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In past few decades, climate has manifested numerous shifts in its trend. 
Various natural and anthropogenic factors have influenced the dynamics 
and the trends of climate change at longer time scale. To understand the 
long term climate fluctuations, we have analyzed forty years (1978 - 
2018) data of ten climatic parameters that are responsible to influence the 
climate dynamics. The parameters involved in the present study are total 
solar irradiance (TSI), ultra violet (UV) index, cloud cover, carbon dioxide 
(CO2) abundances, multivariate (ENSO) index, volcanic explosivity index 
(VEI), global surface temperature (GST) anomaly, global sea ice extent, 
global mean sea level and global precipitation anomaly. Using the above 
mentioned climate entities; we have constructed a proxy index to study the 
quantitative measure of the climate change. In this process these indicators 
were aggregated to a single proxy index as global climate index (GCI) that 
has measured the strength of present climate change in semblance with 
the past natural variability. To construct GCI, the principal component 
analysis (PCA) has been used on yearly based data for the period 1978 
- 2018. Actually PCA is a statistical tool with which we can reduce the 
dimensionality of the data and it retains most of the variation in the new 
data set. Further, we have confined our study to natural climate drivers and 
anthropogenic climate drivers. Our result has indicated that the strongest 
climate change has been occurred globally by the end of the year 2018 in 
comparison to late 1970’s natural variability. 
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1. Introduction

In our daily life generally we deal with the term like 
weather, which includes the short term perspective of the 
circumstances of temperature, humidity, cloud cover, wind 
and rain. The Climate is the long-term concept which is 
defined as the weather conditions prevailing for a large 
time span in an area and is predominantly determined by 

temperature and precipitation of that particular area [1]. 
The flora and fauna found in a particular region is largely 
determined by the climatic conditions found there [2]. This 
shows the importance of crucial role played by climate in 
ecology and human life. Climate shows its variability in 
form of seasonal cycles or cyclic variations which may 
include the time span from a year to several years or even 
decades, such as the great Indian monsoon, North Atlantic 
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oscillations (NAO), El Niño events etc. 
Solar radiation reaching Earth’s surface in the main 

driver of long term climate change as its intensity and 
distribution may change over various time scales [3,4]. The 
solar brightness fluctuates continuously with a noticeable 
11-year cycle is now unambiguous, as an outcome of di-
rect observations of solar irradiance recorded by various 
space-based radiometers since late 1978 [5]. The climate 
system of our planet shows an evident response to solar 
variability, other natural forcings and anthropogenic in-
fluences on various time scales. Generally we observe 
the magnitude of these responses quantified in parame-
ters such as global mean surface temperatures and global 
sea surface temperature [6]. In recent past the interaction 
between the human beings and the nature became very 
disastrous [7]. As a consequence of these anthropogenic 
disturbances the Earth’s climate is undergoing substantial 
and rapid changes [8]. 

Our ability to understand and model the physical driv-
ers of climate change have been increased based on the 
past observation of patterns and trend shown by terrestrial 
climate. With the model studies we can understand the 
causes of past and present climate change and can predict 
the future changes directly [9,10]. The interconnectedness 
and complexity of the components of the climate system 
such as the land, ocean, atmosphere and cryosphere, have 
posed some challenges in front of us. It has long been 
predicted that the increased global warming is directly as-
sociated with the increasing amount of greenhouse gases 
in the atmosphere [11]. According to Xia et al., [12] the global 
mean surface temperature has increased with a rate less 
than 0.1°C /decade in the past century. During the past de-
cades of 1980s and 1990s several times we have achieved 
the record global temperatures, but a new height of tem-
perature often surpasses the old one by only a few amount 
of a degree.

The approaches for perceiving climate change general-
ly involve the estimation of the time series models which 
involve the relation between relevant forcing variables and 
climatic parameters [13,14]. The credibility of the models use 
for climate studies depends significantly on the time series 
properties of both the forcing and response variables [15]. 
Generally, the time series representing various forcings 
of climate dynamics show a non-stationary and stochas-
tically behaviour [16]; for this reason we have to rely only 
on the changes in the response variables because they are 
stationary in nature which undermines the trustworthiness 
of application of classical models which generally follow 
the static regression analysis [17].

At present the scientific activity related to climate stud-
ies have mostly been oriented towards the development 
of techniques with which they may be able to detect a sig-
nificant climate change mathematically. But the condition 
is that, these calculations must involve the natural and 
anthropogenic climate forcings [18]. As the observed cli-
mate change is an overall response of not only of natural 
and man-made forcings, such as solar irradiance changes 
and increasing greenhouse gases, but it also includes the 
chaotic or unforced variability of the climate system like 
volcanic eruptions and El Niños [7,19]. This makes the de-
tection of climate change a tough job.

