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Abstract. In this study, the soil temperature profile was computed based on the harmonic heat 

transfer equations at various depths. The meteorological data ranging from January, 1st 2016 to 

December, 31st 2016 measured by local weather stations were employed. The findings indicted 

that as the soil depth increases, the temperature changes are negligible and the soil temperature 

is nearly equal to the mean annual air temperature. Likewise, the results have been compared 

with those reported by other researchers. Overall, the predicted soil temperature can be readily 

adopted in various engineering applications in Malaysia.   

1. Introduction 

Soil is not a good insulator for underground structure: the resistance of heat flow of dry earth is less than 

15% of that of moisture and decreases rapidly when the moisture content increases. However,  the soil 

is a terrific moderator for temperature fluctuations [1] in which it does not responds to daily temperature 

variations and only reacts gradually to seasonal changes. Due to the high thermal inertia (51% of the 

energy from the sun absorbed by the soil as shown in Figure 1) and the great heat capacity of the soil 

structure, it allows a damping of surface temperature fluctuations at a rate that varies exponentially with 

respect to the soil depth [2]. In other words, at a sufficient depth, the soil temperature is lower than the 

surface air temperature during daytime (the trend is opposite during night-time). Therefore, soil 

temperature is seemingly a key factor in affecting the heat transfer of an underground building and the 

thermal storage for new sources of renewable energy [3–7]. Therefore, the investigation of soil 

temperature at different depths is necessary to calculate the heat flux through the building surface. 

Meanwhile, the soil temperature data can be used for designing underground building in Malaysia.  

 

Soil temperature has been investigated for different geographical locations [8], geothermal 

assessments [3,9] and soil depths [9–11]. Also, research work on Ground Heat Exchanger (GHE) 

implementation [12,13], underground building [5,6,14] and underground wine cellar [2,15] have been 

performed as well. According to the papers above, the research of soil temperature variation within a 

tropical climate region is still incipient. Alam et al. [16] applied the soil temperature variation in 

designing an energy-efficient green building in Malaysia. However, the climate data in China was 

implemented directly in Malaysia environment. Yusof et al. [4] investigated the potential of ground 

cooling in Malaysia by using weather data measured in Kuantan, Pahang. However, the data provided 

by Yusof et al. [4] was limited to the soil depth of up to 6m only, which is not readily applicable in 

designing underground building in Malaysia. In the present work, an equation was established to 

determine the soil temperature for Malaysian climate. The analysis included the investigations of high 

http://creativecommons.org/licenses/by/3.0
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and low dry bulb temperatures, average dry bulb temperature, amplitude of surface temperature and 

mean annual air temperature. In addition, the phase constant (the minimum surface temperature 

throughout the year) was investigated as well. All analyses were performed by using the climate data 

provided by the Malaysian Meteorological Department for station 48684. It is worth to mention here 

that our proposed correlation considered the soil depth of up to 15m.   

 

 
Figure 1. Earth energy balance 

2. Method 

2.1. Study area 

Malaysia is a maritime country close to the equator which lies between 1° and 7° North latitude and 

100° and 119° East longitude. It consists of west and east regions separated by the South China Sea. As 

a tropical country, Malaysia experiences high temperature and relative humidity, light and variable wind 

conditions and long hour of sunshine with rainfall occurred throughout the year. The average sunshine 

is around 6 hours. The daily temperature in Malaysia ranges from 24℃ to 38℃. The lowest temperature 

is usually recorded during night-time. The mean daily humidity can be as low as 42% to as high as 94%. 

The annual evaporation rate in Malaysia is about 4mm–5mm per day depending on the cloud cover and 

the air temperature. Due to its hot and humid climate, cooler days are generally exhibiting lower 

evaporation rate and higher relative humidity as compared to warmer days [17]. In the present study, 

the soil temperature in Petaling Jaya, Selangor, Malaysia was investigated. 

2.2. Numerical simulation 

The soil temperature can be affected by variables such as topography, meteorology and sub-surface. 

Basically, the energies from meteorology elements such as solar, atmospheric agents and air are 

continuously transmitted to the soil surface (see Figure 1). Solar energy is the most dominant factor. In 

addition, daily and seasonal changes in solar energy will inflict a cyclical variation in air and soil 

temperatures. Other factors such as wind and rain could cause local variations as well. The typical annual 

temperature variation at the surface (or close to the soil surface) follows the pattern of simple harmonic 

equation. This harmonic equation can be modelled based on the Kasuda model [8], where the soil 

temperature is a function of time (day), soil depth and air temperature: 

 

𝑇 (𝑧, 𝑡) =  𝑇𝑚𝑒𝑎𝑛 − [(𝑇𝑎𝑚𝑝𝑒
−𝑧(

𝜋

365𝛼
)

1
2⁄

) cos {(
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Here, 𝑇 (𝑧, 𝑡) is the undisturbed soil temperature at time 𝑡(day) and depth 𝑧(m), 𝑇𝑚𝑒𝑎𝑛 is the mean 

surface temperature, 𝑇𝑎𝑚𝑝 is the amplitude of surface temperature, 𝛼 is the thermal diffusivity of the 

soil (m2/day) and 𝑡0 is the day of the year with minimum surface temperature. 𝑇𝑚𝑒𝑎𝑛, 𝑇𝑎𝑚𝑝 and 𝑡0 can 

be determined from the meteorology data. However, 𝛼 should be determined based on the physical soil 

characteristic such as soil type and moisture content.  

