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Abstract.

The global temperature trends are being changed due to anthropogenic activities.
The natural ecosystems and human societies are affected by this rapid climate change. These
changes are caused by the increasing concentration of carbon dioxide and other greenhouse
gases including methane and oxides of nitrogen and Sulphur. These changes can be
identified using accurate data related to variations in temperature and precipitation. We
used MODIS GLOVIS LST V6 global datasets to compute pixel-based temperature
and mapped the trends. The considerable warming trends are exhibited by Arctic regions
which are warming twice as compared to other parts of world. The largest increase in
precipitation occurred in Northem Europe at rate of 129mm per decade. The concentration of
carbon dioxide has been raised up to 4.14 ppm in atmosphere by December 2020.
This increased concentration has raised the global temperature up to 1.2°C since pre
industrial era. Remotely sensed datasets provided promising results.

Keywords: Global temperature, Greenhouse gases, pre industrial era, warming trends,
carbon dioxide.
Introduction

Globally, it has been observed that the climate change due to anthropogenic
activities caused an increase in concentration of atmospheric carbon dioxide (CO») and
other gases. Farth’s climate has been changed dramatically since 19" century [1]. This climate change
contributed to variations in solar energy patterns received and reflected by earth,
temperature trends and glacial ice melting. The global mean surface temperature has
been increased up to 1.18°C since 19™ centaury estimated by linear trend according to
the Fourth Assessment Report of the Intergovernmental Panelon Climate Change
(IPCC-AR4) [2,3].
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Wave transform method and Mann—Kendall rescaled range method for analysis of
periodic properties and global trends of precipitation and air temperature from 1948 to 2010.
The results show that about 65.34% of total area exhibits warming trend while 3.18%ofthearea
show cooling trends [4]. The considerable warming trends are exhibited by Antarctica and
Middle Africa which are 0.32 °C per decade and 0.21°C per decade respectively. The dry
and wet trends are shown by 22.01% and 62.26 % respectively. The largest increase in
precipitation occurred in Northem Europe at rate of 12.9mm per decade [5].

Various nonparametric and parametric techniques have been devised during
past decade in order to detect long term trends of temperature and precipitation in
time series. Parametric factors show the probability distribution of random variables
while nonparametric tests do not exhibit probability distribution. For the hydro
meteorological time series analysis the nonparametric tests are usually encountered [0].
According to global temperature indicator, rise in surface temperature caused the
evaporation which triggers rise in precipitation [7]. The precipitation rate changes the
climatic conditions by effecting rainfall, timing of snow melt and by shifting wind
patterns. Moreover, higher the temperature, greater will be the evaporation which can
lead to droughts by decreasing the amount of water on the surface of earth.
Precipitation has also increased since 1900 to 2005 over 30° N while precipitation
level is decreased in tropics since 1970s [8].

This alarming change in temperature occurred due to increased concentration
of Carbon dioxide and other greenhouse gases in atmosphere. These gases include
methane, oxides of nitrogen and Sulphur which have the ability to trap heat thus raise
the temperature of atmosphere [9]. The concentration of these gases is rising 250
times faster due to anthropogenic activities rather than their natural resources. The
concentration of carbon dioxide increased up to 40% after the evolution of industries.
The concentration increased from 280 to 415 ppm from 1850 to 2019 [10].

Natural ecosystems as well as human localities have been affected considerably
by climate change. The climate change detection requires accurate information
regarding the space-time distribution of temperature and precipitation. Global
increase in temperature triggers expansion of forest fires, deserts and heat waves [11].
The warming of Arctic region resulted in the loss of Arctic ice, glacial retreat and rise
of sea level. Global rise in temperature also triggered extreme weather conditions and
storms due to increased rate of precipitation [12].

During the year 2018, nearly 52 billion tons of greenhouse gases has been
added to atmosphere via anthropogenic activities. Among these gases, 72% carbon
dioxide was emitted, methane contributed 19%, and nitrous oxide was added up to
6% while fluorinated gases contributed 3%. Burning of fossil fuels, industrial
processes, electricity production and deforestation contributed to the concentration of
carbon dioxide in atmosphere [13].

Global variation in temperature has affected the environment adversely, for
increasing wind speed, rainfall and typhoons in Asian regions. In Antarctica, the sea
level is rising due to melting of glaciers and ice caps leading to temperature expansion
[14].

