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Abstract

In this study, diurnal and intra-seasonal variations of summertime temperature
lapse rate (TLR) by synoptic weather conditions in a mountainous basin are
examined based on hourly temperature data observed in 2009 summer at an
Automatic Weather Station (AWS) network deployed in Haean basin (called
Punch Bowl), Yanggu basin in the Republic of Korea. Summertime average TLR
between the top and bottom of the basin is -0.53°C/100m. Due to its diurnal
variations, TLR shows the lowest by -0.25C/100m at 6AM, while it maximizes
up to -0.85°C/100m between 4PM~5PM. Comparisons of daily average TLRs by
synoptic weather patterns reveal that the magnitude of TLRs is greatest in the
order of rainy days (-0.63°C/100m), heavy rainfall days (-0.53°C/100m), partly
cloudy days (-0.47°C/100m), and sunny days (-0.39°C/100m). At dawn on sunny
days in summer, strong cooling pools accompanying temperature inversion layers
are formed within the basin, while on heavy rainfall days, warming pools are
observed due to relatively low TLRs associated with the reduction of surface
radiation cooling by clouds.

Key words: Mountain climate, temperature lapse rate, synoptic weather patterns,
Haean basin (Bunch Bowl).
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W kel W71 WstE FA457] 913 m=gEo] @dstAl o]FojAa dvk(dl, lijima
and Shinoda, 2000). YoM E #I=xt8g 7] o

Elevation Model; DEM)AFREE o]-&3}o] ¥

A3 g3t 98 e EAA AR
ol A= FAF] APor FEAAS At #5o] o F

32 FAE7] Y3 B=2g 7HF IAAE WA dag]=92l Parameter—elevation
Regressions on Independent Slopes Model (PRISM)S 7Hitsle] A%< 7| =S A
Zst7]o olZ2@tH(Daly et al, 1994). H]% Zelyt 8t Numerical Terradynamic
Simulation Group (NTSG)%E 3 A He d Hi, HAA7|Z, AT ASAEE EHE F
W Abekx| o] YL, R, AAE, %Eg —rX40}t Mountain Climate Simulator
(MT-CLIM)E /W39t (Running et al, 1987; Thornton et al, 1997). o]glgdt 7|%&
2w 4 BdEo] Aggst Aol #AY HstE F4517] dAAe 9" ARE AN
He fdae A mE 7l2wst, = 72 EY B9%7F S8 Running et al,
1987). AHAA e 723ES 9%, sidas, APy 2 FH A olfdk FHU7]
Y FHQ8 A wEl WEA|INE 7|E RAEdAE SR o] FHdU|dde] upE
zholo] s kA HEstar Qo] NS AAE HAFI JYTHGlassy and
Running, 1994).

20094 gher(AAdigtal)-Sd o] FolE i) wFAbde] dgto s “Hidgk 4kohA|
3 AefA o] @A (Complex TERRain and ECOlogical heterogeneity; TERRECO)” T ZAE
(http://www.bayceer.uni-bayreuth.de/terreco/)oll &3+ <A st wH F AT FAEHo] FAH
ATH TERRECO AtgelAl= A% &7 sk A (AR =)W BAste +3 545 997
el heFst Eoke] AFAEe] sty A #SF5ES P 7ta vk B AFAE
A 12bd% TERRECO XZ2AEE Fa Ax® A7 AsdSdolA +=38 2009
AFE 7IARE BAE st Al mE fEvet ek A W oA5H I3 E
o] WMzl 5SS Wolaz s B AT 4 Z2uH 149 AP asdE X
7174R58e] 72ARE BATeEN AdFE TRV S T AR & 7]
pas Y

