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Abstract: Pakistan relies mostly on fossil fuel for fulfilling its energy demand which is expensive as 

well as not friendly for the environment. The need of the hour is to shift from fossil fuels to 

renewable energy resources like geothermal, wind, solar etc. to cater for global warming issues. 

Pakistan has a lot of potential geothermal sites because of several fault lines and hot springs. A 

sound knowledge of ground temperature is essential to use geothermal energy, which is obtained 

by drilling boreholes and putting sensors making it an expensive procedure. Thus, to avoid huge 

cost for drilling bore holes, particularly for ground temperature analysis, a numerical approach has 

been considered for determining ground temperature. Furthermore, correlation charts between air 

and ground temperatures have been developed as there were no proper studies on the ground 

temperature of Pakistan. Then, with the help of a boreholes drilled in National University of 

Sciences and Technology Islamabad Pakistan, the actual ground and numerically calculated 

temperatures have been compared which shows an error margin in the range between 0.27% for 

higher depths to 7.3% near surface.  Thus, it is shown that the proposed method is easy to 

implement and better than large scale testing methods for the depths at which geothermal energy 

is extracted. 

Keywords: geothermal energy, ground temperature, correlation chart, soil types, temperature 

equation 

 

1. Introduction 

Sustainability is the primary goal of the global energy market and responsible consumption of 

natural resources is a dire need of this era according to the United Nations Sustainable development 

goals [1]. Pakistan is rich in renewable energy resources, still it is facing energy crises like shortage 

of electricity and load shedding [2,3]. Also, to generate electricity it imports fuel which is a huge 

hindrance to its economic development. The conventional energy sources like coal, gas, diesel, and 

fossil fuels are on the verge of ending and Pakistan needs to consider alternate and sustainable 

renewable energy sources [4]. The conventional methods are hazardous to the environment due to 

the release of ozone depleting and greenhouse gases (GHG). These two phenomena are mostly 

responsible for global warming and climate change, thus causing extreme weather conditions, glacier 

melting and flooding [5,6]. On the other hand, renewable sources like wind, hydro and geothermal 

energy are clean energy technologies which produce less GHG and are environmentally friendly and 

a counter measure for global warming to fulfill energy demands [7–9]. Pakistan has a lot of 

geothermal potential due to its geology which can be harvested for energy purpose. This research 

discusses the potential of geothermal energy in Pakistan where all the energy resources are being 

used for energy generation except the geo-thermal energy to cater global warming. The statistics of 
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the available energy sources previously studied illustrate that the energy sources are mainly 

composed of conventional sources and fossil fuels [10]. Thus, it is becoming very difficult to meet the 

energy requirements of the country as the prices of fossil fuels are increasing day by day. The average 

annual energy demand of Pakistan is also increasing at the rate of 8% to 10% annually [11]. The board 

of investment Pakistan gives the figure of 22,797 MW as the installed power capacity. But the 

generation stands approximately between 12,000 MW and 13000 MW per day [12]. The China 

Pakistan Economic Corridor (CPEC) is opening ways for investors in Pakistan increasing the energy 

demand abruptly. These commercial enterprise ventures can be powered by the energy generated by 

themselves using geo-thermal energy. 

Pakistan is located within the latitude and longitude of 30.37° N, 69.34° E with a land of about 

800,000 km2. The northeast to southwest extent of the country is about 1700 km, and its east–west 

width is approximately 1000 km. The geomorphology of Pakistan varies from lofty mountains of 

Himalayas, Karakorum, Hindukush, and Pamirs in the north to the fascinating coastline of the 

Arabian Sea in the south. In between the northern and southern extreme ends of the country, notable, 

and unique bended north–south oriented mountain ranges exist centrally bounded by the fertile 

plains of 3000-long River Indus and western part of famous Thar Desert on eastern side, and by the 

Chagai volcanic arc, vast tectonic depression of Kharan, and the westward swinging mountain ranges 

of Makran flysch basin. Pakistan is a huge museum of Geological formations with a variety of rocks 

and formations. Pakistan’s geothermal energy resources are located in the following four regions: 

Northern Pakistan consisting of Gilgit Baltistan, Northwestern and South Baluchistan, Indus Basin 

and West Sindh, Southwestern & Northern Punjab [13]. The sources, location and outlet reservoir 

temperature of some of the geothermal springs in Pakistan are Murtazaabad Springs in Hunza (237 

oC), Budelas Valey Springs in Hunza (159 oC), Dasu Springs in Kohistan (200 oC), Tatta Pani in 

Astore (200 oC), Sassi in Skardu (200 oC), Karsaz Spring in Karachi (70 -145 oC), Manghopir Spring 

in Karachi (70 - 145 oC), Kharan and Kohe Sultan Spring in Kharan and Chaghi (200 - 300 oC) [13,14]. 

Besides the regions mentioned, there are other spots as well, where single or multiple geothermal 

springs exist, and geological survey of Pakistan has issued a list of 12 regions investigated [15]. These 

regions are blessed with un-tapped geothermal energy resources. The only need is to exploit and 

utilize them efficiently and responsibly [16]. But the concept of geothermal energy is rare in Pakistan. 

