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Abstract - Outdoor Thermal Comfort Indices (THI, WBGT 
and RSI) were determined for the Aligarh city. It is found 
that climatic conditions lead to the uncomfortable 
conditions in (May –September). Long-term trends of 
annual kurtosis and skewness values indicate negative and 
positive trends respectively and maximum change is 
exhibited by THI. Long-term trends of Outdoor Thermal 
Indices indicated that lower range of indices have increased 
in last century. Among the indices, the RSI indicated 
continuous increase throughout the century, while THI and 
WBGT indicated sudden change in values since, 1980s.    
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1.INTRODUCTION  
 
Dramatic changes in land use/land cover is witnessed by 
developing country particular Indian and China. These 
changes impact on thermal regime of land especially over 
the city areas. Changes in urban climate is linked to the 
industrial output and also impact on health of urban 
population.  Based on climatic parameters numbers of 
studies at various scales and indices have been developed 
for thermal comfort and heat stress which gives numerical 
relations or graphs for evaluating thermal comfort [1]. 
Based on cities, their climate type, indices used and 
comfort reporting was studied for selecting appropriate 
thermal comfort index. Each index has their own strength 
in terms of comprehensiveness, usability, validity and 
completeness [2]. PET (Physiological Equivalent 
Temperature) was observed as a widely used outdoor 
thermal comfort index in tropics. Other indices such as 
Thom’s (DI) Discomfort Index [3] and Relative Strain 
Index (RSI) are commonly used in urban climate studies [ 
4, 5]. Temperature Humidity Index (THI) is used to 
describe thermal sensations experienced by people as a 
result of modifications in the climatic conditions of the 
urban areas [6, 7] It is a more suitable index for the tropics 
[8]. WBGT index (Wet Bulb Global Temperature) is 
recommended by the International Organization for 
Standardization (ISO) and widely used in numbers of 
studies. A comparative formulas table for the various 
indices is present in table 1. 
 

RSI allows the effect of clothing and net radiation to be 
considered along with the effects of temperature and 
humidity. The RSI for a healthy 25-year-old male, un 
acclimatized to heat and in a business clothing; with an 
internal heat production of 100 W/m2 and in the absence 
of direct solar radiation and a wind speed of 1 m/s [5]. 
Both indices, RSI and DI, use temperature and relative 
humidity (RH) meteorological parameters only to deduce 
the thermal comfort. Unlike PET and UTCI (Universal 
Thermal Climate Index), other factors such as variation in 
solar radiation, wind velocity, and clothing condition are 
not taken into account in these indices. At city level, local 
comfort assessment requires a large number of 
monitoring stations which account these parameters. 
Many studies often focus over temperature and RH data 
and extrapolate other parameters using Weather Research 
and Forecasting model (WRF) [9] or obstacle-resolving 
numerical models [10].  
 
Present study is designed to determine the various 
outdoor thermal indices. Characteristics of the indices 
were analyzed for the Aligarh city. Indices similarity, 
monthly distribution, long trends have been discussed in 
detail.     
 

2. AREA OF STUDY 
 
The city is located in the plains between the Ganga and 
Yamuna rivers (Fig. 1). It is nearly a level plain and slight 
elevation is the central. Southern part of the city has old 
habitation and new urbanization is taking place all along 
the busy National Highways. The northern part of the city 
has less habitation and currently going under new urban 
developmental activity.  
 
 The Aligarh Muslim University, the prominent 
part of the city was once on the northern edge of the city, 
now it is surrounded by new urbanization and is currently 
in middle of the city [11]. Upper Ganga canal passes 
through in the Northern part of the city, while the 
southern part of the city has low lying area of the canal 
and this area is largely affected by saline soil. In the South 
eastern direction, the famous tourist cities Mathura and 
Agra are situated. Busy Delhi –Kanpur and other highway 
(Aligarh – Matura-Agra), National Highway and Railway 
passes through the main city. 
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3. CLIMATE 

The area is located on the fringe area of the arid zone 
(Rajasthan) and falls under the semi-arid climatic 
conditions. Climate in the area can be marked with distinct 
five seasons winter, spring, summer, monsoon and 
autumn.. The winter prevails for three months (December 
– February). During this time, area is under influence of 
western disturbances and receive winter showers and 
foggy conditions prevails in the December and January.  
The spring season prevails hardly for two months (March 
–April) with moderate dryness and temperatures. The 
summer prevails for about three months (May – June) 
with high dryness and strong hot winds from South 
Western direction from arid land in Rajasthan. These 
winds bring dust and caused to high dust concentration in 
June - July. Monsoon season (July – September) in the area 
is characterized by high humidity and rainfall. Autumn 
season (October to November) in the area commence after 
retreat of monsoon. In one climatic year the atmosphere 
events show high concentration of dust in June and foggy 
conditions in December and January. 
  

 
Figure 1: Location map of the study area showing major 

segments in the city 
 

4. DATA AND METHODS  
 
In this study the monthly mean temperature and vapor 
pressure of Aligarh city is download from 
http://www.cru.uea.ac.uk/cru/data/hrg/. The 4.04 
release of the CRU TS dataset covers the period 1901-2019 
and available with 0.5-degree global resolution [12].  
 
