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Nowadays, geothermal resources have become one of the important means for mankind to
solve global energy problems and environmental problems, and the exploration and
development of geothermal resources are of great significance for sustainable
development. However, in view of the complex geological background of the plateau
region, the number of heat flow measurement points in this area is small or even blank,
thus becoming an important factor limiting the exploration of geothermal resources in this
region. In this article, a newmodel based on Fourier analysis and heat conduction principle is
established to process and analyze the long-term monitoring data of soil temperature and
eliminate the influence of temperature change on soil temperature as far as possible, so as to
improve the calculation accuracy of soil conduction heat dissipation. The experimental results
show that the fluctuation range of soil temperature at 20 cm before the correction was large,
and the fluctuation range was 2.58°C–14.284°C, whichwas because the soil here was closer
to the land surface and was affected too much by the temperature fluctuation, and as the soil
depth deepened, the temperature fluctuation slowly became smaller, and the fluctuation
range was 6.67°C–11.15°C at 50 cm, but the effect of temperature fluctuation was still
obvious. Also, the fluctuation range was basically reduced within 0.3°C after temperature
correction. In this method, the thermal diffusion coefficients of the soil at different depths can
be obtained, and the calculated temperatures at the corresponding depths can also be
obtained, which can be used to infer the approximate ground temperature gradient of the
measured area. This study aims to develop a convenient and fast model for processing soil
temperature time series and to provide technical support for developing geothermal
resources in highland areas or assessing the geothermal potential of the region.

Keywords: Ganzi county, geothermal resources, Fourier analysis, temperature time series, soil thermal diffusion
coefficient

INTRODUCTION

Geothermal energy, a zero-carbon and clean energy source, has an important value for carbon
neutrality in its development and utilization. As one of the important resources of non-fossil
energy, it has the characteristics of large reserves, wide distribution, and good stability and is
not disturbed by external factors such as seasonal, climatic, and diurnal changes and has a
broad prospect of development and utilization and shows strong development potential as one
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of the rising stars of non-fossil energy (Zhu, 1997; Liang et al.,
2018; Ma et al., 2021; Wang et al., 2022).

Obtaining soil temperature data combined with statistical
relationships between heat dissipation (Benseman, 1959) can
be used to evaluate thermal relationships in geothermal fields,
and currently, methods using soil temperature time series data are
also widely used in heat dissipation studies in geothermal zones
(Sorey et al., 1994; Fridriksson et al., 2006; Rissmann et al., 2012;
Wang et al., 2019). Soil temperature-based heat flux
measurements are an economical and applicable method for
assessing geothermal potential (Dawson and Author, 1970;
Sorey et al., 1994), and soil temperature not only acts as an
important factor in surface processes but also plays a key role in
energy balance applications, including land surface modeling,
numerical weather forecasting, and climate prediction (Holmes
et al., 2008).

Thermal conductivity, thermal diffusion coefficient, and
volumetric heat capacity are three important soil thermal
properties (Domenico et al., 1998). These thermodynamic
properties are the basic parameters for modeling soil
temperature, considering the thermal conductivity of the soil,
and considering that the soil thermal conductivity and thermal
diffusion coefficient are related to the soil volumetric heat capacity,
it is only necessary to determine the soil thermal conductivity or
thermal diffusion coefficient. Also, the thermal diffusion coefficient
is usually estimated because it describes the transient process of heat
transfer (Hu et al., 2016). Temperature, heat flow, and thermal
properties of the soil determine the heat flow transferred from the
ground to the soil and the heat stored in the soil. The soil thermal
diffusion coefficient is a state parameter by which not only the soil
thermal properties can be understood, but also the soil temperature
and heat flux can be simulated (Liu et al., 1991). As early as the 20th
century, Horton et al. (1983) proposed that soil thermal diffusion
coefficient could be determined by simulating soil heat flux from
near-surface soil temperature observations under the same soil
conditions. Liu et al. (1991) calculated their soil thermal
diffusion coefficients by different methods under four different
soil conditions and the simulated soil temperature and surface heat
flux values at different soil depths. The daily contours of the
simulated soil temperature and surface heat flux values at
different soil depths were compared with the measured values to
find a highly accurate method for calculating the soil heat diffusion
coefficient. However, the biggest problemwith the application of the
soil temperature method in geothermal exploration is the effect of
temperature variation on the ground temperature gradient and soil
properties, which limits the development of this method (LeSchack
et al., 1983). Hurwitz et al. (2012) used a 6-week monitoring of soil
temperature at different depths to correct the ground temperature
gradient.Coolbaugh et al. (2014) fitted temperature–time curves to
correct geothermal gradients by measuring temperatures at
different depths for multiple times; Wang et al. (2019) and
Wang and Pang (2022) gave the method a great advance by
eliminating the effect of seasonal changes on geothermal
gradients through long-term temperature monitoring (more than
1 year).

