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Abstract 
Reducing the consumption of fossil fuels using the underground spaces has a significant impact on the economic, 

social and environmental dimensions of sustainable development. In this study, the temperature of soil layers and 

the thermal comfort in these layers were investigated to create the underground spaces in Khuzestan province. The 

average summer temperature in the center of the province is about 38°C, which is far from the comfort of the 

temperature. The surface annual temperature fluctuation in the province varies from 23.5 in the north of the prov-

ince to 28.5 °C in the southeast. Investigating the temperature fluctuation in the soil layers shows that it decreases 

by increasing the depth, so that at a depth of 10 meters, the temperature fluctuation is approximately zero which 

is equal to the annual average temperature. Therefore, up to a depth of 10 m, temperature fluctuation decreases by 

increasing the depth. The use of underground spaces in the province can be ta-ken as an alternative in coping with 

heat and extreme sunlight, reducing energy and controlling dust. It also has a positive effect on economic, social, 

and environmental dimensions of sustainable development. 

 

Key words: underground space, temperature fluctuation, soil depth temperature, comfort thermal, Khuzestan 
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Streszczenie 
Zmniejszenie zużycia paliw kopalnych z wykorzystaniem przestrzeni podziemnych ma znaczący wpływ na wy-

miar gospodarczy, społeczny i środowiskowy zrównoważonego rozwoju. W tym badaniu zbadano temperaturę i 

komfort cieplny warstw gleby w tych warstwach, aby stworzyć podziemne przestrzenie w prowincji Chuzestan. 

Średnia temperatura latem w centralnej części prowincji wynosi około 38 ° C, co jest dalekie od komfortowej 

temperatury. Roczne wahania temperatury powierzchniowej w prowincji wahają się od 23,5 °C na północy pro-

wincji do 28,5 °C na południowym wschodzie. Badanie wahań temperatury w warstwach gleby wykazało, że 

zmniejsza się ona wraz ze wzrostem głębokości, tak że na głębokości 10 metrów wahania temperatury są w przy-

bliżeniu zerowe i są równe średniej temperaturze rocznej. Dlatego do głębokości 10 m wraz z rosnącą głębokością 

zmniejszają się wahania temperatury. Wykorzystanie przestrzeni podziemnych w tej prowincji może być wyko-

rzystane do walki z upałem i ekstremalnym nasłonecznieniem, ograniczania zużycia energii i kontrolowania za-

pylenia oraz ma pozytywny wpływ na wymiar ekonomiczny, społeczny i środowiskowy zrównoważonego roz-

woju. 

  

Słowa kluczowe: podziemia, zmiany temperatury, temperatura głębi ziemi, komfort termiczny, prowincja Khu-

zestan
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1. Introduction 

 

The impact of environmental conditions on life and 

activity of human is not overlooked by anyone, and 

the climate is more influential than other factors; 

therefore human comfort depends on suitable cli-

mate conditions (Barradas, 1991; Schell et al., 2009). 

Today, study the impact of climate on the life, health, 

comfort, and behavior of human is studied as one of 

the branches of climate by name of human biocli-

matic (Givoni, 1976; Vanos et al., 2010; Ghaedi, 

2019). Human has always sought to create suitable 

spaces that would provide him comfort with the least 

energy, including the underlying layers of the soil. 

Living in underground spaces has a long period of 

human history and this returns to the habitation in the 

caves and before the modern technology leads to the 

construction of the usual buildings on the ground 

(Reddy, 2003; Fardpour, 2013). The underground ar-

chitecture is rooted in traditional Iranian architec-

ture, is the answer to the problem of human interac-

tion with the environment (Khaki and Sadat, 2015). 

Iranian art and architecture has long had some prin-

ciples that have been well illustrated in its samples. 

These principles are as follows: Humanization, 

Avoiding Non-essential, Stability, Self-Sufficiency 

and Inward-looking (Khodabakhshian and Mofidi 

Shemirani (2014). In arid regions, buildings are con-

structed with introverted styles, and they try to place 

the building in the ground and enclose the entire 

building from four sides, which the buildings are 

built in four geographic directions and around a cen-

tral courtyard, are known as the Four Seasons 

Houses, to create a comfort climate in the residential 

spaces of these regions (Khodabakhshian, 2013; 

Soflaei et al., 2017). In warm and dry regions of Iran 

people to avoid from extreme and severe weather in 

the warm and cold seasons, Due to low rainfall and 

dry weather, and also in order to protect from dust 

caused by extreme winds, refuge to the underground 

spaces (Rahmani, 2013; Roshan et al., 2018). 

