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: The temperature-depth profile (TDP) is affected by upper

and lower boundary and groundwater flow which is a common
method for exploring hot spring and geothermal resource and
evaluate temperature change of surface soil. The study
collects TDP and surface soil temperature (SST) by using
the groundwater monitoring wells in Chianan and Kaohsiung
area.

The results show that SSTs are generally greater than the
air temperatures. The SSTs are greater in bare soil and no
shading area. There are 94% of wells with a warming trend
in surface soil temperature from the TDP data. The vertical
velocity is 0.5-6 x 10-8 m/s in the first aquitard of the
M1 well with MAEs<0.2 °C while the vertical velocity is
3.5x10-8 m/s with the minimum MAE of 0.032 °C. The vertical
groundwater flux is 50 times larger than the horizontal
flux within an area of one square kilometer.

: surface soil temperature, borehole temperature,

groundwater, Chianan, Kaoshiung
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temperature °C)

#m 2 38 B (MSST, measured surface soil

Well No | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Average
1 19.00(19.21(21.29|24.30|26.56 | 28.22 | 28.41 {28.99 29.90|26.46 |23.41 | 19.32| 24.59
2 20.63|20.91|22.67|24.94(27.66 |27.78|28.46|29.5230.84 | 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 22.72122.64|24.06|26.26 (29.63 |30.53|30.33|29.32|34.00|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 | 25.97 | 23.36 | 19.58 | 24.19
7 18.72(18.52(20.24|22.88|25.36(27.13 27.78 |28.02 | 27.92|26.04 |23.47 |19.72| 23.82
8 19.07(19.62(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|24.9827.12 30.35(29.99|30.64 | 31.2232.16 | 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|24.8321.09| 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 19.20(19.51(21.94|25.30|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 |31.10 |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  |19.52]19.94|22.00 (24.00|27.21|28.4830.01 |29.73 |30.19| 27.5 |24.03|19.73| 25.20
18  |20.09|20.27|22.65(24.73|27.64|29.50|30.32|30.50 | 30.74 | 27.89 | 24.97|20.70| 25.83
19 |20.70(21.09(24.06 (26.70|30.25|30.45|31.56 | 31.52 |31.83|29.73|26.69 | 22.54| 27.26
20 19.90(19.66 |21.59 |24.4827.21|28.2428.96 (29.14 | 29.14|26.74|23.81|20.37 | 24.94
21 18.16|18.64 |21.30|25.05|28.59|29.66 | 30.27{30.00 | 28.9 |26.47|23.18(19.13| 24.95
22 19.58(20.10(22.58 |25.35|28.24|29.50 [ 29.94 {29.40 | 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|30.80|28.40 [25.75|21.82| 26.82
24 19.62(19.94(23.3925.31|27.71|28.21 | 28.47 | 28.83 | 29.27|26.53 | 24.36 | 20.58 | 25.19
25 19.84(20.14(21.70|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|22.50|25.00|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|28.30(30.20 (31.10|31.43|31.30|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|25.00|27.50|29.3430.83 |31.45|31.13|30.99|28.56 | 25.68 |21.94| 27.27
30 18.69(19.64 |22.38|25.38|29.22|30.25[30.69 {30.92 |31.27|28.82(24.28[19.91| 25.95
31 19.81{20.14(23.0026.00|28.42|29.82 [30.34(30.2130.00|27.20|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 |28.9629.91|26.8824.95(20.98| 25.67
34 19.64(20.29(23.0124.96|26.90|29.17[29.35(29.52|29.28|26.90 | 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
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|30.10|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|29.5829.90|29.20 | 27.14|23.75|19.83 | 24.81

40 |20.00{22.01|23.64(24.96|27.36|27.89(28.12|28.46 (29.14|27.72|25.8419.87| 25.42
% 2. £33 % 2018 F plchd o 2 EER (MSST°C)