When sufficient temperature time series data are obtained, one
is faced with the choice of methods to process these data for

solving scientific problems. Ramos et al. (2012) calculated the
thickness of the active soil layer and the thermal diffusivity of the
unfrozen active soil layer by a sine wave heat transfer conduction
model using data monitored by Ground Temperature Sensor
(GTS). Zou et al. (2008) used a BP (back propagation) neural
network model to analyze and predict the time series data of
surface soil temperature at long-term location monitoring sites
with good results.Wang et al. (2021) used LSTM (long short-term
memory) neural network with a 2-60-80-1 network structure for
time-averaged soil temperature time series prediction and found
the advantage of the LSTM neural network model for soil
temperature time series prediction, which reduced the mean
square error by 0.053 compared with BP neural network
model, which can meet the needs of daily soil temperature
forecasting. However, the high accuracy prediction of LSTM
neural networks is accompanied by a complex model structure
and a time-consuming computational process. Also, using
Fourier analysis to deal with temperature time series data is
probably the earliest method of time series analysis (18th
century), for time domain and frequency domain, which is
very suitable for time series data with periodic characteristics.
Hu et al. (2016) proposed a new Fourier level-based analysis of
the conduction convection equation, using single sinusoidal
conduction and conduction convection model, and Fourier
level conduction convection model to calculate the soil
temperature; and soil thermal properties were calculated using
single sinusoidal conduction, conduction convection models, and
Fourier series conduction convection models. In fact, the daily
variation of soil surface temperature does not follow a single
sinusoidal curve in the strict sense. The use of the Fourier series to
accurately describe the daily variation of surface soil temperature
can reduce the error caused by the assumption that the soil
surface temperature follows a single sinusoidal wave (Wang et al.,
2010). In this study, we developed a model combining Fourier
series analysis and heat conduction principle, which can realize
the fast processing of soil temperature time series, so as to obtain
soil thermal diffusion coefficient with high accuracy to correct the
effect of temperature change on soil temperature.

STUDY AREA

Geographical Location
Ganzi County belongs to Ganzi Tibetan Autonomous Prefecture
of Sichuan Province, located in the northwestern part of Ganzi
Tibetan Autonomous Prefecture, upstream of the Yalong River, a
tributary of the Yangtze River, bordering Furho County in the
east, adjacent to Dege County in the west, bordering Xinlong
County and Baiyu County in the south, and relying on Shiqu
County, Seda County, and Qinghai Province in the north, located
at 99°08′ -100°25′ E longitude and 31°24′-32°54′ N latitude
-100°25′ East and 31°24′-32°54′ North. The highest mountain
in the county is 5,688 m above the sea level, the lowest elevation is
3,325 m, and the county town is 3,410 m above the sea level.
Ganzi County has an alpine cold-temperate climate, with long
winters and short summers; the area around the county has a
plateau valley climate, cold and dry, clear and sunny, with open
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terrain, more sunshine, strong radiation, an annual average
temperature of 5.6°C, maximum temperature of 31.7°C,
minimum temperature of extreme -28.9°C, annual average
precipitation of 636.5 mm, and oxygen content equivalent to
67% of the plain. Figure 1 shows the geographical location of
Ganzi County in the study area.

