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: Surface Soil Temperature (SST or Ground Surface

Temperature-GST) is defined as the surface or near-surface
temperature of the ground (soil, bedrock, or surficial
deposit, measured in the uppermost centimeters of the
ground. SST is the temperature in the upper boundary of
subsurface temperature-depth curve which 1s an important
parameter for the understanding of the subsurface heat
transfer and climate. In this research, temperature data
loggers were setup for collecting SST on the Chianan plain
to study the correlation between SST and different land
covers. The results show that study sites of Chianan plain
include 4 types of land cove: building, trees, grass and
bare soil. The values of SST in 2017 are 23.8-28.3 °C while
the average annual air temperature are 23.9-25.2 °C. The
temperatures for trees and building are lower, 23.8-26.2 °C
while those temperatures are higher in bare soil 26.0-28.3
°C, with no shadow to shield the solar radiation.

The present SST from temperature-depth curve in Chianan
plain are 24.5-28.5 C. The land covers around the
observation well with a radius of 100 m include 5 types:
trees, building, crop(grass), bare soil(pavement), and fish
pond. The present SST values are correlated with
percentages of land cover area to estimate the temperature
in different land covers. The best fitting temperatures are
25.6, 25.9, 25.2, 27.6, and 26.8 °C for trees, building,
crop, bare soil, fish pond, respectively, with an average
error of 0.5 °C. The present SST from temperature-depth
curve and the SST estimated by land cover area show a



positive correlation which indicate the upper boundary of
temperature-depth curves are affected by land covers.

# 2 B 43 ¢ surface soil temperature, Chianan plain, temperature-depth
curve
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The surface soil temperatures in Chianan plain, southern Taiwan
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Abstract

Surface Soil Temperature (SST or Ground Surface Temperature-GST) is defined
as the surface or near-surface temperature of the ground (soil, bedrock, or surficial
deposit, measured in the uppermost centimeters of the ground. SST is the temperature
in the upper boundary of subsurface temperature-depth curve which is an important
parameter for the understanding of the subsurface heat transfer and climate. In this
research, temperature data loggers were setup for collecting SST on the Chianan plain
to study the correlation between SST and different land covers. The results show that
study sites of Chianan plain include 4 types of land cove: building, trees, grass and bare
soil. The values of SST in 2017 are 23.8-28.3 °C while the average annual air
temperature are 23.9-25.2 °C. The temperatures for trees and building are lower, 23.8-
26.2 °C while those temperatures are higher in bare soil 26.0-28.3 °C, with no shadow
to shield the solar radiation.

The present SST from temperature-depth curve in Chianan plain are 24.5-28.5 °C.
The land covers around the observation well with a radius of 100 m include 5 types:

trees, building, crop(grass), bare soil(pavement), and fish pond. The present SST values

1



are correlated with percentages of land cover area to estimate the temperature in
different land covers. The best fitting temperatures are 25.6, 25.9, 25.2, 27.6, and 26.8
°C for trees, building, crop, bare soil, fish pond, respectively, with an average error of
0.5 °C. The present SST from temperature-depth curve and the SST estimated by land
cover area show a positive correlation which indicate the upper boundary of

temperature-depth curves are affected by land covers.

Keywords: surface soil temperature, Chianan plain, temperature-depth curve
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# J 2 38 A& (surface soil temperature » f§ % SST)dp i3t % & = 0-10cm 7 &
Bl R o RHF ARk E 3 B S (USCRN, 2016) » 3 £ 3 5 ¥ 25 B R
(Ground Surface Temperature-GST) = # & + 3§ & nj* RERSFFER > H
R R T A B E Ap g £ & 9% #(Smirnova et al., 1997; Shafer et al., 2000;
Signorelli and Kohl, 2004; Herb et al., 2008; Balobaev et all., 2008; Lundquist and Lott,
2008; Holmes et al., 2012; Vargo et al., 2013; Bayer et al., 2016; Kupfersberger et al.,
2017)

