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ABSTRACT: This paper presents the results of a field study on the sensation of relative humidity of inhabitants of low cost 

dwellings in Chihuahua (lat: 28N, long: 106W, alt: 1425m) and Juarez (lat: 31N, long: 106W, alt: 1135m) in the northern 

arid region of Mexico, The field study was conducted upon the adaptive approach of thermal comfort, and according to 

ISO 10551. A comfort questionnaire was applied to 531 inhabitants of dwellings built by the Chihuahua State Housing 

Institute, during two periods in 2010: cold season (February) and hot season (July). Also, climate variables were 

measured at the time of the questionnaire. The climate variables are of Class I, according to ISO 7726. The data sets 

obtained in the field study were processed by the “Averages for Thermal Sensation Intervals Method” (ATSI) (Gomez-

Azpeitia et al 2009). The results show that the neutral relative humidity in hot and dry climates is variable through the 

different seasons. Also, the neutral relative humidity in dry warm climates resulted lower than 50%, value considered as 

neutral worldwide. Just as the neutral temperature is linked to the average temperature of a place, so the neutral relative 

humidity also should be linked to the average relative humidity of the place.  

Keywords: humidity comfort, hot and dry climate, adaptive approach neutral humidity. 

 

 

INTRODUCTION  

This paper presents part of the results of a field study 

made in the cities of Juarez and Chihuahua, located in the 

state of Chihuahua, in northern Mexico.  

 

 
Figure 1: Chihuahua State 

 

 The field study has carried out to evaluate the 

sensation about relative humidity of inhabitants of low 

cost dwellings. The dwellings were promoted by the 

Chihuahua’s Housing Institute in order of support low 

income people. The objective of this study is to 

demonstrate that the preferred or neutral relative 

humidity varies according to the local climate regarding 

each of the different seasons through the year. 

 

      The city of Chihuahua is located in latitude 28ºN, 

longitude 106°W and a height of 1425masl. Ciudad 

Juarez is in latitude 31ºN, longitude 106W and 1150masl. 

 
Figure 2:  Juarez City and Chihuahua location. 

 

The climate in Chihuahua is considered dry and 

extreme. The yearly average temperature fluctuates 

between 10.8ºC and 26.9ºC with extremes up to 41.3ºC 

in summer and -12.8°C in winter. The average relative 

humidity is 52.38% with minimums of 14.4% and 

maximums of 90.40%. (Figures 3 and 4) 

The climate in Juarez is considered dry, extreme and 

with medium relative humidity. The yearly average 

temperature fluctuates between 13.5ºC and 24.9ºC with 

extremes up to 45.0ºC in summer and -23.0°C in winter. 
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The average relative humidity is 34.39%, with minimums 

of 18.28% and maximums of 61.54%. (Figures 5 and 6) 

 Figure 3: Monthly average temperatures in Chihuahua. 

 

 
Figure 4: Monthly average relative humidity in Chihuahua 

. 

 
Figure 5: Monthly average temperatures in Juarez. 

 

 
Figure 6: Monthly average relative humidity in Juarez. 

METHOD 

The investigation method was of the transversal type. 

Surveys were applied in each city in two different 

seasons’ denominated winter (February 2010) and 

summer (July 2010). A total of 531 surveys were applied 

during the whole research. Of these, 272 were in the 

winter season, 146 in Chihuahua and 126 in Juarez; 259 

were made in summer season, 123 in Chihuahua and 136 

in Juarez.  

 
The selection of the houses and the work area was 

determined together with the Chihuahua's Housing 

Institute. Housing states were chosen in Chihuahua and 

Juarez with progressive growth, whose initial built area is 

23.76 m
2
. The housings are built of common cement 

blocks, concrete slabs with polystyrene blocks, single 

glass in windows with aluminum frame, and insulated 

panel doors. 

 
The surveys were made inside the houses during day 

hours, without HVAC equipment. Only people between 

14 and 70 that hadn't just showered or had been cooking 

were surveyed. 
 

The questionnaires were designed complying with 

ISO 10551 [6]. The process and instruments comply with 

ISO 7726 [7] so the generated data are considered Class 

I. 
 

The question in the survey was: How do you feel the 

humidity in this exact moment? The answers were 

organized according to the scale of ASHRAE [1] (Table 

1). 
 
Table 1: Vote or value appreciation of the people interviewed. 

