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Abstract: Thermal comfort sensation is different among people. Different climatic areas, such as the tropics and cold regions, 

may require different thermal parameters. This study analyses the thermal sensation of occupants in domestic buildings in three 

regions of China (Jinan, Xining, and Guangzhou). Filed measurements were conducted in selected domestic buildings located in 

Jinan, Xining and Guangzhou. The studied parameters include ambient air temperature, indoor air temperature, indoor radiation 

temperature, airflow velocity, predicted mean vote (PMV) and actual mean vote (AMV). In addition, a survey to investigate the 

actual comfort levels of occupants was completed by the occupants. The main aim is to identify the differences in thermal 

sensation of occupants living in different regions and in different types of buildings. Moreover, this study further analyses the 

effects of the ambient environment on indoor thermal comfort. The correlation between the actual thermal sensation and the 

predicted thermal sensation is discussed. Results show that the ambient environment has a greater effect on the thermal comfort 

level of naturally ventilated houses than those ventilated by air conditioners. Moreover, Fanger’s predicted mean vote (PMV) 

model is good at predicting the thermal sensation of occupants living in air-conditioned houses; however, the model is not a good 

predictor for occupants living in naturally ventilated houses. Occupants in naturally ventilated houses have a wider range of 

thermal acceptance than those living in air-conditioned houses. 

Keywords: Thermal Sensation, PMV Model, Neutral Temperature, AMV, Climate Zones 

 

1. Introduction 

Thermal comfort is defined as “the condition of the mind 

in which satisfaction is expressed with the thermal 

environment” [1]. It is crucial for occupants’ health and 

well-being as well as productivity [2-3]. It also has 

significant effects on the energy consumption by a building’s 

heating, cooling and ventilation systems. This energy often is 

provided by fossil fuels, contributing to greenhouse gas 

emissions and climate change. Therefore, thermal comfort 

plays a vital role in building sustainability [4]. 

Thermal comfort sensation is different among people. 

Different climatic areas, such as the tropics and cold regions, 

may require different thermal parameters [5]. People 

commonly want variations in thermal environment, and the 

changes of the air properties are pleasurable [6]. To define 

the standards of thermal comfort, people have done extensive 

research work during the past decades, covering many 

aspects related to thermal comfort in an indoor environment. 

Some of them established models [7-8] and indices [9]; some 

carried out experiments in lab chambers [7, 10] and field 

surveys [11-12]; and some built thermal standards and 

evaluation methods [8, 13]. These works make significant 

contributions to the establishment of thermal evaluating 

standards, i.e., Ergonomics of Thermal Environment and 

American Society of Heating, Refrigerating and 

Air-Conditioning Engineers Handbook-thermal comfort 

(ASHRAE) [14-15]. The standards focus on the correlation 

between thermal comfort criteria and occupants’ satisfaction 

or health issues and determine appropriate thermal conditions 

to achieve a thermal satisfaction for at least 80% of 

occupants in an indoor environment [16]. 

With a vast territory, China has the most extreme variety of 

climates, ranging from subtropical in the southern provinces to 

subarctic in east-north regions. The land of China has been 
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divided into five climatic zones, namely severe cold, hot 

summer and cold winter, temperate, and hot summer and warm 

winter (Figure 1). These five climate zones are defined based 

on the coldest average monthly dry-bulb temperature and the 

hottest average monthly dry-bulb temperature (Table 1). 

Table 1. Climate zones in China. 

Climate zones The coldest mean monthly dry-bulb temperature The hottest mean monthly dry-bulb temperature 

Severe cold climate zone <-10°C - 

Cold climate zone -10°C-0°C - 

Hot summer and Cold Winter 0°C-10°C 25°C-30°C 

Hot summer and warm winter >10°C 25°C-29°C 

Temperate zone 0°C–13°C 18°C–25°C 

 

 

Figure 1. Five climate zones in China. 