AR Gt e gk v)E H5GA B FZX g(DMZ)dl 15 sHEtH w)
7+ 7] 127°E 38°N) S-2vhete] dixA<l ebdd e Akl ]o|th(Figure 1a). 3f <t
Ul AR e s aEs oF 450me] dieloln, BEAE EHd A A ddiEe
A2 1,000~1,300me] HLE o] Er}. sItEA T4 3*1 of 1x]gk &= (1,049m)
HEA A WFeFo & 7FA H(1,242), 9-AH(1,179m), ££4H(1,148m) So] EAE ML
UL, FEOEE B Hk(1,304m)o] AE] Al dvk A GA] mlat FA7)AE Sk
A BokS ®Wal A& HXE(Punch Bowl)o]gtal HE olg] thE yglol= o] WA o7 T

def A Stk o] Aol BAFPAY wWAUZE BHdte] AF7A = AL Al A
Bl 7 MAd de THEE oyl Jrh(HET - BREE, 1967, dGA S,

X2

1990). sfiQkEAl Wl AAW AT HAZAA = FAgbr] sAste] 384 FIE A=ZE
2}o] E(saprolite) 7} HZE ) FHEAIE Eeltal e FH A A G A= Fstel] gt
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Figure 1. Topography, land cover/land use, and stream systems in Haean basin, Yanggu
in the Republic of Korea (a) and the landscape of the basin including an Automatic
Weather Station (AWS #1) installed at Ulchi Observatory (1,050m from mean sea level)

(b).
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Figure 2. Locations of 12 Automatic Weather Stations (AWS) deployed in Haean basin,
Yanggu in the Republic of Korea through the TERRECO project in 20009.



Table 1. Observational environments at the Automatic Weather Systems (AWS) installed
in the Haean basin, Yanggu in the Republic of Korea through the Korea-Germany
TERRECO project in 20009.

AWS Nick name Date/ Latitude .
. . . Environments
# (Elevation) Missing | /Longitude
Ulchi Northernmost highland. Open with less
June 1 | 38.3279°N . .
1 observatory vegetation. Frequent shuddering due to
/No 128.1253°E .
(1,050m) strong wind
Southernmost  highland.  Covered  with
) Dosol  military | July 6 38.2457°N | grassland. A flat land facing a cliff in
base (977m) /No 128.0998°E | the northern side. Now military base is
being built nearby.
. Mixed forest area with more deciduous at
Sapflow site May 6 | 38.3156°N ) .
3 600m of elevation. Water amount is
(653m) /No 128.1407°E .
observed in a small stream nearby.
TERRECO house | May 6 | 38.3056°N
4 Flat grassland
(483m) /No 128.1223°E
Punch Bowl . )
May 6 | 38.2919°N | In the middle of highland crop. Moved to
5 guest  house
/No 128.1440°E | # 12  at the end of July.
(432m)
6 Han’s rice May 7 | 38.2676°N | On the banks between rice paddy covered
field (477m) /No 128.1233°E | with  weeds.
Professor On the hill. Covered with trees but not
. July 8 38.2705°N . .
7 Ock’s site higher than the AWS. Soy bean field
/No 128.1545°E
(561m) nearby.
No vegetation within 2 meters, but
Glass area May 29 | 38.2991°N ) )
8 farther covered with forest and highland
(648m) /No 128.1044°E
Ccrops.
9 Fruit area May 30 | 38.2850°N | Shrub area near the road. Tall shrub was
(495m) /No 128.1161°E | trimmed in summer.
10 Western ~ forest | May 30 | 38.2755°N | Inflection point area between forest and
(631m) /No 128.1019°E | highland crop field.
Kang’s rice June 10 | 38.3043°N .
11 . On the bank between rice paddy.
field (504m) /No 128.1381°E
Forest areas near the road. Tall trees were
Top south July 31 | 38.2591°N e
12 . removed. Data missing occurred
military (802m) /No 128.0988°E
frequently.
717435 Auls AAsHAl FAck(Figure 2). 1270 A H S AWS #1(1,050m) = #2(977m)=
27t gA el ARA s mEabel w9k § Aol AAHLUTh AWS #5(432m)



