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Chapter 1
Carbon Cycle in Response to Global 
Warming

Iqra Mehmood, Amna Bari, Shakeel Irshad, Fatima Khalid, Sehrish Liaqat, 
Hamza Anjum, and Shah Fahad 

Abstract Global warming is a crucial problem in the whole world since the nine-
teenth century. There are several reasons responsible for global warming. Most con-
siderable from them are anthropogenic activities. Through a variety of human 
activities, greenhouse gases are continuously released into the atmosphere which 
resulted in raised Earth temperature. Various greenhouse gases are emitted into the 
atmosphere. Most common of them are CO2, methane, nitrous oxide, SO2, and 
ozone. CO2 emission usually occurred naturally by plants in dark, through human 
respiration and the natural carbon cycle. But, due to anthropogenic activities, the 
significant amounts of CO2 are released into the atmosphere which is above the 
normal threshold limit. High concentrations of CO2 caused Global Warming. Global 
warming, in turn, disrupts natural carbon cycle which releases more CO2 into the 
environment. Thus, this cycle is continuously running with disastrous effect on the 
natural earth’s environment. Natural carbon cycle normally occurred by the degra-
dation of SOC (soil organic carbon) by a variety of microbes and other chemical 
reactions which then released CO2 in the atmosphere. But, due to the decline of 
organic carbon in the soil, a huge amount of CO2 is being released into the environ-
ment. This process has disastrous effects on not only humans but also on plants and 
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other wildlife. This chapter reveals the effects of global warming on the natural 
carbon cycle which is the prime concern of today’s studies.

Keywords Climate change · Greenhouse emission gases · Methane, nitrous oxide 
· Temperature

1.1  Introduction

Carbon is one of the most important elements of the periodic table. In nature, the 
major Carbon reservoirs are atmosphere, ocean, plant, soil and fossil fuels. Carbon 
keeps flowing among these reservoirs. If Carbon concentration is disturbed in one 
reservoir it automatically affects the carbon concentration of other reservoirs. 
Higher carbon concentration in the atmosphere results in an increase in the global 
temperature. However, Carbon is not the enemy as it is very essential for life on 
earth. It is necessary for soil health. Photosynthesis is driven by CO2. The micro- 
organisms play an important part in converting the carbon compounds into stable, 
life-giving organic compounds (McDonough 2016). The processes of decomposi-
tion and fossil fuel combustion releases the CO2 into the atmosphere again. The 
increased CO2 concentration in the atmosphere has increased as a result of defores-
tation, industrialization, transportation and current human lifestyle which resulted 
in a global climate shift (Adnan et al. 2018; Akram et al. 2018a, b; Aziz et al. 2017; 
Habib ur et al. 2017; Hafiz et al. 2016, 2019; Kamran et al. 2017; Muhammad et al. 
2019; Sajjad et  al. 2019; Saud et  al. 2013, 2014, 2016, 2017; Shah et  al. 2013; 
Qamar-ur et al. 2017; Wajid et al. 2017; Yang et al. 2017; Zahida et al. 2017; Fahad 
and Bano 2012; Fahad et al. 2013, 2014a, b, 2015a, b, 2016a, b, c, d, 2017, 2018, 
2019a, b).

In 2013, IPPC (Intergovernmental Panel on Climate Change) reported an increase 
in the global mean surface temperature of 0.8 °C from 1880 to 2012 with an increase 
of about 0.72 °C from 1951 to 2012. Global warming is a major problem which is 
leading to climate change in most of the countries throughout the world. The crucial 
factors responsible for global warming include disastrous human activities. Changes 
in the environment now exceeded the limits of natural divergence. Human activities 
lead to the release of greenhouse gases in the environment through a variety of 
sources which ultimately increase the environment’s temperature, commonly known 
as global warming (Wheeler and Watts 2018). Species are now forced to pass 
through more rigorous selection pressures and will require more adaptation to per-
sist in the environment which will ultimately affect the evolution of the organisms 
(Monroe et al. 2018a). It has been estimated that at the end of the current century 
there will an increase of 3 °C in temperature if the current trends continue. Efforts 
are now being made to somehow limit the global warming around 1.5 °C above pre- 
industrialization but serious efforts are required to do so (Monroe 2018b). Scientists 
have now accumulated experimental evidence to prove human involvement in 
global climate change like ozone depletion, pollution, etc. (Santer et al. 2018). The 
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ozone layer has an important role in maintaining the normal temperature of the 
ecosystem. The continuous release of greenhouse gases above certain limits depleted 
the ozone layer which ultimately leads to the global warming (Santer et al. 2018). 
This chapter aims to provide insights about natural Carbon cycle and its response to 
global warming.

1.2  The Carbon Cycle

The biogeochemical cycle through which carbon is exchanged among carbon reser-
voirs like biosphere, pedosphere, hydrosphere, and atmosphere of the Earth is called 
the Carbon Cycle (Fig. 1.1). In nature, carbon is the main component of the biologi-
cal compounds as well as the minerals e.g. limestone. The carbon is among the 
important cycles on the earth which make it sustainable for life. It provides a 
description of the carbon recycling, re-usage, sequestration and release from 
the sinks.

Fig. 1.1 Global Carbon Cycle

1 Carbon Cycle in Response to Global Warming
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Overall, there are five carbon pools: the aquatic pool is the huge one among 
pedologic, geologic, atmospheric and biotic pools (Fig.  1.2). All these pools are 
connected with each other and carbon flow between them.

Carbon dioxide concentration was low in atmosphere before industrial develop-
ment. One study revealed that CO2 concentration was approximately 280  ppm 
before industrial development. After industrial development, in 2008 concentration 
raised up to 384 ppm (Tans et al. 1990). Human activities and isolation of CO2 from 
sea water and land have 50% contribution in increased level of CO2 (Menon et al. 
2007; Raupach et al. 2007). Inland waters have major role in CO2 emissions. Inland 
water includes natural ponds, rivers, streams, wetlands and reservoirs. No doubt 
they cover only 1% of earth but they have significant contribution in CO2 emissions 
as compared to terrestrial and marine ecosystem (Richey et al. 2002; Cole et  al. 
2007; Tranvik et al. 2009; Battin et al. 2008; Harris et al. 2012). 0.6 pg carbon bur-
ied inside water inlands per year (Richey et al. 2002). It is equal to 20% of carbon 
which is thought to be buried inside soil and terrestrial ecosystem. Carbon buried 
inside sediments over thousands of years (Richey et al. 2002; Einsele et al. 2001). 
Some stable carbon buried inside sediments may reach lithosphere. Due to defi-
ciency of oxygen in inland water as compared to oceans inhibits decomposition of 
sedimentary carbon and further its emission into atmosphere. This whole process is 
well presented in (Fig. 1.3). Organic carbon mobility from terrestrial ecosystems to 
inland water resources is an attention grabbing situation which is responsible for 
climate change (Battin et al. 2009). To understand carbon seclusion primary step is 
to find out where this process occurs. After this it is necessary to understand pro-
cesses that maintain and enhance it. For instance, when soil erosion occur it create 
a path by which carbon move from land to inland water resources. However, reser-
voirs, sea water maintain their sediments and bounded carbon (Richey et al. 2002; 
Battin et al. 2008). They also block carbon movement from water to other inland 

Fig. 1.2 Five worldwide carbon pools. Biotic, Atmospheric, Aquatic, Geologic and Pedologic
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