To address this credibility issue related to climate 
change we have analysed all possible mechanisms of the 
climate dynamics in an inclusive manner. To that end we 
have tried to propose a proxy climate index representing 
the intended assessment of practical climate change math-
ematically. This index is a composite of some climate 
factors (natural and anthropogenic) and indicators, such as 
Total solar irradiance, global surface temperature anom-
aly, increasing greenhouse effect etc. Our climate index 
deal in a multi-dimensional approach that is, we have in-
cluded all the major forcings which directly or indirectly 
affect the climate of the Earth. We also compared recent 
observed climate change with the climatic conditions 
which occurred in the 1970s. Finally, we examine recent 
growth rates of global surface temperature, greenhouse 
gases and have tried to assess the present global warming. 
The main objective of this study is to construct an index 
of climate change and to explore the temporal variability 
of the climate system on the globe. Our focus is to explore 
the climatic variables and the climatic factors (structure) 
which may influence in the climate change globally.

To find the Global Climate Index (GCI), which is a 
proxy parameter for climate change, we have used Prin-
ciple component analysis (PCA) method. The principal 
component analysis (PCA) is a mathematical tool with 
which we can reduce the dimensionality of a given data 
set having a vast number of interrelated variables, while 
retaining the maximum possible variation present in the 
data set concerned [20]. For this a new set of variables 
needs to be created known as the principal components 
(PCs), which must not correlated to each other, and are 
well-organized so that the first few preserve most of the 
variation which were present in all of the previous input 
variables [21]. 

This paper is organized in various sections. As custom-
ary, section 1 has presented the brief introduction. Section 
2 has described data and methodology used to evaluate the 
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global climate index. Section 3 has presented the details 
of basic parameters of climate and various climate indica-
tors. Section 4 has presented the calculation of the global 
climate index. Results and discussion are presented in sec-
tion 5. Finally, section 6 has presented the conclusion.

2. Data and Methodology

We have collected a total of ten time series data for the 
present analysis. We have adopted the way to select our 
time series parameters according to climate forcings or 
climate drivers. Firstly we considered the natural climate 
drivers, which included changes in the sun’s energy output 
(total solar irradiance), UV index, cloud cover variations, 
multivariate ENSO index and large volcanic eruptions 
(that throw a huge number of particles into the upper at-
mosphere that reflect sun light). Further the anthropogenic 
climate drivers, which included emissions of heat trapping 
gases. The climate data used to compute our index is ob-
tained from different viable sources which are given in the 
following subsection.

2.1 Data Sources

The last 40 year (1978-2018) data of climatic factors 
and indicators were used to compute global climate index. 
The total solar irradiance data are taken from the website 
of Laboratory for Atmospheric and Space Physics (LASP) 
of University of Colorado Boulder data base (http://lasp.
colorado.edu) while UV index data was taken from NEO 
NASA Earth observation (https://neo.sci.gsfc.nasa.gov/). 
The cloud cover data was taken from the International 
Satellite Cloud Climatology Project (ISCCP) (http://isccp.
giss.nasa.gov/). Data for the MEI is published by ESRL 
physical division (https://www.esrl.noaa.gov/). Data for 
volcanic eruptions, particular for the periods of eruption, 
was sourced from the Smithsonian Institution (http://vol-
cano.si.edu/), Under Global Volcanism Program and the data 
of CO2 is obtained from NOAA Earth System Research 
Laboratory (https://www.esrl.noaa.gov/gmd/) and the data 
of CO2 is obtained from NOAA Earth System Research 
Laboratory (https://www.esrl.noaa.gov/gmd/). The glob-
al surface temperature anomaly data was obtained from 
the Earth Sciences Division, Goddard Institute for Space 
Studies (GISS), NASA (https://data.giss.nasa.gov/gis-
temp/). The global Sea Ice Extent data are obtained from 
NOAA’s National centre for environmental Information 
(NCEI) website (https://www.ncdc.noaa.gov). The global 
Mean Sea Level Data is obtained from Physical Ocean-
ography Distributed Active Archive Centre (ftp://podaac.
jpl.nasa.gov). The global precipitation anomaly data is 

obtained from Environmental Protection Agency, USA 
(www.epa.gov). 

2.2 Principal Component Analysis

The Principal component analysis (PCA) is a mathe-
matical technique which reduces the number of variables 
in a given data set into a lesser number of dimensions as 
comparison to the input data. This can be understood in 
mathematical terms as - suppose we an initial set of n cor-
related variables say variables X1 through to Xn, then by 
using PCA we can create a new set of uncorrelated com-
ponents or indices known as principle components, where 
each component in new data set will be a linear weighted 
combination of the input variables. Therefore the principle 
components can be written as -

PC1=a11X1+a12X2+...+a1nXn                                                                             

PCm=am1X1+am2X2+...amnXn                                                                              (1)

Where amn is a manifestation of the weight for the mth 
principal component (PCm) and the nth variable.

The weights for each principal component (PCs) can 
be calculated by the eigenvectors of the correlation matrix 
or the co-variance matrix (in case the original data were 
standardized). The variance for each principal component 
(PCs) can be found by the eigenvalue of the correspond-
ing eigenvector. The components are organised so that the 
first component (PC1) shows the largest possible amount 
of variation in the input data. The second component (PC2) 
must be completely uncorrelated with the first component 
(PC1), and explains second maximum variation, subject 
to the same calculation. Succeeding components must 
also show an uncorrelation with previously calculated 
components i.e. PC1 and PC2; therefore, each subsequent 
principle component captures an additional dimension in 
the data, while explaining smaller and smaller proportions 
of the variation of the original variables. An extensive de-
scription of PCA can be found in [21], and its applications 
to related to climate studies are given in [22].

