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Abstract 

Soil salinity represents a harmful environmental problem that occurs either naturally or as a consequence of 

ineffective management practices by humans, especially in arid regions. Assessing ground temperature profile 

represents an important indicator for evaluating the performance of geothermal systems, used in air conditioning of 

building. This paper proposes a conceptual and numerical model for predicting the hydrothermal behavior of unsaturated 

soils. The effect of soil salinity was investigated in this research. Two soil types (sandy and sandy loam) were studied 

under three salinity levels. Moreover, the arid meteorological conditions of Sahara Desert were considered in the 

developed model. According to the results, it appears that sandy soils exhibit optimal thermal behavior at a moderate 

salinity concentration of C = 0.1 M, with increased surface temperatures during warmer periods and better heat 

conservation in colder conditions. Conversely, sandy loam soils respond most effectively at a higher salinity 

concentration of C = 0.2 M, particularly excelling in heat retention during the summer months. These results emphasize 

the intricate interaction between soil composition and salinity in regulating temperature patterns, providing important 

knowledge for enhancing soil management practices that are customized to particular soil types and environmental 

factors, with potential implications for geothermal applications. 
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1. Introduction 

In the last years, the ongoing population growth and 

the expansion of building infrastructure led to the increase 

in energy demand worldwide. The adoption of higher 

living standards and increased demand for thermal 

comfort significantly drive-up energy consumption [1], 

[2], [3]. Assessing soil temperature variations represents 

a key factor governing geothermal applications for the 

production of building heating and cooling. Many 

researches have been carried out in order to investigate the 

performance of geothermal heat exchangers, since they 

represent an environmentally friendly energy source [3], 

[4], [5], [6], [7]. 

Understanding the soil thermal characteristics is 

crucial for assessing the energy transfer in the ground. In 

geothermal systems, close understanding of soil thermal 

conductivity allows to improve the design of ground heat 

exchangers, resulting in better efficiency of geothermal 

systems and providing effective energy flow [8], [9]. The 

main thermal parameters include thermal conductivity, 

thermal diffusivity, and the volumetric heat capacity of 

soils [7] . Thermal conductivity describes the rate at which 

heat flows through a unit area of soil in a given time, under 

a specific temperature gradient. Different approaches 

have been used to measure the thermal conductivity of 

different soils, investigating the impact of various 

involved parameters [7], [10], [11], [12], these studies 

highlighted that the thermal conductivity is greatly 
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affected by various soil parameters such as water content, 

mineralogy, organic matter, temperature and soil density 

[13]. Recently, it has been reported that there is a 

relationship between the salt concentration and the 

thermal conductivity of soil. Accordingly, predictive 

models were established to consider the correlation 

between soil salinity and thermal conductivity [9], [13], 

[14]. 

Several studies have been carried out in order to assess 

the temperature profiles in the soil. Thereby, different 

mathematical models have been established to depict the 

periodic variations in soil temperature at specific depths 

and times. Researchers [15]found that changes in ground 

temperature are influenced by aboveground environment, 

others [16] developed a model to predict ground 

temperature profiles, improving the energy balance 

equation with an empirical correlation. A numerical 

model was developed to describe heat and mass transfer 

in soil at shallow depths and under a temperate climate 

[17]. The developed model incorporates the effects of soil 

moisture content to assess the soil thermal and physical 

characteristics. A study was carried out in which organic 

matter and thermal conductivity calculations were 

considered [18]. The numerical simulation results 

demonstrate a moderate tendency for ground temperature 

variations over extended durations. Some studies [5] 

demonstrate that is necessary to consider the atmosphere-

soil interaction to assess ground temperature variations at 

shallow depth for horizontal heat exchanger; since it 

contributes to improve the performance of geothermal 

systems. 

At last, various models have been developed to predict 

the soil temperature profile. However, these models 

neglect the salt concentration in soil, making thus their 

application and validity limited. The climate change has 

contributed to the widespread growth of salt-affected soils 

around the world, especially in arid and semi-arid regions 

[19] . Recent research has shown that over one billion 

hectares of land are affected by soil salinization, with a 

potential increase of 10 to 16% per year [20]. 

