CrossMark
& click for updates

A Qs3] A] A 5248 Al 62, p. 901-915, (2016 12Y) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 52, no. 6, p. 901-915, (December 2016) ISSN 2288-7377 (Online)

DOI http://dx.doi.org/10.14770/jgsk.2016.52.6.901

A= AlEIE7IA] ) Eoke] o 53 A
A LEA H]|a

1. "1 O

HRH'?. 0|FB" - UEp® . g5 Y’
‘2einystm X128k}
s el REM =T
PSACYSIT AR 21510}

W= ARAE AR FH 4 BSAHNAN BESEE SHBIAT. EY2EE o183t A1
4, 2¥EY e W AMIHE NS SR A5 ET A E Y B S skt B3t
deiAlTE s @R | 55 FAE AMEIAH. BEdRE 54 271= 0] 10, 20, 30 cm
bl A8k e ™ 2010-2011 oF 1AZH 4L ZHA 0 2 Bk g S48 ZolE Eges 95EY
78 0ColA 13.0C o HHE HolH ALHol=-165T oA -2.0T Afo]2 S =Gt e} a0 7]
25=9 9IS Wol W= 10 cm 2t} 30 em Hojof| A 2EHSTL A Qleh A7 RS A A3 B9 glo]7) 210
A= A QATE oo ASHET AL A AR o] B A0t A EY W= Ay AA7|3E

= TSAHNA 24A17k9] F7)4d0] dEbt o AFHET AL 1 F7140] yehdth aR7F2 EY
227} sPele S719k AW7]oe &9 g, 227t st sirIek 2] dle Y dhe BT E3
EE3Y A= 043~0.77 me] YHE BT Bt 0.59 mZ ALtEom o] 7]Eo| HaH gt dXgict.

FR0: 9=, 2535, AAE B, BEYR =, R

Woo-Hyun Jeon, Jin-Yong Lee, Hyoun Soo Lim and Ho Il Yoon, 2016, Comparison of thermal characteristics
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ABSTRACT: The soil temperatures was monitored at 4 sites near the King Sejong Station, King George Island,
Antarctica. The thermal characteristics of soil were evaluated by conducting auto-correlation, spectral density
analysis, and cross-correlation and comparing characteristics of soil in summer and winter seasons using the
measured soil temperatures. Also, thermal diffusion coefficient and the active layer thickness were calculated.
The soil temperature loggers were installed at depths of 10, 20, and 30 cm and measured every four hours in
2010-2011. The soil temperatures in different depths range from 0 to 13.0 C in summer season and -16.5 to -2.0C
in winter season. Being more affected by air temperature, soil temperature variation was more larger at 10 cm than
30 cm. The auto-correlation of soil temperature showed longer lag times at deeper depth and those at winter than
summer. All of the spectral density functions of the soil temperatures indicated diurnal periodicity, and winter season
indicated longer periodicity than summer season. The obtained heat flow showed negative values during isothermal and
freezing periods, but positive during thawing and warming periods. The maximum estimated active layer thickness
in the study area range from 0.43 to 0.77 m with average of 0.59 m, which is consistent with previous reports.
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g5 AGolds A, i 715, 714 2 ALH
T TR 2oFe] A7 EEs] o] Fofx|aL glom
FlZofl= 71933} whE FE5(permafrost) 2] ¥}
ofl gt A7t A= 2 QJc(Han et al., 2005, 2006;
Kim et al., 2007; Wu et al., 2010; Lee ef al., 2016).
AEHY B2 =0 HMsk= gFEAS} 7|2 R
B @] o3t FFFo] Aok SA (=T L EF)
A A F2} EF5Z(active layer) 2] = HIM= 7|2
o] whet sHA w-3-ste 7] SHske] g
2 d520] HAo] Wl Ith(Adlam et al., 2010;
lijima et al., 2010). o]&3t 7| 2=2] H3l= 23
%91 7}l W zpo] ofat Wshiet ozt 2AE
A o) F7lel PR o sk ANY 29
st o Az FFS W=ThLee e
al., 2003).