Geological Background
Ganzi Tibetan Autonomous Prefecture is located in the extrusion
and intersection zone of three tectonic units with different
geotectonic characteristics, namely, the Eurasian plate, the
Indian plate, and the Yangzi plate. The eastern
Kangding–Luding area is located at the westernmost edge of
the Yangtse plate and belongs to the northern section of the
north–south tectonic zone of Kang-Dian. The western region is
the easternmost edge of the Qinghai–Tibet plate that has the three
major plates, especially the north and south of the two plates of
multiple subductions—collision extrusion zone. Since the
Paleozoic period, this region is still the most active area of
neotectonic movements on the Qinghai–Tibet Plateau. There
has been strong tectonic movement since the Paleozoic period,
and because of the control of the boundary and subduction force
of the three plates, the area is rapidly uplifted to become the
highest terrain in the eastern part of the Tibetan Plateau; at the
same time, because of the control of the direction of the plate
suture zone and tectonic lines along the north–south direction,

the mountains and water systems in the area are spread in a
north–south direction, along the huge suture zone and tectonic
lines which formed the famous Jinsha River, Yalong River,
Xianshui River, Dadu River rift zone and its corresponding
water system as well as the high mountain valley landscape.
Influenced by the convergence–collision–mountain building of
the Indian and Eurasian plates, many lithospheric scale strike-slip
and retrograde fracture zones and volcanic island arcs have
formed a plateau area with an average elevation of over
4000 m. Three deep and large fracture zones are developed in
the region, namely, the Xianshui River Fracture Zone, the
Ganzi–Litang Fracture Zone, and the Jinsha River Fracture Zone.

EXPERIMENTAL METHODS

Fourier Transform
In different research fields, the Fourier transform has many
different variant forms, such as the continuous Fourier
transform and the discrete Fourier transform. It is based on
the following principle: f(t) is a periodic function of t. If t satisfies
the Dirichlet condition, in a period of 2T for f(x) continuous or
only finite intermittent points of the first type, attached f(x)
monotonic or divisible into finite monotonic intervals, then F(x)
converges with a Fourier series of 2T for the period, and the
function S(x) is also a periodic function of 2T for the period, and

FIGURE 1 | Geographical location of the study area.
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at these intermittent points, the function is finite-valued, has a
finite number of extremal points in a period, and is absolutely
productable, then Equation 1 holds (Liang et al., 2020). Eq. 1 is
called the Fourier transform of the integral operation f(t), and the
integral operation of Equation 2 is called the Fourier inverse
transform of F(ω).

F(ϖ) � F[f(t)] � ∫∞

−∞
f(t)e−iϖtdt, (1)

where F(ω) is called the image function of f(t) and f(t) is called
the image original function of F(ω). f(ω) is the image of f (t). f(t) is
the original image of F(ω).

f(t) � F−1[F(ϖ)] � 1
2π

∫∞

−∞
F(ϖ)eiϖtdt. (2)

The Fourier analysis used in this model is the fast Fourier
transform (FFT), a method for quickly computing the discrete
Fourier transform (DFT) or its inverse transform of a sequence. It
is based on the principle of transforming a signal from the
original domain (usually time or space) to a representation in
the frequency domain or vice versa. The FFT will quickly
compute such a transform by decomposing the DFT matrix
into a product of sparse (mostly zero) factors. Thus, it is able
to reduce the complexity of computing the DFT from O (N2),
which is needed to compute it using only the DFT definition, to O
(N logN), where N is the data size. All known FFT algorithms
require O (N logN) operations (technically O only marks the
upper bound), although there is no known evidence that a lower
complexity is not possible. Let x0, ..., xN-1 be complex and the DFT
be defined by the following equation:

Xk � ∑N−1

n�0
xne

−i2πkn
N K � 0, 1, . . . ,N − 1. (3)

