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Soil temperature was measured from the surface to 40 cm depth at three stations with different heights in tidal
flat of Gomso Bay, west coast of Korea, for one month in every season 2004 to examine the thermal structure
and the variation. Mean temperature in surface layer was higher in summer and lower in winter than in lower
layer, reflecting the seasonal variation of vertically propagating structure of temperature by heating and cooling
from the tidal flat surface. Standard deviation of temperature decreased from the surface to lower layer. Periodic
variations of solar radiation energy and tide mainly caused short term variation of soil temperature, which was
also intermittently influenced by precipitation and wind. Time series analysis showed the power spectral energy
peaks at the periods of 24, 12 and 8 hours, and the strongest peak appeared at 24 hour period. These peaks can
be interpreted as temperature waves forced by variations of solar radiation, diurnal tide and interaction of both
variations, respectively. EOF analysis showed that the first and the second modes resolved 96% of variation of
vertical temperature structure. The first mode was interpreted as the heating and cooling from tidal flat surface
and the second mode as the effect of phase lag produced by temperature wave propagation in the soil. The phase
of heat transfer by 24 hour period wave, analyzed by cross spectrum, showed that mean phase difference of the
temperature wave increased almost linearly with the soil depth. The time lags by the phase difference from sur-
face to 10, 20 and 40cm were 3.2, 6.5 and 9.8 hours, respectively. Vertical thermal diffusivity of temperature
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wave of 24 hour period was estimated using one dimensional thermal diffusion model. Average diffusivity over
the soil depths and seasons resulted in 0.70x10m?s at the middle station and 0.57x10°m?s at the lowest sta-
tion. The depth-averaged diffusivity was large in spring and small in summer and the seasonal mean diffusivity
vertically increased from 2 cm to 10 cm and decreased from 10 cm to 40 cm. Thermal propagation speeds were
estimated by 8.75x10™*cm/s, 3.8x10*cm/s and 1.7x10™*cm/s from 2 cm to 10 cm, 20 cm and 40 cm, respectively,
indicating the speed reduction with depth increasing from the surface.
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Fig. 1. Map of study area and locations of temperature measurement stations in tidal flat in Gomso Bay. AWS (autonomous weather station)
was installed in BaekAm and sea level was observed in Yonggwang tide station.
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Fig. 2. (a) Distance and ‘f\ertical height between the stations in Gomso tidal flat. (b) Schematic figure of temperature sensors installation

in a station.
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tor of sediment temperature variations
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tion period.

1st mode

2 gt ol 5oz exus} Aol itk 22 o)

Wk Y ewstel BUs eEel S AYAgE B 03

A3t Ao 7 S AVEE EFewst AW YReEe) " o o 11100
1x10 X X X

ZALNERS PGS TALAEDE oJUA7E & F7]0h7}
TEY A% oA 4T Holl e, 7} FolA Lofubi F

Period (hour)

713 wiste] gatolw 7
3 7H2E AR EYoT) A
HollME 24, 12, 8X 7 F7]

o=y
=

[<}
=
=

2
e

=
%—]—U—O

Al o

oL O

Fig. 8. Power spectrum of the first (solid line) and second (dashed

Sloh. Fig. 102 B4 A29) 23 line) mode variation in sediment temperature of station A2 for the
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Fig. 10. Cross-spectral density of sedi-
ment temperatures between surface and
(L L R L different depths at station A2 for two
WP 1d0? ot 1de® 1ad 10° 02 a0t 1de® 1dd weeks in spring and for one month in
Frequency (cycle per hour) frequency(cph) autumn.
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Table 1. Phase differences of temperature wave of 24 hour period between surface and subsurface depths at station A2 (unit: degrees)

Layer Period Winter Spring Summer Autumn Average
ist -24.0 -44.8 2.2
0 ot 2nd -35.7 -14.9 45 34 -15.8
average -29.85 -29.85 -3.35
st -374 -56.7 -20.9
0gmto 2nd 56.6 221 237 3.9 28.1
average -47.00 -39.40 -22.30
0 Ist -53.5 -72.7 -40.9
em to 2nd 738 -41.6 -38.4 -30.7 -47.8
10 cm
average -63.65 -57.15 -39.65
0 Ist -93.3 -104.4 -102.3
em to 2nd -121.5 -79.7 -84.1 -100.2 -98.2
20 cm
average -107.40 -92.05 -93.20-
0 Ist -137.7 -137.6 -176.9
em to 2nd -152.1 -143.5 -120.6 -159.3 -148.4
40 cm
average -144.90 -140.5 -148.75
Phase(Deg.)
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- Wi 4 bt / - / Fig. 11. Phase differences (in degree) of
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97/3t = 0(x0T/9z)/dz 4y
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Table 2. Seasonal and annual thermal diffusivities estimated in the layers between observed depths at station A2 (unit: 107° m%/s)

Depth Averaged

Season Period 2 cm-5 cm S5cm-10 cm 10 cm-20 cm 20 cm-40 cm

. Ist 0.598 1.242 0.565 70379 0.559
Winter

2nd 0.259 1.049 0.696 0.856 0.793

. Ist 1.637 0.529 1.125 0.681 0.853
Spring

2nd 1.027 1.093 1.079 0.568 0.808

S Ist 0.209 0.615 0.392 0.590 0.511

Hmmer 2nd 0412 1.383 0.632 0.593 0.693

Autumn 1 month 0.961 0.463 0.740 (2.39) 0.700

Seasonal Mean 0.729 0.911 0.747 0.61 0.702

g 571, D: I3 dolold, D=(xP/m)"*2t 2t )F ©1&
st #5E S0 Ha @M s 2ol 7y,

¥ = M(z—z1)/[PXLn*(A1/A2)] )

714 Ay, AR 7, 7, AolollA 2ETE M Eo|t),

#EE AT Add mE) Y YEF=rt GelFig 3%
Z) B2z FF ezt AT SIS AR
A o8 FAIENL B3 #2H 2xuEe g FEds
2 FYER s 2R 7 F9] AAIGEA A 24417F F27] ol
7 & olUA] peakE RGO BR o] FVGE 29ES A
Gz wlt A AHEH] dux] ARRRE 7F Fo] 244
7+ F7] (P=86400s) 2 =35 AENE&E (3)9] AJAE T3
I ol o|g3le] AR A2 #E F7F QI AFE FIW
Table 28} Zt}h. AR A20|A FE2A|7]0) wle} o= Had
(depth-averaged) @ELHAITE thA] BEAFE Fald e o
k=0.70x10°m¥s0)™, B3 30043 0.57x10°mYs8M |23k 7t
< 23tk EASERE AN ZEA T DE 47 0.138 m,
0.125 me|t}.

Fig. 122 A% A20149] Zo|2 Had A A
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Fig. 12. Depth-averaged thermal diffusivity in different season at
station A2 (upper) and seasonal mean thermal diffusivity at different
depths using thermal diffusivity in station A2 and A3 (lower).
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Fig. 13. Spectral densities of sediment surface temperature at station
A2 for two weeks period (solid line) and air temperature at BackAm
AWS for one month (dashed line) in ‘spring.
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