The aim of this study is to investigate the effects of 

salinity on two different soil types in geothermal 

applications, and to better understand the impact of salt 

content on the heat transfer performance of salt-affected 

soils. In this work, a numerical model was developed to 

assess the annual fluctuations of the ground temperature 

profile in the Sahara region, characterized by high solar 

radiation and significant daily temperature variations 

throughout the year 2023. The developed numerical 

framework also includes the atmospheric-soil interaction 

by considering the meteorological conditions of the 

studied arid region. A range of unsaturated soil types was 

analysed, with various salt concentrations, to investigate 

changes in soil temperature profiles and their implications 

for geothermal efficiency. 

 

2. Model Development 

2.1. Energy balance equations at the soil 

atmosphere boundary 

The energy balance at the ground surface is calculated 

as follows [17]: 

𝑅𝑛 + 𝐻 − 𝐿𝐸 = 𝐺                                                         (1) 

Where 𝑅𝑛 is the net radiation, H and LE are the 

sensible and latent heat flux, respectively, and G is the 

ground heat flux, all measured in W/m², and represented 

in Figure 1. 

 

Figure 1. Energy transfer processes at the ground surface. 

Direct and diffuse radiation are the two primary forms 

of solar radiation. While diffuse radiation travels through 

the atmosphere and is scattered by dust, water vapor, and 

clouds, direct radiation reaches the Earth's surface freely. 

Both kinds of radiation fall under the shortwave energy 

category. On the other hand, long-wave radiation is 

released by the Earth's surface and atmosphere. The 

balance of incoming and outgoing long-wave radiation, 

along with short-wave radiation that has been absorbed 

and reflected, is 𝑅𝑛. It can be calculated as follows [21]: 

𝑅𝑛 = (1 − 𝑎𝑙)𝑅𝑠 − 𝐿 ↑ + 𝐿 ↓                                       (2) 

Where 𝑎𝑙 represents the soil surface albedo, 𝑅𝑠 refers 

to the short-wave radiation.  

𝐿 ↑= 𝜀𝑠 𝜎 𝑇𝑠
4                                                                 (3) 
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𝐿 ↓= 𝜀𝑎  𝜎 𝑇𝑎
4                                                                 (4) 

𝐿 ↑ and 𝐿 ↓, which represent the long-wave radiation 

emitted by the Earth's surface and the sky respectively, are 

calculated using the Stefan-Boltzmann law. The soil 

surface emissivity and air emissivity are represented by 

𝜀𝑠 and 𝜀𝑎  , respectively. Additionally, the Stefan-

Boltzmann constant is denoted by 𝜎 = 5.67 ⨯ 10−8 

(Wm-2 K-4), while 𝑇𝑠 and 𝑇𝑎  refer to the soil temperature 

and ambient temperature (K), respectively. 

𝜀𝑎 =  0.7 + 5.95 ⨯ 10−4 𝑒𝑎 𝑒1500 (𝑇𝑎+273.1)⁄              (5) 

𝑒𝑎 =
𝑅𝐻

100
𝑒𝑠                                                                    (6) 

𝑒𝑠 = 0.6107 𝑒17.269𝑇𝑎 (𝑇𝑎+273.1)⁄                                   (7) 

Where there is relative humidity, RH is expressed as a 

percentage, 𝑒𝑎 represents the vapor pressure (kPa), and  𝑒𝑠 

indicates the saturated vapor pressure (kPa) at the ambient 

temperature 𝑇𝑎.  

Rs is calculated as follows: 

𝑅𝑠 = (0.75 + 0.00002𝑧) 𝑅𝑎                                        (8) 

Where z represents the elevation above sea level (m) 

and Ra is the extraterrestrial solar radiation (W/m²) which 

are determined by [22]: 

𝑅𝑎 = 𝐺𝑆𝐶  𝑑r[𝜔𝑆  sin 𝜑 sin 𝛿 + cos 𝜑 cos 𝛿𝑠 sin 𝜔𝑆]     (9) 

The solar constant 𝐺𝑆𝐶 is equal to 1367 W/m². 𝜑 and 

𝛿𝑠 represent latitude and solar declination, respectively, 

while 𝜔𝑆 corresponds to the sunset hour angle, and the 

relative distance between the Earth and the Sun is denoted 

by dr. 