2.3. Data Analyses 

In order to apply Eq.(1) for Malaysia climate, the data provided by the Malaysian Meteorological 

Department was used. The data has been generated hourly starting from 0001H 1st January 2016 until 

2359H 31st December 2016. Table 1 shows the monthly average temperature (derived from the hourly 

temperature).  

 

Table 1. Climate Data for Petaling Jaya 

Month  Jan Feb Mar Apr May June Jul Aug Sept Oct Nov Dec Yearly 

Record High 

Dry Bulb 

Temp (℃) 

35.90 35.70 36.20 36.90 36.20 35.70 35.80 34.80 34.80 34.20 34.10 35.10 36.90 

Record Low 

Dry Bulb 

Temp (℃) 

23.80 25.00 23.70 24.60 23.40 23.40 27.41 23.80 28.01 23.60 23.30 22.50 22.50 

Ave Dry Bulb 

Temp (℃) 
29.13 29.19 29.99 30.13 29.23 28.96 28.59 29.51 28.84 28.70 27.51 27.67 28.95 

Amplitude of 

Surface Temp 

(°C) 

5.99 6.18 5.82 7.20 6.39 7.49 7.92 4.92 6.56 6.10 5.64 7.50 6.48 

 

From Table 1, the lowest and highest temperatures are 22.50℃ and 36.90℃, respectively. The 

temperature amplitude is 6.48℃ and 𝑡0 is taken from the basis of daily average temperature as shown in 

Figure 2. Meanwhile, the mean annual air temperature is 28.95℃. The thermal diffusivity, 𝛼 is 0.06 

m2/day with R2 value of 0.9999 [4]. Substituting the above-mentioned values into Eq. (1), the soil 
temperature can be predicted as: 

 

𝑇 (𝑧, 𝑡) =  28.95 − 6.48 𝑒
(−𝑧 ×[

𝜋
366𝛼

]
0.5

) 
 𝑐𝑜𝑠 [

2𝜋

366
 (𝑡 − 169) − 𝑧 × [

𝜋

366𝛼
]

0.5

] 
(2) 

 

The soil temperature, which is generated from MATLAB software, is applicable up to soil depth of 15m. 

The results are shown in Figure 3. 

3. Result and Discussion 

3.1. Soil temperature measurement 

Figure 3 shows the time history of temperature distribution for various depths calculated from Eq. (2). 

It seems that the soil surface temperature remains in phase with that of the daily temperature in Figure 

2. However, at the soil depth of approximately 1m, the temperature fluctuation, which is previously 

observed near the soil surface, is diminishing. At the soil depth of 5m, the maximum soil temperature 

condition occurs during the first 6 months of year 2016. However, the temperature is almost constant 

for soil depth of 10 m and beyond, and the soil temperature is nearly equal to the mean annual air 

temperature of 28.95℃. It is believed that soil which is high in thermal inertia would induce temperature 

fluctuation. Meanwhile, factors such as time lag and temperature fluctuation between the surface and 
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the soil could cause the soil to become isothermal after it reaches certain depth. These findings are 

consistent with those reported by previous researchers  [3–6].  

 

 
Figure 2. Daily average temperature of 2016 

 

 
Figure 3. Soil temperature distribution at various depths throughout the year 

3.2. Comparative analysis of other literature 

The result has been compared with those reported by [4,18]. The meteorological data was analysed 

according to their respective local weather conditions. The soil depth and the thermal diffusivity were 4 

m and 0.05 m2/day, respectively. Table 2 indicates the values for all variables in Eq. (2). Figure 4 

compares the results obtained from the present study and other references. The analysis was conducted 

using MATLAB software. From Table 2, the present mean annual air temperature is slightly higher than 

the others. Ref [18] reports a greater value of temperature amplitude. As shown in Figure 4, the harmonic 

pattern predicted from the present study is completely different from those reported by [4,18], even 

though the local weather conditions reported in Ref. [4] are quite similar to those considered in the 

present study. The only discrepancy between Ref. [4] and the present study was the measurement 

location of weather data. However, all results show that as soil depth increases, the soil temperature is 
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converging to the annual mean air temperature. To the best of the authors’ knowledge, it is believed that 

the phase constant plays a major role in producing the harmonic pattern of heat transfer at various depths. 

In addition, thermal diffusivity also plays an important role in the annual soil temperature variation. 

