Qe IFTE WE AH Fo @E DA AT
d F£A9 o] WYFoz HAYEHETh o ZAnEwk B g, 2l BEI

oI Y
do g

o

1g 714 AZRE ol fstd AFA A9 od EFRAE AAHHuA T A4
44 adE 1 C ARE nei@ol dgsrn #AdHgAD, AFAY 44 &

Hol A Hoh AU FES olFojxot & Aol
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Fig. 4.13. Comparison of case A and case C shown in Table 4.3.
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Appendix A. Example of received data from Radio sonde (Type A data)

Dec. 1. 1997; 00GMT.
mn s hPa gpm deg C % deg C ;:tg; Oapg; min hPa gpm m /s deg ;:tg; Oap‘:ac:'r-
0 010165 72 1008 53 1.8 1 TU o o 10165 72 ,,,,,12.2 20 a¢y afv
0 10 1010.8 119 9.6 49 -06 o 101010.8 119 ,,,,,13.2 17 4y av
0 2010058 159 9.3 49 -0.9 0 2010058 159 ,////13.4 16
0 30 1000.9 200 90 49 -11 0 30 1000.9 200 ,,,,,13 6 16
0 40 995.8 242 87 51 -09 0 40 9958 242 ,///s/13.8 15
0 50 9905 286 82 53 -0.8 0 50 9905 28 ,,,,,13 8 16
1 0 9847 335 77 S6 05 1 o 984.7 335 5,13 8 17
1 10 979.2 381 72 59 -0.3 1 10 979.2 381 ,,,,,13 8 18
1 2009737 427 68 59 -06 1 20 973.7 427 ,///713.7 19
1 30 968.5 471 6.4 60 -08 1 30 968.5 471 ,,,,,13 6 18
1 40 962.8 519 60 62 -07 1 40 962.8 519 ,,//s13 3 18
1 50 957.4 565 55 62 -1.2 1y Ty 1 50 9574 565 ,,,,,12.9 16
9 50 700 3 3076 -4 4 46 -14,3 9 50 700.3 3076 s////7 77 36
10 0 695.2 3133 ~4 3 39 -16.2 10 0 695,2 3133 /777775 39
10 10 ©90.1 3191 -43 43 -15.0 1y TU 10 10 690.1 3191 ,,,,,13.2 17
10 20 685,3 3247 -4 6 47 ~14 2 10 20 685.,3 3247 /////713.4 16
10 30 680 3 3305 -5.0 50 -13.8 10 30 680 3 3305 ,,,,,13.6 16
10 40 675.3 3362 -5.5 51 -14,0 10 40 675 3 3362 ,////13.8 15
10 50 670.5 3418 -6 0 52 -14.3 U 10 sp 670.5 3418 ,,,,,13.8 16
11 0 665 8 3473 -6.5 65 -12.0 11 0 665.8 3473 /////13 8 17
11 10 661.3 3526 70 84 -92 g ] 11 10 ©61.3 3526 ,,,,,13.8 18
11 20 656 8 3580 -7.3 85 -9.4 11 20 656,8 3580 ,///s13 7 19
11 30 652.4 3631 -77 8 -9.6 11 30 652.4 3631 ,,,,,13.6 18
11 40 648,0 3684 -B 0 B7 -9 8 11 40 648.0 3684 ,///713.3 18
15 40 544.9 5025 -12.0 12 -35 8 15 40 544 9 5025 /,///24.8 260
15 50 540 8 5082 -12 4 12 -36.1 15 50 540.8 5082 ///// 25,2 259
16 0 536 55142-12,9 12 -36.5 Ty TU 16 o 536,5 5142 ,,,,,25.7 257
16 10 532,4 5202 -13,3 14 -35 3 16 10 532 4 5202 ,////26.3 257
16 20 528 4 5250 -13,7 14 -35.6 16 20 528.4 5289 ,,,,,26,9 256
16 30 524 4 5317 -14 1 13 -36,7 16 30 524.4 5317 s/s//27.4 255
16 40 520,5 5372 -14.5 12 -37.8 16 40 520 5 5372 ,,,,,27 9 255
16 50 516 9 5426 -14,9 12 -38.1 16 50 516 9 5426 ,//,s 28,3 254
17 o 513.1 5481 -153 11 -39.3 17 o 513.1 5481 ,,,,,28.6 254
17 10 509 4 5536 -16 0 15 -36 8 17 10 509 4 5536 /////29.0 253
17 20 505 6 5591 -16 5 15 -37.2 17 20 505.6 5591 ,,,,,29. 4 253