TRy —“‘Ff © S E N E o kIgpSST F & 'y}’&ﬁ’!%ﬂ({} R R
ELXG bldo s B s 2§ 2 2 PR FFICEFF o A 2 45 SST
fer o BERLEQC #1%)5 Mo ﬁrﬁff % (pavement)~ 4k # (bare soil)~ & ¥+ (grass)~
Ak (trees)fr (T4~ (agrlcultural crops)e 2 ¢ 1/ 4a 7 (Asphalt)fe-k ik (concrete)df w 7
%%4%m§&£’*a~%%%muﬂ%ﬂ TN R BT BT
& o A7 R T a9 SST R R B« i (Deardorff, 1978; Skinner and Majorowicz, 1999;
Herb et al., 2008; Leaf and Erell, 2018) -
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14 52 R b nsgag > B 2ehd v d v R 2527 °Ce 5142k TR AL
R F TR AR I e Dohag v N TGRS > RIE L S G 3F F gy
% (Taniguchi et al., 1999; Kohl, 1999; Huang et al., 2000; Pollack and Huang, 2000;
Ferguson et al., 2006; Bense and Beltrami, 2007; Verdoya et al., 2007; Kataoka et al.,
2009; Yamano et al., 2009; Bayer et al., 2016) oA B TRERELE R pE A
Es TRV FAMAYL > AEY P B :2%3{; FEPEa T RASST &~
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% W In-situtroll 200 = KB~ E T REFR= &- pEt Rl - BRERF
#-20—80°C ~ # £ 0.1°C » f247 & 0.01°C ; B+ £ R # B ¥ & 350m kR - 3
FER 0.1% (49 % ** 2cm) ~ f245 & 0.005% (Imm) e -KEAEZRS 7% 50t $HE g n

Riridi#c 547 2 0.1°Cp > At B 0§ Ew R AR (Chen and Chiang,
2016 ; i~ 45 % - 2016) -

MEG R I i s @ 1904~ 1924~ 1956 % 1989 £ ¥
FRI(R 7)) it ER R AREETAREA T L4E7 < (Center for GIS,
RCHSS, Academia Sinica) #7322 4, » T B A9 2 2 WPRG > HAL5 - 4
B & B ¢ ¥ B (Taiwan Centurial Historical Map) - % Hb 4o

(http://gis.rchss.sinica.edu.tw/)

1904 ¢\ | iy v, il

1989

Bl7 £% 28 5.2 (o ¢ 1£55)1904-1989 cht ¥ k5 %18 > & 1904-1924 i B
A ERSTHPREE 0 A 1956 3 B AEHE S ER G A% 0 1989 £ 1 5 4R
A8 5 A RBGEST B4 2R -
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AEEF AR S L 0 £ AL FTY T 4 (Luetal. 2008) o rk ¥ B H 25 AT
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DL RIR 215 FR SOm g e A3tz g &7 (CGS,2018) -

50-

100

Elevation (m)

150

200

B8 kv y F3e 2 pte R 2fcdhy > AFl 5% - 2Kk (F¢)° ATl 5%
- ERE (R

4. B HH

4-1.2017 R ] SST 22 4 3 1% 2 B 1%

2017 £ Fs b AR R 40 v gRlsE 0 H Y 2 v (4502 11 Bk
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°C> 38:xaETimmaag 5 2583°Cr # THEFHEFERMP LT E 45°C

(B 9A).

%2 £3 TR 38 v plE 2017 # i K 2 IR R (SST) (°C)