In China, domestic buildings occupy approximately 80% 

of the building sector [17], and the thermal comfort 

performance of domestic buildings has not been extensively 

investigated. Published studies have focused on indoor air 

temperature and relative humidity rather than evaluating 

thermal performance in a systematic way [18]. Moreover, the 

criteria of evaluating thermal comfort in China is uniform 

regardless of the variety of local climates. The differences in 

occupants’ thermal preferences remain unknown. 

This study investigated domestic thermal comfort based on 

field studies carried out in three cities in China: Xining in the 

severe cold climate zone, Jinan in the cold climate zone and 

Guangzhou in the hot summer and warm winter climate zone. 

The main aim of this study was to analyze the thermal 

sensation of participants and identify differences of thermal 

comfort among the three areas, and between naturally 

ventilated and air-conditioned buildings. The main objectives 

were: 

1. To conduct a comprehensive literature review on thermal 

comfort; 

2. To compare the differences in thermal sensation in the 

three areas; and 

3. To compare the predicted values of thermal comfort 

preferences of occupants in naturally ventilated and 

air-conditioned buildings in the three areas. 

2. Thermal Sensation 

The thermal comfort sensation is affected by the exchange 

between the human body and the surrounding environment 

[19]. Typically, people prefer to associate thermal comfort 

directly with air temperature. However, many experiments 

[20] have found that six parameters have a significant 

influence on the sensation of thermal comfort, and thermal 

comfort only can be achieved when the six influential factors 

are in proper balance with each other. The six influential 

factors are as follows. 

1. The indoor air temperature (IAT) (°C); 

2. The mean radiant temperature (MRT) (°C); 

3. The air speed (AS) (m/s); 

4. The indoor relative humidity (RH); 

5. The activity level of a person, commonly referred to as 

metabolic rate (MR). 

6. Clothing insulation (Clo). 

2.1. Air Temperature 

Heat energy will flow from bodies at relatively higher 

temperature to bodies at lower temperature automatically 

without a driving force [21]. As a body loses heat energy, its 

temperature will decrease, and if heat energy flows to a body, 

its temperature will go up. Human body temperature will vary 

slightly depending on different times, environments, and 

activity levels. Under perfect conditions, humans can maintain 

a body temperature of 36-37°C. The surroundings also have an 

impact on body temperature. These are the person’s clothing, 

the air temperature, and the driving forces of heat transfer 

between the body and the surroundings. Among all the 

surrounding factors, air temperature influences human thermal 

sensation most, because a sudden drop or rise in air 

temperature will immediately cause people to feel cold or hot 

[22]. 

According to the book ‘Human Thermal Environments’ by 

Ken Parsons [21], air temperature can be defined as ‘the 

temperature of the air surrounding the human body which is 

representative of that aspect of the surroundings which 

determines heat flow between the human body and the air.’ 

Obviously, the air temperature will change naturally, and the 

air temperature relatively far from people may not determine 

the heat flow that people are interested in. 

Radiant temperature also has an impact on thermal comfort 

performance. Radiant temperature is a net heat exchange 

between two objects, which relates to the temperature 

difference and their ability to emit and absorb heat energy. 

There is a net heat flow from a body that has a higher 

temperature to one that has a relatively lower temperature. The 

heat power in different bodies will change with time and place, 
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therefore, the mean radiant temperature, which is used to 

describe the average value of the overall heat exchange, has 

been defined by McIntyre [22] as ‘uniform temperature of an 

imaginary enclosure in which the radiant heat transfer from 

the human body is equal to the radiant heat transfer in the 

actual non-uniform enclosure.’ In field studies, mean radiant 

temperature can be calculated by using the following equation: 

MRT = ���� + 273� + �1.1 × 10���
�.� ÷ �� × ��.�

× ��� − ���
�.�� − 273 

where MRT is the mean radiant temperature (°C), GT is the 

global temperature (°C), νa is the air velocity at the level of 

the globe (m/s), ε is the emissivity of the globe (for standard 

globe: 0.95), D is the diameter of the globe (for standard 

globe: 0.15m), and Ta is the air temperature (°C). 