Khuzestan province is one of the important poles of 

agriculture and industry in the country. The low ele-

vation in most regions of the province, situation near 

the vast deserts of Iraq and Saudi Arabia and extreme 

winds from these areas, the low latitude and estab-

lishment of high pressure subtropical over the long 

period in warm season, have caused very high tem-

peratures in most parts of the province, as maximum 

temperatures reach about 50 °C in most regions. In-

vestigating the bioclimatic indicators in the province 

shows that in the most period of spring and through-

out the summer, there aren’t comfort conditions in 

the province; but at other times more comfortable 

conditions prevail in the province (Daneshvar et al., 

2013). The long period of heat in the Khuzestan plain 

has forced inhabitants to thinking the use of under-

ground spaces for the shelter under layers of soil to 

avoid from unfavorable weather conditions, includ-

ing Shavadoon in Dezful and Shushtar and ventila-

tion channel called Tal (Hazbei et al., 2014; Sa-

dooghi et al., 2019). Nowadays, however, these 

places have been lost or even destroyed due to the 

use of new heating and cooling technologies. The 

cheap energy generated from the vast oil and gas re-

sources in Iran It has largely avoided nature-based 

construction methods. Underground spaces, in addi-

tion to provide thermal comfort, from the emotional 

aspect they also causes mental relaxation, reduction 

of stress and thinking. In addition to the above, un-

derground construction according to the principles of 

sustainable development has other function  such as: 

decreasing of environmental stresses, energy saving 

(Asadi et al., 2016), Increasing various efficiency in 

urban structure, reducing the need to local transpor-

tation, facilitating and improving public services and 

the preservation of urban landscapes and cultural 

heritage. What justifies the use of underground 

spaces in Khuzestan province, in addition to protect 

from extreme heat, is safe from dust and decreasing 

of energy consumption. The climate is one of the 

most important factors affecting human life, which 

is not always ideal and stable. This variability and 

unsuitable has made human to use places with more 

consistent and appropriate conditions. Underground 

architecture has created this suitable condition for 

mankind. Although the creation of settlements in the 

underground will solve the problem of extreme tem-

perature variability, it also has other advantages and 

disadvantages. Table 1 provides an overview of the 

advantages and disadvantages of using underground 

spaces that have been surveyed in aspects of eco-

nomic, technical, functional, social and environmen-

tal (Ronka, 1998). 

 

2. Sustainable development and Underground 

spaces 

 

First in 1980, the International Union for Conserva-

tion of Nature and Natural Resources (IUCN) was 

proposed the term sustainable development. Today, 

this concept is applied to planning, architecture and 

urban design in the framework of urban policy and 

development (Williams et al., 2000). Overall, sus-

tainable development is Meeting the present needs of 

human society so as not to compromise the ability of 

the future generation to meet their needs. According 

to the definition of sustainable development, it has 3 

basic pillars, including environmental, economic and 

social factors. The most important features of under-

ground spaces from the perspective of sustainable 

development are: 

1- climate: decreasing temperature fluctua-

tions in underground spaces provides the 

conditions for reducing energy consump-

tion. 

2- health: Underground spaces provide relax-

ation and reduce stress by reducing the 

noise, pollution and visual clutter. 
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          Table 1.  Selection of advantages and disadvantages of underground spaces  

Disadvantages Advantages Aspects 

In loose soils, surface joints (portals and columns) may 

significantly increase the cost of underground construc-

tion 

Possibility to create compact urban structure and tex-

ture 

Ability to save on secondary land use (traffic, Park-

ing) for recreational, business and residential space 

use  

The bed stone can be used for heating and cooling 

Economic 

In the loose soils, surface joints are damaged On hard land is affordable Technical 

The probability of creating a problem to coordination 

with the surface transport network 

The new streets do not intersect with each other 

Urban transport becomes safer 

Functional 

Reduced control of underground spaces (tunnels, park-

ing) 

The underground navigation is difficult  

The quality of life in urban centers increases with the 

transfer of transport networks into the ground 

Social 

Underground structures may reduce groundwater levels 

Job satisfaction in closed spaces is generally less than 

the available space on the ground 

Locating suitable for ramps and other underground 

spaces is difficult with connection points on the surface. 

Underground structures help preserve natural land-

scapes and protect urban areas. 