3. Parametric Selection for calculation of 
Global Climate Index (GCI)

Solar activity variations, in particular the solar electro-
magnetic radiation indeed affects the Earth’s climate on 
long run. On the other hand in recent past the anthropo-
genic factor has also became an important player in cli-
mate change. Further the natural forcing including internal 
climate factors, such as volcanoes and El Niño changes in 
climate patterns leading to changes in the various dimen-
sions of climate dynamics [23]. A schematic view of differ-
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ent forces affecting climate is presented in Figure 1.

Figure 1. A scheme of the climate forcing

3.1 Parameters related to Solar Forcing

Three principal mechanisms have been known that 
provide a link between the solar variability and respective 
changes occurred into the Earth’s climate conditions. The 
first mechanism, originally proposed by Herschel [24], is 
about the changes in total solar irradiance (TSI) measure-
ments which discusses a variable heat input (mostly in 
visible and infrared wavelengths) to the troposphere [25,26]. 
The second suggested forcing mechanism is about varia-
tion in solar ultraviolet radiation especially during the so-
lar cycle. This hypothesis is based on the fact that changes 
in the ozone concentrations may results into the heating 
of the stratosphere, where the ultraviolet radiation is ab-
sorbed [27,28]. The third suggested forcing mechanism is 
through the effect of galactic cosmic rays on the weather 
and climate [29], involves cloud processes such as conden-
sation nucleus abundances [30], thunderstorm electrification 
and thermodynamics [31], or ice formation in cyclones [32]. 

3.1.1 Total Solar Irradiance

Figure 2(a) shows the total solar irradiance (TSI) 
monthly variations. The TSI is a measure of the integrated 
solar energy flux over the entire spectrum arriving at the 
top of the terrestrial atmosphere at the mean Sun-Earth 
distance and have a potential to cause long time climate 
change [33]. Measurements show that over the time span of 
11 year (one solar cycle), the solar radiation energy fluc-
tuates on average at about 0.1 %. The Sun emits a huge 
amount of radiative energy (about 1,361 watts per square 
meter), even this small change in solar output energy can 
affect terrestrial climate [14]. This fluctuations in the solar 
radiation occurred during a solar cycle may impact sur-
face temperature by about 0.1 degree Celsius globally [26]. 

Camp and Tung [34] have observed a variation in the sur-
face air temperature which is about (0.18±0.10 OC) from 
solar minimum to maximum during the solar cycles from 
1959 to 2004. 

3.1.2 Solar UV Index

Figure 2 (b) depicts the variations in UV index which 
is a measurement of ultraviolet (UV) radiation reaching at 
surface of the Earth. The thickness of stratospheric ozone 
is the main parameter that determines the intensity of 
surface UV radiation in the clear sky conditions. The re-
duction of 1% in stratospheric ozone column may results 
into the enhancement of surface UV radiation by 1.1% in 
absence of clouds [35]. At present the main concern of UV 
enhancement at the surface is due to ozone depletion in 
the stratosphere. This depletion has been occurred mainly 
because of the increasing amounts of atmospheric chlo-
rine and bromine that have been predominantly originated 
from the photo dissociation of chlorofluorocarbon com-
pounds (CFCs) emitted at the surface [36].

The ground-level strength of solar ultraviolet (UV) ra-
diation i.e., UV index can be used to measure and forecast 
the level of stratospheric ozone concentration [37]. From 
late 1970’s a negative trend in total ozone column amount 
has been witnessed globally which makes a great concern 
for the climate change studies. Since stratospheric ozone 
absorbs the solar ultraviolet (UV) directly incident on it, 
the decrease in its amount may be responsible for the en-
hancement of UV irradiance in the troposphere down to 
the surface [11,38]. Therefore changes in stratospheric ozone 
can impact climate because the changes in stratospheric 
ozone may bring changes in the large scale atmospheric 
state such as tropospheric circulation, surface weather and 
the amount of surface UV radiation [38]. 

3.1.3 Cloud Cover Variation

One of the most important indirect forcing that might 
have potential to influence the terrestrial climate is varia-
tion in cloud cover through cosmic rays. As we know the 
cloud cover obstructs the flow of solar radiation, which 
directly implies that the clouds can control the incident 
amount of solar radiation reaching the surface of the 
Earth during the day time, and it also controls the amount 
of heat that lost during overnight that is cooling of near 
surface environment [39-41]. Sunspots are the indicators of 
state of the solar magnetic activity and therefore they also 
represent the amount of solar modulation of galactic cos-
mic rays, and hence their intensity at the Earth [42]. The hy-
pothesis that links the cosmic ray and climate is about an 
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ionization event by a cosmic ray that produces a charged 
aerosol particle and boosts its capacity to nucleate a drop-
let and contribute to its subsequent growth. As a result of 
this water vapour condenses on these particles leading to 
formation of clouds. Thus during a solar maximum there 
is a decreased in intensity of cosmic rays implies lesser 
clouds and hence higher surface temperature [43]. The per-
cent variation in cloud cover from 1978 to 2018 has been 
shown in the figure 2 (c).