2.2. Air Velocity 

Air movement across the surface of the human body will 

influence the heat flow from and to the body. Air flow is in 

three dimensions and will change with time and space, and it 

will influence the heat flow rate by taking warm air and vapor 

away from the body, thereby influencing the body temperature. 

Air movement can accelerate the evaporation of moisture 

from the skin by increasing convective heat exchange between 

the environment and the skin [23]. Therefore, increasing air 

speed is a method of cooling without changing the indoor 

temperature. Some naturally ventilated houses are fan assisted, 

and utilization of fans is based on this theory. However, 

unwanted additional air movement, or draught [7], can cause a 

cool or even cold feeling when people have a neutral thermal 

sensation but can provide comfort when the temperature is 

high [23]. For convenience, air velocity can be regarded as the 

mean air velocity during a certain period and in all three 

dimensions [21]. 

2.3. Relative Humidity 

Relative humidity is defined as “the ratio of the partial 

pressure of water vapor to the saturated vapor pressure at a 

given temperature.” Relative humidity plays a role in human 

thermal comfort, as the skin relies on the air to get rid of 

moisture. For example, sweating is a process that attempts to 

keep the body cool and maintain a normal temperature. The 

recommended range of indoor relative humidity is generally 

30-60% [24]. Relative humidity in an indoor environment 

should be maintained at a comfortable range, i.e., low enough 

to be comfortable but high enough to avoid problems 

associated with dry air. 

2.4. Metabolic Rate 

Metabolic heat production is fundamental to maintain life. 

The human body can get energy from the outside environment 

such as light, food, and water to maintain itself and to perform 

external activities, e.g., physical work, sports, and daily tasks. 

ASHRAE standard 55 provides examples of metabolic rates 

that are used in evaluating thermal comfort performance 

(Table 2). 

Table 2. Metabolic rates in thermal comfort evaluation. 

Activity Met W/m2 

Lying down 0.8 47 

Seated quietly 1.0 58 

Sedentary activity (office, home, laboratory, school) 1.2 70 

Standing, relaxed 1.2 70 

Light activity, standing (shopping, laboratory, light industry) 1.6 93 

Medium activity, standing (shop assistant, domestic work, machine work 2.0 116 

High activity (heavy machine work, garage work) 3.0 175 

Table 3. Clothing insulation levels (Clo). 

Clothing levels Clo W/m2K 

Naked 0 0 

Shorts 0.1 0.016 

Typical tropical clothing outfit Briefs (underpants), shorts, open neck shirt with short sleeves, light socks and sandals 0.3 0.047 

Light summer clothing Briefs, long lightweight trousers, open neck shirt with short sleeves, light socks and shoes 0.5 0.078 

Working clothes Underwear, cotton working shirt with long sleeves, working trousers, woolen socks and shoes 0.8 0.124 

Typical indoor winter clothing combination Underwear, shirt with long sleeves, trousers, sweater with long sleeves, heavy socks and shoes 1.0 0.155 

Heavy traditional European business suit Cotton underwear with long legs and sleeves, shirt, suit comprising trousers, jacket and waistcoat 

(US vest), woolen socks and heavy shoes 
1.5 0.233 

 

2.5. Clothing Insulation 

Clothing acts as thermal resistance between the body and 

the environment in order to maintain an acceptable thermal 

state [21]. This function of clothing provides a dynamic 

response by the body to the environment. The clothing 

insulation level depends on how much a person is wearing. 

ASHRAE Standard 55 lists values of clothing insulation with 

different materials, thicknesses, and areas of clothing that 

cover the body (Table 3). People can respond to the thermal 

environment by adding or taking off clothes to adjust their 

clothing level. In relatively cool spaces, adding clothing 

insulation can make people feel warmer. However, in a hot 

and humid climate, it seems to be impossible to achieve 

thermal comfort by reducing clothing insulation, because the 

clothing level is always kept at a minimum at home in such a 
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climate [25]. 