Underground construction does not affect the city's 

landscape or the natural conditions of the area 

Environmental tensions (such as noise pollution) can 

be reduced by underground construction 

Underground construction helps preserve environ-

mental and cultural values 

Environmental 

 

 
                 Figure 1. The location of the study area

 

3- softy: Underground spaces are safer from 

fire, earthquake and adverse weather condi-

tions. 

4- Increasing green space and consumption 

from the environment: The use of subsur-

face spaces provides more space for green 

space. 

5- Solve the problem of shortage of urban 

land: One of the main problems of cities, 

especially in the centers, is the shortage of 

land for various uses such as commercial, 

transportation, infrastructural and residen-

tial. 
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Due to the fact that the very high temperature of the 

province affects all biological conditions and dimen-

sions of development, and on the other hand, under-

ground spaces provide suitable temperature condi-

tions for residents, so in this paper, first the temper-

ature conditions in the soil layers are evaluated and 

then the effect of this is surveyed on the dimensions 

of sustainable development. 

 

3. Study area and data 

 

Khuzestan Province is located in the southwest of 

Iran and lies between 29° 56' and   33° 5' northern 

latitude and 37° 47' to 26° 50' eastern longitude with 

a total surface area of 64057 km2. Most of the prov-

ince area is a platform or continental shield and these 

flat area are limited to the Zagros Mountains from 

north, northeast, and east (Dehcheshmeh and 

Ghaedi, 2020). To zoning and determination of the 

temperature in different layers of the soil, was used 

the monthly temperature data from 17 stations in the 

province. The temperature data was applied between 

January 1988 and December 2017 recorded by the 

I.R. of Iran Meteorological Organization (IRIMO). 

Figure 1 shows the position of the stations in this 

study.  

 

4. Method of calculating the temperature of the 

subsoil layers 

 

The heat is transmitted from the surface to the soil 

by a sinusoidal model. 

T′x = Tm − As (e−xr)cos [
360

365
(t − to − xL)]       (1) 

T′x is here the temperature at a depth of x (F), x depth 

(feet), Tm  mean annual temperature (F), e Euler's 

number is approximately equal to 2.71828, r log  re-

duction (square feet), L time delay (day / Ft), As The 

amount of annual fluctuation of solar radiation on the 

horizontal surface (day / ft.), t time of the year which 

is calculated from January 1st, to   fixed day, 365/360 

converts 365 calendar days to 360 degrees. To cal-

culate the temperature log reduction in per square 

foot of soil (r), the following equation is used. 

r =  √
π

365 a
                                                            (2) 

a is thermal scattering, which is the result of the heat 

conduction (k) divided by the thermal capacity (c). 

Since heat conduction and thermal capacity change 

with the amount of soil moisture, it is difficult to cal-

culate them. Therefore, the annual amount of (a) is 

calculated for dry (0.33), moderate (0.52) and wet 

situation (0.75) square feet per day. Therefore, the 

value of r would be 0.1615, 0.12865 and 0.10713 re-

spectively, and the values of L would be equal to 

9.38, 7.47 and 6.22, respectively, although the time 

delay (L) from the following equation also Comes: 

L = 0.5 √
365

π a
                                                         (3) 

The thermal model is correct only assuming the soil 

is homogeneous at that depth and when the heat con-

duction is carried out by conduction. It is not accu-

rate, especially when the ground is covered by snow 

or the groundwater temperature variations are high. 

The simpler form of the first equation can be used 

and is more suitable, especially when the air temper-

ature and the land surface temperature are the high-

est. 

T′x = Tm + As (e−xr)cos (XL)                              (4) 

XL is the time delay to the degree (conversion coef-

ficient 365/360, which can be ignored). 

 

5. Results and discussion   

 

5.1. Average seasonal temperature of the province 

A factor Analysis on climate data shows that the 

most important factor in the Khuzestan province is 

the thermal (Movahedi et al. 2012); Therefore, the 

temperature plays a decisive role in the climatic con-

ditions of the province. Figure 2 presents the average 

temperature of four seasons of the province by the 

isothermal curves. In the spring, the average temper-

ature in the central regions of the province is 33° C, 

which is actually the maximum temperature ob-

served in the province, and the lowest temperature is 

about 20° in the northeast. In the summer and au-

tumn conditions are the same and the highest tem-

perature belongs to the central regions of the prov-

ince (38° C in the summer and 22° C in the autumn). 