Soil Temperature Time Series Solving
Soil temperature gradients are affected by seasonal and daily
variations of solar illumination. Soil temperature gradients
measured during fieldwork can only represent the temperature
gradient at that time, but not the temperature gradient of the
whole year, which is not important for the indication of annual
heat dissipation, and a correction of the temperature gradient is
needed to obtain an average surface temperature gradient on an
interannual scale. In order to obtain stable values of the ground
temperature gradient and conduct heat dissipation, the seasonal
and diurnal effects of solar insolation on the ground temperature
gradient can be corrected by our long-term temperature
monitoring. We assume that the seasonal and daily variations
of the atmospheric temperature can be synthesized in Fourier
series form:

T(0, t) � T0 +∑n
i�1
Aicos(2πtpi − φi), (4)

where T(0, t) is the temperature time series of the atmosphere,
T0 is the average temperature of the atmosphere, Ai is the ith
order amplitude, Pi is the ith order period, and φi is the ith order

phase. We assume that the soil is homogeneous and that the heat
transfer at depth is dominated by conduction. Through the one-
dimensional heat conduction equation:

zT

zt
� κ

z2T

zz2
, (5)

where κ is the soil thermal diffusion coefficient in m2/s and z is
the depth in m. The time series of soil temperature affected by
temperature change at any depth can be deduced as:

T(z, t) � T0 +∑n
i�1
Ai exp( −

���π
κPi

√
z) cos⎛⎝ ���

2πt
Pi

√
− φi −

���
π
κpi

√
z⎞⎠.

(6)
The above equation shows that soil temperature fluctuations

decrease exponentially with increasing depth and show a phase
lag, while they are both a function of period. The amplitude
appears to decay with increasing depth, and the phase increases
with depth. By comparing the equations, we can see that the
temperature at any depth can be decomposed to represent the
average temperature and the relative amplitude change at that
depth, which is quite important for us to make temperature
corrections later.

Calculation of Geothermal Heat Flux
In contrast to direct measurements, indirect measurements of
heat flow are usually used, and the two parameters mainly used
for indirect measurements are the ground temperature gradient
and the thermal conductivity of rocks. Based on the field
monitoring results, this article uses the interannual average
temperature gradient data to estimate the thermal conductivity
by calculating the obtained soil thermal diffusivity. In the
calculation of the measured heat flow, it is assumed that the
heat transfer in the earth’s crust conforms to a bunch of Fourier’s
laws of steady-state heat conduction, and the heat flow q is:

q � −K dT
dZ

. (7)

Soil thermal conductivity (K) indicates the characteristics of
the soil when transferring heat, and the physical meaning is: the
heat flux passed per unit time along the direction of heat transfer
at a temperature difference of 1°C on both sides of a unit thickness
of rock, numerically equal to the product of the thermal diffusion
coefficient α, density ρ, and specific heat capacity c:

K � α · ρ · c. (8)

DATA AND MODELING

Data
The data source of this experiment was selected from the measured
temperature data collected in the field using self-developed probes
from 1 November 2020 to 5 November 2021. Probe measurement is
the measurement of temperature in the sediment using probes
equipped with equally spaced temperature sensors to obtain
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temperature gradients. This equipment combined with the model
proposed in this article can establish a geothermal flowmeasurement
system based on low-temperature measurement and control in a
borehole-free area to achieve convenient and efficient geothermal
flow detection under low-temperature and low-power conditions. A
total of four different depths of soil temperature data (20–50 cm)
were collected and divided into four sets of temperature time series
data for the purpose of experimental comparison and analysis.
Details of the data are shown in Supplementary Table S1.

Data Preprocessing
First, the temperature time series data need to be Fourier-
transformed, the T-t data into complex (a+bi) form of spectral
data, and then according to the Fourier transform requirements,
combined with the linear interpolation approach to complete the
data preprocessing. Since the prerequisite for the Fourier transform
requires a sampled data size of 2n, we need to eliminate some of the
sampled data, which may lead to temperature fluctuations with
periods, amplitudes, and phases that may be more off the mark.
However, due to the long monitoring time of this experiment and
the fact that the actual number of deleted data represents less than
1% (1,082 samples were actually collected at each depth, with 1,024
remaining after deletion), this does not affect the results of this
experiment too much. Using the Fourier-transformed data in
complex form (a+bi), we calculate the period, amplitude, and
phase of the temperature fluctuations that we really care about.
The conversion relationship is as follows:

The imaginary part of the first complex point, b = 0, indicates a
DC component (expanding the non-sinusoidal periodic signal by
the Fourier series, the component with zero frequency), which in
our case is actually the equilibrium temperature T0(z) at a depth
unaffected by atmospheric temperature fluctuations, and the
relationship between the remaining complexes is:

T0(z) � a
M
. (9)

The relationship between the period Pi, amplitude Ai, and
phase φi of the temperature fluctuation components and the
complex number (a+bi) starting from the second complex point
is as follows, where Ps is the actual sampling interval:

Pi � ( M

i − 1
) · Ps, (10)

φi � atan(bi
ai
), (11)

Ai �
������
a2i + b2i

√
n
2

. (12)

The temperature fluctuation period is the phase corresponding
to the Pi component. ai>0, φi � atan(biai) + 2π; ai <0, φi �
atan(biai) + π.

Modeling
The model built in this study has five panels (done using Python):
data preprocessing, fast Fourier transform, solving the thermal
diffusion coefficient, calculating the temperature time series, and
plotting the temperature fluctuations (the detailed process of the

whole model run is shown in the attached FFTcode.py).
Regarding the solution of the soil thermal diffusion coefficient,
after we get the period Pi, amplitude Ai, and phase φi of the
desired temperature fluctuation components, in order to calculate
the most suitable soil thermal diffusion coefficient, we use
different values (here, we use 10−9–10−5 for a total of 12
values) to substitute into T(z, t), and then the solved time
series T(z, t) of soil temperature affected by temperature
change and the measured values were fitted with the
variance(assume that 20 cm is the observed value and 30 cm is
the measured value). We considered that the value of the thermal
diffusion coefficient that obtained the minimum fitted variance
was the most reasonable thermal diffusion coefficient for the soil
between the two depths of 20 and 30 cm, and the variance fitting
equation is as follows:

MSE �

�����������∑n
i
(yic − yim)2

n

√√
, (13)

where yic and yim denote the calculated and measured temperatures
at a depth of 30 cm, respectively. After obtaining what we consider to
be the optimal thermal diffusion coefficient of the soil at 20 cm, the κ
is substituted into T (z, t) to calculate the soil temperature time series
T at a depth of 30 cm and then compared with the measured data
temperature and analyzed the change of the two sets of data by
comparing them by drawing a line graph to see whether the
calculated soil temperature time series data eliminate the
temperature fluctuations. Following the aforementioned method,
we can calculate the soil temperature time series data at 30, 40, and
50 cm, so that we get three sets of theoretical optimal soil thermal
diffusion coefficients at different depths and soil temperature data
after correction for air temperature.

EXPERIMENTAL RESULTS AND ANALYSIS

Selection of κ
Through the variance fitting formula, we obtained the variance
corresponding to different values of the three sets of data, and the
details are shown in Table 1; then, the horizontal coordinate is κ,
and the vertical coordinate is the variance plotted as a line graph,
as in Figure 2. Through the graph of the thermal diffusion
coefficient and fitted variance in Figure 2, we can choose the
most suitable κ from the fitted κ graph for the next calculation, in
which the two curves at the lowest point of the trend is the best
value for the fit. We found that the two measured curves fluctuate
in a similar trend, which also indicates that the results obtained
from the two sides are correct and the optimal points of the values
are similar, and themost suitable soil thermal diffusion coefficient
(κ) is obtained to be approximately 6 × 10−7 m2/s.

Time Temperature Series Correction
We made a temperature correction for the measured time
temperature series of the original data, and the values of soil
thermal diffusion coefficient (κ) were chosen to be 6 × 10−7 m2/s.
Details of the time temperature series data before and after
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correction are shown in Supplementary Table S1, and then the
line graphs were drawn as shown in Figure 3. Figure 3 shows the
measured soil time temperature series data at different time
periods and depths of 20–50 cm. It can be seen that the
corrected temperature fluctuations are significantly reduced.