𝑑𝑟 = 1 + 0.033 𝑐𝑜𝑠 (
2𝜋

365
 𝐽)                                            (10) 

𝜔𝑆 = 𝑎𝑟𝑐𝑐𝑜𝑠[− 𝑡𝑎𝑛(𝜑) 𝑡𝑎𝑛(𝛿𝑠))                                 (11) 

𝛿𝑠 = 0.409𝑠𝑖𝑛 (
2𝜋

365
 𝐽 − 1.39)                                       (12) 

The convective heat transfer between the ground 

surface and the surrounding air is represented by the 

sensible heat flux, which is computed as follows [23]: 

𝐻 =
𝜌𝑎𝐶𝑝−𝑎(𝑇𝑎−𝑇𝑠)

𝑟𝑎
                                                        (13) 

Air density is denoted by 𝜌a, heat capacity is 

represented by 𝐶𝑝−𝑎, and aerodynamic resistance to heat 

transfer is expressed as ra which is calculated as follow 

[24]: 

𝑟𝑎 =
𝑙𝑛(

𝑍𝑚−𝑑

𝑍𝑜𝑚
)×𝑙𝑛(

𝑍𝑚−𝑑

𝑍𝑜ℎ
)

𝐾2𝑈𝑊𝑖𝑛𝑑
                                                (14) 

Zm represents the height above the ground where wind 

speed, air temperature, and humidity are measured.  

𝑈𝑊𝑖𝑛𝑑 denotes the wind speed, while K is the von Karman 

constant. d is the fictive ground surface where the wind 

speed is zero. 

𝑑 =
2ℎ𝐶

3
                                                                         (15) 

hc is the vegetation height, Zom is the roughness length 

for momentum transfer, calculated by: 

𝑍𝑜𝑚 = 0.123ℎ𝐶                                                            (16) 

Zoh is the roughness length for vapor transfer: 

𝑍𝑜ℎ = 0.1𝑍𝑜𝑚                                                              (17) 

The latent heat flux LE is the interaction of the latent 

heat of vaporization L and the rate of evaporation E. The 

evaporation potential EP at the soil surface is calculated 

assuming an unlimited water supply. The Penman-

Monteith equation determines the value of EP [22]  

𝐸 = 𝑃 × [1 + (
𝐸𝑃

𝑃
)

−2
]

−
1

2

                                            (18) 

P represents the precipitation rate (mm/s).  

𝐸𝑃 =  
1

𝐿
[

∆×𝑅𝑛+
𝜌𝑎𝐶𝑝𝑎(𝑒𝑠−𝑒𝑎)

𝑟𝑎

∆+𝛿(1+
𝑟𝑐
𝑟𝑎

)
]                                         (19) 

The slope of the saturation vapor pressure curve is 

represented by ∆ (kPa/K), the psychrometric constant is 

denoted by 𝛿 (kPa/K), and the canopy resistance is 

indicated by rc (s/m). 

 

2.2. Hydraulic flow in unsaturated soils 

The Richards equation is used to determine the 

hydraulic transfer in an unsaturated soil as follows [25]. 

𝐶(ℎ)
𝜕ℎ

𝜕𝑡
− ∇ 𝐾(ℎ)∇ℎ −

𝜕𝐾

𝜕𝑧
= 0                                   (20) 

The specific moisture capacity, as a function of water 

content, is given by the equation 𝐶(ℎ) =
𝜕𝜃

𝜕ℎ
, where h 

represents the suction head (m), and K(ℎ) is the 

unsaturated hydraulic conductivity. The Mualem-van 

Genuchten formulation was selected for the functions 

K(ℎ) and 𝜃(ℎ) [26], [27] 
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𝜃(ℎ) = 𝜃𝑟 + (𝜃𝑠 − 𝜃𝑟)[1 + (𝛼ℎ)𝑛]−𝑚                      (21) 

𝐾(ℎ) = 𝐾𝑠𝑆𝑒
𝑙 [1 − (1 − 𝑆𝑒

𝑙
𝑚⁄

)𝑚]
2

                              (22) 

𝑆𝑒 =
𝜃−𝜃𝑟

𝜃𝑠−𝜃𝑟
                                                                   (23) 

The volumetric soil water content 𝜃 is measured in 

m³/m³, with 𝜃𝑟 and 𝜃𝑠 representing the residual and 

saturated water contents, respectively. The effective 

degree of saturation is denoted by 𝑆𝑒 , while 𝐾𝑠 refers to 

the saturated hydraulic conductivity (m/s). The empirical 

parameters 𝛼 (kPa⁻¹), ⁻¹), 𝑛, and m are related by the 

equation 𝑚 = 1 − 1/𝑛  [28]. 