In these seasons in the southern regions, due to its 

proximity to the Persian Gulf and the latent heat of 

evaporation, the maximum temperature is not seen in 

the southern regions. In the winter, the warm waters 

of the Persian Gulf moderate the climate conditions 

in the south and observe the highest temperatures in 

these regions (17° C). In summer, the average tem-

perature in the central regions reaches to 38° C that 

is severe temperature. In the autumn in the central 

regions, the average temperature is reduced to 22° C, 

which shows 16° negative fluctuations compared to 

summer. The warm season in Khuzestan has a long 

period and lasts from May to mid-November. Then, 

with a short-term transition period until mid-Decem-

ber, the cold season begins, which lasts until the end 

of February. March can be called the beginning of 

Khuzestan spring, which is followed in April, alt-

hough the temperature rises, but the climate is still 

favorable. 

 

5.2. The temperature fluctuations in subsoil layers  

Figure 3 shows the temperature fluctuations in dif-

ferent depths of the earth relative to the annual aver-

age. At the earth surface, the highest fluctuation is 

related to the north of the province with a mean value 

of 28.5° C. This value reaches to 23.5° C in the south 

east, which indicate 5 degrees decreasing. At one 

meter depth, the temperature fluctuation decreases 

suddenly 7 ° C in the north  of  the  province  and  its  
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Figure 2. Average seasonal temperature of the province 

 

value reaches 21.5° C and this is about 20° c in the 

south east. At three meters depth, the temperature 

has very severe fluctuation that shows 9.3° c in the 

north and 8.7° C in the south-east. At five meter 

depth, the oscillation is 4° C in the north, which does 

not show much difference with the southern regions 

with a value of 3.7° C. 

 

5.3. The average annual temperature of the prov-

ince 

The 1.72° C fluctuation at seven meter depth is re-

lated to the north of province, which is slightly lower 

in the southeast that is 1.6° C. At 9 meter depth, the 

temperature fluctuates in throughout of the province 

is less than 1° C and varies between 0.74° in the 

north to 0.69° C in the south regions. 
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Figure 3. The temperature fluctuations in subsoil layers, surface (a), 3 meter (b), 7 meter (c), 10 meter (d) 

 

From the ten meter depth, the temperature fluctuates 

approximately is zero, and therefore the temperature 

in this depth is approximately equal to the annual av-

erage. 

The average annual temperature of the province is 

presented in figure 4, which is approximately equal 

to the temperature of the soil layers at more than 10 

meter depth. In the vast range of northwest to south- 

east provinces, the average temperature is 26° to 27° 

C, which is reduced to the northeast (toward Zagros 

Mountains) and ultimately reaches to 15° C. 

Physiologically, thermal comfort conditions is a 

range of humidity and temperature that the body hu-

man mechanism has the least activity to regulating 

itself.  Different factors affect thermal comfort, such 

as   temperature,  humidity,  air  flow,  mean  radiant  
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Figure 4. The average annual temperature of the 

Khuzestan province 

 
temperature, physical activity level and the amount 

of clothing cover . The indices used to determine 

thermal comfort also vary widely that are considered 

with respect to various variables. In the lower layers 

of soil, the most important factors are temperature 

and humidity, because sun radiation and air flow are 

deleted, and the amount of activity and coverage is 

very different and it's in human control. The amount 

of humidity is also very variable and it depends on 

the soil moisture. Therefore, more than anything else 

should be considered to the temperature factor in the 

lower layers of soil. In different regions of the world, 

depending on different conditions and factors, differ-

ent thermal comfort are considered for the tempera-

ture range, most of which are between 19 and 27° C. 

Of course, besides the temperature factor, humidity 

should also be considered that is very effective in ad-

justing the temperature values. Since most areas of 

the province show an average annual temperature of 

26 to 27° C, therefore, there are thermal comfort con-

dition in more than 10 meters depth and if people feel 

uncomfortable, partial ventilation can be created. 

Low elevation and plain conditions have caused high 

groundwater levels in the most of the Khuzestan 

province, especially in the southern half. These con-

ditions are exacerbated on the Persian Gulf Coast, 

along the banks of rivers, marshes and lagoons in the 

province. Periodic changes in water level and meas-

uring water levels outside the cities has led to a lack 

of a comprehensive groundwater level map in urban 

areas. However due to the importance of water level 

in the cost and durability of underground structures, 

it is necessary to investigate the water level before 

taking any action in creating underground spaces. 