Well No | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Average
1 19 (19.21|21.29| 24.3 |26.56|28.22|28.41|28.99| 29.9 |26.46 (23.41|19.32| 24.59
2 20.63(20.91|22.67(24.94|27.66 |27.78|28.46 | 29.52 | 30.84 | 28.22 (24.86|20.79 | 25.61
3 18.06|18.16(21.78|24.78 |27.62 |28.84|29.42|29.92|28.87 (25.7822.63 |17.73| 24.47
5 22.72(22.64|24.06(26.26|29.63 |30.53|30.33|29.32| 34 |30.37(26.76|22.24| 27.41
6 19.01|19.26(21.93|24.01(26.09|27.11 |27.28|27.97|28.66 | 25.9723.36 | 19.58 | 24.19
7 18.72|18.52(20.24|22.88 |25.36|27.13|27.7828.02|27.92 | 26.04 |23.47 |19.72| 23.82
8 19.0719.62 (21.87|24.84|30.27|30.02 | 31.15|31.03|31.19(28.55|24.35|20.29| 26.02
9 21.04(21.87|24.98(27.12|30.35|29.9930.64 | 31.22 |32.16|28.96 | 25.53|21.95| 27.15
10 19.13|19.98(23.09|25.72 28.37|29.78 | 30.71 |30.83 | 30.88 ( 28.31|24.83 |21.09| 26.06
12 20.69(20.65|23.22 (25.45|28.89|30.08 |31.63|31.52 |31.45|28.39(25.01|20.88| 26.49
13 19.2 {19.51|21.94| 25.3 |27.11 |27.88(28.12|28.57(28.73|27.32|24.38(21.77| 24.99
14 22.49(22.51|24.95(27.52|30.47|29.35|31.56 | 31.1 {31.01|28.29(25.43|22.23| 27.24
15 18.22|19.78(24.86|27.61 |31.25|31.47|31.46 |31.38|31.63 (27.91|24.02 |19.64| 26.60
16 [20.33]20.18(21.74|23.79|26.42|28.01|28.55(28.35|28.67|27.02 |24.98 | 21.61| 24.97
17 19.52119.94| 22 | 24 |(27.21|28.48/30.01{29.73|30.19| 27.5 |24.03|19.73| 25.20
18  [20.09(20.27|22.65|24.73|27.64 | 29.5 |30.32| 30.5 {30.74|27.89(24.97| 20.7 | 25.83
19 20.7 |21.09(24.06| 26.7 |30.25(30.45|31.56 {31.52|31.83|29.73(26.69|22.54| 27.26
20 19.9 [19.66|21.59 24.48|27.21|28.2428.96|29.14 (29.14|26.74 | 23.81 |20.37| 24.94
21 18.16|18.64 | 21.3 |25.05(28.59|29.66|30.27| 30 | 28.9 (26.47|23.18|19.13| 24.95
22 19.58| 20.1 {22.58|25.35(28.24| 29.5 |29.94| 29.4 |29.47(28.05|25.21|19.37| 25.57
23 21.51(21.29|23.61(26.09|29.76 |30.38 | 31.41|31.01 | 30.8 | 28.4 |25.75(21.82| 26.82
24 19.62|19.94(23.39|25.31 (27.71|28.21 | 28.47|28.83|29.27(26.53|24.36 | 20.58 | 25.19
25 19.84|20.14| 21.7 |24.13|27.34|28.08 | 28.62 |28.24|28.93 (26.58 |24.23 |20.84| 24.89
26 |20.75(20.75| 22.5 | 25 |27.34|28.59(29.23|29.52(30.31|27.83(26.15|22.23| 25.85
27 18.77|19.21(22.26|25.28 | 28.3 | 30.2 | 31.1 |{31.43| 31.3 (27.92(25.04|18.61| 25.79
28  |25.39(24.99|27.72|28.49|31.61|30.15|31.11|30.06 | 30.62 | 28.71 (26.38 |25.19| 28.37
29  |22.06(22.78| 25 |27.5|29.34|30.83(31.45|31.13(30.99|28.56 (25.68(21.94| 27.27
30 18.6919.64 22.3825.38 (29.22|30.25|30.69{30.92|31.2728.82|24.28 |19.91| 25.95
31 19.81|20.14| 23 | 26 |(28.42|29.82|30.34|30.21| 30 | 27.2 |23.95(19.74| 25.72
32 22.25(22.04|23.56 (25.25|27.69 | 28.55|28.61|29.72 (30.39|28.32 | 25.88 | 22.46| 26.23
33 20.89(21.11|23.97(26.38|28.13 |28.03 |27.86|28.96 [ 29.91|26.88 | 24.95|20.98 | 25.67
34 19.6420.29(23.01|24.96 | 26.9 {29.17|29.35|29.52|29.28 | 26.9 |24.26|20.48| 25.31
35 19.06|19.73(23.05|26.08 | 28.85|29.93 | 29.82|29.82|29.25(26.8823.98 | 20.05| 25.54
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36 19.47)20.22 | 23.8 |25.46 |28.56|28.78|29.31|31.28|32.42|29.03|25.78|20.36 | 26.21
37 |20.29(20.34|22.58 |24.62|27.91|28.72(29.24|29.75|30.15|28.43 | 25.24|21.02| 25.69
38 |21.42(21.96|24.93(27.17| 30.1 |30.79{31.39|31.59(31.92|29.82(26.91|23.06| 27.59
39 |18.33(18.43|20.66 |24.25|27.91|28.75(29.58| 29.9 | 29.2 |27.14|23.75/19.83| 24.81
40 20 [22.01(23.64|24.96|27.36(27.89|28.12|28.46|29.14|27.7225.84|19.87| 25.42

I Air

[ Building
I Trees
Grass [

Bare soil s

r T T T T T —

23 24 25 26 27 28 29 23 24 25 26 27 28 29

Number of site

0

Surface Soil Temperature (°C)

B9 (A)AF 5 2017 & SSTf,ﬁ_z’v”:i*‘]}?I’(B)ﬂ‘E'f'J’#l}‘“‘sz\pfi‘ < B
FHEkd o B hSSTERAT » X8 fE v R fEBI R Y L F %
BOESIT S BRlab (R LW 1) .