 

2.3. Thermal transfer in unsaturated soils 

The equation governing energy conservation in the soil 

is expressed as [5] 

𝜌𝑠𝑐𝑝−𝑠
𝜕𝑇𝑠

𝜕𝑡
= ∇(𝑘𝑠∇ 𝑇𝑠) + ∇(𝜌𝑤𝑐𝑝−𝑤𝑢𝑤𝑇𝑠) + 𝑄𝑠      (24) 

Where ρs and ρw represent the densities of soil and 

water, respectively (kg/m³), cp-s and cp-w denote the heat 

capacities of soil and water, respectively (J/kg/K), and ks 

stands for the soil's thermal conductivity. uw represents the 

velocity of water within the soil (m/s), and 𝑄𝑠  refers to 

the heat source within the soil (W/m³). 

The soil volumetric heat capacities were obtained 

using the following formulation [29] 

𝐶𝑣 = 𝜌𝑑𝑐𝑝−𝑠 + 𝜌𝑤𝑐𝑝−𝑤𝜃                                            (25) 

In this study, the thermal conductivities of the studied 

soils were determined based on varying water content and 

salinity levels. Two different soil types were investigated 

for three salinity concentrations. The aim is to evaluate the 

impact of salinity on soil temperature variations in arid 

regions. The thermal conductivity as function of water 

content and salt concentration is represented as follows 

[30]: 

𝑘𝑠 = (𝐴1 𝜃
2 + 𝐵1𝜃)𝐶2 + (𝐴2 𝜃

2 + 𝐵2𝜃)𝐶 + (𝐴3 𝜃
2 + 𝐵3𝜃)  (26) 

Where C represents the salinity, and θ denotes the 

water content. A and B are empirical parameters that vary 

based on the soil type [30]. 

3. Characterization of the Study Region 

3.1. Location and Geography 

Adrar is located in southern Algeria, inside the 

immense expanse of the Sahara Desert, at around 27.87° 

N latitude and 0.29° W longitude, as seen in Figure 2. The 

region covers around 427,368 km² and is characterized by 

desert landscapes, including large sand dunes, rocky 

plateaus, and dry plains. The average height is roughly 

258 meters above sea level. The sand, which is mostly 

made up of fine quartz grains, generates towering dunes 

that reach several hundred meters and are constantly 

changed by powerful desert winds. Adrar has a harsh 

desert environment, with summer temperatures regularly 

topping 45°C and little precipitation. This volatile and 

severe climate, together with its underlying geology, 

provide opportunities for geothermal energy exploration. 

High thermal gradients under the surface may allow for 

sustained heat extraction, making Adrar an attractive 

choice for renewable energy development in Algeria.  

 

Figure 2. Geographic location of Adrar region within the aridity 

zones of northern Africa [source: World Meteorological 

Organization – WMO]. 

 

3.2. Overview of the climatic conditions 

Adrar has a harsh desert environment, with very high 

temperatures, low humidity, and little rainfall. In summer, 

temperatures in Adrar can reach 48°C, with normal highs 

ranging from 40°C to 45°C. During the winter, 

temperatures are gentler, with average lows ranging from 

10°C to 15°C, while overnight temperatures can 

occasionally drop below freezing, despite these seasonal 

changes, the region has an average yearly temperature of 

around 27°C. Figure 3 illustrates the maximum, average 

and minimum temperatures of the year.  
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Adrar's humidity is often low, frequently dipping 

below 20%, which, paired with high temperatures, adds to 

the dry conditions. Wind plays a crucial role in Adrar, 

with typical wind speeds ranging from 20 to 30 km/h. 

These winds, especially in the spring, may cause frequent 

and powerful sandstorms, which affect the 

region's landscape. 

Adrar receives less than 5 mm of precipitation per year 

on average, making it one of Algeria's driest regions. 

Rainfall is typically in the form of brief, powerful storms 

that can cause flash floods in normally dry riverbeds 

(wadis). Extreme heat, low humidity, high winds, and 

little rainfall characterize Adrar's severe desert 

environment. 

 

Figure 3. Yearly temperature variations in Adrar during the 

year 2023: Maximum, Average, and Minimum. 