The CRU TS (Climatic Research Unit gridded Time Series) 
dataset provides a high-resolution, monthly grid of land-
based observations going back to 1901 and consists of ten 
observed and derived variables. Individual station series 

are animalized using their 1961–1990 observations, then 
gridded to a 0.5° regular grid using angular distance 
weighting (ADW). Present data for the study area is 
gridded based on 8 surrounding weather observatories. 
 
The description of outdoor thermal comfort is present in 
table 1. Each index is described in separate along with 
values and corresponding comfort level for the RSI, THI 
and WBGT.   
 

Table 1: Thermal Indices and their formulas 
 

        Thermal Comfort Index           Variables used 
RSI= T-21/58-E Ta= Average air 

Temperature (°C), E 
= vapor pressure 
(hpa) 

THI = 
T – (0.55 – 0.00RH). (Ta-14.5) 

Ta= Average air 
Temperature (°C), 
RH= Relative 
humidity (%) 

WBGT = 
 0.567 × T𝑎 + 3.94 + 0.393 × 𝐸 

Ta = Average air 
temperature (°C), RH 
= Relative humidity 
(%), E = water vapor 
pressure (hPa) 

 
4.1 Relative Strain Index (RSI) 
 
RSI index is used to assess the heat stress of outdoor 
environments. It is obtained from two variables of air 
temperature (°C) and water vapor pressure (hectopascal) 
(Equation 1). Due to the fact that at some stations there is 
no access to water vapor pressure variable, therefore this 
parameter is determined by using the two variables of air 
temperature and relative humidity, using [4] and [14]. A 
table of different level thermal comfort of Relative Strain 
Index (RSI) is presented in Table 2 
 
RSI= T-21/58-E ---------------------------------------- (1) 
 
 
4.2 Wet Bulb Globe Temperature (WBGT) 
 
Unfortunately, due to the lack of measurement of globe 
temperature (Tg) by meteorological stations, it is not 
possible to report the heat stress conditions based on the 
WBGT index provided by the International Organization 
for Standardization (ISO) (Equation 2). Therefore, the 
model presented by the Australian Bureau of Meteorology 
(ABM) was used in this study (Equation 2) used in [14]. 
This model has been used in several studies abroad [15, 
16, 17, 18]  
 
WBGT out = 0.7Tnw + 0.2Tg + 0.1Ta -----------------          (1) 
 

 

http://www.cru.uea.ac.uk/cru/data/hrg/
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Where, Tnw, Ta and Tg are natural wet temperature, dry 
temperature and globe temperature in terms of (°C) 
respectively [19]. The water vapor pressure in equation 5 
is used directly from the data climate data set. 
 
𝑊𝐵𝐺𝑇 = 0.567 × 𝑡𝑎 + 3.94 + 0.393 --------------------------(2) 
 
Ta = Average air temperature (°C) 
RH = Relative humidity (%) 
E = water vapor pressure (hPa) 
 
The classification of this index by the American College of 
Sports Medicine (ACSM) is presented in the WBGT table 3, 
which is categorized in four levels [20].  
 

Table 2. Classification of the relative strain index levels 
(Blażejczyk, 2011). 

 
Table 3. Risk Levels of the WBGT index. 

 

Wet Bulb Globe 
Temperature 

Risk Leve l Risk Level 

<18 Low (down) 

18-23 Medium 

23-28 High 

>28 Very high 

 
 
4.3 Thermo-Hygrometric Index (THI) 
 
The THI formula proposed by [4] was also used in the 
current study. This formula incorporates air temperature 
(T) and relative humidity (RH):  
 
THI =T – (0.55 – 0.00RH) (Ta-14.5) ----------------------- (3) 
 
 
Where T is air temperature (0C) and RH is relative 
humidity (%). For comfort values, [21] delimited (21.1 0C) 
as a threshold separating comfort from hot discomfort 
(Table 4). The comfortable conditions range between 15 

0C and 20 0C  [5]. Eight THI categories were calculated 
(very cold, cold, cool, comfortable, hot, very hot and 
torrid). Water vapor pressure (hPa) data were derived 
from psychometric formula using monthly of relative 
humidity and temperature data.  
 

Table 4. The categories of the THI. 

 

 

 

 

 

 

 
 
 

 

5. RESULTS AND DISCUSSION 
 
Exposure to heat stress can cause a wide range of 
disorders and complications in people and in some cases 
can cause death [ 17, 22]. Moreover, it can reduce the 
productivity and performance of individuals [23]. 
Therefore, evaluation of this harmful factor in outdoor 
environments can be considered as a priority. In this 
regard, different indices are used to assess the heat stress 
and each of them has advantages and disadvantages [9].  
 
