DEri=

%Em%ﬂEQE%¢EEﬂ8ﬂAH%E-4§%§%§ﬂ A AHE
Evaluation of time series of soil moisture and soil temperature and ¢

putation of apparent thermal diffusivity of active
layer in the Barton Peninsula, Antarctica

XK 2EA, 01FZ, 28H, S, 2|

(Authors) Chang—-Seong Kim, Jin—-Yong Lee, Heejung Kim, Woo—Hyun Jeon, Kitae Kim

=73 X &stg| X 56(5), 2020.10, 571-585(15 pages)

(Source) Journal of the Geological Society of Korea 56(5), 2020.10, 571-585(15 pages)

s 7 CHst X &2 &t 5

= The Geological Society of Korea

(Publisher) ¢ Y

URL http://www.dbpia.co.kr/journal/articleDetail?nodeld=NODE10479911

APA Style 2ES, 01XE, 23H, MRS, 2IIE (2020). 42 HIELPZO EAA2 X292 AIHEE E4 L
SSE50 IEAMH S MF. XIEE S K, 56(5), 571-585

o2y St2ol sl =@
203.250.%**.193

(Accessed) 2020/12/08 09:40 (KST)

HEA oty

DBpiallA MB&= 2L MAS2 MAA2 FHMAXONA A20, F2l0ICAHE 28 MEHS2 WS

£ BES6tL MYs XX @& deln
DBpialll A MB& = NES2 DBpia%t PSHAS MES 245 018X 52 e MH=2 HE 20
o
.

D} HYe|Mozor 0|88 &~
g0l et 2, EAtare My

Ct. Je122 0l0il ?1Lt5te DBpialilN MBS e MASE =M, 85 S ggez ¢ 0|8dt=s 3

=a=22=
& = ASLICH

ﬂ ='= 0l
o II\>
o

Copyright Information

Copyright of all literary works provided by DBpia belongs to the copyright holder(s)and Nurimedia does not guarantee contents of the
literary work or assume responsibility for the same. In addition, the literary works provided by DBpia may only be used by the users
affiliated to the institutions which executed a subscription agreement with DBpia or the individual purchasers of the literary work(s)for non—
commercial purposes. Therefore, any person who illegally uses the literary works provided by DBpia by means of reproduction or
transmission shall assume civil and criminal responsibility according to applicable laws and regulations.


http://www.dbpia.co.kr/journal/publicationDetail?publicationId=PLCT00001778
http://www.dbpia.co.kr/journal/voisDetail?voisId=VOIS00632110
http://www.dbpia.co.kr/journal/publicationDetail?publicationId=PLCT00001778
http://www.dbpia.co.kr/journal/voisDetail?voisId=VOIS00632110
http://www.dbpia.co.kr/ournal/iprdDetail?iprdId=IPRD00010943

A Asr3]A] A 56W Al 5%, p. 571-585, (2020 10Y) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 56, no. 5, p. 571-585, (October 2020) ISSN 2288-7377 (Online)
DOI hitp://dx.doi.org/10.14770/jgsk.2020.56.5.571

S5 nHENEY] EgrRat Ao AAAd 54 1
2550 AsHAG A3

X 1 1 = 1 =11 2
Az -0l - YsF' - HeH' - UK
ZAtim NE-x|TesE AAsHT
"SxjeiT L AZHATAIRE

2 <
2 dFolA = F= HFETE FigtolA WELE 1.5 km o] AFE FAZK(1S, 15, 8°)0] ThE 37 #EA|
A BEGsE 9 A28 SA5HA ol 59 AAEH EA4E medstr] Yot AR, AUEHES W
IAPFHEA S o ES S5-59 €4 B sl4] fl8l @A FE APt FAIE F4kstalt
EokanB 1l 2] MALE 5, 10, 15,20 cm Zo]of] AX]5FE1 20194 129 19U EE] 20204 1€ 49717] 17Y
b5E AR S EgeE dFe] e AH 9 20 em Zolo|l A 7P @kt 0.5 mm/day ©]3}e]
A= EGFE S 932 vXA] 2P ESEE Ff 13.27T, A 0.6 CHoH Y2 7Hold
TE FUA 129 209 1~5A]8 A Qstale 24A7E 54 0T o)do| St A7 AdahaA] A} 7 Apzro] eatst
TF EFFE] digt AAAZto], EE4E BTl tigh A A7) it ESFEY 5= 2.5-4.7
4, EGF2E9 F7]= 1.0-1.1¥0]3th 71-( )T EF2 (&3l digh x4y 23, A=3E |
FEAR P Yt ) AA|Zo] B 3 AuAG7E o k. A 0.01-121.94 mm?secd] MY (F
}24=0.34-0.59 mm’/sec) it} o] AL T HHS 083 71E AT H0.4-3.3 mm?/sec) @] Hgko]
77t E552 FA= 23.6-38.6 cmo|H o= 7| AE HHEREE St £4(0.2 km o] )] E55
FA(41-77 cm)E e} gt o] A GSHibA |7} 2HaL S5-5 FA7E R ol f= o] AR Y] 7|& AR
o} sjiete 2 HE He] oA 97| B2 Al Hrt.