#6(477m), #4(483m), #9(495m), #11(504m)= FHlH o2 FuEr} w2 EXFFe] AA )
Agt FHo Zule] F2 AXEE o]9]e] AWS #3(653m), #8(648m), #10(631m):= F=
AESRAbH o] E A A FRolu Abg Aol HXH AT 01?%}501 HEHE 549
AR AL FHo A HAY AWS #5(432m)e] Aol 7 mo] Aolm= el A
HA ol A #12 A3 (821m) o2 o] & AAH ATk 7t X}%ﬂ YRS Ao A #
=37 9 A= B57)7ke] gigk A2 Table 16 8ok 9t}
A= st A dFH7]0] 20Co)d H& 7|54 o5 ddsts 6
4 2EHH 9 T Abololl AE7 AN #5E V2ARE FE BT 1270
dell X% Delta-T AF2] WS-GP1 weather station (Figure 2)ol A& 7] o]9d = 7&—’?,
g 9 T AUEE, dANE T8 1R (HA R AAte R #Selt 71SL Aol 7
+0.3C, 72 AA A 0.2mmitip, EEAA Ho 7128 zke] 1.1%, F3 AA +4°, A
=AM AN 25%, DA A A 15%9) _on} tg
(http://www.delta-t.co.uk/). GP1 H|oJE] ZAE o] &35}o] 1/]do] 3 HLe= =2
= grol glojgHo]AE 5 2 Utk AT E 1R {hgi HE5e 28
FE w307 HAo=® Hgk AEE AMEET 53] A Ul
AT #HS5 AHE(AWS #4, #6, #9) Ht 77k AR 91x18 2 H(AWS #1; Figure
2)9] HH 712 #olE FHLuE A2 o] 7|L7E(T/100m)S AEste] Aj7bE &
v YR T V) wet v aekgl
ATz %OJQ 2| iﬂrﬂ*L BEHIE 7183 ksl Fd 3 QA ArdS A
701-

2 A5 7350
£ okth TR 7 ¥R AFEHen, 1 o9 A% RRLUe BE gedR 13
o},
3. A8 AT E J1euE us
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2 o5H A 717 Pt 7] 2AEL -0.53C/100m= L‘rE}bPﬂr(Table 2). A5H Fd At
EA Wl AAH) o HA7|2S 144C(15.8TC)0laL, U Hi7]22 19.0C(236TC)o =
AW s F duztE 7.8CE YERd 4 xg o} Bz Yo A Harle xf
C)ye= o HA7IE 2k0](1.3C)] oF 35udl ggtt) 4 W AX e duzl(7.8C)=
Hof Juap4.6C)xeh oF 1.8 EA UepdT) o]} o] AR wT} stuwrt vof
A WRA5E duaprt AAE @42 g7 F 7184 <ol Frlete Hdn
ZAohal d#f ] drkBarry, 2008). 53] Al oA FIkel A7t 7HEEHWE 7]
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Table 2. Comparisons of summer average daily maximum (Tmax), mean (Tmean) and
(0), range (DTR; %),
temperature lapse rate (TLR; C/100m) between the bottom (A; 485m from m.s.l) and

minimum (Tmin) temperatures diurnal temperature and

top (B; 1,050m from m.s.l) in Haean basin, Yanggu in the Republic of Korea. Time

indicates when the Tmax and Tmin are recorded. N/A: data is not available.

Variable | Bottom (A) | Time (A) | Top (B) | Time (B) | Difference TLR
(485m) (1,050m) (A-B) (‘C/100m)