The main purpose of this research was to examine the temporal expansion of
heat island with respect to equator. It also aims at appraising the aftermath of
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dramatic increase of atmospheric gases globally.
Material and Methods
The datasets used in this research include MODIS GLOVIS LST V6,
downloaded from earth explorer website (https://earthexplorer.usgs.gov/) for the
years from 2000 to 2020. Each dataset is comprised of pixel-based temperature values.
The reflectance of each pixel was converted to temperature using the following
formula,

Temperature = (Irradiance * 0.02)-273

We obtained the concentration of various gases including (CO,, NO, and
CH,) from GIOVAANI for the years from 2000 to 2020. These concentrations are
helpful to understand, how atmospheric gases contribute in trapping of reflected heat
which caused global warming.
Results and Discussions.

The temporal change in temperature from 2000 to 2020 is mapped in Figure 1
as below,
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The temperature rise is not uniform globally but according to Annual Climate
Report of NOAA, since 1880 the temperature has been increased at the rate of 0.08°C
per decade. The temperature in Arctic regions of world has increased three times faster
than other parts of the world. Due to this warming trend, the Arctic ice is decreasing at
the rate of 13% per decade. The Arctic region has been warmed twice as compared to
other parts of word over last 30 years in a process of Arctic amplification. Arctic oceans
absorb more heat leading to more warming of the region. Figure 2 shows the loss of ice
mass due to global warming.

Global temperature has been increasing for decades but the years 2014-2018
were considered the hottest years of decade since 1980. Annual and five-year
temperature anomalies are shown in Figure 3. These years face 1°C rise in temperature
as compared to the previous years. According to NASA, the year 2018 was the fourth
warmest year since 1980. The average global temperature rose up to 0.83°C higher than
the mean temperature in the year 1980. This warming caused melting of glaciers and
polar snow which raised water level in sea which contributed to floods, droughts and
long-lasting forest fires.

According to the NASA, HadCRUT and NOAA, the temperature of the year
2020 raised up to 1.2°C as compared to the temperature of pre-industrial area (1880).
Figure 5 shows the global temperature range for the year 2020. This alarming rise in
temperature is due to increase in concentration of carbon dioxide in atmosphere.

The concentration of carbon dioxide has been raised up to 4.14 ppm in
atmosphere by December 2020. The increase in concentration of CO; is a leading
cause of global warming. The Figure 5 shows the rise in concentration of greenhouse
gases in atmosphere.
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The figure 5 shows that the concentration of CO,, NO;, and CHi has
increased significantly since evolution of industries, where the concentration of CO,
increased from 280ppm to 415 ppm by the year 2020, while the concentration of
methane has increased up to 2000ppb by the year 2020. For instance, methane and
oxides of nitrogen and Sulphur have been increased to an alarming level since the
evolution of industries in the world. The more the concentration of greenhouse
gases, more heat will be trapped causing a global rise in temperature and increasing
the precipitation and trends of evaporation. Figure 6 shows the global trend of
precipitation globally.
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Figure 6: Global precipitation trend (mm)
Figure 1. shows that the fluctuations in global temperature are 0.93 & 0.07 °C from
the years 2009-2020. The temperature of surface of Earth is rising nearly 0.2 °C per
decade. The temperature of the year 2020 has increased up to 1.2°C as compared to the
temperature of pre industrial area (1880). Thus, due to larger heat capacity of water
oceans has trapped 90% of the solar energy. However, the oceanic circulation in Arctic
region has been disrupted due to the rapid ice and glacier melting.
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Figure 2. Arctic loss of ice due to global Figure 3. Average annual and five years
climate change temperature anomalies.
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Figure 5. shows the concentration of green
house gases in atmosphere along the
temperature range for the year 2020.

Figure 4. various indicators portraying the
average rise in temperature over the globe

Conclusion

The climate is affected by both natural and anthropogenic factors but since
19" centaury human activities have affected the temperature trend over a global
scale. During the year 2018 nearly 52 billion tons of greenhouse gases has been added
to atmosphere via anthropogenic activities. The concentration of carbon dioxide has
been raised up to 4.14 ppm in atmosphere by December 2020. Thus, the increased
concentration of carbon dioxide and other greenhouse gases have raised the
temperature of earth to an alarming level. Temperature rise has resulted in melting of
glaciers, increased sea level, flood outbursts and longer wild fires.
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