»

FRO: EYE, EY2E, A 4, 48R, 853 7

Chang-Seong Kim, Jin-Yong Lee, Heejung Kim, Woo-Hyun Jeon and Kitae Kim, 2020, Evaluation of time
series of soil moisture and soil temperature and computation of apparent thermal diffusivity of active
layer in the Barton Peninsula, Antarctica. Journal of the Geological Society of Korea. v. 56, no. 5, p. 571-585

ABSTRACT: We have examined soil moisture and soil temperature of three sites in the Barton Peninsula,
Antarctica. Auto-correlation, spectral analysis, and cross-correlation analysis were conducted using time series
data. In addition, apparent thermal diffusivity was computed and active layer thickness was calculated. Soil moisture
and soil temperature meters were installed at depths of 5, 10, 15, 20 cm, and measured every five minutes during
summer 2019-2020. The soil moisture content was the largest at 20 cm depth at all sites. Rainfall below 0.5 mm/day
could not affect the soil moisture content. The soil temperature in deeper depth was low. The soil temperature was
above zero except for one day (December 20, 2019). The auto-correlation of soil moisture indicated shorter lag
time at gradual slope and that of soil temperature indicated shorter lag time at shallower depth. The cycle of soil
moisture was between 2.5 and 4.7 days, and the cycle of soil temperature was between 1.0 and 1.1 days. The
cross-correlation of air temperature-soil temperature showed shorter lag time and larger correlation coefficient
than that of solar radiation-soil temperature. The apparent thermal diffusivity (ATD) ranged from 0.01 to 121.94
mm’/sec (median=0.34-0.59 mmz/sec). The median values were close to that of minimum of previous study (0.4-3.3
mm?/sec) using same methods. The active layer thickness ranged from 23.6 to 38.6 cm. The ATD is smaller and
active layer thickness is thinner than that near the coast (within 0.2 km) because the study area is located 1.5 km
from the sea.

Key words: soil moisture, soil temperature, time series analysis, apparent thermal diffusivity, active layer thickness
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(Chang-Seong Kim, Jin-Yong Lee, Heejung Kim and Woo-Hyun Jeon, Department of Geology, Kangwon National
University, Chuncheon 24341, Republic of Korea; Kitae Kim, Korea Polar Research Institute, Incheon 21990, Republic

of Korea)

1. ME

=2 Aol A 7St 71 w1zt A1
olm, A4, 7|1%, g L WE 5 bt Hok &
Tt &bs] A1l QIckOliva et al., 2019; Ravindra
and Rajan, 2020; Srivastava, 2020; Thamban, 2020).
FA B 1= Ao ESSS 853
(active layer)¥} G7-5ES(permafrost) &2 &
< 4= ItH(Han et al., 2006). 8532 A&l w2t
Fole}t 20| WHEEE EUSS YustaL ¥4-F
E3Z3}9] A A|(permafrost table)7kA] H5& 4= Q1o
 7)ZH3}o] ke Hh=c}(Yeom et al., 2014). I
TEESS EF2E71 0T o3tz 24 o4 A&

&= 3Lo|tk(Kim et al., 2019). o] 2 &5 30| §
Bf=lo] WA EFpio] YTEESTTY FA R
th PO 2 o] F5HA] ol F Y= BRSS9
< 3it}(eon et al., 2009; Yeom et al., 2014; Hong
et al., 2016).