In this region, the combination of low precipitation and 

high evaporation rates led to increased salinity in soils. 

Moreover, soil salinization is proportional with 

piezometric level of water table depth [31]. The poor 

management practices caused by humans worsened the 

situation further in the last years. 

 

4. Application of the Developed Numerical 

Model 

The coupled partial differential equations outlined in 

Section 2 were numerically solved using the time-

dependent solver in COMSOL Multiphysics. The study 

focused on two soil types, sand and sandy loam, and 

examined three salinity levels (no salinity, 0.1 M, and 0.2 

M) applied at 40 cm below the surface to assess the impact 

of salinity on soil temperature profiles during the year 

2023. The objective was to determine which soil type 

performs best under each salinity level, considering arid 

meteorological conditions and specific soil properties. 

The hydro-thermal properties of the investigated soils are 

presented in Table 1. 

Climate variables are described as time-dependent 

parameters in the extended model. Table 2 summarizes 

the parameters used to compute the energy balance at the 

soil-atmosphere interface. 

Table  1. Hydrothermal Properties of the Studied Soils. 

Soil Type Sand Sandy loam 

l 0.5 0.5 

α (1/m) 3.28 2.6 

n1 1.54 1.52 

θr 0.01 0.02 

Ks (m/s) 2.5⨯10-5 1.78⨯10-5 

𝜌𝑑 (kg/m3) 1520 1600 

cp-s (Jkg-1K-1) 910 1040[32] 

 

Table  2. Parameters for Calculating the Ground Surface 

Energy Balance. 

Parameter Value 

hc 0.05 m 

Zm 2 m 

UWind 5.25 m/s 

K 0.41 

P 9808844.7 Pa 

cp-a 1004.7 Jkg-1K-1 

cp-w 4181 Jkg-1K-1 

L 2.257 ×103 J/kg 

𝑎𝑙 0.18 

The computational domain under study spans a depth 

of 20 meters and a width of 10 meters. As shown in Figure 

4, the soil domain is discretized into 3148 triangular 

elements, along with 150 edge elements and 4 vertex 

elements. 

The boundary conditions for the soil model include 

specific hydraulic and thermal conditions at different 

locations. At the top surface, Neumann conditions are 

applied for both hydraulic and thermal aspects, 

representing a specified flux. The lateral boundaries are 

treated as adiabatic, meaning no heat or moisture transfer 

occurs. At the bottom, Dirichlet conditions are set, with a 

fixed pressure head for hydraulic conditions and a 

constant temperature for thermal conditions. 
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Figure 4. Meshing of the model domain. 

 

5. Results and Discussion  

After establishing the initial temperature profile and 

determining the fluxes for each soil type with varying 

salinity levels, the study shifts its focus to analyzing soil 

temperatures at different depths.  

The seasonal surface variation in soil temperature for 

sandy soil with different salinity levels C = 0 M, C = 0.1 

M, C = 0.2 M are illustrated in Figure 5. The highest peak 

temperature value was obtained on sand with C = 0.1 M 

in the summer follower by C = 0 M and C = 0.2 M. On 

the other hand, the trend is reversed in winter, the sand at 

C = 0 M holds heat better, this leads to the conclusion that 

salinity affects the thermal behavior of sand differently 

throughout the year, with moderate salinity enhancing 

heat retention in summer, while non-saline soils retain 

more heat in winter. 

Figure 6 depicts the seasonal change in surface 

temperature for sandy loam soils with varying salinity 

levels C = 0 M, C = 0.1 M, and C = 0.2 M throughout the 

year. All soils have a sinusoidal temperature pattern, with 

the maximum temperatures occurring mid-year and the 

lowest at both the beginning and end of the year. The soil 

with the highest salinity C = 0.2 M has the highest peak 

temperature during the summer, slightly surpassing both 

moderate salinity C = 0.1 M and non-saline C = 0 M soils. 

This shows that increasing salinity improves soil heat 

retention during warmer months. Despite these variances, 

overall temperature trends are similar, indicating that 

salinity has the greatest influence on peak summer 

temperatures in sandy loam soils. 

 

Figure 5. Seasonal surface temperature variation for sandy 

soil with different salinity levels (C = 0 M, C = 0.1 M, C = 0.2 

M). 