Y ESRE Hike g2, HYEAL &
EFSE 358 2w 7 59 ¥ ot AE
of we} Eghihgo] gt dutA oz o FHE
oF ALEof| @g4ibeo] B #th(Han and Jung, 1994
Pringle ef al., 2003; Kim ef al., 2007; Ikard et al.,
2009). A elA 2] AL =St w2t s
(thawing period), 5-27](isothermal period), 2%
7|(freezing period) ¥ 27| (warming period)=2
TFEHtHRoth and Boike, 2001; Han et al., 2005,
2006). TEST 532 dFFl o 2E=
o Ao} olo] ofgt @o] Al 8l A9 ol
712t 5ol o3 Exgo] A7 rh(Han et al.,, 2005,
2006). 2| Lee et al. (2016)2 = AET}317]%|
Fo EFLES £ ARE ol glel HE M2
(159) 5 AIAD B4, AeArE @ F5F o)
5 ATshtt

o] dAtoA= 20109 12€ 23¥€5E 20119 11
22891714 W2 AlF 7|4 F A e) o]
EF 2= ARE o8t FER ALHY EY
2k EA4S Blastilon A7 das, S9EY
WA B wAVHEAS st 18 2
ol Bz tis] EEMtASE st EF
T H 55 FAE ALtsinh B3 7147 Y
71Z2EA ARE o83ty o5 HL ASHETY A

4 S4g vwskge

sl 25
2. HATHIN

2.1 7X[A

AFAGL e BAE GAEHETEY
Z32AA vhERE=] YX7E E= AlEE)A]
W A Gole( 19 1). A4S 2ol 72 km, & 27
km, ®7 1,338 km’2 GHEHEZE ] 71250
ART 71 2 A o]tk (Chang, 1997). AlE1817]A]
£ AZAE FAZ ARG HEEREE Y BEARE
Atell YxIzeh MEH7 A7} YA 6k BRERE
L9 st SHHAEA HA YR o|Fod AIF
ZolH olF |71 9 SRt RAd ez 2 9l
(Yoo et al., 2001; Chang et al., 2003). 1988 F
2004 A71A] i 71342 =] o5t A Bt 7]
£16C, A B F4L80m/s0] 1 A H5HL
484 mm ©]tHChoi et al., 2006). FEFFo] Y23 A|
Z2J3t7] A Bulre] A} wojolo] YA of
F1eEL 495E 119714 Gstoln viix) g
FAroltH(Chang et al., 1998).
22 EY2E 3 J|MRE F

AETE1 2| ARBEOIN FEToR 2747
(SJL13} SJL2) 3k M &Eteko &2 2X]3(SJL33} SJL4) ]
E9k2& 2 7(iButton, Dallas Semiconductor, USA,
accuracy=0.5C, resolution=0.0625"C)E 50 mL -
o = 3 §ol 10,20, 30 m oz 4
ASHATHIE 1). EF2EE2AE e 49
o) HAYoh= B2 WS ATHA A 9 44 &
= 3R] 2 Ao 2 B EStHLee ef al., 2013).
Eore w2010 12¢ 234X g 2011 11¥ 28¥
7R 4AZE HA o = SRS 713 R 2010
H 129 195 E 20119 12€ 314971A] 108 7HE 2
2 334 I 4 IS Wy, Adiss, vl
o A W HEEA ARE 0] 85T ©olFA
) ol EYREe} 7| AARE 7I2EA
Astgict. A2 Malatye 24 7], 5271,
7] W 237] 47)9] i7te 2 RS 4= Yl
20104 12 262 EE 20114 28 26 A E o=
A(371), 20119 6 30L R H 8Y 31U7AIE A
A (ZW7)) 2 FESFFHHan ef al., 2005; Cho et
al., 2008). E3F = T A= AXLFT A4

FARE ol g o PUF ARE ol gl
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o 2 o] ARE3= 2714 auto-correlation) &
A3} WA cross-correlation) 242 =88l th
(Larocque et al., 1998; Lee and Lee, 2002; Chae et
al,, 2008). AV REAT AEY WERAS 7)
o EOFLE Ajmo] A g3t o] WHEL A%
29l o8 EoFew AR E A7k} Fu o
= gk}l skt 4 Qs 24 o]t Angelini
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Fig. 1. Location map of the study area showing the monitoring sites for soil temperatures (SJL1 to SJIL4).
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Table 1. Basic statistics of air temperature, relative humidity, air pressure and solar radiation for summer (December
26,2010 to February 26, 2011) and winter (June 30, 2011 to August 31, 2011) seasons, which were measured every
10 minutes.