The human body has a continuous process of metabolic 

heat production, maintaining an equilibrium of heat flow to 

the skin, determining the skin temperature, and, through the 

insulation of clothing, maintaining the clothing temperature 

and finally the outside temperature. Therefore, the body 

temperature is higher than the skin temperature, and the skin 

temperature is higher than the clothing temperature, which in 

turn is higher than the environment temperature. 

3. Thermal Comfort Model 

Currently, two coexisting approaches are available to 

define thermal comfort: the heat-balance approach and the 

adaptive approach [26]. Usually, the heat-balance approach 

uses data from experimental chamber studies, while the 

adaptive approach uses data from field studies of occupants 

in indoor environments. 

3.1. Heat-balance Approach 

The heat-balance approach is based on the Fanger’s 

experiments in controlled climate chamber on 1296 young 

Danish students, using a steady-state heat transfer mode [7]. 

The 1296 students were exposed to different thermal 

environments, and the experiment recorded their feelings 

about how hot or how cold. The seven-point ASHRAE 

thermal sensation scale was used to present the participants’ 

feelings (Table 4). 

Table 4. ASHRAE thermal sensation scale. 

Value Sensation 

+3 Hot 

+2 Warm 

+1 Slightly warm 

0 Neutral 

-1 Slightly cool 

-2 Cool 

-3 Cold 

Fanger’s model combines the theories of heat balance with 

the physiology of thermoregulation and considers the six 

influential factors [7] to define a range of comfort 

temperature which occupants in indoor environment will find 

comfortable. To predict conditions where thermal neutrality 

will occur, Fanger created a comfort equation and further 

expanded it to the seven-point ASHRAE thermal sensation 

scale by using the data from 1296 participants [7]. Finally, 

the comfort equation became known as the “Predicted Mean 

Vote” (PMV) index. Fanger’s PMV model has been widely 

used and accepted for design and field assessment of thermal 

comfort [11]. 

The PMV index was established by Fanger’s model to 

predict the mean response of a large group of people based on 

the ASHRAE thermal sensation scale. Participants are exposed 

to climate chambers and asked to describe their feelings using 

ASHRAE seven-point scale of thermal sensation. Then, a 

mean vote, which represents the mean value of the occupants’ 

feeling under a given thermal condition, is obtained. Fanger’s 

equation is used to calculate the PMV for a particular 

combination of the six influential factors (air temperature, 

mean radiant temperature, relative humidity, airspeed, 

metabolic rate, and clothing insulation) [7]. 

PMV = �0.303e"�.�#�$ + 0.028L 

Where M is the metabolic rate, L is the thermal load, 

defined as the differences between the internal heat 

production and the heat loss to the actual environment-for a 

person at comfort skin temperature and evaporative heat loss 

by sweating at the practical activity level. 

Currently, PMV has been widely used to predict the 

thermal comfort of an indoor environment. However, the 

accurate prediction only can be achieved under homogenous 

conditions [27]. In non-homogenous conditions, such as 

vehicular cabins, PMV cannot provide accurate predictions. 

PMV commonly can be quantified by estimating the personal 

factors (human activity level and clothing insulation) and 

measuring the environmental factors (air temperature, air 

velocity, radiant temperature, and relative humidity). PMV 

also can be determined by using thermal simulation software, 

such as IES-VE and Energy-plus. The way of using thermal 

simulation software to calculate PMV has been widely 

accepted since it is cost effective and time-saving. 

