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Abstract: Globally, the temperature with its devastating impacts is increasing day by day. This rising temperature for prolonged periods 

leads to heat wave formation, which is exacerbating due to the increasing climate change. The change in frequency, duration and magnitude 

of temperature and relative humidity are the manifestations of climate change. Heat wave refers to the degree to which the increased 

temperature with relative humidity varies and   increases vulnerabilities of communities towards climate change.  Heat waves affects 

specifically human health besides other development activities. This study focuses on the heat wave trend analysis associated with the 

variability in temperature and relative humidity in Delhi for the time period of 61 years (1955-2015). The data is analyzed for the months 

April, May and June using liner square method. The significance of the trend is analyzed with the help of t-test. The heat wave shows an 

increasing trend for all three months for the selected period. Through the analysis, it is projected that there may be an increase in heat wave, 

which might further influence and augment the vulnerability of the communities towards climate change and other development activities. 
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Introduction: 
Heatwave is defined as a continued period of excessive 

heat for a long time, which is a peculiar type of extreme 

temperature that severely affects human health, 

biophysical systems and infrastructure with its 

cascading impacts [1]. According to World 

Meteorological Organization (WHO), a five or more 

consecutive days during which the daily maximum 

temperature exceeds the average maximum temperature 

by five degrees Celsius is defined as heat wave. If the 

maximum temperature of any place continues to be more 

than 45° C consecutively for two days, it is called a heat 

wave condition [2]. The number of heat wave incidents 

are growing in many parts of the world as the duration, 

magnitude and frequency of extreme temperature events 

are increasing because of climate change. Climate change 

also increases the risk of exposure to heat, which is 

becoming an enormous trend and has an alarming impact 

on health of humans. Such exposure to extreme heat 

stimulates public health emergencies and other descending 

socio-economic impacts [3]. The continued exposure to 

extreme heat can lead to heat cramps, heat exhaustion, 

heat stroke, cumulative psychological stress and 

eventually death, in addition to exacerbation of the pre-

existing chronic conditions, such as several 

cardiovascular, cerebral, and respiratory diseases.  The 

children, elderly and those specially suffering from 

respiratory and cardiovascular diseases are most 

vulnerable to such serious health consequences. The 

economically weaker sections and socially isolated people 

are also at risk from heat-related burdens [4].  Heat waves 

were responsible for 4 of the 10 deadliest natural disasters 

in 2015, with South Asian heat waves ranking third and 

fourth by mortality [5]. In 2003, because of the June-

August heat wave around 70,000 people died in Europe. 

In 2010, a 44-day heatwave in Russia occurred and caused 

more than 56,000 deaths [6]. As per Lancet report, the 

people vulnerable to heat waves have been augmented by 

around 125 million adults between 2000 – 2016. 

Although, the year 2015 witnessed an increment of 

monumental proportion when the number of vulnerable 

adults reached upto to 175 million. Between 2000 - 2016, 

about 0.9 degrees Celsius exposure to warming was faced 

by humans. This exposure was double than the increase in 

average temperature. One of the reasons behind this is 

high population densities in India, parts of sub-Saharan 

Africa and China [7]. Almost every year, during the pre-

monsoon season (April−June) heatwaves cover some area 

of India, which affects large number of population and 

results in high mortality [2]. In 2015, more than 2,400 

people died in a heat wave in the country [8]. As a result 

of human influence, in some locations the anthropogenic 

emissions has more than twice folded the likelihood of 

heat waves incidents, Moreover, under the predicted 

future climate change along with assessed emission 

scenarios, there will be a rise in surface temperature in 21
st
 

century. This will result in often, long last heat waves and 

more frequent and intense extreme precipitation events in 

many regions [9]. Due to such changes in the climate, 

more heat-related illnesses and mortality is expected.  

