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in Kyungpook Province

Byung-Hyuk Kwon
Institute of Sateliite Information Science, Pukyong National University, Busan 608-737, Korea
(Manuscript received 12 August 2001, accepted 19 October, 2001)

Characgcteristics of nocturnal boundary layer (NBL) were analyzed by the upper-air observations data using
with the airsonde and pilot balloons from 1994 to 1999 in Kyungpook province. The automa:.. weather system

was also installed to obtain data in the surface layer. The atmospheric boundary layer can become stably

stratified when the surface is cooler than the air. Stable nocturnal boundary layer heights were estimated from

the top of surfuce stable layer where the vertical gradient of temperature and mixing ratio tend to zero or

negative. The depth of the stable nocturnal boundary layer depended largely on the thermal effect rather than

the wind effect at nighttime. The NBL was more developed on the land than on the coastal region. The
stability index (bulk Richardson number) showed that the NBL was stable when the wind was weak and the
vertical gradient of the temperature was strong. The heat budget in the NBL was studied by considering the
effect of the radiative and the turbulent cooling rates in the cases with cloud and without cloud. The NBL

under clear sky was cooled by both the longwave radiative flux and the divergence of the heat flux, while

NBL under the cloudy sky the longwave radiative flux played a role of the warming. It was noted that the

heat was not conserved in both cases. To complete the heat budget in the NBL the warming/cooling by

advection and subsidence must be considered.

Key words : nocturnal boundary layer, stability, longwave radiative flux, heat budget
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Fig. 1. Stations of the observation.

330

10] nhz} A o]
Aol A
e g2, 9yl

goldnt, o5 73 A
erll $13{3let 4%, 512,
WS Ao e, &
U i

e}

-
pu

_A
g2
& O oX
c

17} &<t 7 74]“%9
o] Fof o
19 83]¢] A1 A] 5po]
: 9231]94 A5 A5
o o3t 7] &
Eay "iﬁiﬂ‘ﬁiﬁuﬁ, wE A9 B
AEst BE R 2 ANZHS AN
i 2t GRS v} g8 s 7
(theodohte)i =3 } W (3 A7 7))k
steldt (pibal) #& (1 A +A)e] % 7}
o2 FHHAJY, HE o4H, AL gy

12 AF5714 2202 A X4 AN 7],

e A s
& T o X

e ol
wrl
=
o

s}
offt N
e
A
— —Q‘ HJL

HE TR
vz
}.

of

i

w©o
O
i}

N
=
mlm JW

1

2 ol o 1o,
o 2t
1“” W o

g IR
LL+£

i R ox §L oo oo i R
2 O

)y
1 4o

i3

L

R

T

>

|

ol
ok

o
-~
o~
)

R TN
QL
=
o
L
)
i

1% N alo 18 oF

2 a7

H ZAAA UAE Q] mioldh
F7he FR Aol ga AR|

F £5¢ B9 2 AAgozr ERHUA ¢n
oYY AXFS AN B AR Ho| A7
Bel AERNN BAdAoz AFWELE o7
7] AR, o2 A PA duFo] FHHL

Nzkol AuwA AEHe 2T BApIZeR 7]
AT GeAAE dagel Ae qua gl
2 379 A2 e 94 sz Aa) AR

wel WAsE wR, Fos 48 WAsiel A
4oR ARAN A2 I8 L2} S0

HAZ UelAE BRI WA @] o
718 AA £Fol AT, B9 BFE A
v, 22 Wil g £gu doju
Volzt etB BAS AR e Yol A
o 94, £% ¥4, AW Lrajold] up}