3.2. Adaptive Approach 

The adaptive approach is developed based on the field 

studies to analyse the real comfort level of the thermal 

environment. It is affected significantly by the specific 

thermal context, the occupants’ behavior and the occupants’ 

expectations [5]. Adaptive approach normally could provide 

more reliable information about the actual comfort level of 

the indoor environment and more certain interacting 

parameters. Moreover, some factors which chamber studies 

cannot produce, such as occupants’ everyday habits, various 

clothing insulation levels, and unrestricted activities levels, 

can be analysed based on the data recorded in field studies 

[28]. Therefore, in recent years, many researchers have been 

encouraged to use an adaptive approach to evaluate thermal 

comfort of an indoor environment. However, the adaptative 

approach requires typically much more time-input, and 

human resources input since data are all obtained by field 

studies, such as survey, interview, field measurements, and 

questionnaires. 

4. Research Methods 

Both the adaptive approach and heat-balance approach are 

used in this study. The adaptive approach is mainly used to 

investigate the real comfort level by using questionnaires. 

Participants in Xining, Jian, and Guangzhou were asked to 

answer one question to show their feelings about the 

surrounding environment at a precise moment using the 

ASHRAE thermal sensation scale. Question 1 shows the 

actual mean vote (AMV) of the participants. 
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Question 1: How are you feeling at this precise moment? 

-4 -3 -2 -1 0 1 2 3 4 

Very cold Cold Cool Slightly cool Neutral Slightly warm Warm Hot Very hot 
 

The heat-balance approach is mainly used to calculate the 

PMV of participants. Figure 2 shows the PMV calculator used 

in this study. The clothing level, indoor temperature, mean 

radiant temperature, metabolic rate of the participants, air 

speed, and indoor relative humidity should be entered in the 

blanks, and then the PMV values can be calculated. To 

measure the indoor air temperature and relative humidity, a 

device called a HOBO data logger was applied. A 38 mm 

ping-pong ball connected to the HOBO data logger during the 

survey was used to measure the global temperature. A 

hot-wire anemometer was used to measure the indoor air 

temperature and the air speed near the sensor (Figure 3). 

 

Figure 2. PMV calculating model. 

 

Figure 3. HOBO data logger and hot-wire anemometer. 

5. Data Collection 

Tables 5 to 7 summarize the estimation results of the three 

field studies. The Guangzhou field study was carried out 

between 10 and 14 May 2016. Guangzhou is a big city 

located in southern China with a hot and humid climate 

throughout the whole year, especially in summer. In total, 24 

participants from 8 residential buildings were involved. Only 

building 1 was cooled by air conditioners, while buildings 2 

to 8 were naturally ventilated with fans. The metabolic rate 

for participants was 1.2. 

The field study in Jinan was conducted between 13 and 15 

July 2016. Jinan is a city located in north-east of China, with 

a very hot summer. July is usually the hottest period, with the 

average air temperature over 30°C. In total, there were 8 

residential buildings with 16 participants involved. Buildings 

1 to 4 were naturally ventilated, while buildings 5 to 8 were 

air-conditioned. Additionally, the metabolic rate for 

participants was 1.1. 

The filed study of Xining was conducted between 11 and 

15 August 2016. Xining is located in north-west China, with 

a highland climate. It usually has low temperatures 

throughout the year. The field measurements involved 23 

residential buildings with 23 participants, and all the 

buildings were naturally ventilated because the occupants do 

not require air conditioners in such a cool climate region. The 

metabolic rate for participants was 1.0. 

In all three field studies, the measurements can be divided 

into subjective measurements, which were derived in the form 

of a questionnaire, and objective measurements, which were 

recorded during surveys. The basic objective information (e.g., 

clothing insulation, metabolic rate) was recorded when the 

measurements were being done, which can reduce errors due 

to time lag. Notably, the total clothing insulation is the sum of 

clothing insulation plus chair insulation, which is assumed to 

be 0.15. 

Table 5. Data collection of Guangzhou (10 and 14 May 2016). 