Analysis of Experimental Results
From the results in Figure 3, the fluctuation range of soil
temperature at 20 cm before the correction was large, and the

fluctuation range was 2.58°C–14.284°C, which was because the
soil here was closer to the land surface and was affected too much
by the temperature fluctuation, and as the soil depth deepened,
the temperature fluctuation slowly became smaller, and the
fluctuation range was 6.67°C–11.15°C at 50 cm, but the effect
of temperature fluctuation was still obvious. Also, the fluctuation
range was basically reduced to within 0.3°C after temperature
correction.

From the analysis of the aforementioned experimental results,
it can be seen that after correction for atmospheric temperature,
the effect of temperature fluctuations is basically eliminated, so

TABLE 1 | Heat diffusion coefficient corresponding to the solution variance.

Value of k 30 cm 40 cm 50 cm

1*10−8 1.889082723 1.849742996 1.799102275
4*10−8 1.883900368 1.842755071 1.790303297
8*10−8 1.859110982 1.811872447 1.754774657
2*10−7 1.846279396 1.800517054 1.747105508
6*10−7 1.844588413 1.800203938 1.74155709
1*10−6 1.851323747 1.822828318 1.788082929
4*10−6 1.942836581 1.956641878 1.953235425
8*10−6 2.145391405 2.185522123 2.188078432
2*10−5 2.29618493 2.335610802 2.328112534
6*10−5 2.409874244 2.441019804 2.42232851
1*10−5 2.498994781 2.51982876 2.491273384
4*10−5 2.759906233 2.738072318 2.679902736

FIGURE 2 | Fitted κ-value (for better visualization, only the first eight data
are selected for the horizontal coordinates of the plot, which do not affect the
results).

FIGURE 3 | Measured temperature at different soil depths (A) and
calculated results after temperature correction (B).
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that the thermal diffusion coefficient of the soil at different depths
can be obtained, and also the calculated temperatures at the
corresponding depths can be obtained, as a way to presume the
approximate geothermal gradient of the measured area. However,
it needs to be recognized that this treatment of ours considers that
the measured temperature is only influenced by diffusion and
ignores the effect of convection. From the final results of the
treatment, the deviation of the calculated results ignoring the
effect of convection is not significant, and therefore, we believe
that the effect of convection can be ignored in this experiment.

DISCUSSION

Geothermal heat flow is the basic physical parameter that
characterizes the heat dissipation in the Earth by conduction.
It is an indispensable parameter for studying the thermal state of
the Earth’s interior, obtaining the temperature of the deep crust,
and analyzing the thermal structure of the lithosphere, and it is a
key parameter for assessing regional geothermal resources, and it
can also provide basic parameters for the optimal selection of
other new energy sources. It is also a direct display of the Earth’s
internal thermal processes at the surface (or seafloor), which is
not only a key data for understanding the rate of heat dissipation
in the Earth but also a basic data for conducting kinetic studies
and reconstructing the evolution of sedimentary basins and
evaluating the potential of oil and gas and hydrate resources.
Geothermal heat flow is important for the study of crustal
activity, the thermal structure of the crust and upper mantle,
and the evaluation of regional thermal state and geothermal
resource potential (Qiu, 1998).

Methods
Usually, geothermal heat flow parameters depend on drilling
conditions and can be obtained indirectly through geothermal
temperature measurements and rock thermal conductivity tests,
but in areas where drilling is lacking, geothermal heat flow is
extremely difficult to obtain. The drilling temperature continuous
acquisition system manufactured by R.G, United Kingdom, and
the thermal conductivity scanner (TCS) made in Germany are the
more commonly used temperature measurement and rock
thermal conductivity testing equipment in China at present.
Compared with rock thermal conductivity testing, temperature
measurement requires more demanding conditions and requires
the use of existing drilled wells, so it is limited in terms of
quantity, spatial coverage, and depth. Influenced by the
distribution of drilling wells, geothermal heat flow
measurement points in China’s mainland are currently mainly
distributed in the Sichuan Basin, Ordos Basin, Tarim Basin, and
other hydrocarbon-bearing basins.