In this study, the THI, RSI index along with the WBGT 
index offered by the Australian Meteorological agency 
were studied for Aligarh city. In the Aligarh city during the 
last 120 years, the maximum mean monthly air 
temperature was observed in June (34.07± 0.99 0C), the 
maximum vapor pressure in July (31.14 ± 1.13) hPA. 
While, minimum monthly temperature and vapor pressure 
were recorded in January (14± 0.95) and (9.8 ± 0.61) hPA. 
The long-term trends were determined for the mean 
atmospheric temperature 0C and vapor pressure hPA on 
monthly basis. Slope analysis indicated highest increase is 
during autumn months and moderate increase in winter 
months. However, summer months show lowest increase 
(fig.2). Trend analysis in other studies in Indian continent 
also showed a continuous increase in lower temperature 
regime of winter and autumn and also impacted on trends 
of the thermal comfort indices (fig.3).  
 
The monthly RSI, WBGT and THI indices are separately 
presented in figure 4. The RSI, WBGT and THI showed 
higher discomfort level during the months of May to 
September. However, discomfort levels were observed 

Relative Strain 
Index 

Interpretation of Index 

RSI < 0.15  Discomfort for sensitive individuals 
such as the elderly and children 

0.15 ≤ RSI < 0.25  
Discomfort for all people 

0.25 ≤ RSI < 0.35  The risk of exposure to excessive 
heat (heat stroke risk) for 50% of 
people and more 

0.35 ≤ RSI < 0.45  The risk of hyperthermia for all 
people 

RSI ≥ 0.45 Discomfort for sensitive individuals 
such as the elderly and children 

THI Category THI Values (0C) 

Extremely cold -19.9 to -10.0 

Very cold -9.9 to -1.8 

Cold -1.7 to 12.9 

Cool 13.0 to 14.9 

Comfortable 15.0 to 19.9 

Hot 20.0 to 26.4 

Very Hot 26.5 to 29.9 

Uncomfortable  <30 
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slight shorter by RSI compare to WBGT and THI.  Trends of 
the skewness and kurtosis for the 120 yrs. (1900 -2019) 
are presented in fig. 4. It indicated negative and positive 
trends for the skewness and kurtosis respectively for the 
different indices. But the slopes of trends were different 
for each index. Trends of skewness and kurtosis of THI 
showed highest slope for the long-term trend of THI. It 
suggested that THI is most influenced by climate change in 
last century. Long term temporal distribution of annual 
RSI, WBGT and THI indicate rising trends with different 
degree of growth. It indicated sudden increase in THI 
started from 1980 onwards. But the growth pattern of RSI 
and WBGT indicate continuous increase in index values 
since 1900 (fig.5).  
 
Monthly variation in indices shows similarity between 
WBGT and THI and slightly differ with RSI. A significant 
correlation between studied indices, shows 
appropriateness of using the RSI, THI and WBGT. Present 
study also indicated that bioclimatic indices WBGT and 
THI show very good exponential relation. However, RSI 
and THI, WBGT and RSI showed linear relation with high 
correlation coefficient (fig.5). 
 
Regarding the advantage of using Thermal comfort 
indices, it should be noted that data measured by 
meteorological organizations can be used to predict and 
timely announce the state of heat stress in a region. If 
preventive management measures are taken by the 
relevant organizations, the occurrence of stressful 
conditions and its complications will reduce among 
exposed people. The low cost for measuring and easy 
interpretation of thermal index is one of its benefits. On 
the other hand, given the climate change phenomena and 
global warming in the coming decades, the amount of this 
index by considering different scenarios of climate change 
can be predicted. It is hoped that this way steps to 
maintain and protect the health of individuals can be 
taken, especially the manpower of outdoor work 
environments. 
 

6. CONCLUSIONS 
 
The long-term trends for the mean atmospheric 
temperature and vapor pressure on monthly basis 
indicated highest increase is in autumn and moderate 
increase in winter months, while summer months show 
minimum increase. These climatic trends also impact on 
trends of the thermal comfort indices. RSI, WBGT and THI 
showed higher discomfort level during the months of May 
to September. Trends of the skewness and kurtosis for the 
120 yrs. (1900 -2019) indicate highest change for THI. It 
showed highest increase in Kurtosis and decrease in 
skewness indicated as result of climate change in the last 
century. Long term trends of annual RSI, WBGT and THI 
mean value indicating rising in indices values from 1980 

onwards. But the long-term trends suggested that RSI 
showing a continuous increase since 1900 in index values. 
 

 
 

Figure 2: Long term trends of the monthly atmospheric 
temperature (0C) for the last 120 (1900- 2020). 

 

Figure 3: Long term trends of the outdoor thermal indices 
for the last 120 (1900- 2020) years in Aligarh. 

y = 0.0019x + 11.04 
R² = 0.0046 

y = 0.0131x - 8.1349 
R² = 0.1359 

y = 0.0159x - 10.252 
R² = 0.3093 

12

14

16

18

20

22

24

1900 1950 2000

Trend of the mothly air temperature in 0C 

jan Feb. Nov. Dec.



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 11 Issue: 02 | Feb 2024              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2024, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 819 
 

 

Figure 4: Monthly change in outdoor thermal indices (a), 
Long term annual skewness and kurtosis trends of the 

different bioclimatic Indices for the last 120 years (1901-
2019) 

lues.  

 

 
 

Figure 5: Temporal change in annual mean outdoor 
thermal indices (RSI, WBGT and THI). Black thick line 

indicated 6 year running average. 
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