Average Maximum Minimum Standard deviation
Parameters
S W S W S W S W
Alr ter(‘}g‘;rat“re 18 8.6 9.1 2.9 18 211 13 5.6
Relatwf;:;lmld“y 858 86.6 97.8 97.4 45.6 403 8.8 73
Air pressure (hPa)  989.7 10002 10102 10268  959.7 969.3 8.2 11.7
Solar radiation g 24.7 1159.0  377.9 0 0 198.4 48.8

(W/m?)

*S=Summer, W=Winter

k. Qo] BEy e Feoo] Wxoz Ry
olefel 2 AAEAAL 73 5= QIr(Han et
2005, 2006).

VIl —=—— 1)

= 2%, A+ A4S (heat production rate),
k= @H T E(thermal conductivity), a= @ALE
(thermal diffusivity), c= E-8%(heat capacity)©]
o a=k/ecolth. 2(1)2] s BHLE FHpe} ol
29 Mgk AdRA o2 18 4= 9lri(Carslaw
and Jaeger, 1959).

1= [ 1098t~ r)ir @)
fpltz) = Wezp(— o) 3)

geAsE 7Pt A(B)ol Hiddt & oA
@)= Aol st LEZEZE 7 = Ak
o|FA ARt L=t A SH L= Abe] 9] RMSE
(Root Mean Square Error)E AAlete](E&4HA 4=
€ W7sto] RMSES 4319 d8iHAl+E 2%
S5 Qlnh oJ71A s A 2 S AA
2UEH F3F S04 SHE100~170Y(2011.04.01~
2011.06.10) 77+ ol8stge oluis EdRE
7t R 0C ofstolt. o= 4(2) <] A-RANA =
7] ARR2E7F0C ks A9 G Faststa ¢t
AE ALgE Bole Ao = Ao g5t &
L2 F2 A= 3 Folse & A7 o

TLo|th(Han ef al., 2005, 2006). 12|17 EEZ2]
FHQ BEH(=2.2:10" J/m'K) & o]-3te] AF
S AN % ot

S BEF) FAL A 913 474 B2 A
#9130 cm Zolol 4 SAE A 22 LEARE of
23R tHGooseff et al., 2007; Tkard et al., 2009).
SJL1 B4 WL 20114 019 162, The P2
22011 1€ 15 4 Fa =7 S U

3. 21t ¥ E9f

31 7|M4EH

7137 RS AEET ALHERE Yo SAA
SFATHE 1). 4839 t7|&=x Hdt 1.8C,
9.1C, A -18CE BYT ALHL FHF-86TC,
H 29C, 4 21.1CE RPTH2Y 2a). 19884
FE 20060 =712 S 7| dA =7 oJetH o F
A B3 1.7CH ALE B 51CE B d77]
7t Et ALE Hato] -34°C o RQeHCho et al,
2008). s EE o534 B 85.8% < ALE Ht
86.6% 2 & AE 7t 2 zto|7F FIUTH ™ 2b). o
719ke o123 BF 989.7 hPa, #-23 B 1000.2
hPa2 o534 Hrh ALH dj7|¢e] ¥+t 10.5 hPa
o E=THIE 20). HFEAE 95E B 1490
W/m’o]|1 ALH HF 247 W/ m’2 ALArc}h
olSdo] Bt 1243 W/m’ & &SIt A5d 744
22 101.6 mmo|Yr ALE 74 HL 2.7 mm=E
20119 A 77 593.2 mm F o} 5H 7ol
17%°)| siFstAI T A AL ELS ALt i