Figure 2. Monthly average variations of (a) total solar ir-
radiance, (b) UV index and (c) cloud cover for the period 

1978-2018

3.2 Parameters Related to Other Important Drivers

There are other three major drivers of climate which 
play an important role in the climate dynamic, which 
is greenhouse gas effect, volcanic activity and El Niño 
southern oscillation (ENSO). In this study atmospheric 
abundance of CO2, Multivariate ENSO index (MEI) and 
Volcanic Explosivity Index (VEI) has been taken as the 
representative parameters of above climatic drivers.

3.2.1 Atmospheric Abundance of CO2 

Since mid of 20th century the amount of greenhouse 

gases has been increased rapidly from human activities are 
this is the foremost substantial driver of observed climate 
change [44]. The anthropogenic activities are solely respon-
sible for an increase of 35 % in the net amounts of green-
house gases since 1970’s whereas the emission of carbon 
dioxide, which account for about 75% of total emissions, 
have been increased by 42 % over this same period [14]. 
The first panel of Figure 3(a) shows the global atmospher-
ic abundance of CO2 from the year 1978 to 2018. From 
figure we can observe that global atmospheric concentra-
tions of carbon dioxide have risen significantly over the 
last few decades. Around 1978 this abundance was about 
335.37 ppm (parts per million) while during 1990 it was 
353.98 ppm and during the year 2000 it was 369.06 ppm. 
The current atmospheric abundance is about 408.61 ppm. 
Based on the above results we have observed the rate of 
increase in atmospheric abundance of CO2 is about 18.31 
ppm per decade. 

3.2.2 Multivariate ENSO Index (MEI)

The complex system of ocean currents may also have a 
significant impact over the climate system of the Earth [45]. 
These effects are in the form of fluctuations or oscillations 
in the water conveying belts of the oceanic water and the 
El Niño and La Niña are two best-known oscillations of 
that kind [46]. The La Niña is the opposite of the El Niño 
condition and these two collectively make up an oscil-
lation termed as El Niño southern oscillation (ENSO). 
Figure 3(b) shows the multivariate ENSO index (MEI) 
variation, which directly relates the El Niño (warm phase) 
and La Niña (cold phase). The fluctuations in ENSO in-
dex have directly been associated with irregular climatic 
patterns and these oscillations are the largest source of 
inter-annual climate variability, contributing to substantial 
changes in temperature, rainfall, and extreme weather 
conditions globally [47-49]. 

3.2.3 Volcanic Explosivity Index (VEI)

Figure 3(c) shows the total Volcanic Explosivity Index 
(VEI) for the year 1978 to 2018 which indicates the inten-
sity of volcanic explosions. The gases and dust particles 
flung into the near surface atmosphere during volcanic 
eruptions have a significant impact on climate [50]. These 
elements ejected from volcanoes have a cooling effect in 
the planet by shielding the incoming radiation from the 
Sun [16]. This cooling effect may last for a long period of 
time ranging from months to years depending on the in-
tensity of the eruption [15,51,52]. 

DOI: https://doi.org/10.30564/jasr.v4i1.2488
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Figure 3. Variation of atmospheric burden of (a) CO2, (b) 
the MEI and (c) the VEI for the period 1978 to 2018

3.3 Determinates of the Climate Change 

These are the set of parameters that label the various 
aspects of changing climate of the Earth. They indicate 
the key features for the most relevant realms of climate 
change such as temperatures, ocean, atmosphere and the 
cryosphere.  

3.3.1 Global Surface Temperature Anomaly

Global surface temperature anomaly is measure of 
overall average surface temperature of the Earth that de-
viates from expected value based on past measurements 
[53]. The warmer temperature than a reference value will 
have a positive anomaly while negative anomaly means 
a cooler temperature than that of the reference value [3]. 
Figure 4 (a) has showed the variation in global tempera-
ture anomaly for the period 1978 to 2018. As we can see 
from the figure, in year 1978 (starting year of analysis) the 
observed value of the surface temperature anomaly was 
about 0.130C. Further an increasing trend was observed 
during the 80’s period. Here the anomaly in temperature 
rose up to the value of 0.41oC. In the year 1990 the global 
temperature anomaly reached at value of 0.370C and after 

on decade it reached at the value of 0.560C. The global 
temperature anomalies for the year 2010 and 2018 are as 
0.710C and 0.990C respectively [54,55].

3.3.2 Global Mean Sea Level

Sea level has shown a continuously rising trend over 
the past few decades. During the year 1993 the highest 
annual average in sea level was recorded. This was the 
highest level till that period but in 2017, global mean 
sea level was observed to be 3 inches above the value of 
1993 average. The variation in the global mean sea level 
(GMSL) is shown in second panel of Figure 4(b). We can 
see a continuous increase in the sea levels from 1993 to 
present time. This rapid change in GMSL is indicating 
that the climate of our planet is undergoing a change. The 
main reason for the increase in global-mean sea level rise 
is the global warming [56]. As a result of global warming 
the ice sheets and glaciers are melting and they are adding 
more water to the oceans [1,14,57].