BAFE Y oL B S S AR R R AR (FH ) B H

B SST AR AT » B F B VG AA 32 RIOB. f Rildpkp? 45 %k
WRiT 5 ll}y?l:{a(ff’__%_;%—iﬁll) #3591 23.93-2529°C 38 =k 7 3 18 =B34
o1l BB R S ER AR c A Rt E A R o @:ﬁ%\*‘@?‘ri{ﬂ@ W i
SSTw 5 8% "Lr.'“,ﬁ% TRIFEBE 2 X P REE G 1.‘3.,3@%}3‘;’ b 4ot
HEZEHRP > SST 5 23.82-2623 °C» ¢ v e dmiT§ i 5 X5 ﬁ“}f{? v BildeAk 2
BR 6 26.02-2837°C > Fli B £ P F}lglga\ SST = % -

AT REINGERE G T AR 0 blde Herb et a al.(2008)4p Ak 2 2 &
% I SST 5B ~ Ak 7 AR R E L rdf R 5™ o R 22 A 4§30 SST #1ig =
Lk TR T AR CZAFHF A ERAIARFEIAL T ONA D T 2R
FALBEASARLIET 0 FIE A L gﬁ’.‘%ﬁ“ # 8 & (Bayer et al. 2016) °
"??‘f"“?’-?b%mr/? AT REEAP RS T L AR ETRIHL
TR G R R A R X FEREE 0 TG vk 0 T AT T BB
7 hi R4 SST i~ 37§ 2 (] 9B) -

12



%3 4 SST #icdh o738 1 2b30 2017 & 12 3 4% Ao

No |Land cover] No |Landcover] No [|Land cover| No Land cover
1 Building 13 Trees 23 Bare soil 33 Building
2 Trees 14 Bare soil 24 Grass 34 Trees
3 Trees 15 Grass 25 Building 35 Grass
5 Grass 16 Trees 26 Trees 36 Trees
6 Trees 17 Trees 27 Grass 37 Trees
7 Trees 18 Trees 28 Bare soil 38 Grass
8 Bare soil 19 Grass 29 Grass 39 Building
9 Grass 20 Trees 30 Trees 40 Trees
10 Grass 21 Trees 31 Trees
12 Bare soil 22 Grass 32 Trees
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L9102
—]L9104
59105

4 mdE X R chiRde E 2 R4 SST

S | 2 F 2R S5 | H L £ Bl | 2 F £R S | 2 7 ER
°C °C °C °C

1 | %4245 11 |+ B 21 | F 9 | 254 31 | %2265
2 | A K | 258 12 |4k | 254 22 |TEL | 258 | 32 | w4t 264
3 | P%H 13 | #rg | 264 | 23 | %% | 262 | 33 |#F% [ 256
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Vertical velocity in semi-confining layers in Chianan coastal plain, southern Taiwan
Abstract

The Chianan coastal plain in southern Taiwan consist of horizontal sand and mud
layers over hundred meters thick. Those fine-grained aquifers have been exploited for
decades and cause large hydraulic gradient between shallow and deeper aquifers. In
theory, a vertical flow may occur in the semi-confining layers. However, there is no
research on the vertical flow in Taiwan’s coastal fine-grained layers. We represent a
study of borehole temperatures by monitoring wells from 2013 to 2016. We discover
that there is a vertical downward flow in 60-120m with a Darcy velocity of 1.6-3.2 x
10° m/s by the Bredehoeft and Papadopulos (1965) curve matching method which
assume a steady state boundary condition. However, a warming trend in the shallow

aquifer and a cooling trend in the deeper aquifer during our studied period that may

6



change the curve shape of borehole temperature and cause some errors. Therefore, we
simulate 1D heat transfer for those data and find a vertical velocity of 2.45 x 10 m/s,
one order larger than the curve matching method, while the thermal diffusivity is 1.2

x 10"® m?/s and porosity assumed as 0.35.

Geophysical Research Abstracts
Vol. 20, EGU2018-3256, 2018

EGU General Assembly 2018 EG U
© Author(s) 2018. CC Attribution 4.0 license.

Vertical velocity in semi-confining layers in Chianan coastal plain,
southern Taiwan

Wenfu Chen

Chia Nan University, Tainan, Taiwan (chenwenfu @ntu.edu.tw)

The Chianan coastal plain in southern Taiwan consist of horizontal sand and mud layers over hundred meters
thick. Those fine-grained aquifers have been exploited for decades and cause large hydraulic gradient between
shallow and deeper aquifers. In theory, a vertical flow may occur in the semi-confining layers. However, there is no
research on the vertical low in Taiwan’s coastal fine-grained layers. We represent a study of borehole temperatures
by monitoring wells from 2013 to 2016. We discover that there is a vertical downward flow in 60-120m with a
Darcy velocity of 1.6-3.2 x 10-9 m/s by the Bredehoeft and Papadopulos (1965) curve matching method which
assume a steady state boundary condition. However, a warming trend in the shallow aquifer and a cooling trend in
the deeper aquifer during our studied period that may change the curve shape of borehole temperature and cause
some errors. Therefore, we simulate 1D heat transfer for those data and find a vertical velocity of 2.45 x 10-8 m/s,
one order larger than the curve matching method, while the thermal diffusivity is 1.2 x 10-6 m2/s and porosity
assumed as 0.35.
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