 

Figure 6. seasonal surface temperature variation for sandy 

loam soil with different salinity levels (C = 0 M, C = 0.1 M, C 

= 0.2 M). 

Figure 7 shows the variation in seasonal temperatures 

at 20 cm depth of sandy soils of the three levels of salinity. 

During summer, the peak temperature is attained by the 

soil with moderate salinity corresponding to C = 0.1 M, 

followed by the non-saline soil corresponding to C = 0 M, 

while highly saline soil corresponding to C = 0.2 M takes 

the third position. In contrast, during winter, non-saline 

soil, C = 0 M, shows the maximum temperature, followed 

by highly saline soil, C = 0.2 M, while the minimum of 

the three will correspond to the soil with moderate 

salinity, C = 0.1 M. These variations reveal that salinity 

levels influence soil temperature differently in warm and 
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cold seasons, with moderate salinity leading to higher 

summer temperatures, while non-saline soil retains more 

heat during the winter months. 

At the same depth, Figure 8 illustrates the seasonal 

temperature variation in sandy loam soils, comparing 

three salinity levels. In both summer and winter, the soil 

with the highest salinity C = 0.2 M had the highest 

temperature, demonstrating that increasing salinity 

improves the soil's capacity to absorb heat. This is 

followed by moderately salty soil C = 0.1 M, and non-

saline soil C = 0 M, which has the lowest peak 

temperature. This trend indicates that salinity plays an 

important role in altering the soil's temperature. 

 

Figure 7.  Seasonal temperature fluctuations at 20 cm depth in 

sand soil with varying salinity Levels (C = 0 M, C = 0.1 M, C 

= 0.2 M). 

 

Figure 8. Seasonal temperature fluctuations at 20 cm depth in 

sandy loam soil with varying salinity levels (C = 0 M, C = 0.1 

M, C = 0.2 M). 

At a depth of 40 cm, where salinity is present, the 

seasonal fluctuation of temperature in sandy soil over a 

year for three different levels of salinity is illustrated in 

Figure 9, following the same pattern as Figures 5 and 

Figure 7. The temperature peaks in the summer, with the 

highest value in soil with C = 0.1 M, followed by soil with 

C = 0 M, and finally soil with C = 0.2 M. However, during 

the winter period, the highest temperature is recorded in 

soil with C = 0 M, followed by soil with C = 0.2 M, and 

lastly, soil with C = 0.1 M.  

 

Figure 9. Seasonal temperature fluctuations at 40 cm depth in 

sandy soil with varying salinity levels (C = 0 M, C = 0.1 M, C 

= 0.2 M). 

At an equivalent depth, the seasonal temperature 

fluctuations in sandy loam soil over a year for three 

different salinity levels are displayed in Figure 10. The 

results are consistent with those shown in Figures 6 and 

Figure 8, indicating that as salinity increases, so does the 

temperature. Specifically, soil with the highest salinity C 

= 0.2 M exhibits the highest temperatures throughout the 

year, followed by soil with C = 0.1 M and C = 0 M. The 

trend is most noticeable during the summer months when 

the temperature peaks are more pronounced, with higher 

salinity levels leading to greater heat retention. 

Figure 11 illustrates the temperature profile in sandy 

soil at various depths for different salinity levels, during 

winter (January) and summer (June) of the year 2023, 

with salinity implemented only at the surface down to a 

depth of 40 cm in the model. The temperature variation is 

most pronounced near the surface, particularly in June, 

where salinity is C = 0.1 M leads to slightly higher 

temperatures compared to salinity levels C = 0 M and C = 
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0.2 M. In January, temperature differences due to salinity 

are minimal, indicating that salinity has a stronger effect 

during warmer periods. Below the depth of 40 cm, where 

salinity is not applied, the temperature stabilizes at around 

25°C. Overall, salinity influences surface temperatures 

more in summer, with less impact during winter. 

 

Figure 10. Seasonal temperature fluctuations at 40 cm depth 

in sandy loam soil with varying salinity levels (C = 0 M, C = 

0.1 M, C = 0.2 M). 

 

Figure 11. Temperature profile with depth for sandy soil for 

varying salinity levels (C = 0 M, C = 0.1 M, C = 0.2 M). 