Value Vote or appreciation 

1 Very humid 

2 humid 

3 Some humid 

4 Niether dry not humid 

5 Some dry 

6 Dry 

7 Very dry 

 

      In order to analyze the data sets and determine the 

neutral humidity and the regarding comfort range, we 

apply the Averages for Thermal Sensation Intervals 

Method (ATSI) (Gomez-Azpeitia et alt, 2009) [5], for 

"asymmetric” climates. [8] 

 

This method was developed in order to avoid the bias 

generated when the answers to thermal sensation from 

volunteers on field studies tend to move towards one end 

of the scale, leaving the other end without answers. In 

such conditions, the neutral temperature (Tn) obtained 

through a conventional method does not represent 
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people’s true opinions. (Figure7) Even thought the 

responses about humidity sensation are relatively 

symmetric, the ATSI Method was useful because the 

results of the conventional method of linear regression 

are unreliable. 

 

 
Figure 7: Determination of HRn by Adaptive Conventional 

Method (example: Juarez Summer) 

 

The development of the method is based in the 

adaptive focus of thermal comfort, which implies the 

interaction of physical and biological variables (climate, 

metabolism and clothing) along with psychological ones 

(adaptation, tolerance, desirability). [8] 

 

 During the survey's application, the climate data 

inside the house that was captured was dry bulb 

temperature (DBT), wet bulb temperature (WBT), black 

globe temperature (BGT), relative humidity (RH) and 

wind speed (WS).  

 

 Once we collected the data, distribution ranges 

were established for each answer interval. To do so, the ± 

standard deviation (s) is added to the mean Relative 

Humidity (RHm) for each interval. Theoretically, this 

first range includes two thirds of people who expressed 

the same thermal sensation. The procedure is repeated by 

adding ± 2s to the RHm , which would theoretically 

include almost all people who recorded the same thermal 

sensation. 

 

Finally, a linear regression is applied to the standard 

deviations obtained, in order to determine the lines 

corresponding to the limits for a wide range defined by 

HRm ± 2s, and for a close range defined by HRm ± s. In 

this way, we created a chart for each season. The 

intersection of each regression line with ordinate four —

representing neutral humidity sensation—, determines 

the neutral Relative Humidity according to the ATSI 

method, as well as the Relative Humidity values limiting 

the comfort ranges (see figures 8, 9, 12 and 13). 

 

 

RESULTS 
 
Chihuahua 

      In winter the neutral Humidity (HRn) was 48.82%, 

with an upper limit of 78.54% and a lower one of 

19.09%. The close range in this case was of 29.72 

percentage points (-14.86%, +14.86%) and the wide 

range of 59.45 percentage points (-29.73%, +29.79%) 

(Figure 8). 
 
Table 2: Ranges magnitude in percentage points, Neutral 

Humidity (HRn) and Comfort Limits values in %. Chihuahua, 

Mexico. Winter (February). 

 

 
Figure 8: Application of the ATSI Method on data collected in 

Chihuahua in winter. 

 

        During summer the value of HRn was 32.58%, with 

an upper limit of 53.23% and a lower one of 11.92%. 

The close range was of 22.07percentage points (-10.33%, 

+10.32%) and the wide range of 41.31 percentage points 

(-20.66%, +20.65%) (Figure 9). 
 

Table 3: Ranges magnitude in percentage points, Neutral 

Humidity (HRn) and Comfort Limits values in %. Chihuahua, 

Mexico. Summer (June). 
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Figure 9: Application of the ATSI Method on data collected in 

Chihuahua in summer. 

 

        In summer the upper and lower limits of the 

Humidity Sensation range have a lesser extent in 

comparison with those of winter.  

     

 
Figure 10: Comparison between the Humidity Relative (RH) 

and neutral humidity (HRn) inside the different ranges, 

Chihuahua Winter. 

 

 
Figure 11: Comparison between the Humidity Relative (RH) 

and neutral humidity (HRn) inside the different ranges, 

Chihuahua Summer. 

 

95% of responses of both seasons are within the 

comfort area corresponding to the wide range (Figures 10 

and 11). 
 
Juarez 

In winter the neutral Humidity HRn was 39.10%, with an 

upper limit of 59.48% and a lower one of 20.02%. The 

close range in this case was of 22.07 percentage points (-

11.82%, +10.25%) and the wide range of 39.46 

percentage points (-19.08, +20.38%) (Figure 12).  

 
Table 4: Ranges magnitude in percentages points, Neutral 

Humidity (HRn) and Comfort Limits values in %. Juarez, 

Mexico. Winter (February). 