Furthermore, to determine the geothermal potential, ground temperature data is required but the 

ground temperature of Pakistan is not studied in detail.  Thus, a numerical approach is needed to 

find out the temperature at higher depths in order to avoid the cost of drilling bore holes and heavy 

instrumentations to measure ground temperature. By now, it is evident that Pakistan has enough 

resources to generate and use the Geothermal Energy, but many geothermal potential areas are still 

unexplored and those which are known are not being used to fulfill the energy needs. Thus, there is 

dire need to study the geothermal potential and ground temperature of Pakistan in detail. 

Literature shows that ground temperature is influenced significantly by the air temperature at 

lower depths and as the depth below increases, a lag between air and ground temperature is observed 

such that the ground temperature becomes constant at a particular depth. At this depth, the 

temperature remains almost the same for the whole year. Thus, the difference between the air and 

ground temperature is utilized for heating purposes in winter season and cooling in summer season. 

The greater the difference between air and ground temperature, greater will be the efficiency of the 

geothermal system installed [17]. It is evident that the heat energy of the earth, stored in the ground, 

is a renewable source and can be extracted easily through environmentally friendly techniques [18]. 

Subsurface ground temperature profile is a prominent determinant of various thermo-active and 

latent heat applications. These include geothermal energy extraction and storage through contact 

mechanisms with structural elements, heating of airport runways, and the closed systems, using 

tunnel lining and support, as energy absorbers [19]. Moreover, the Ground Temperature (GT) profile 

is also being utilized to effectively predict the biological, zoological and pathological life cycle 

processes that occur underground. These complex activities have their major roots in the earth acting 

as a fluctuating heat source, with variable vertical temperature distribution and thermal diffusivity, 

at various times of the year. Geothermal resources are at present mainly used for generating 
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electricity and air conditioning by means of District Heating (DH) and geothermal heat pump 

systems [20]. These resources are normally classified as renewable energy sources, because they are 

maintained by a continuous energy current [21]. Geothermal technologies use renewable energy 

resources to generate electricity and/or heating and cooling while producing very low levels of 

greenhouse-gas emissions [22,23]. Thus, as a solution of global warming, this research focuses on 

potential of geothermal energy in Pakistan by mapping its ground temperature at different depths 

with the help of newly generated temperature correlation charts between air and ground that have 

never done before for this region. Section 2 discusses the numerical and empirical approach, while 

section 3 analyzes the temperature chart of respective regions and concludes with discussion at end. 

2. Methodology 

2.1. Determination of ground temperature by Numerical approach 

Kusuda formulated a correlation, in which it was described that ground temperature is a 

function of depth below the surface and time of the year [17,24]. The thermo-physical properties of 

soils and rocks make them an excellent propagator of latent heat in the ground. The equation 

developed by Kusuda is as follows: 

 

 
Where:  

Tsoil (D, tyear) = Ground Temperature  

Tmean = average surface i.e. air temperature 

Tamp = Amplitude of surface temperature [(max. air temperature – min. air temperature)/2] 

D = Depth below the surface (surface=0) 

α = Thermal diffusivity of the soil 

tyear = current time (day) 

tshift = day of the year of minimum surface temperature 

This correlation has been widely used to effectively predict the ground temperature profile, over 

the term of many decades. The correlation assumes that thermal diffusivity varies with different 

depths, irrespective of time of the year. The time period can be as short as one day (86400 seconds) to 

as long as a year (3.1536x107 seconds). Applying this equation for Islamabad Pakistan, the profile of 

ground temperature Figure 1 is obtained. The ground temperatures were calculated by considering 

the soil thermal diffusivity equivalent to clay (0.0267 m2/day) because the predominant soil in 

Islamabad region is clay which is also confirmed by bore logs. The air temperature data was obtained 

from the Pakistan Meteorological Department (PMD).  

 

 

Figure 1. Ground temperature at different depths using Kusuda Equation. 

𝑇௦௢௜௟൫𝐷, 𝑡௬௘௔௥൯ ൌ 𝑇௠௘௔௡ െ 𝑇௔௠௣ ൈ 𝑒𝑥𝑝 ൬െ𝐷ට గଷ଺ହൈఈ൰ ൈ 𝑐𝑜𝑠 ቈ ଶగଷ଺ହቆ𝑡௬௘௔௥ െ 𝑡௦௛௜௙௧ െ ஽ଶට ଷ଺ହగൈఈቇ቉       (1) 
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2.2. Determination of ground temperature by Experimental approach 

Previous studies show that kusuda formula might not provide accurate results everywhere 

because of different spatial temperature variation and equatorial location [25]. Thus, it is necessary 

to verify and validate this equation for Pakistan, before its application. The validation of this equation 

was carried out by comparing its results obtained with the bore hole drilled inside the university, 

especially for ground temperature measurement purpose. Figure 2 shows the actual ground 

temperatures. The comparison between numerical results and experimental results shows an error 

margin in the range between 0.27% for higher depths to 7.3% near surface. Figure 3 shows that the 

approach works perfectly for depths greater than about 2 m and the error margin decrease as depth 

increases. At lower depth, the results from field and equation vary significantly. It is because the 

shallow depths are affected greatly by the surface weather conditions [17]. 