Figure 12 illustrates the temperature profile in sandy 

loam soil at various depths for different salinity during 

winter (January) and summer (June), with salinity applied 

only to the top 40 cm of the soil. In this upper layer, 

temperature differences are most pronounced, especially 

during the summer (June), where soil with higher salinity 

C = 0.2 M exhibits higher temperatures. In winter 

(January), the temperature differences between salinity 

levels are less noticeable, with slightly higher 

temperatures in non-saline soil C = 0 M. Below the 40 cm 

depth, where salinity is not applied, the temperature 

stabilizes across all salinity levels and remains consistent 

around 25°C, showing no significant seasonal or salinity 

influence. This indicates that salinity affects the 

temperature primarily near the surface, with a greater 

impact during warmer periods, while deeper soil layers 

maintain a stable temperature profile independent of 

salinity. 

 

Figure 12. Temperature Profile with depth for sandy loam soil 

for varying salinity levels (C = 0 M, C = 0.1 M, C = 0.2 M). 

 

6. Conclusion  

This research paper presents a numerical model of soil 

temperature variations in Sahara Desert climate 

conditions. Two different soil types: sand and sandy loam, 

were investigated, under three levels of salinity C = 0 M, 

C = 0.1 M, and C = 0.2 M in Adrar region of Algeria 

during the year 2023. The finding reveals that in sandy 

soils, a salinity level of C = 0.1 M offers the best thermal 

performance, leading to higher surface temperatures 

during warmer months while maintaining moderate heat 

retention in colder conditions. For sandy loam soils, the 

highest salinity level C = 0.2 M proved to be the most 

effective in retaining heat, particularly during the 

summer, resulting in higher surface temperatures. This 

study highlights the varying impact of salinity on different 

soil types, with sandy soils responding best to moderate 

salinity, while sandy loam benefits more from higher 
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salinity levels. These findings are crucial for geothermal 

applications as they highlight the interaction between soil 

type, salinity, and temperature behavior. This 

understanding could serve as a valuable guide for 

selecting the appropriate soil types and chemical 

treatments to enhance thermal conductivity and heat 

retention, which is essential for the development of 

efficient geothermal systems in arid regions such as the 

Sahara Desert. Moreover, future studies should aim to 

explore a more extensive range of soil types and salinity 

conditions, as this would significantly enhance our 

understanding of how geothermal systems perform in 

various environmental contexts. By investigating these 

factors across different arid regions, researchers can 

improve the applicability of geothermal energy solutions 

in diverse settings. This expanded knowledge base will 

ultimately contribute to the optimization of geothermal 

system designs, making them more efficient and better 

suited to the unique challenges posed by arid 

environments, thereby advancing the development of 

sustainable energy solutions that can meet the demands of 

such regions. 
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Nomenclature  

Rn Net radiation, W/m2 

H Sensible heat flux, W/m2 

G Ground heat transfer, W/m2 

Rs Shortwave radiation, W/m2 

E Evapotranspiration rate 

L Latent heat of vaporization of water, J/kg 

LE Latent heat flux, W/m2 

𝑎𝑙  The surface albedo 

Ra Longwave radiation, W/m2 

σ Stefan-Boltzman constant, Wm-2K-4 

ε Emissivity of the surface 

Ta Ambient temperature, K 

Ts Soil temperature, K 

ra The aerodynamic heat resistance, s/m 

𝐶(ℎ)  The specific moisture capacity 

H  The suction head, m 

K(ℎ)  The unsaturated hydraulic conductivity, m/s 

𝐾𝑠  The saturation hydraulic conductivity, m/s 

𝑆𝑒  The effective degree of saturation 

𝜃  The volumetric soil water content, m³/m³ 

𝜃𝑟  The residual water contents, m³/m³ 

𝜃𝑠  The saturated water contents, m³/m³ 

      𝛼  Van Genuchten empirical shape parameter, m-1 

     ρs The soil density, kg/m³ 

      𝜌𝑤 The water density, kg/m³ 

       𝜌𝑑 The soil dry density, kg/m³ 

        𝜌𝑎 The density of the air, kg/m3 

    cp-

w 

The specific heat capacity of water, Jkg-1K-1 

    cp-

s 

The specific heat capacity of soil, Jkg-1K-1 

    cp-

a 

The specific heat capacity of the air, Jkg-1K-1 

    uw The soil water velocity, m/s 

     ks The soil thermal conductivity, Wm-1K-1 

    𝐶𝑣 The soil volumetric heat capacity, Jm3K1 
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