 

 
Figure 12: Application of the ATSI Method on data collected in 

Juarez in winter. 

 

In summer, the HRn was 52.57%, with an upper limit 

of 62.71% and a lower limit of 26.89%. The close range 

in this case was of 19.61% (-11.82%, +10.28%) and the 

wide range of 35.82% (-25.68%, +10.14%) (Figure 13).  
 
Table 5: Ranges magnitude in percentages points, Neutral 

Humidity (HRn) and Comfort Limits values in %. Juarez, 

Mexico. Summer (June). 
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Figure 13: Application of the ATSI Method on data collected in 

Juarez in summer. 

       

 
Figure 14: Comparison between the Humidity Relative (RH) 

and neutral humidity (HRn) inside the different ranges, Juarez 

Winter. 

 

 
Figure 15: Comparison between the Humidity Relative (RH) 

and neutral humidity (HRn) inside the different ranges, J. 

 Just like Chihuahua, in Juarez 95% of responses 

of both seasons are within the comfort area 

corresponding to the wide range (figures 13 and 14). 

 

        Regarding the relationship of the yearly HRn from 

field study and the mean yearly HR of local climate, we 

can find that HRn in Chihuahua is 10% lower than the 

mean yearly HR. In contrast, in Juarez HRn in 

Chihuahua is 10% upper than the mean yearly HR. 

 

 

DISCUSSION 

As the rank of relative humidity comfort is directly 

related to the temperature and the thermal sensation, the 

investigators have settled down their limits under that 

premise. This way Tofum et.al. (1998) mentioned in 

(Ruiz, 2007) [9] they propose the humidity relative limit 

in 85% to 26°C. The ANSI/ASHRAE 55-1992 [2] 
establishes the ranks of relative humidity comfort from 

30% to 60% in temperatures of 20ºC to 25ºC. 

 

      On the other hand B. Givoni tell us: at air 

temperatures in the range 20-25ºC approximately, the 

humidity level does not affect the physiological and 

sensory responses,, and variations in relative humidity 

between 30% and 85% are almost imperceptible. 

(Givoni, 1969). [3] Studies of B. Givoni (Givoni, 1998) 

[4] have demonstrated that individual in sedentary 

activity they do not undergo significant differences 

between humidity from the 30 to 80% in the subjective 

sensation of: thermal sensation and skin humidity 

(sweating sensitive). 

 

Based on those antecedents and dividing of which the 

individuals are not able to identify the humidity sensation 

Phd. Raul Pavel Ruiz (Ruiz, 2007) [9] calculate the HRn 

correlate the relative humidity with the DBT of the 

people who had a thermal sensation of comfort (index of 

thermal sensation 4). This procedure was applied in a sub 

humid warm climate as it is the case of Colima Mexico. 

 

      Whereas for Victor Olgyay (Olgyay, 1963) [10] the 

relative Humidity inside comfort zone is from 20 to 75% 

and he uses in its bioclimatic chart 50% like HRn. 
 

In Chihuahua the HRn founded in summer was of 

32.58% lower that 50% value considered at worldwide 

level to temperatures of 26.5ºC to 34ºC. In winter with 

48.82% was very near with temperatures of 11.8°C to 

23.1°C. In Juarez this situation was inverted, in winter 

was 39.10% with similar temperatures to Chihuahua 

around 11.4°C to 22.9°C, and summer it was 52.57% 

with temperatures of 26.4°C to 38.2°C. 

 

      These results support what Givoni says: the sensation 

of the relative humidity in climate colds is controversial, 

because some authors think that a high humidity to low 
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temperature causes discomfort in the people, whereas 

other investigators do not consider the humidity like a 

factor to consider in those conditions. (Givoni, 1969). 

 

 

CONCLUSION 

The results show that the neutral relative humidity in hot 

and dry climates is variable through the different seasons.  

 

Just as the neutral temperature is linked to the 

average temperature of a place, so the neutral relative 

humidity also should be linked to the average relative 

humidity of the place.  
 

The results of this field study indicate that the people 

in hot dry climate identify the humidity sensation 

separately of the thermal sensation. 

 

It is important to consider the variation of HRn in hot 

dry climates because the right determination of the 

humidity comfort ranges contributes to energy and water 

savings, especially in summer when people have need of 

cooling, which often is of evaporative kind. 

 

It is necessary to dedicate more study and analysis to 

the neutral Relative Humidity and the humidity comfort 

ranges. 
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