Buildings Cooling method Participants number PMV AMV 

1 Air conditioned 

1 -0.32 -0.5 

2 -0.71 -0.8 

3 -0.61 -0.8 

2 Fan assisted NV 
4 1.47 1.0 

5 1.68 1.1 

3 Fan assisted NV 
6 1.95 2.2 

7 1.99 1.3 

4 Air conditioned 
8 0.1 0.3 

9 0.2 -0.3 

5 Fan assisted NV 

10 1.99 0.4 

11 1.94 2.4 

12 1.76 0.5 

13 2.04 1 
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Buildings Cooling method Participants number PMV AMV 

6 Fan assisted NV 
14 1.5 1.1 

15 1.44 0.8 

7 Fan assisted NV 

16 1.11 0.4 

17 0.92 0.5 

18 1.22 2.4 

8 Fan assisted NV 

19 0.23 0.5 

20 0.49 1 

21 0.26 0.6 

22 -0.35 -1.7 

23 0.14 -0.7 

24 -0.63 -0.9 

Table 6. Data collection of Jinan (13 and 15 July 2016). 

Buildings Cooling method Participants number PMV AMV 

1 

Natural ventilated 

1 -0.09 1.05 

2 -0.26 0.15 

2 
3 -0.43 0.19 

4 -0.34 0.35 

3 
5 0.15 0.67 

6 0.13 -0.125 

4 
7 0.18 0.865 

8 -0.01 0.67 

5 

Air-conditioned 

1 1.26 0.95 

2 1.2 0.7 

6 
3 -0.52 0.15 

4 -0.17 -0.15 

7 
5 0.75 0.58 

6 0.72 0.46 

8 
7 0.41 0.15 

8 0.78 0.65 

Table 7. Data collection of Xining (11 and 15 August 2016). 

Buildings Cooling method Participants number PMV AMV 

1 

Natural ventilation 

1 -1.9 -0.3 

2 2 0.2 -0.05 

3 3 -1.2 0.1 

4 4 -2 0.45 

5 5 -1 0.4 

6 6 -1.4 0.1 

7 7 -1.4 -0.6 

8 8 -0.1 1.45 

9 9 -1.3 -2.4 

10 10 -1.3 -1.9 

11 11 -1.3 -1.8 

12 12 -1.2 -1.9 

13 13 -0.3 0.35 

14 14 -0.5 -0.4 

15 15 -0.1 1 

16 16 -0.5 0.6 

17 17 0.5 0.7 

18 18 -1 -0.4 

19 19 -0.9 0 

20 20 -0.3 -0.2 

21 21 -1.3 0.15 

22 22 -1.6 -0.5 

23 23 -0.3 0.35 
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6. Analysis of Results 

6.1. Correlation Between Indoor and Outdoor Aisr 

Temperature 

Figure 4 shows the combination of indoor and outdoor 

temperature of buildings investigated in Guangzhou. 

House-holds 1 and 4 are ventilated by air conditioners, while 

the others are all naturally ventilated. The indoor temperature 

in houses 1 and 4 is fully maintained by an air-conditioning 

system and can be controlled by occupants according to their 

thermal preference. It should be noted that the indoor air 

temperature in naturally ventilated buildings is quite close to 

the outdoor air temperature. Thus, it can be concluded that 

outdoor climate has a significant influence on indoor air 

temperature, and in hot and humid climate zones, overheating 

and thermal discomfort might happen in those buildings. 

Although some naturally ventilated houses are fan assisted, 

the fans can only increase air movement, influencing the 

occupants’ thermal sensation. However, fans do not affect the 

indoor temperature at all. People who sit near fans may feel 

cooler than the actual environment, because the fans can help 

increase air movement inside the house, which can make the 

evaporation process faster to bring heat out of the body; thus, 

making people feel cooler without making the indoor 

temperature lower. In houses that are fully air-conditioned, 

there is no direct link between outdoor temperature and 

indoor temperature, which illustrates that the outdoor climate 

cannot have any influence on houses that are fully 

air-conditioned. 