Egras 2x3 W 3500 e =olth
a9 o]RY BE 2 AFE olsfiste AL &
ARl TS olalfst= Hl BAolt. o= A
S&<(hygroscopic water), ZA<~(capillary fringe
water) ¥ SE<4(gravitational water) Al 7}Z] FEj
Z EA’H(Cho et al., 2017, IF 1). T2, &
Aol oJsff EF AA}F FHO gF2 1S AT =
ojtt. F2pro| WotA =0l YA =o] #H
Yo g2 JA W o] & ATl gt} F=0]

Rainfall
Inflow

Snowfall —— Pore

Capillary fringe water

+—— Gravitational water

SPARES Ao Slg $A1HE, BFLE, 712, U
AFF(EIFEAD, Aise B F53 B=lo] ot
(Han et al., 2009; Gwak and Kim, 2012; 1 1).
550 AL o @ ALo] whet 1 54
o] tt27| W &of - EX3tct(Han et al., 2006).
ol FE EYFRY £X Y AF, A%, Aol
So] gL whth(Ikard ef al., 2009). TeH BE
2o 97 S4L BAA 02 Brkst] PeiA A
7] AF=ol gt olsfi7t Basich 1 Wl B
PE U A 2o AA DA E4e B AT
Eofzo] AIIES el Aol ek olg} B
#3}o] Lee et al. (2016)2 = Al F3sl7]| 2] 23]
o] EGFRE AAE A=l thste] 2744
(auto-correlation), 2B EHEX(spectral analysis)
U WAPAFEA (cross-correlation) & $F A3} Z17]
AL 200102 o} B LEE 4N F
715 Holn E¢2re 7|2 W YAlgo| IS
o)Atk st Tkard et al. (2009)2 E= W
= 7|12 =9 Lake Fryxello| A B35 ol 5
7ol wet 2550 Au) A4t S7He
oh Wb Ea Bk v 41 o] Bas

= 8355 AV R 2 dFol A& F o

——— Hygroscopic water

Transpiration
Outflow

Soil temperature
Air temperature
Evaporation Solar radiation
Relative humidity

Wind speed

Fig. 1. Soil moisture types in unsaturated zone and factors affecting soil water content (modified from Gwak and

Kim, 2012).
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7] ol EGGE o] &% W3tol| IS v
Ackn wekslgh Han ef al. (2006)S X275
A 71454238 5 m Boizl 24 50 om 2
ol FAZ &9 S ¢ SZY o7t v =
UEfLh o) 7ol g Aol7t 7] e
Eofzo] $ATE HE} Zolntc} 2] tEo]
22 S5t

W NN BE30 9 B4 dig AT
= &) AP QUek(Choi et al., 2004; Han et
al., 2006; Jeon et al., 2016; Kim et al., 2019). 3}X|qt
g3 £ F83 FFE v A= EGeE gt
AT wlulelh mEbd B AT 2R mok
23t 229 AAEH B4, &53Y g

% FAE Hrlehs Roltt
2. AT

2.1 AAPX|A
HEERIE = Jaute GASAEAE P2AH

M o BES0| GRS M
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Ol

o WAZ oF 62°5, 58°W o] 43 lom A
Z0p3l7] A7} gl Folth1d 2). BAZS sfet
7H= o] QkARHMarian Cove), $&:2] jot7H=
2T Maxwell Bay)d} F3tct. o] 3tofl= 153
23T 266.3 m)Ql MEES EFsl] 117]9] 2o
27} 1 alekE whet gaISole vl Ho) 944
sfol Zojuhe) ol JIEER 5A2(ASPA,
Antarctic Specially Protected Area)?] A 24]%]
(Narebski Point, ASPA No. 171)7} ItHKOPRI,
2019). A& A &L o] MR (AT ¢t
A SRS, S SRl ASeh) e sk
44 HALGAFTS) 2= oFA UrH(Chang et
al., 2003; Lee et al., 2019).

o] 3-2- 3K periglacial) 30| Lehbs T
02 JLEESI SFZo| EAsHJeon et al., 2009).
552 R E Az, i gl o] ot
2t FA417F th2k(Bockheim et al., 2007; Yeom et
al., 2014). A7 <L sjet 24(02 km o]H)o] 9]
Aot AEL7| A 2R E FeHo=2 1.5 km €
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Fig. 2. Topographical map of Barton Peninsula, King George Island, Antarctica.
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R 72lol) 913 7hoRa(126 m) 7} Lu1(1292 m)
Apo] 319)(FE T E=68-95 m) 0.2 k2 HAH18°)
2] g BAEY) R o)FolA Ut 2,3). A
B e Q2o % 5 m ol} EE4(HA
2)7h 5231 o]z e Tjs7A] ojofzirt.