 

Figure 2. Ground Temperature at different depths from thermometers in the boreholes. 

3. Results 

3.1. Temperature correlation 

A/G Charts: 

The kusuda formula has been widely used to effectively predict the ground temperature profile, 

over the term of many decades. However, a very important contemplation of kusuda’s equation is 

the hypothesis of defining the variation of the ratio of air and ground temperatures with depth as 

shown in Figure 4 (a, b, c, d) which is the main contribution of the authors. (4 charts are attached here 

while the rest are put in appendix A). These graphs have been plotted by taking into account the 

average monthly air and ground temperatures, with uniformly increasing depth. Time interval taken 

is one complete month, over the course of a complete year. Different types of soils and rocks have 

been investigated in the postulation of this hypothesis. These include sand (unsaturated and 

saturated), clay (unsaturated and saturated), silt, peat, gravel, sandy gravel, loam, shale, granite, 

dolomite, quartz, sandstone and limestone which correspond to meteorologically recorded average 

monthly temperatures of 11 separate districts, from all across Pakistan. These areas include 

Rawalpindi, Bahawalpur, Lahore, Multan, Faisalabad, Quetta, Peshawar, Skardu, Jhelum, Zhob and 

Karachi. These charts have depths on X-axis and A/G (air temperature by ground temperature) ratio 

on Y-axis. It can be seen that the slope of monthly air/ground temperatures vs. Depth is steeper for 
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the first 2m below the ground. However, it can be observed that the A/G ratio becomes relatively 

constant, exceeding the depths of 6 m. It is due to the high thermal inertia of the soil, the fluctuations 

in ground temperature are diminished with higher depths and the ground temperature remains 

relatively constant [26]. 
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Figure 4. (a, b, c, d) A/G vs Depth Ground Temperature Correlation charts. 

Temperature Mapping of Pakistan: 

Resulting soil and rock temperature envelopes, formulated from the annual A/G ratio vs. Depth 

graphs, have been used to develop a comparison between each soil envelope. Figure 5 shows the 

resulting annual graphs of each soil and rock, modelled over a period of one year. It can be perceived 

from the resultant graphs that the A/G vs depth is highest for clay (dry), sand (dry), loam, shale and 

sandstone for the month of June; silt, gravel, sandy gravel and limestone for the month of July; and 

dolomite and granite for the month of August. However, lower most temperature fluctuates between 

winter months of January and December, for all of the different soil and rock types under 

investigation. It can be inferred from the hypothesis that the ambient temperature of the month under 

study and resulting ground temperature greatly influences soil and rock temperature envelops, when 

thermal diffusivities of the said geological materials are kept constant. Figure 6 depicts the work of 

the authors which used A/G charts for the temperature zoning of Pakistan based on the annual 

ground temperatures obtained considering the predominant soil type in the mentioned region. The 

soils type map was obtained from soil survey of Pakistan. 
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Figure 5. Ground Temperature envelope for all soils and rocks considered. 

4. Discussion and Conclusions 

Geothermal energy is a clean energy technology which plays a key role in reducing greenhouse 

gases thus giving a solution for global warming while fulfilling the energy needs. The authors 

discussed the geothermal energy potential of Pakistan and provided a new correlation chart to 

understand the ground energy in terms of temperature. It is also shown that the type of soil and its 

characteristics governs the transmission of ground temperature between soil and the structural 

foundation element. Moreover, the morphological, rheological and geological characteristics of the 

soil and rock type, greatly affects A/G vs. depth charts. Furthermore, the thermal properties of the 

material under study are significantly affected by the ground temperature profile. Overall, using the 

A/G charts is environmentally friendly and inexpensive considering both time and money. The result 

of the study is concluded as below: 

1. Ground temperature charts show that type of soils/rocks and its characteristics govern the 

transmission of ground temperature between soil and the structural foundation element. 

2. Rock types at a shallow depth have a highly fluctuating A/G temperature profile as compared 

to the same rock types at higher depths. 

3. A/G ratio for igneous and sedimentary rocks (Granite and Dolomite) is higher than soil and soft 

rocks. 

4. Significant fluctuation of A/G pattern is observed in the case of Dolomite and other sedimentary 

rocks. 

5. A/G pattern is similar to that of soils observed in case of Limestone, Sandstone and Shale even 

though they are sedimentary rocks. 

6. The geothermal potential of Pakistan is easily conceptualized by using the A/G charts. 

For future studies, it is recommended that other cities’ data must also be validated for any 

inconsistencies, as the bore holes were drilled only in one city. In this way A/G charts made for other 

cities of Pakistan and zoning done for geothermal potential by considering the ground temperature 

be more reliable. 
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