905

SAEL FF Solgln AL BAE, HEF Y
5% S0l (Y 3). 21 dFe WEst Ah
Wolth o84 B4 BES 80 m/s0l9ln AL

2 1% 7@

2 0

2 N

©

s -10 +

D_ -

£ 20

jat B Thawing period Freezing period

< -30 ' T ' T T ' T ' T ' | ' |
12/0110 02/01/11  04/01/11 06/0111 08/01/11 10/01/11 12/01/11 02/01/12

< 100

> it

] _

£ 75

5 N

=

o 50 H

2

g N

&’ 25 T I T l | T |  } | T | T I
12/01/10 02/01/11  04/01/11 06/01/111 08/01/11 10/01/11 12/01/11 02/01/12

=1040 —

s I(e)

=

@ 1000 —

5 N

a

© 960 —

o J

< 920 T l T | | T | T | T | T I
12/0110 02/01/11  04/01/11 06/0111 08/01/11 10/01/11 12/01/11 02/01/12

z

3 3070

£ N

E 20

c o

Kol

E 10

s .

3]

g 0

o
12/0110 02/01/11  04/01/11 06/0111 08/01/11 10/01/11 12/01/11 02/01/12

E 1200

= e

s 1te)

E 800 —

E -

"S 400 —

- i

Kl

(g 0 T T T T T T T T T T T T ]
12/0110 02/01/11  04/01/11 06/0111 08/01/11 10/01/11 12/01/11 02/01/12

Date (mm/ddlyy)

Fig. 2. Air temperature, relative humidity, air pressure, precipitation, and solar radiation measured at the King Sejong
Station for December 1, 2010 to December 31, 2011.
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Table 2. Basic statistics of soil temperatures (depth of 10, 20, and 30 cm) for summer (December 26, 2010 to February
26, 2011) and winter (June 30, 2011 to August 31, 2011) seasons in the study area, which were measured every

4 hours.
Site Depth Average Maximum Minimum Standard deviation
(cm) S W S W S W S A
10 3.6 -8.5 9.0 -2.0 1.0 -16.0 1.3 34
SJL1 20 3.0 -8.5 6.5 -3.0 0.5 -15.0 0.9 3.0
30 2.3 -8.5 4.5 -4.0 0.5 -14.0 0.6 2.6
10 3.9 -4.7 13.0 -2.5 0.5 -6.5 1.9 1.1
SJL2 20 3.7 -4.4 8.5 2.5 1.0 -6.0 1.3 1.0
30 33 -4.0 5.5 -2.0 1.5 -5.5 0.8 0.9
10 3.1 -3.7 11.0 -1.5 0 -6.5 1.8 1.3
SJL3 20 2.4 -2.6 4.5 -0.5 0 -4.5 0.7 1.1
30 2.7 -33 7.0 -1.0 0 -5.5 1.1 1.2
10 2.8 9.2 8.5 -3.5 0 -16.5 1.5 3.2
SJL4 20 2.8 -8.5 6.0 -3.5 0.5 -15.0 0.9 2.8
30 2.0 -8.2 3.5 -4.0 0.5 -13.5 0.6 24
*S=Summer, W=Winter
*Unit: C
(a) Total (b) Summer (c) Winter

Fig. 3. Observed wind speeds and wind directions at the King Sejong Station (Unit: m/s).
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Fig. 4. Temporal variations of the soil temperature measured at 10, 20, and 30 cm in study area from December
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Table 3. Active layer thickness calculated using the profile of maximum soil temperatures.

Active layer

Location  Date (mm/dd/yy) To1m (C) Toam (C) Tozm (C) thickness (m)
SIL1 01/16/11 6.5 6.0 4.5 0.77
SJIL2 01/15/11 8.5 8.0 5.5 0.69
SJL3 01/15/11 9.0 2.0 4.5 0.43
SIL4 01/15/11 7.5 6.0 3.5 0.48
Mean - - - - 0.59
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