&, 5,
gGelRch? ABA AN ofzt etAE TR 7



e s B8 oft /| AAFY B4
29 A% Wahgol FolH ()T W W Fo WEJ FhHN ERE FHEE wel
e J1For AYsth 4% nES 249 W Eule Hulghe ten
Eol A g 1999y 29 22-239 9 2neot = wdHd g3 RS IEE AAQe VToR
Edue] HARFEZEE of7t St Fo IZ}Oﬂ oAb " g USS AR glTh
g} Aoj A= 218 Fig. 2014 wmolFar gl ofgboll &= A FHE BAhPztor NEF Fv)ele
Agd Aol7t B4E o FAFe nEE ol
AL A4 LEA} H24E ozt APFe NE
400 T 7V Al Aol Atk B AFdME dF 2=
g a0 o0 LsT apoll ofl tAFY nEIE FURsIg e, vig Al
g | o7} e A9 HAF el WREROR AR
: F e @19 S0 A4 LEAT} Aop
HHEF =7} Fas Ao AleHg
0265 267 269 274 273 275 277 279
Temperature {K) 500
(a) 400 . * - '
500 £ 100 '_... 2, .- "
18 LST = o,
400 2 LsT 2 00 . toe | P Y
—00 LST * 1 ] I
E 00 - .03 LST 100 e . ¢ ..0‘ -' "';‘ ‘
% 200 —eem 06 LST “_‘\\ 0 .. c.
100 -8 6 4 2 0
o s e (%)
1 1.5 2 2.5 3 3.5 4 (a)
Mixing ratio(g/kg} 500
(b) 400 . - .
Fig. 2. Vertical profiles of the temperature (a), and T 30 .':,. . s .
the mixing ratio (b) for 22-23 February, 1999 z R
3 200 LI I A
at Hwabuk. i . ~.f ° .. . .
100 - )
[ : .
Fig. 2(a)ol A 1800LSToll & 917 &=xp7F A9 0 1 2 3 4 5 6 7
S Bel s Rl Gl wob 24 W he e
el 9o dIgATE YFAN Sl b) _
obgl Holdak Ryel aEdx ZYAE 2 e Fig. 3. Nocturnal atmospheric .b(.)undary layer height with
dth oA o] HAHE ZIOOLSTQ} A&HE A7) (a)dtil(e)z tenu()]eizt)ur; d1ft‘er§nce t:letv:efg surface
tol 0000LSTS A 0B00LST7H7] 7l Emle] w7} and 10m an e wind speed at 10m.
Welgss A mEE AR, A Eol
2100 LSTolli= 100m=  ubeERa, 0000LSTol = 2FFAM 25 whghe] A= A g dd
150m, 0300LSTe] 180m 1]l 0600LSTOl Hm L3t AHHel #elo] gl wAAPe zu 714
B0m7bA el olm) Hapdziel g AE  MEARE ol g3l #F A;W AdL EPF
HewEi= 2100LSTo] 274K, 0000LSTel+ 269.1K, Nk vwEtg s, v AP EgE wws A8
0300LSToll = 267K 28]l 0600LSTel 266.8KE WA Lol ola] e ‘é’??\i‘ﬂr. 2oagte} 5o
HaTTh MAhgzhl wE ek E wEsh ZAhEe @ wE A F3) o] ERFS AEW 498
o % olth okt otAF WAA SE7F Aadhe o T4E W AA wasiden opziel A F
B, Fig. 2(b)ell WERH &3u]E 1800LSTe Az hahi= 2] AdHe Bzt oz A 3w &
o) A 2g1<g"gz oA e ¥ 5f Bolil 2100LST & 519 #g RoA 4AdF n=9es F3
o otAZE nmAAM 3g kg , OO()OLS'I“’ﬂ"\i 32g shvt
kg’ O%OOLSTOH 34g kg 2230 0600LSTo = 3| 311 WEF #iet AGeA] okt kA
Wl 375 kg A E@uI7L ZoterdTh oRzE obd tledga WE 4L drAAF del

331



3

o o

4 A o gl
spato] A5 ] ¢

sAkS ulaﬂ O}: 7] _g._/;\_o

o
il

ol ot
toto

N
@
N,

E

I

AN
ol 2
Yo ®

=

>
o it
=
rL
S
i

o

-
*\:&

ém

3 1

o g

E]- 14)

e

off

Lo in

3 1 vk
RN
k3 ek A Hbof

Ao okzh
44% 4 sl

RN -7
fm&ﬂ

400

300 |

Height (m)
w~
o
1

ra oo

Time (LST)

03 06

" (a) inland

Height (m)

S e

18 21

00
Time (LST)

03 06

(b) coast

Fig. 4. Nocturnal boundary layer height.
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