3.3.3 Global Sea-ice Extent

The global sea ice extent has made concerns in the 
scientific community because of its rapidly decreas-
ing amount especially in the Arctic region [58-60]. This 
decrease in sea ice is an important indicator of global 
climate change [10,18]. The present global warming is 
also transferring heat to oceans, resulting in further ice 
reductions [61]. The sea ice in the Antarctic region partic-
ularly in the Southern Ocean surrounding Antarctica has 
also received attention because the sea ice coverage there, 
has increased rather than decreased since the late 1970s 
[17,62]. But these sea ice increases observed in the Antarctic 
region have not been as large as the sea ice decreases ob-
served in the Arctic region [63]. Figure 4(c) shows that the 
present status of sea ice extent is about 24.3 million sq. 
km. The rate of reduction of the global ice extent is about 
0.06 million sq. km/year [18,64]. 

3.3.4 Global Precipitation Anomaly

The fourth panel of Figure 4 (d) shows the global pre-
cipitation anomaly. As figure shows, the global annual 
precipitation has undergone a significant inter-annual vari-
ability especially during past few decades. Based on the 
moving averages it can be seen that precipitation anomaly 
was lower than 1 mm from 1979 up until around 1981. 
Between 1986 and 1990 the precipitation was approxi-
mately -2 mm. The total annual precipitation has increased 
over land globally. Since 1978, global precipitation has 
increased at an average rate of 0.08 inches per decade. 
Zhang et al., [65] have observed the precipitation anomaly 
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from 1998 to 2015 and have concluded that average annu-
al precipitation anomaly values are less than the previous 
one.

Figure 4. Temporal variation of some climate indicators 
namely (a) global surface temperature anomaly, (b) Glob-
al mean sea level, (c) global sea ice extent and (d) global 

precipitation anomaly for the period 1978-2018

4. Calculation of Global Climate Index (GCI)

The composite index, named global climate index 
(GCI) based on the time series data from 1978 to 2018, 
was developed by using principal component analysis 
(PCA). For this we have selected 10 climatic entities. The 
index relates to the climatic conditions globally. It is de-
rived from attributes such as solar irradiance, atmospheric 
abundance of CO2 and Global surface temperature anom-
aly. Various solar, natural, and anthropogenic variables 
were included to ensure a multidimensional approach in 
understanding trends of climate change. The variables that 
are employed in global climate index construction are: 
solar irradiance, UV index, cloud cover variation, MEI, 
VEI, CO2 abundance, global surface temperature anoma-
ly, global mean sea level, global sea ice extent and global 
precipitation anomaly. 

Table 1 gives a summary of all the time series data 

used in the construction of GCI. It contains the minimum, 
maximum, Mean and standard deviation of each time 
series of parameters. With the help of these ten variables 
(let’s say; X1, X2,…..,X10) we have calculated the correla-
tion matrix which is shown in Table 2. This table simply 
gives the coefficients of correlation (σ) between each 
of the 10 variables. The high degree of inter-correlation 
between the physical variables is evident from this table. 
There are a number of interesting observations which may 
be made by inspection of these correlations. Atmospheric 
abundance of CO2, Global surface temperature anomaly 
and Global mean sea level were well correlated with UV 
index (Correlation coefficient σ = 0.897, σ = 0.835 and σ 
=0.863 respectively). Whereas the cloud cover and global 
sea ice extent have a noticeable anti-correlation with UV 
index (σ = -0.611 and σ = -0.622). Cloud cover have a 
significant anti-correlation with CO2 abundance, Global 
surface temperature anomaly and Global mean sea level (σ 
= -0.563, σ = -0.553 and σ = -0.520). MEI showed a good 
correlation with global precipitation anomaly (σ = 0.503). 
Atmospheric abundance of CO2 is highly correlated with 
Global surface temperature anomaly and Global mean 
sea level (σ = 0.928, σ = 0.980) but it has a high level of 
anti-correlation with Global sea ice extent (σ = -0.763). 
Global surface temperature anomaly showed a good cor-
relation with Global mean sea level and has a significant 
anti correlation with Global sea ice extent (σ = 0.897, σ = 
-0.711). Global mean sea level have highly anti correlated 
with Global sea ice extent (σ = -0.77). 

Further we have calculated the eigenvalues of the cor-
relation matrix, and the corresponding ten eigenvalues 
are given in Table 3. Table also gives the recent variance 
of each principal component related to a particular eigen-
value (Figure 5). From the figure 5 we can observe that 
the first principle component shows 48.5 % variability for 
the considered climate system, and the second component 
shows variability equal to 15.9 %. Similarly we can get 
the variability of each successive principle component as 
we proceed downward in the third column of the table. 
It is necessary to decide on the number of components 
which have any practical significance. A simpler but 
arbitrary rule of thumb, which has proved to be useful 
in practice, is to consider only those components which 
have eigenvalues of 1.0 or greater as having any practical 
significance. In this study, therefore, the first three com-
ponents, accounting for about 75% of the total variability, 
would be regarded as being of practical significance, al-
though the possible interpretation of the next two compo-
nents, bringing the total variability to about 90.5%, would 
also be considered. 
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Table 1. Summary of the parameters used in the calculation of Global Climate Index (GCI)