 

Table 2. Variables data for each case   

Variables Al-Ajmi et al. [18] Yusof et al. [4] Present Study 

𝑇𝑚𝑒𝑎𝑛 (℃) 27 26.9 28.95 

𝑇𝑎𝑚𝑝 (℃) 13.3 5.7 6.48 

𝑡0 (day) 16 365 169 

𝛼 (m2/day) 0.05 0.05 0.05 

Location Kuwait Malaysia Malaysia 

 

 

 
Figure 4. Comparison analysis of soil temperature 

4. Conclusion 

In this study, the soil temperature has been determined from the Malaysia meteorology data. An 

empirical equation has been proposed. At a depth of 10 m and beyond, the soil temperature is constant 

which is equal to the mean annual air temperature. The present results can then be used to calculate the 

heat flux through the underground building structure in Malaysia. Subsequently, the thermal 

performance in an underground building can then be determined accurately. 

Acknowledgment 

The author gratefully acknowledges the financial support given by Yayasan Tenaga Nasional (YTN). 

References 

[1] Anselm AJ. Earth Shelters; A Review of Energy Conservation Properties in Earth Sheltered 

Housing. Energy Conserv., InTech; 2012. 

[2] Porras-amores C, Mazarron FR, Cid-falceto J, Cañas I. Energy efficient underground 

construction: natural ventilation during hot periods. Int. Conf. Pet. Sustain. Dev. IACSIT Press, 

vol. 26, 2011, p. 32–6. 



6

1234567890

ICMAE'17 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 949 (2017) 012011  doi :10.1088/1742-6596/949/1/012011

 

 

 

 

 

 

[3] Márquez JMA, Bohórquez MÁM, Melgar SG. Ground Thermal Diffusivity Calculation by 

Direct Soil Temperature Measurement. Application to very Low Enthalpy Geothermal Energy 

Systems. Sensors 2016;16. doi:10.3390/s16030306. 

[4] Yusof TM, Anuar S, Ibrahim H. Numerical Investigation of Ground Cooling Potential for 

Malaysian Climate. Int J Automot Mech Eng 2014;10:2081–90. 

doi:10.15282/ijame.10.2014.24.0175. 

[5] Hazbei M, Nematollahi O, Behnia M, Adib Z. Reduction of Energy Consumption using Passive 

Architecture in Hot and Humid Climates. Tunn Undergr Sp Technol 2015;47:16–27. 

doi:10.1016/j.tust.2014.12.001. 

[6] Moradi H, Eskandari H. An experimental and numerical investigation of Shovadan heating and 

cooling operation. Renew Energy 2012;48:364–8. doi: 10.1016/j.renene.2012.05.016. 

[7] Mukhtar A, Ng KC, Yusoff MZ. Optimal Design of Opening Ventilation Shaft by Kriging 

Metamodel Assisted Multi-objective Genetic Algorithm. Int J Model Optim 2017;7:92–7. 

doi:10.7763/IJMO.2017.V7.565. 

[8] Kusuda T, Achenbach PR. Earth Temperatures and Thermal Diffusivity at Selected Stations in 

the United States. ASHRAE Trans 1965:61–74. 

[9] Florides G, Kalogirou S. Measurements of Ground Temperature at Various Depths. Proc. 3rd 

Int. Conf. Sustain. Energy Technol. Nottingham, UK, 2004. 

[10] Florides G, Kalogirou S. Annual ground temperature measurements at various depths. 8th 

REHVA World Congr., 2005. 

[11] Chow TT, Long H, Mok HY, Li KW. Estimation of soil temperature profile in Hong Kong from 

climatic variables. Energy Build 2011;43:3568–75. doi:10.1016/j.enbuild.2011.09.026. 

[12] Mihalakakou G, Santamouris M, Asimakopoulos D. Modelling the thermal performance of 

earth-to-air heat exchangers. Sol Energy 1994;53:301–5. doi:10.1016/0038-092X(94)90636-X. 

[13] Pfafferott J. Evaluation of earth-to-air heat exchangers with a standardised method to calculate 

energy efficiency. Energy Build 2003;35:971–83. doi:10.1016/S0378-7788(03)00055-0. 

[14] Mukhtar A, Ng KC, Yusoff MZ. Design optimization for ventilation shafts of naturally-

ventilated underground shelters for improvement of ventilation rate and thermal comfort. Renew 

Energy 2017. doi:10.1016/j.renene.2017.08.051. 

[15] Mazarrón FR, Cañas I. Seasonal analysis of the thermal behaviour of traditional underground 

wine cellars in Spain. Renew Energy 2009;34:2484–92. doi:10.1016/j.renene.2009.03.002. 

[16] Alam MR, Zain MFM, Kaish ABMA. Energy Efficient Green Building Based on Geo Cooling 

System in Sustainable Construction of Malaysia. Int J Sustain Constr Eng Technol 2012;3:96–

105. 

[17] Dahlan ND, Jones PJ, Alexander DK, Salleh E, Dixon D. Field Measurement and Subjects’ Votes 

Assessment on Thermal Comfort in High-rise Hostels in Malaysia. Indoor Built Environ 

2008;17:334–45. doi:10.1177/1420326X08094585. 

[18] Al-Ajmi F, Loveday DL, Hanby VI. The cooling potential of earth-air heat exchangers for 

domestic buildings in a desert climate. Build Environ 2006;41:235–44. 

doi:10.1016/j.buildenv.2005.01.027. 

 

 