22 AEZA F AMETE

ATAH AFS Al S22 2l A] B 5
HE 3719 YRR F/dE 231K, 440 §lof
EgrE Ael 9% F= A 9% a9
T e A, ARE 7= AB =] flo Al
ISR FA] Yol AAE A7V HSA(AWS,

do
o

automatic weather station)o]A &A%t 7| A&7
o] NP E Fas & 4 e AR T2 1Y
SHHTH 1T 3a). EORS-E(ASMI-3)} 2 &(AST1-3)
HUE Y AL FUT YA (ASM=AST)o|™ zt
ASM1, 2, 39] AAZFL 18, 15, 8°, S TEE 95,
82, 68 mo|tH1 3b). ASM3] EZ 02 15m &
= "ol Fol shersiuriA St AR A
e B @ A AdE 7 479 5,10,
15,20 cm Zo]o] SR 3c) AT 53
9L YolE g AT & gl 2AE el
o A& 34820193 129 199 K€ 20208 1€ 4
W7 1792k 5tk s,

QO Soil moisture monitoring site
@ Snow cover monitoring point
A\ Stream

(b) ASM1

ASC1

Fig. 3. (a) Soil moisture and soil temperature monitoring stations (location of ASM=AST) of the study area. This
photograph was taken on December 31, 2019, (b) schematic diagram of profile of the study area, (c) a volumetric
water content monitoring station, (d) STM (modified from Decagon Devices, 2010), (¢) Em50 (modified from

Decagon Devices, 2014).
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A% =o ZHEo] BESPT 0oF7H23:00-03:00)]

= 4% W2 =0 :EOI- o AEEE ol9}
ol (2 4). 712 g 76T, A -19C
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Fig. 4. Variation in weather conditions (air temperature, solar radiation, and relative humidity) measured every 10
minutes at the AWS of King Sejong Station from December 19, 2019 to January 4, 2020.
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=5.6 m/s)%] {95 BT
23 AAIE 24 o Sz MY

EQSE 9% AL A4
=, 9)RATo] dhat u
o) A7l W AHEDLAS SHEcHYun ef
al., 2018). 15-€] A ZFaH= 217
271712 9] 2| AAZ(lag time)S H L 27| AT
< st tHJeon ef al., 2016). A7) AT 0] &
5 AAAIZre] Aa A7|7E S FFF Witk
Ao, A7 o] Waps A Ao B
712 T VF LT ALz A5 THChoi
et al., 2011). 71L& AAG A7) A7t 49
2o Wgste] Fuip oz uE AdEYY
=3E Bl AFH R Gristth(Park ef al,
2013).

WAPFIERAL S = AAE Y=gk (input)
o7, IS W= IAE £ (output) 2.2 44
Sho] T QAR A E AT BEggEe]
JFe u]A = QA Ekew, 712, A w4

S =2 AP o (Ruosteenoja et al., 2018; Kim
et al., 2020) EF2E0) S A= A= 7]
9 AxFo 2 AA T} (Jeon et al., 2016; Kim ef
al,, 2019). AlA D B4 A ARE 1217 92 519
Lo 5ot 248 127] A9 FERSE 519
o, TARLo] 14 2 2AHIE ATt
21 algten o|Zo] Fea-2 JFe w2 n)x
7 ggle] 248 47 37t Ackn SAsnt
(Choi et al., 2011).

A= A ST EFRE ARE
o] g3t AAE 4= Qlt(Tkard et al., 2009). & A+
M= A 35 T HIAEA A Y3 2%
W3S viAIeE Tedte 1Y A% 2o gt
3} 4 3l (analytical solution) WS o]-&3] HEE7]
QA4 (apparent thermal diffusivity, ATD)E
AAFsFRATHKoo et al., 2003; Kim et al., 2018). o]
Wt BE AE(A 1), B4 2) L P
(4] 3)2 &3] ATDE FAksH tH(Lee et al., 2016).