30 5646 -16 9 15 -37.6 17 30 502.0

17

502.0

5646 /////29.9 252
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Appendix B. Example of data format 1n Monthly Upper Air Report (Type B data)

47185 M5 CHEJU QOUTC Dec. 1997; 00GMT.

i Al AY SURFACE hPa
pate| /1 |71 0wl 5 |== e =
P T T4 d v
1 1017 108 18 20 12
2 1021 60 -20 340 16
3 1027 40 -40 S0
4 1026 42 -8 70
5 1024 102 22 110

266 98 18 100

224 52 -5 350
225 80 -20 260
210 96 6 340
193 112 12 70

131 112 110 130

226 90 30 30
243 68 -2 325
-52 80
176 60 -50 15
198 64 -16 10

31 31 31
205 83 7

13 1019 70 -40 20
14 1019 94 -6 270
15 1017 108 28 340
16 1015 100 0 70
19 1007 116 111 140

29 1019 96 36 50
30 1021 94 -6 20
29 1017 8 -4 70
30 1013 74 -36 20
31 1016 76 -14 50

NO, 31 31 31
Mean 1016 94 18

-14 360 9

877 20 -70 345 10 - -

848 40 -20 165 b5 -

B06 2 -98 360 13

830 6 -94 345 9 -
3

31 31 3t

12
8

6

6

7

7

5

7

9 866 46
10

6

14

8

31 P
9 845 34 -35 9 - .
N

éz w¥ OENON-URRen OO®
™
=]
o

1 W E 8 W E S W E 8 N - -
2 42 -97 23 - 78 77 28 -186 10¢ =23 56 -165 - -
3 10,0 210 60 250 130 180 5.5 25,5 21, 95 100 21.0 - -
4 WBAR SBAR VWD VWS WBAR SBAR VWD VWS WBA SBAR VWi VWS - -
5 -2 -5 21 5 0 -5 360 & 3 -4 323 4 - -
W 850 hPa 700 hPa : 500 hPa -
Date A |2[=]0 =8| =% 5|7 H =4 ..
T |Td |/ d | v h | T

gh
1 1536 22 -258 335 3 3079 -45 4t 80 -171 -38]
2 1526 -89 -96 315 16 3007 -137 -267 290 31 5540 -201 ~631 265 48
3 1560 -95 -102 350 11 3070 -81 -561 310 16 5630 -203 -363 280 28 - -
4 1582 0 -490 265 3121 -89 -319 260 7 5680 -183 -563 275 22 - -
5 1599 30 -40 315 3152 -29 -309 265 8 5750 -183 -333 270 18 - -

3041 -83 -333 285 8 5580 -223 -283 270 19 - -«
3080 -35 -375 275 16 5650 -225 -335 275 31 - ¢
15 1534 36 -324 300 3092 -31 -521 295 16 5680 -191 -311 275 29 - -
16 1531 52 -338 185 3091 -51 -171 2256 4 5690 -165 -194 275 23 - -
19 1480 52 50 240 11 3039 -51 -56 245 14 5620 -215 -315 255 26 ¢ ¢

29 1553 14 -17 280 10 3098 -39 -529 305 9 5670 -225 -395 290 23 - -
30 1556 -13 -83 310 13 3009 -61 -~96 275 18 5670 -195 -245 275 31 -
29 1532 16 -84 190 2 3080 -45 -57 250 14 5670 -187 -212 255 24 - -
30 1485 -5 -245 350 10 3017 -57 -127 280 12 5580 ~213 -293 255 27
31 1510 24 -306 320 8 3059 -B5 -445 295 13 5610 -219 -256 275 29

13 1520 -75 -87 340
14 1535 -11 -161 255

[ Rt lE IO L

NO 31 3t 30 31 31 31 31 31 31 31 3 31 -
Mean 1525 1 -144 9 3063 -60 -252 13 5628 -207 -372 25 - -
1 W E 8 N W E 8 N W E 3 N .
2 165 -8 37  -126 353 0 58  -87 754 0 8 53 - -
3 29,0 20 85 225 310 0.0 12,0 190 31,0 00 150 160 - -
4 WBAR SBAR VWD VWS WBAR SBAR VWD VWS WBAR SBAR VWD VWS
5 5 =3 300 6 11 =1 275 11 24 1 268 24
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Appendix C, Typical profiles of potential temperature (upper), wind
speed (middle), and mixing ratio (low) when both of the
morning and afternoon mixing heights are high.
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Appendix D. Typical profiles of potential temperature (upper), wind
speed (middle), and mixing ratio (low) when both of the
morning and afternoon mixing heights are extremely low.
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