Variable symbol Variable Minimum Mean maximum Standard deviation

X1 Solar irradiance 1360.53 1361.10 1361.68 0.37

X2 UV index 9.88 10.71 11.37 0.43

X3 Cloud cover 63.65 66.38 69.38 1.47

X4 MEI -10.71 4.10 19.97 8.25

X5 VEI 37.42 58.78 84.76 10.99

X6 CO2 abundance 337.40 366.78 404.30 20.24

X7 Global surface temperature anomaly 0.11 0.47 0.96 0.21

X8 Global mean sea level -22.5 22.72 77.30 30.94

X9 Global sea ice extent 23.43 26.23 27.75 0.94

X10 Global precipitation anomaly 25.9 30.88 34.76 2.00

Table 2. Correlation matrix for all the ten parameters used in the analysis

Solar 

irradiance
UV index

Cloud 

cover
MEI VEI

CO2 

abundance

Global surface 

temperature 

anomaly

Global mean 

sea level

Global sea ice 

extent

Global 

precipitation 

anomaly

Solar irradiance 1 -0.314 0.068 0.038 -0.097 -0.198 -0.099 -0.189 0.295 -0.154

UV index -0.314 1 -0.611 -0.050 0.242 0.897 0.835 0.863 -0.622 0.130

Cloud cover 0.068 -0.611 1 -0.028 -0.195 -0.563 -0.553 -0.520 0.33 0.076

MEI 0.038 -0.050 -0.028 1 0.107 -0.146 0.040 -0.160 0.161 0.503

VEI -0.097 0.242 -0.195 0.107 1 0.272 0.252 0.237 -0.235 0.096

CO2 abundance -0.198 0.897 -0.563 -0.146 0.272 1 0.928 0.980 -0.763 -0.048

Global surface 

temperature anomaly
-0.099 0.835 -0.553 0.040 0.252 0.928 1 0.897 -0.711 0.008

Global mean sea level -0.189 0.863 -0.520 -0.160 0.237 0.980 0.897 1 -0.77 -0.032

Global sea ice extent 0.295 -0.622 0.33 0.161 -0.235 -0.763 -0.711 -0.77 1 0.071

Global precipitation 

anomaly
-0.154 0.130 0.076 0.503 0.096 -0.048 0.008 -0.032 0.071 1
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Table 3. Eigen values corresponding to each parameter 
and their percentage variability

Component Eigenvalues
Percentage of variability

Component Cumulative

PC1 4.854 48.5 48.5

PC2 1.589 15.9 64.4

PC3 1.049 10.5 74.9

PC4 0.875 08.7 83.6

PC5 0.680 6.8 90.5

PC6 0.477 4.7 95.2

PC7 0.289 2.8 98.1

PC8 0.093 0.9 99.1

PC9 0.077 0.7 99.8

PC10 0.011 0.1 100

Figure 5. Percent variation of principal components

The results of PCA are presented in Table 4. Five fac-
tors accounted for 90 per cent of the total variance in the 
data. For the first factor (PC1) the global surface tempera-
ture anomaly showed markedly higher positive loading 
which is equal to 0.9730. Here loading are correlation 
coefficients of each variable with the factor, so they natu-

Table 4. Result of principal component analysis

Variables PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10

Solar irradiance -0.1266 0.0077 0.9211 -0.0208 0.3789 0.1807 -0.3503 0.0068 -0.1463 0.1966

UV index 0.2181 -0.1216 -0.0365 -0.1312 -0.1101 0.7527 0.0893 -0.221 0.3098 0.2455

Cloud cover -0.292 0.0057 -0.3274 0.0344 0.7831 0.1227 -0.019 -0.0409 0.4074 -0.0991

MEI -0.0468 0.022 0.0707 -0.1133 -0.0501 0.1349 0.7616 0.1644 0.1413 -0.6369

VEI 0.1511 -0.0278 0.06 0.8515 0.0307 0.0028 0.2344 -0.01 0.0495 0.0943

CO2 abundance 0.4439 0.9161 0.0416 -0.1509 0.116 -0.1149 -0.053 0.2555 0.1894 0.0417

Global surface temperature 

anomaly
0.9730 -0.1718 0.1783 -0.1023 0.1526 -0.4894 0.0439 -0.6497 0.2145 -0.1331

Global mean sea level 0.4353 -0.5357 0.0209 -0.0812 0.1801 -0.1862 -0.0616 0.6527 0.1288 0.0522

Global sea ice extent -0.367 -0.0059 0.1966 -0.0365 -0.3335 -0.2384 0.0867 0.0913 0.5129 0.3644

Global precipitation anomaly -0.004 0.033 -0.132 -0.2048 0.2169 -0.1519 0.4784 -0.0177 -0.2953 0.567
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rally range from -1 to +1.
A negative loading simply means that the results need 

to be interpreted in the opposite direction from the way 
it is worded. Loadings (linear weights) acquired through 
PCA from the reference data (Table 4) can be used as 
coefficients that define new climate indices. The values 
of the eigenvectors of these all the components are given 
in Table 4, the vectors being scaled so that the maximum 
weighting is + 1. Interpretation of the weightings may 
then be attempted fairly simply, by considering those 
variables which have relatively high positive or negative 
weighting (> 0.7) as constituting the global climate index 
(GCI) which is combined action of the original considered 
variables. 