1.1.  The impact of underground spaces on sus-

tainable development pillars in Khuzestan 

province: 

 The essential pillars of development are society, 

economy and environment factors, and the sustaina-

ble development of a region is the overlapping of 

these pillars (Sobczyk, 2015). Underground spaces 

affect each of these factors, and the result of these 

interactions leads to sustainable development in an 

area. 

- Economic effects of underground spaces: the long 

- term high temperature in Khuzestan province 

(April to November), which shows temperatures 

above 50° C in summer, necessitates the use of cool-

ing systems. The cost of supplying, maintaining and 

powering these systems in the province is very high. 

Decreasing ambient temperature by underground 

spaces reduces the need for these systems (Chovan-

cová and Vavrek, 2019). In addition, must also be 

considered the costs of health, fire, earthquake, etc.  

- Environmental: Some of the effects of underground 

spaces on the environment are: Reduce environmen-

tal pollution as a result of reduced energy consump-

tion, more surface green space, Preserving environ-

mental and cultural values, reduced traffic, preserv-

ing natural landscapes and protect urban areas, Envi-

ronmental tensions. 

-social: In terms of social dimension, several physi-

cal (Social justice, Health, quality of life and well-

being, Cultural traditions, Residential stability, 

Safety, etc.) and non-physical factors (Decent hous-

ing, Attractive public realm, Local environmental 

quality and amenity, Sustainable urban design, Ac-

cessibility to local services, Urbanity, etc.) can be 

considered in the concept of sustainable develop-

ment. Due to the advantages of underground spaces 

in Table 1, it can be said that these spaces improve 

social conditions. However, in some factors such as 

(Social interaction, neighborhood, Active commu-

nity organizations, Walkable neighborhood, etc.) un-

derground spaces need further investigation (Demp-

sey et al, 2009). 
 

6. Conclusion 
 

Khuzestan province that is one of the focal points of 

human civilization, today is one of the economic and 

demographic poles of Iran with the benefit of water 

resources, soil and fossil energy. In most parts of the 

province, the low elevation and impact of subtropical 

high pressures during the warm season cause ex-

tremely high and sometimes unbearable tempera-

tures. Therefore, in summer the average temperature 

reaches more than 36° C and the maximum temper-

ature sometimes exceeds 50° C. In these unfavorable 

temperature conditions, the use of cooling devices 

increases the energy consumption. This in turn leads 

to positive feedback, and as a result, the environment 
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temperature increases. Therefore, adjusting the envi-
ronmental conditions will increase the thermal com-
fort and reduce energy consumption. One of the ef-
fective ways to create favorable environmental con-
ditions is the use of underground spaces, or earth 
sheltered architecture, which has long been used in 
different parts of the world including Iran. The ther-
mal Insulating characteristics of the soil decrease 
soil temperature fluctuation with increasing soil 
depth and soil temperature close to the average an-
nual air temperature. In this study, the annual soil 
temperature fluctuation was evaluated for different 
depths in the Khuzestan province. The highest tem-
perature fluctuation is related to the soil surface in 
the north of the province about 28.5° C, which de-
creases to the southeast and reaches 23.5 ° C. At one 
meter depth, the temperature fluctuation decreases 
7° C in the north of the province and reaches 21.5° 
C. This value is about 20 ° C in the southeast. At 
three meter depth, the temperature fluctuates with a 
steep drop, is indicating a value of 9.3 ° C in the 
north and 8.7 ° C in the southeast. At five meter 
depth, this value is 4° C in the north of the province, 
which is not very different from the southern areas 
that is 3.7° C. In the seven-meter depth, the highest 
fluctuation is related to the north of the province 
(1.72° C) that is slightly lower in the southeast (1.6° 
C). At 9 meter depth, the temperature fluctuations 
are less than 1° C in the entire of the province and it 
varies between 0.74 in the south to 0.69° C to the 
southern regions. From ten meter depth, the temper-
ature fluctuation is about zero° C, so the temperature 
at this depth is approximately equal to the annual av-
erage. The highest average annual temperature in the 
province is related to central regions (27° C) that it 
is decreased in other areas, especially in the north-
east. Therefore, temperature in more than 10 meter 
depth are almost within the thermal comfort zone 
and can be get to the ideal state conditions with little 
ventilation in most areas of the province. The occur-
rence of climate change increases the importance of 
Earth Sheltered architecture in the future (IPCC, 
2014). Due to the climatic conditions of the province 
and global warming, the use of underground spaces 
can affect various economic, environmental and so-
cial dimensions and thus achieve the goals of sus-
tainable development in the province. 
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