 

Literature of Study: 
There are number of studies, conducted in past few years 

to study heat wave in India, which are as follows: A study 

entitled as “On the Variability and Increasing Trends of 

Heat Waves over India” has focused on heat waves 

variability over India for a period of 1961-2013. It is 

indicating a substantial rise in frequency, duration and 

maximum length of heat waves [10]. “Extreme heat in 

India and anthropogenic climate change”, a research that 

emphasizes the anthropogenic factors impact on heat 

waves occurred in Andhra Pradesh & Telangana and 

Rajasthan in 2015 and 2016 respectively was studied. An 

upward trend of rise in air pollution based aerosols and 

increase in irrigation based evaporation, which results in 

increase of health risks associated with heat waves was 

recorded [11]. In the study “Increasing probability of 

mortality during Indian heat waves” in between 1960-

2009, the authors analyzed the variation in temperature, 

the severity, frequency, and duration of heat waves, and 

mortality linked with it. A rise by more than 0.5
0 

C in the 

mean temperatures across India over the same period with 
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substantial increase in heat waves [12]. “The role of local 

heating in the 2015 Indian Heat Wave”, a research that 

was conducted to study the Indian heat wave in relation to 

space and time and to found out the possible contribution 

of land surface conditions to the extreme heat. The heat 

wave occurs in late May and in early June in India, 

associated with low rainfall and enhanced local heating 

from the land surface was observed [13].  “Changes in 

regional heatwave characteristics as a function of 

increasing global temperature”, study involved changes 

in heatwave characteristics (frequency, intensity, and 

duration) in relation to global warming.  The results 

indicated the gain of limiting global warming to 1.5 °C, 

specifically to changes in heatwaves at regional level. 

They also provided the insight of the relation between 

the changes in heatwaves and warming beyond 2 °C 

[14]. 

 

Study Area and Significance of the study: 
The area selected for the study is Delhi, one of the most 

populated cities in India, which is located in the northern 

part of the country at 28.38 N and 77.14 E with an area of 

1483 sq. km [15]. The population is increasing in the 

national capital along with the hike in greenhouse gases, 

which contributes to the global warming and results in 

variations in temperature, relative humidity that may lead 

to heat waves. Despite so many increasing incidents of 

mortality and morbidity related to exposure of extreme 

temperature and humidity, yet Delhi does not have any 

Heat Wave Action Plan. Therefore, there is a need to 

analyze the presence of Heat Wave in Delhi, as at present 

there are very few studies conducted which are specific to 

this niche. Overall, this study would work as a baseline 

and early warning for the policy makers and researchers in 

the field of heat wave. 

 

Objectives of the study: 

The objectives of the present study are: 

 to find out the variations in temperature, relative 

humidity 

 to analyze the trend of heat wave in Delhi with the 

help of heat index.  

 to determine the role or influence of relative humidity 

in the face of heat wave  

 

Methodology  
The monthly data for mean maximum temperature and 

mean relative humidity obtained from Indian 

Meteorological Department (IMD) for the period 1955-

2015 (61 years) for the Safdarjung Station of Delhi to 

further calculate the heat index and study the heat wave 

trend. Heat wave rely on the temperature, consecutive 

days and weather humidity. According to Steadman, an 

apparent temperature i.e. Heat Index (Hi) might also 

contemplate for studying the heat wave events. Hi 

assessed using temperature and relative humidity is more 

prominent because this reflects the exact feel of actual air 

temperature combined with the relative humidity. In this 

study, Hi has been calculated using the NWS method 

developed by Rothfusz with an equation as follows:  

Hi = −42.379 + 2.049(1.8C +32) + 10.14R − 0.224(1.8C 

+32) R − 6.83 × 10−3 (1.8C +32)
2
                       − 

5.48×10−2 R
2
 + 1.22 × 10−3 (1.8C +32)

2 
R + 8.52 × 10−4 

(1.8C +32) R
2
- 1.99× 10−6 (1.8C +32)