The second principle component (PC2), giving relative-
ly high positive weighting to the atmospheric abundance 
of CO2 may be regarded as a general constituents of the 
anthropogenic climate change. From the table we can 
observe that the correlation between PC2 and atmospheric 
abundance of CO2 is equal to 0.9161. This simply indi-
cates that the second principle component is a measure 
of anthropogenic contribution in the climate system. The 
third principle component (PC3) is a measure of the in-
fluence of solar irradiance variability on the climate dy-
namics because it shows high correlation with total solar 
irradiance (viz. 0.9211). The fourth principle component 
(PC4) is a contribution of mainly VEI as it shows highest 
loading (correlation) with VEI which is equal to 0.8515. 
The fifth principle component can be directly associated 
with measure of cloud cover. The correlation coefficient 
between PC5 and cloud cover is about 0.7831. The sixth 
principle component (PC6) has highest loading of UV in-
dex (about 0.7527). Therefore it is a measure of influence 
of UV index on climate dynamics. The seventh principle 
component (PC7) can be considered as a measure of cloud 
MEI effects on climate system. It has a highest correlation 
value about 0.7616 with MEI. The rest of principle com-
ponents that is PC8, PC9 and PC10 showed lower correla-
tion with global mean sea level, global sea ice extent and 
global precipitation anomaly respectively. As seen from 
the table 4 the values of these correlation coefficients are 
0.6527, 0.5129 and 0.567 respectively.

Next step is to obtain principal components using ei-
genvectors (Loadings) of the estimated correlation matrix. 
The principal components will be obtained by using the 
formula given in equation (1). Therefor the first principal 
component can be written as;

PC1= (-0.1266) X1+ (0.2181) X2+ (-0.2920) X3+ 
(-0.0468) X4+ (0.1511) X5+ (0.4439) X6+ (0.9730) X7+ 
(0.4353) X8+ (-0.3670) X9 + (-0.0040) X10 

Using above equation we have calculate all the data 

points of first principal component (PC1). From the table 
3 we have seen that this principle component (PC) shows 
maximum variability of the climate system concerned in 
the analysis (48.5 %) and it is highly correlated with glob-
al surface temperature (GST) anomaly. Figure 6 depicts 
the correlation between PC1 and GST anomaly. Because 
of this high degree of variability and correlation with GST 
anomaly, the PC1 can be taken as a proxy index represent-
ing the global warming of the planet Earth. Therefore in 
this study the first PC has been considered as GCI which 
represents total warming and cooling patterns caused by 
both the natural as well as anthropogenic factors. The ob-
tained time series of PC1 has been plotted in figure 8 (blue 
line).

The Second principal component (PC2) shows a high 
degree of correlation with CO2 abundance (figure 7) and 
it has second maximum variably for the climate system 
(15.9 %). Therefore this PC gives a measure of human in-
duced warming in the terrestrial climate excluding natural 
factors. Figure 8 (red line) shows the warming pattern due 
to increase in atmospheric abundance of greenhouse gases 
predominantly CO2. The Second principal component can 
be calculated as; 

PC2 = (0.0077) X1+ (-0.1216) X2+ (0.0057) X3+ (0.022) 
X4+ (-0.0278) X5+ (0.9161) X6+ (-0.1718) X7+ (-0.5357) 
X8+ (-0.0059) X9 + (0.033) X10

As discussed above the principle components PC3, PC4, 
PC5, PC6 and PC7 showed high degree of correlation with 
natural factors of climate dynamics e.g. TSI, VEI, cloud 
cover, UV index and MEI respectively, but their vari-
ably of climate system decreases continuously as 10.5%, 
08.7%, 6.8%, 4.7% and 2.8% respectively. Therefore we 
have calculated the overall impact of natural factors in cli-
mate system. For this we have constructed another proxy 
index containing the impact of all five principle compo-
nents from PC3 to PC7. This proxy index denoted by PCN 
is a measure of warning and cooling due to variation in 
natural factors excluding the anthropogenic factors. The 
composite index for natural forcing (PCN) has been con-
structed using the obtained eigenvalues of variables and 
principal components as under:

             

                                                                                        (2)

Where, λj are eigenvalues and PCj are the principle 
component. Figure 8 (green line) depicts the global warm-
ing due to variations in natural factors of climate system.
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Figure 6. Correlation between First principle component 
(PC1) and global surface temperature (GST) anomaly

Figure 7. Correlation between second principle compo-
nent (PC2) and global concentrations of CO2