Tmax 23.6 15:00 19.0 14:00 4.9 -0.86

Tmean 19.3 N/A 16.3 N/A 3.0 -0.53

Tmin 15.7 05:00 14.4 06:00 1.3 -0.23

DTR 7.8 N/A 4.6 N/A 3.5 0.63
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Figure 3. Diurnal progression of summertime (June 1-September 15) air temperature
(thin curve with symbols) and differences of temperature (thick curve without symbols)
between top (AWS #1) and bottom (AWS #4, #6, and #9) of Haean basin, Yanggu in
the Republic of Korea.
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Figure 4. Diurnal variations of means (thick lines), median (thin lines) and variability
(box plots and whiskers) of summertime (June 1-September 15) temperature lapse rate
(‘C/100m) in Haean basin, Yanggu in the Republic of Korea. Edges of each box plot
(whiskers) indicate upper and lower 25" (10”‘) percentiles.
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Y, 7PY AL WEAde 25 6Alo] YEdth oAFFH ofF] 8~9A9 7]23HE +1.0
XETHEA05)E HAA eSS e F 64 7|27E ETHAH0.16)] oF 38) o]l
g3t} o]y ANEL AqFH VP EY WES MY s aA yEhgS & BRoFE
th A5d dEE FHYY] AV AEY = 2 E HEAdd oudt oIs mA=
A thg oA A ET|R gt

2009 June July August | September
1 0.0 0 0.0
0.0 0.0

3 0.0 8 0.0 0.0
4 0.0 0 0.0 0.0
5 0.0 0.0 0.0 0.0
6 0.0 0.0 0.4 0.0
7 0 0
8 0.0 0.0 0 0

9 0 0.0 0.0
10 8 0.0 0.0 0.0
1 0.9 0
12 8 9.8 65.8 8
13 6.0 0.0 0.0
14 0.4 0.0 0.0
15 0 0.0 0.0
16 8 0.0 0.0
17 4 0
18 0.0 0.0
19 0.0 0 0
20 8 0
21 0.4 0.0 0.0
22 0.0 0.0 0.0
23 0.0 0.0 :
24 0.0 0 0.0

25 0.0 0 0.0

26 0.0 0.0 0
27 0.0 0.0 4
28 0.0 0.0 0.0
29 0 0
30 0.0 0

Heavy rainfall day

Rainy day

Partly cloudy day

Sunny day

Figure 5. A weather calendar during 2009 summer in the northern Kangwon

province in the Republic of Korea estimated from average rainfall (numbers in each cell
as mm) of Chuncheon and Inje



Table 3. Summertime average maximum (Max), mean (Mean) and minimum (Min)
Temperature Lapse Rates (TLRs) and the recorded time over the course of a day by
synoptic weather patterns in the Punch Bowl, Yanggu in the Republic of Korea.

Synoptic  weather Max TLR | Max time Min TLR Min Time | Mean TLR
patterns (‘C/100m) (‘C/100m) (‘C/100m)
Sunny days -0.90 17:00 +0.06 07:00 -0.39
Partly cloudy days -0.89 16:30 -0.08 07:00 -0.43
Rainy days -0.86 16:00 -0.45 05:00 -0.63
Heavy rainfall days -0.64 16:00 -0.41 20:30 -0.53
Summer average -0.86 16:30 -0.25 06:00 -0.53
20094 717384 AF5H6~89) o T A F A dFH7)eS> 225CE F
717H(1971-2000) Bt #k(22.7°C)3 A Apol7h itk o Harj2d o HAVI2E BHd
thH] 2009 6~89 o ZFE HAE 247t 09T, -0.3CoIdth vt 952 (6~8%)
Z 7355 20090 1,041mm=E Hd ZE(708mm)ell Hldke] oF 47%0]4 F7FEkodTh A
o] 7|23 AFFelA FAEE g Ao AFH dE FHUY HHE AHEY
(Figure 5), 2009 o] &2 (6% 19 ~9¥15¢) F ATU2 6¢d 6d, 7€ 2¢, 8¢ 44,
: Ark. 59 ool A& F BFUL 69 Sh(6Y
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539 92 Qske] gedol Ae
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/100m, 9J&d A 7|3 Fi 7 ePERT 23, AF5 9= 053 C/lOOmi oaeg b2

TH FAEA dEebdd sreda) oz o =

9} -0.47°C/Z100m= A& oz A el
o

29, FEol R A, He

g 1
24(-0.90°C/100m), %{P T5 % €(-0.89°C/100m), 7+ (-0.86°C/100m), T Z=F-U(-0.64C
/100m) wo2 =A yeido d FHA 72AES ATY(-045T/100m), Z-9-U(-0.417