No |3 Z|1% |27% (372 (4% (57 |6% |72 8% |9% 107|117 |12 |3=2F |~ 5
1 | %4r |17.36/16.34]|20.66|25.23]|30.10|29.35|28.12|27.92|27.95|24.61|23.30|20.83|24.31| = 4~
2 < & |18.51/17.78|22.26|26.49|29.90|29.15|28.35|28.48(28.73|27.49(25.14(23.18|25.46 | #it
3 7 [l 27.54(24.62|23.52|20.96 RIS
4 L % |18.89(18.55(22.16|26.55(29.55|29.58(30.57|29.52(29.34|26.89(24.67|22.81(25.76 | #t+
5 |7 £ %120.38/19.63|23.87|28.10|31.76|31.21|29.02(29.32|30.43|29.23|26.57(24.64|27.01| ¥
6 | 2% |17.39/16.64|20.88|24.05|27.12|27.31|26.99|26.59|26.57|24.46|23.53|21.56|23.59| #Hit
7 | TiE |18.21(17.30{20.46|23.24|26.59|27.33|27.68|27.13|27.48|25.11|23.63|21.36|23.79 | #+k
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14 | #F 30.46|29.06|26.53(23.60 AR
15 | F#2 [17.89]17.97(23.43|29.14|34.27|32.42(31.18|30.12{30.13|27.13|24.06|21.20|26.58 | ¥ #
16 | T % [19.53]18.36(21.07|23.95(27.59|28.15(28.15|27.68|27.46|26.88(26.76|25.35(25.08| #H+
17 | = [17.84(17.07|21.09(24.98|28.04|28.12(28.64|27.56|28.30(26.37(24.70(22.01|24.56 | 4+
18 | = 7 [19.20(18.56|23.53|27.22|30.52|29.78|29.69|28.94(29.48|27.20(24.64(22.00(25.90 | 4+
19 | & & |20.87|20.14(24.86|28.84(32.72|31.40(31.30|30.13|30.92|28.53|26.13|23.28|27.43| ¥ #
20 | B & (18.50(17.54(22.09(26.17|29.10|28.68(28.00(27.34(27.84|25.96(24.10|22.13|24.79 | #++
21 | 9 |17.7516.76|19.85|23.36|27.58|28.11(27.75|26.82(26.57|23.71|22.54|20.14(23.41 | &k
22 | "L 28.56(26.05(24.25|22.14 By
23 | =% |19.69]19.06|23.47|27.86|31.80|{30.98(30.50|29.32(29.11|27.67|25.59|23.46|26.54| #k
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29 | &% N
30 | =% |17.78|17.68|23.01|27.62|31.86|30.93|30.26|28.72(28.54|25.63|23.47|20.96|25.54 | #Hk
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32 | ## |20.33]19.19(22.78|25.22(27.92|28.16(27.83|27.31(28.04|26.27|25.34|23.72|25.18 | #Ht+
33 | &7 |18.73|18.33|23.00/28.39|30.36/|28.31|27.53|26.89(|26.47 # 4
34 | 7RI |18.74(17.52|21.69(26.17|29.75|29.04(28.67|27.37(27.82|25.35(23.95|21.66|24.81 | 4k
35 | #tit |18.52]17.67|21.89|27.02|30.50(29.54|28.84(27.73|27.62|25.26|24.20|22.30|25.09| ¥
36 | <F |18.08|18.13|23.63|28.75(32.25|30.70(29.19|28.37(28.90|27.99(25.21(22.32(26.13 | #Hk
37 | ¥ & |18.65/17.88(22.63|26.31(29.35|28.39(27.78|27.10(27.91|27.02(25.02(22.29(25.03 | #H+
38 | ¢ @ [20.27]19.96|25.81|30.65|33.83|32.07|31.54|29.76|30.00|28.61(25.74|23.82(27.67| ¥
39 | T |17.58/16.51|20.45|25.46|28.00|27.96|28.75|27.72(27.36|24.84(23.77|21.56|24.16 | & 4~

40 | =46

27.18

26.50(25.39|23.50 HHR

TU s RERR

723 TR FEREHIE RSN 2017-2018 7 FoRE

2017 FH5F0M 2018 FHFUM 2018-2017 JifE 72
th 24.21 23.93 -0.28
NG 23.93 2441 0.48
KR 25.29 23.83 -1.46
{—1E 23.96 24.82 0.86
(£33 24.64 23.66 -0.98

% 4 SR ECERHR B SEREDERYE 2 3 (Hamdhan and Clarke 2010).

Thermal conductivity| Specific heat Density
W/m°C J/kg°C kg/m’
Sandy gravel 4.44 1175 1983
Coarse sand, dry 0.25 800 1800
Coarse sand, saturated 3.72 1483 2080
Medium sand, dry 0.27 800 1700
Medium sand, saturated 3.34 1483 2080
Fine sand, dry 0.15 800 1600
Fine sand, saturated 2.75 1632 2010
Fine sand and silt 2.15 1747 1848
Clay, dry 0.25 800 1390
Clay, saturated 1.52 2362 1760
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Surface Soil Temperatures of Various Land Cover Types within the
Chianan Plain, Southern Taiwan

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

Surface Soil Temperature (SST) is defined as the surface or near-surface temperature of the ground that consists of
the upper boundary of the subsurface temperature-depth curve. SST is an important parameter for understanding
subsurface heat transfer and climate change. In this research, I define two types of SST: 1) Measured Surface Soil
Temperature (MSST), measured with a data logger in the uppermost centimeters of the ground, and 2) Present
Surface Soil Temperature (PSST), estimated from temperature-depth curves.

Results from the experiment indicate that land covers at a 1 m radius above data loggers consist of three types:
trees, grass, and bare soil. Values for MSST in 2017 were 23.8-28.3°C, while average annual air temperatures
were 23.9-25.2°C. Temperatures for the trees were 23.8-26.2°C, lower than average, while temperatures for
bare soil with no shield to solar radiation were higher, 26.0-28.3°C. Land cover types within a 100 m radius
surrounding monitoring wells included: trees, buildings, crops, bare soils, and fish ponds. Values for PSST were
24.5-28.5°C and were correlated with the percentage of land cover area to estimate the temperature of various
land cover types. Temperatures were 25.2, 25.6, 25.9, 26.8, and 27.6°C for crops, trees, buildings, fish ponds, and
bare soils, respectively, with a minimum mean absolute error of 0.5°C. Both PSST and MSST within the study
area displayed a correlation with land cover types that indicated a wide range of temperatures, 23-29°C. Stud-
ies of surface temperature history using temperature-depth curves should consider the impact of land cover change.
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