Figure 8. Global climate index (GCI) for the period from 
1978 to 2018. The human -made contribution has shown 
in red. The natural contribution (solar, volcanic, ENSO,..
etc.) has depicted in green. The blue line shows the com-
bined (total) temperature change driven by both natural 

and anthropogenic forcing

5. Results and Discussion

Climate change has been a challenging issue for the 
environmental scientists but at present it has been an issue 
for social, economic and scientific aspects as well. In the 
present paper, by using various involved parameters for 
climate change, we have generated a global climate index 
(GCI). To that end, we have analysed the time series data 
of all the considered climate parameters observed during 
last forty (1978-2018). Precisely we have selected total 
ten parameters and have developed an algorithm by using 
principal component analysis (PCA). Parameters involved 
are solar irradiance, UV index, cloud cover variations, 
MEI, VEI, CO2 abundance, global mean sea level, global 
surface temperature anomaly, global precipitation anoma-
ly and global sea ice extent. The positive values of global 
climate index (GCI) refer to changes in climate system 
that would be associated with warming patterns whereas 
the negative values would refer to the cooling trend. The 
discussed above the GCI is based on yearly observed 
values of the climate indicators and the factors that are 
responsible for the climate change significantly. Therefore 
the global climate index (GCI) is a direct measure of the 
degree of practical climate change that is occurring in 
form of warming and cooling. It also manifests natural 
climate variability, which shows the complexity involved 
in perceiving a change of climate conditions that are natu-
rally chaotic in nature.

Figure 8 has showed the increasing trend in global cli-
mate index derived from our analysis. We have proposed 
a proxy global climate Index following the well-estab-
lished principle component analysis. The human-induced 
warming in the year 1978 was calculated about 0.19 °C. 
Increasing in a continuous way it reaches about 0.82 °C 
in the year 2018. Therefore the human-induced warming 
in 2018 has been calculated relative to the base year 1978, 
reached +0.63 °C with an uncertainty of ±0.07 as shown 
in Figure 8 (red line). The changes associated with natural 
forcing are calculated as −0.04 ± 0.013 °C. The naturally 
driven changes are very small in comparison to the an-
thropogenic contribution (green line in Figure 8). Here we 
observed that basically all the witnessed warming since 
the year 1978 is human cause (red line). The rate of an-
thropogenic warming may actually be increased over the 
last 40 years and is presently at +0.16 °C/decade based on 
the 1978-2018 period. This clearly shows that the calcu-
lated index is very sensitive to the anthropogenic forcing 
and relatively less sensitive to natural factors on an in-
ter-annual or even inter-decadal timescales. 

Figure 8 (blue line) shows the warming/ cooling pat-
terns due to combined effects of natural and anthropogen-
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ic forcings. The index shown in blue depicts many devia-
tions from its mean value because of natural inter annual 
climate variability. 

The advantage of showing the global climate trends 
through global climate index is that only global surface 
temperature (GST) warming does give a holistic picture 
of global climate change because under transient cli-
mate change conditions the rate of warming of land is at 
least twice as fast as the warning rate observed in case 
of oceans. Therefore this may create an ambiguity in the 
climate related observations. Hence it is better to observe 
climate related warming / cooling with an index which is 
a composite of both the land and oceanic factors causing 
climate change.

6. Conclusions

Global climate change has already had observable ef-
fects on the environment. Effects that had predicted in the 
past would result from global climate change are showing 
their consequences as loss of sea ice, accelerated sea level 
rise and more intense heat waves resulting in warming 
of the globe. These have been caused by many natural 
factors, including changes in the Sun, volcanoes, and 
changed frequency of ENSO and CO2 levels. In under-
standing global climate changes it is necessary to combine 
many dimensions, including solar forcing, natural drivers 
of climate and anthropogenic effects By combining these 
three different approaches, we have able to build a clear 
picture of climate change that would not be possible if 
each was presented independently. Using principal com-
ponent analysis, we have computed a composite of dif-
ferent climate elements as well as measures of variability 
and climate change.

In the present study, we have generated a method to 
calculate the global climate index (GCI). The GCI is a 
measure for how strongly present climate is changing 
relative to past natural variability. It is the composite of 
ten individual climatic entities which have direct or indi-
rect connection with climate dynamics. The aim to for-
malize the GCI is to provide a quantitative measurement 
of climate change. This index has showed the strongest 
expected climate change variability at global level and 
has measured the degree of variation by which climate is 
changing. It also illustrates natural climate variability and 
revealing how difficult it is to reliably perceive a change 
of quantities that are naturally chaotic.

The scientific sense of GCI is such that positive chang-
es are expected with global warming whereas negative 
values would associate with cooling. Thus the index is in-
tended to be a measure of whether and the climate change, 
but also to examine whether there is practically a signif-

icant change of the nature predicted for global warming. 
In this study we have found that, the strongest warming 
about 331.57 %, has been occurred by the end of 2018, 
relative to late 1970’s due to anthropogenic factors only. 
Hence the anthropogenic factors are solely responsible for 
the present global warming and climate change. On the 
other hand the natural factors of climate system are re-
sponsible for climate variability only. This concludes that 
the Earth’s climate is approaching towards further warm-
ing. Our proposed global climate index (GCI) is strongly 
correlated with global surface temperature, which has 
increased the reliability of our proxy climate index.
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