C
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Ak 28y 2000 EH AT sdols A HA 712@Eo] AY A 30EA B
At Jsog-doll= o F F 71U E I AdHoR A &7 wiEe] S Al
Zho| whel o HA 7]23EC] 7155 AR v 4 A tH(Figure 6a)

T VAR F A i V|27HEe] ¥stE ARRY, s9dde VetE
o] WHEHL7} -0.41~-0.64 C/100m=Z F=ok7k Apolof| =po]7} F-Bl&}A] Qrti(Figure 6a). L
A%, JF55499] 7123ES of5FH ot Hagkel vlste] o a1, £4 W AR 7]
2% ¢ =4 YEhyg 27] 3 (warming pool)E AT HET Y A= FEY JFo
2 A Wl AAA AP BARE Aol okt A, Fibell= B FEA A 9] Fs #
2N A AFH/ALFE 0] 2 o] F o] %] k7] wE-o]t}(Oke, 1988; Barry, 2008). A& #2174
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Figure 6. Diurnal variations of summertime averages (a) and anomalies (b) of

temperature lapse rate, and surface air temperature in the bottom (485m from m.s.l) of
the basin (c) by synoptic weather patterns in the Punch Bowl, Yanggu in the Republic
of Korea.

_13_



3, FARANME AFTLA A= AR v)2o] &M FF
Jeas-doles a5 T 7I23dE W7t 73
o] o]&H WiFgr T} -0.25C/100mo] A A Ve Th mEEE 2
oA Wt gkol Hlste] 4Col A yetdth a8y 7235
234 o Hlete] AHoE kst 7|55 FAsHA Hrl
9] &% F W37l +0.06~-0.90 C/100m= L WHE3
o] Aoz AXCt(Figure 6a). Er2dols= 719 A EIIE Ao gl7] wjiEol okzk
A EEA | s e el g7l e &xT7F FREA stdete Wi, F
e AAoR o B2 HEFA YA FaHo] ARG 717 dA A7 W
o] th(Geiger et al., 2009). ©15H T2 AW V2E2 o5d Hd Hlulske] 0.25C
PHs we 48 FAL 77t
Sy AANE ol W¥7]ZE(cooling pool)E FA 3L F|tEANME E5H wed
W 7)ol Hldte] Hyt -1.0~

~
[y
o
o
3
o,
o
L
X
v
o
e
=
M
2
c
@
(o))
=
(\f\a]
o
r N
e
(]
)
L
2
o
>
N2

KN
~

CT7A] GrolA a1, 7|28 % 49 s RAoh(Figure 6c). W #A9 AFSAIES w
PAE B7157F 48 AAYRTG e 2ES BoliE 2ykd(thermal belty7t &3] FAE
t}(Chickering, 1884; Dumbar, 1966; Yoshino, 1984). o]2]3t Wy7]5 o] Ao = g datkst
A% BAIAALE FoaAut B A G AoE AZAdES wet YaE g B
AZ Q) Zedgs @448 % T3 985 gt @ 9

o
=
S 7t A7 FEGS ARy, Az 455Ul

, —O-Sunny days

—-@- Heavy rainfall days |

Figure 7. Diurnal variations of prevailing wind direction on sunny days (open circles) and on
heavy rainfall days (filled circles) in summer in the pedimont (AWS #8; see Figure 2 and
Table 1) of the Haean basin in Yanggu in the Republic of Korea. The numbers along the

outer of the radial graph denote the time during a day, while the numbers in the y-axis
indicate the wind direction as follows; 1=northerly, 2=northeasterly, 3=easterly, 4=southeasterly,
5=southerly, 6=southwesterly, 7=westerly, 8=northwesterly.
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relative humidity (RH; %) (a) and their association with temperature lapse rate (b) by synoptic
weather patterns in Haean basin in the Republic of Korea.
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Figure 9. Fog formation in a cooling pool at dawn on a sunny day in summer
within the Punch Bowl in Yanggu in the Republic of Korea. This photo was taken
by Kyungsoo Min at 7AM on 23 August in 2007.
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