X
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o
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e

29T 2

W(AT/AT) @

:%[

Q(U(ZZ_Zl)Z

“ [l (T1*T3)2+(T2*T4)2 ]2 (2)
T =T+ (1,-T,)7
1 227 21

Oé:%[ 5t ] (3)

A7) WA 7 o % ol 2SR
(mm?/sec), o= ZHEut4r, 2= £ o], ATE: 3
T 2019 AF, T zollM n/2 HA L2 SHTT 2
=, T'e oA n/2 AR SHT 25, St ¢
gatolet. 1&g 42 gt X 9] F oA &
et 2= #sto] izt X E-Z o] §-sto] GEAA S
£ k= W oltk(Pringle ef al., 2003). AZE2 &
F2EO 1327 W Hd| E H a2 %= 2jo] 2 AL
th(Lee et al., 2016). Y= 137 U o 2 4
Lol A A7IAIZ AAFATHKoo et al., 2003).

St &53 FAIE 24 85 A3 oA 20 em Z o]
9 EF2=7F 7MY =9k d Eell tigt 5, 10, 15, 20
cm Zo| o] B 5 o| &35 th(Lee ef al., 2016).
AST1L 129 27, AST2 2 AST32 1€ 1o A
71 F H3 BT SAEJ 7RSS
EGeE, H25E EFLE 24 Yoz 44T

5 HRIH 2L EASIL AR (y=0) 0=

B E¥2=7E0C Y d(x=0)] Zo7HAE &5
FAR AIeAT 0CE 7202 55 5
Tt o] 5= FTEESS 0C o]tz 24 o]
A H= 32o] 7] i &Eo|tH(Kim et al., 2019).

o it ofn Hz ol

gl X

I3 5= A EGRY HSE ARt o
UERR o)tk ASM12] 20 cm Z0](=ASM1-20),
ASM2-5, ASMB3-15, ASM3-209] WEZo 77}
0.148, 0.128, 0.327, 0.360 m*/m’ (15, 13, 33, 36%)
2 oE &34 AdET dddez o lod ud
2] 9] MEE-L 01 m’/m’ B]gto] ek 5),
Hold Bl I S AS ZE A9
20 cm FoJol|A fR3go] 7P Wi ASM1S
20, 15, 5, 10 cm <=, ASM2= 20, 5, 10, 15 cm <,
ASM3BE 20, 15,10, 5 cm Z0] =02 Tho|x ot}
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Table 1. Median of volumetric soil water content at different depths (5-20 cm) at ASM1-3.

Volumetric soil water content (m’/m”)

Site

Scm 10 cm 15 cm 20 cm
ASM1 0.176 0.132 0.182 0.199
ASM2 0.219 0.173 0.123 0.265
ASM3 0.105 0.143 0.158 0.270

0.5 — (a) ASM1 — 5cm

a 10 cm

0 n — 15¢cm

0.3 . ,j m — 20cm

027 S N = Aiaan =)= ATV

0.1

0.5
0.4 —

(b) ASM2

Volumetric water content (m%m?)
o
N
I I

0.5 - (c) ASM3 5 9
0.4 4 =
03 3 B
02— 2 g
0.1 1 3

0 3

y T g T A T J
12/19/19 12/21/19 12/23/19 12/25/19 12/

27119 12/2

T T T y T y —0
9/19 12/31/19 01/02/20 01/04/20

Date (mm/dd/yy)
Fig. 5. Varying soil moisture contents measured every 5 minutes at depths of 5-20 cm at ASM1-3 from December

19, 2019 to January 4, 2020.
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Table 2. Statistics of soil temperature at different depths (5-20 cm) at AST1-3.
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Soil temperature (C)

Site
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ASTI1 Min 0.2 0.3 0.1 0.6
Median 3.0 2.5 1.7 1.7

Max 12.1 10.6 114 12.2

AST2 Min 0.3 0.3 0.3 0.1
Median 3.1 2.4 1.8 1.1

Max 13.2 9.2 7.5 5.7

AST3 Min -0.6 0.2 0.3 0.2
Median 2.8 2.4 2.0 1.3
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Fig. 6. Varying soil temperatures measured every 5 minutes at depths of 5-20 cm at ASM1-3 from December 19,

2019 to January 4, 2020.
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Table 3. Active layer thickness computed using profiles of the maximum soil temperature. Date of occurrence was
used at date of the maximum soil temperature at 20 cm depth.

Site Date Soil temperature (C) Active layer
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