Geothermal Fluxes in the Study Area
According to previous studies, the density of soils in the middle of
the Ganzi County area is in the range of 0.94–1.56 g/cm3, and the
specific heat capacity of soils is greatly influenced by the dryness
and humidity of soils, and the geotechnical soils in the study area
are mainly seasonal permafrost soils with local area soil

representatives, and the specific heat capacity is taken as the
average value of 1,741 kJ/m3·K (Guo et al., 2014; Wang et al.,
2014; Zhu et al., 2019; Yi et al., 2020). For the seasonal average
temperature gradient data obtained in the field, it is necessary to
take the temperature correction to eliminate the effect on soil
temperature and then use it. The average of the corrected
temperature data can better represent the temperature at that
depth. After obtaining the corrected temperature at each depth,
the variance of the temperature at the corresponding depth can be
obtained at the same time. By doing the fitting curve of
temperature versus depth, a better linear relationship was
obtained for the temperature–depth profile. Therefore, the
annual average ground temperature gradient can be obtained
from the temperature–depth profile, and the seasonal average
gradient in the study area obtained by removing the temperature
influenced by temperature fluctuations is 7.3°C/m. According to
Equations 7, 8, we can calculate the range of soil thermal
conductivity as 0.986–1.585, and the preliminary heat flux Q
is 9.3845 ± 2W/m2.

The geothermal flux calculated in this way has a large error. We
used the random sampling method to take 500 samples as
experimental parameters in the derived soil thermal conductivity
range to calculate the geothermal flux of the area, and then the results
were randomly divided into five groups to calculate the standard
error separately, and the group with the smaller error was taken as
the final geothermal flux calculation result, and then its mean value
was sought as the geothermal flux valuation of the study area. After
the calculation, the sample group with the SE of 0.951 was selected as
the experimental object, and the geothermal flux of the area was
found to be 7.863W/m2, and the details of the calculation are shown
in Supplementary Table S2. Due to the limited number of field
monitoring instruments, the experiment could not be conducted in
more areas, and the lack of experimental data made it impossible to
fit the total geothermal flux of the area. However, themethod and the
new model used in this study achieved good results in the
experiments, which can also provide technical support for
subsequent scholars to study the geothermal resources in the
plateau region or to evaluate the geothermal potential of the region.

CONCLUSION

In this study, a new model is established based on Fourier analysis
and heat conduction principle, and the long-termmonitoring data of
soil temperature in the field are processed, and two sets of
temperature time series data measured at different soil depths are
selected for experimental analysis, as a way to improve the
calculation accuracy of soil conduction heat dissipation by
eliminating the influence of temperature changes on soil
temperature. The following preliminary conclusions were obtained:

1) From the results of tests on four groups of soils at different
depths, the fluctuation range of soil temperature at 20 cm
before the correction was large, and the fluctuation range was
2.58°C–14.284°C, and as the soil depth deepened, the
temperature fluctuation slowly became smaller, and the
fluctuation range was 6.67°C–11.15°C at 50 cm. Also, the
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fluctuation range was basically reduced to within 0.3°C after
temperature correction. The results show that the influence of
temperature variation on soil temperature has been
eliminated as much as possible, which can provide help to
improve the calculation accuracy of heat dissipation in the
following calculations.

2) Through the seasonal average temperature data obtained in
the field and previous research results, and then after
eliminating the influence of temperature changes on soil
temperature, the geothermal temperature gradient in the
region can be calculated as 7.3°C/m and the geothermal
flux valued as 7.863W/m2. Although the number of
monitoring points is not enough to fit the geothermal flux
situation in the whole study area, the soil temperature time
series processing method proposed in this study is feasible and
can provide technical support for subsequent researchers to
evaluate the geothermal situation in the region or to develop
geothermal resources.

3) A model combining Fourier series analysis and heat
conduction principle is established, which can realize the
rapid processing of soil temperature time series, so as to
obtain the soil thermal diffusion coefficient with high
accuracy to correct the effect of temperature change on soil
temperature, and the experimental results show that the
accuracy of the correction is high, and the model is widely
applicable, and the parameters can be adjusted according to
the needs of researchers to improve the accuracy of the model
in different areas of testing.
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