 

Figure 4. Indoor air temperature versus outdoor air temperature in Guangzhou. 

Figure 5 indicates indoor air temperature versus outdoor air 

temperature in Jinan. The pattern of plots is similar to Jinan. In 

air-conditioned buildings, indoor air temperature is more 

stable than outdoor air temperature. In naturally ventilated 

buildings, there seems to be no regular pattern to show how 

outdoor temperature can influence the indoor living 

environment. For buildings 1, 3, and 4, the indoor temperature 

is kept at around 28°C even though the outdoor temperature is 

only around 26°C. Therefore, overheating is more likely to 

happen when the outdoor air temperature goes above 30°C. 

Consequently, occupants of these houses may need 

air-conditioning units to avoid overheating during the hottest 

periods. 

 

Figure 5. Indoor air temperature versus outdoor air temperature in Jinan. 

Figure 6 shows indoor air temperature versus outdoor air 

temperature in Xining. All the investigated buildings are 

naturally ventilated. The indoor air temperatures are higher 

than the outdoor air temperatures, and a consistent tendency is 

observed between indoor and outdoor air temperature. Thus, it 

can be concluded that outdoor climate has a significant effect 

on the indoor air temperature in naturally ventilated buildings. 
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Figure 6. Indoor air temperature versus outdoor air temperature in Xining. 

Figure 7 indicates the correlation between AMV and indoor 

air temperature of domestic buildings in Guangzhou. Neutral 

temperature in Guangzhou is calculated to be 26.905°C. This 

means that most people in Guangzhou preferred to live in an 

environment with a temperature of 26.905°C during the period 

when the experiment was done. Figures 8 and 9 indicate the 

correlations between AMV and indoor air temperature in 

Jinan and Xining. The neutral air temperature of domestic 

buildings in Jinan and Xining are 25.276°C and 21.970°C, 

respectively. 

Thus, it is noticed that people living in a hot climate zone 

(Guangzhou) have a higher neutral air temperature than 

people living in cold and severe cold climate zones. They have 

adapted to tolerate higher body temperatures than people 

living in other areas. People in Xining have the lowest neutral 

air temperature, since they have a strong adaptation to the cold 

climate. Therefore, it can be concluded that neutral air 

temperature is largely determined by local climate conditions.  

The red points in Figures 7, 8 and 9 show that participants 

felt warm when they stayed in an environment where the 

temperature was lower than the neutral air temperature. The 

reason might be that their clothing insulation level was higher 

than the average or there was no air movement around them, 

so there was no extra force to accelerate evaporation cooling; 

therefore, they felt warmer than in the neutral environment. 

 

Figure 7. Correlations between AMV and indoor air temperature in Guangzhou. 

 

Figure 8. Correlations between AMV and indoor air temperature in Jinan. 
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Figure 9. Correlations between AMV and indoor air temperature in Xining. 

6.3. Correlation Between PMV and AMV 

The correlation between AMV and PMV is based on an 

ordinal linear regression, where R
2
 is usually used to describe 

whether the regression model is suitable for the actual data. R
2
 

is a value ranging from 0 to 1. If the R
2
 value is closer to 1, it 

indicates that the model is better correlated with the actual 

data collected from the experiment [29]. 

Figure 10 illustrates the correlations between AMV and 

PMV in the three field studies. The total R
2
 is 0.4387, which 

shows a low level of correlation. Thus, the PMV model does 

not work accurately to reflect the real thermal sensation of 

occupants. Figure 11 shows the correlation between AMV and 

PMV in air-conditioned buildings. The R
2
 is 0.8084, showing 

a strong level of correlation between AMV and PMV. That 

means the PMV model provides values close to the 

participants’ thermal preference. This is consistent with 

previous field studies showing that the PMV model is suitable 

to predict thermal sensation for occupants in air-conditioned 

buildings [30]. Figure 12 shows the correlation between AMV 

and PMV in naturally ventilated buildings. The R
2
 is 0.4311, 

indicating a low level of correlation. 