2 
R

2
    

In this equation, C stands for the temperature (°C) and R 

is for the relative humidity (%). The original equation was 

used Fahrenheit (°F) for temperature but in this study it 

was converted into Celsius (°C) unit. It can be used only 

when air temperature and humidity is higher than 26°C 

and 39%, respectively. Further, the least square regression 

analysis method was used to calculate the trends. The 

significance of trend was tested using t-test at 95% 

confidence level. If the Null hypothesis stands true i.e. p > 

α, then no trend exists in the series. Similarly, if 

alternative hypothesis stands true i.e. p < α, holds true 

resulting in interference that trend exists. It can be 

signified in the equation as: 

 If H0 (Null Hypothesis) is true = Mean is equal 

to 0 = No trend exists 

 If H1 (Alternative Hypothesis) is true = Mean is 

not equal to 0 = Trend exists 

 

A positive value of trend coefficient indicates an 

increasing trend and negative value indicates otherwise 

[16].   

 

Result and Discussions: 

The change in temperature, relative humidity and heat 

wave trend has been calculated with the help of NSW 

calculator for Delhi. The rise in temperature in the months 

of April, May and June for the past 61 years (1955-2015) 

has been represented in figure 2. The mean maximum 

temperature for the month of April, May and June is 42, 

42.3 and 41.3
0
C respectively, while the maximum relative 

humidity for the same is 68% (2015), 61% (2001) and 

77% (2008) respectively for the selected time period. The 

gradual increase in the relative humidity has been clearly 

visible in the month of April for the selected time period.  

 

April  

Difference 40.492 

t (Observed value) 83.183 

|t| (Critical value) 2.000 

DF 60 

p-value (Two-tailed) < 0.0001 

Alpha 0.05 

 

 May 

Difference 48.148 

t (Observed value) 83.888 

|t| (Critical value) 2.000 

DF 60 

p-value (Two-tailed) < 0.0001 

Alpha 0.05 

 

June 

Difference 56.033 

t (Observed value) 60.476 

 |t| (Critical value) 2.000 

DF 60 

p-value (Two-tailed) < 0.0001 

Alpha 0.05 
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As the calculated p-value is lower than the significance 

level alpha = 0.05, therefore the null hypothesis H0 is 

rejected, and the alternative hypothesis Ha is accepted for 

all the three months for past 61 years. The maximum heat 

index value for the month April is 48 in 2015; May is 60 

in 2006 and June is 71 in 2011 and 2015. Although the 

value of heat index is lower among three months, but it is 

the maximum in the month April since 1955. Also, the 

value of heat index in May is maximum in 2006, but it is 

also showing a positive and increasing trend as compared 

since 1955. The heat wave trend is also in the increasing 

order in the consecutive months i.e. highest in the June. 

Although the temperature in these months has increased 

slowly except few scenarios, but the presence of relative 

humidity which has been increasing in successive years 

have augmented the heat index as compared to the normal 

temperature. Therefore, the overall maximum heat index 

value has been recorded in the month of June due to the 

high relative humidity. As the high relative humidity 

makes the moist air feels hotter than dry air because it 

evaporates process is less efficient The variation in mean 

maximum temperature, relative humidity, heat index and 

its trend for the month April, May and June is shown in 

figure 2. 

 

 
(a) 

 

 
(b) 
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(c) 

Figure 2: The variability in temperature, relative humidity, heat index and their trends in the month of April, May and June 

for 1955-2015 

 

Conclusion: 

It is concluded from the above results that all the three 

months have shown a positive trend of heat waves for 61 

years in Delhi based on the generated value of heat index 

using the mean maximum temperature and relative 

humidity for the time-period 1955-2015. The study also 

depicted the influence of relative humidity in the 

occurrence of heat wave. It is required to understand the 

interaction between the relative humidity and temperature 

to explore the heat wave of the city. However, with this 

analysis, it can be projected that the heat wave is going to 

increase in the future due to the increase in temperature 

and relative humidity. This will increase the morbidity of 

people who  get affected by heat waves in coming 

decades, also its effects depends upon the time of 

exposure to high temperature, rate of rise in temperature 

and their capacity for climate adaptation. This may also 

results in increase the vulnerabilities of communities 

towards climate change. All these effects may result in 

affecting the other development related activities.  
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