 

Figure 10. Correlations between AMV and PMV of the three field studies. 

 

Figure 11. Correlations between AMV and PMV in air-conditioned buildings. 
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Figure 12. Correlations between AMV and PMV in naturally ventilated buildings. 

Thus, it can be noticed that predicting the thermal 

sensation of occupants in naturally ventilated buildings with 

the PMV model is not accurate to reflect the real thermal 

comfort sensation. A few reasons can explain this low level 

of correlation. For example, fan-assisted naturally ventilated 

buildings normally have a more complicated thermal 

environment than air-conditioned buildings. The indoor air 

speed varies in different places, and people sitting near or far 

away from fans may have different thermal sensations due to 

the air movement. In real practice, air infiltration through 

cracks also can lead to turbulence inside the room, causing 

changes in the thermal environment. Humidity can influence 

the properties of the air that people breathe and the 

evaporation rate from the skin to the air, resulting in different 

thermal sensations. In the PMV model, some parameters are 

not taken into consideration and changes in air speed and 

humidity will not give rise to a big difference in the thermal 

comfort value that the model predicts. This can significantly 

influence the actual mean thermal sensation of occupants, 

resulting in inaccuracy. 

7. Conclusion, Limitations and Future 

Work 

The main aim of this study was to conduct surveys and 

analyse domestic thermal comfort in three areas: severe cold 

climate zone, cold climate zone and hot summer and warm 

winter zone. The raw data used in this field study were based 

on three field studies. In the three field studies, 63 participants 

were involved: 24 participants in Guangzhou, living in both 

naturally ventilated houses and air-conditioned houses; 16 

participants in Jinan, in both naturally ventilated houses and 

air-conditioned buildings; and 23 participants in Xining, 

living only in naturally ventilated houses. Through the raw 

data from the field studies and the results in this study, some 

conclusions are as follows. 

The outdoor climate can influence indoor temperature in 

naturally ventilated buildings, because occupants can change 

their thermal environment slightly by opening windows or 

doors. Therefore, the indoor air temperature may vary with 

time and season. However, in fully air-conditioned houses, 

there is no direct relationship between indoor air temperature 

and outdoor climate. The indoor thermal environment in 

air-conditioned houses can be configured by occupants 

according to their thermal preference. 

Fanger’s PMV model was good at predicting occupants’ 

thermal sensation in air-conditioned houses but failed at 

predicting thermal sensation in naturally ventilated houses. By 

comparing PMV and AMV in air-conditioned houses and 

naturally ventilated houses, it can be concluded that the 

correlation between the two in air-conditioned houses is high, 

but there is hardly a correlation between them in naturally 

ventilated houses. This proves that there is a very close 

relationship between AMV values and PMV values in 

air-conditioned houses, while there is a large discrepancy in 

naturally ventilated houses. 

This research was based on data that collected from three 

field studies in three climate zones of China. To analyse 

human thermal comfort, a significant number of individuals 

need to be involved in the field studies. Due to some 

constraints, such as time and getting into participants’ houses, 

a large sample could not be achieved. Therefore, the samples 

here were relatively small, compared to Fanger’s PMV model, 

which had more than 1000 subjects. 

This study analysed how well Fanger’s PMV model can 

predict occupants’ thermal sensation, and the results indicate 

that the model is good at predicting thermal sensation for 

occupants in air-conditioned houses. However, the model is 

not suitable for occupants in naturally ventilated houses. 

Therefore, in future work, researchers should aim to produce a 

model that is accurate at predicting thermal sensation for 

occupants in naturally ventilated houses. 

All three field studies were carried out in summer so it will 

be interesting to see how thermal models can predict thermal 

sensation for occupants in these buildings in winter and how 

the participants will respond to their thermal environment. 
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