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wArming
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6.1 intRODuCtiOn

There has been a great amount of talk about “global warming” and 
“ climate change” over the past few decades. However, many people do 
not completely understand what is happening to the planet. Additionally, 
others do not believe that global warming is really an imperative issue, if 
an issue at all. These beliefs come mostly from a lack of information on 
the issue at hand. It may be shown with various evidences that climate 
change is affecting the Earth, and there will be devastating consequences 
if humans do not make strong efforts to be more conscious of how the 
actions made today will affect the future.

The most important first question is: what exactly is global warming? 
In simple terms, global warming is the gradual increase in temperature of 
the Earth’s atmosphere, usually attributed to the greenhouse effect. Before 
this may be fully understood, one must be aware of the factors that affect 
the Earth’s temperature. The climate is a very complex system, consisting 
of land surface, bodies of water, the atmosphere, and living creatures. The 
atmosphere is part of the system that allows climate to be characterized, 
and is very often interpreted as the average of all of the weather patterns 
over time, which can be taken as the variations of temperature, wind 
 conditions, and precipitation over a chosen time period [1].

Earth’s climate is driven by solar radiation, and a change in the 
amount of solar radiation has the potential to drastically change the 
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62  •  CLiMatE CHangE

 climate system. This change can occur in several different ways. First, the 
incoming solar radiation can be altered if the distance between the Earth 
and Sun is changed or if the Sun began emitting more radiation. Secondly, 
the amount of solar radiation reflected off the Earth back out to space, or 
albedo, could change. The reflection may be influenced by the amount of 
cloud coverage and atmospheric particles. Finally, the infrared radiation 
from Earth out to space may be varied with a change in the concentration 
of greenhouse gas in the atmosphere [1].

The second and third methods are the reasons for the rising warmth of 
the planet. The greenhouse gases act as a blanket for the Earth,  preventing 
infrared radiation from escaping to space. Clouds exhibit a similar effect, 
but they also reflect portions of the incoming solar  radiation; this  offsets 
the “blanket effect.” While nitrogen and oxygen are the most prev-
alent elements in our atmosphere, these two gases do not contribute to 
the greenhouse effect. Instead, the most important greenhouse gases 
are  carbon dioxide and water vapor. As mankind has industrialized, the 
vehicles, buildings, and energy generation processes have required the 
combustion of fossil fuels for the most part. The burning of fossil fuels 
releases carbon dioxide into the air, and thus builds upon the blanket of 
greenhouse gases. Additionally, foliage is a large factor in the amount of 
greenhouse gases in the environment because trees consume carbon diox-
ide. In turn, the greenhouse effect increases when forests are destroyed 
and cleared. As stated earlier, an increase in the amount of greenhouse 
gases prevents more of Earth’s radiation from emitting to outer space. As 
this radiant heat stays within the atmosphere, the temperature of the planet 
will naturally increase. Global warming is an imminent problem and will 
drastically affect the future of the Earth if action is not taken. There have 
been an immense number of studies performed to determine exactly how 
an increase in greenhouse gases and mean global temperature affects the 
rest of the world. A wide variety of evidences of this phenomenon will be 
discussed.

6.2 MEan tEMPERatuRE CHangES

One of the most basic methods to demonstrate that there has been a change 
in our climate is to compare the mean temperatures of the land and oceans 
over the years. Earth has been in a warming period for approximately the 
last 300 years. There is more emphasis on the past century, where the mean 
global temperature has risen between 0.56°C and 0.92°C [2].  Currently, 
the Earth is experiencing the warmest temperature period within the past 
1,000 years [2]. This can be seen visually in Figure 6.1.
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In this plot it is shown that a large part of the earth experienced an 
increase in average temperature during 2000 to 2009 compared to 1951 to 
1980. It may be seen that there are large regional differences between the 
severities of global warming that has occurred. In general, land surfaces 
have increased temperature more than ocean surfaces. Additionally, the 
warming rates are much larger in the northernmost latitudes. This rise in 
temperature stems from an increase in the amount of energy stored on 
our planet, since the greenhouse gases hold it in. Even though the land 
 temperatures have increased more than oceanic temperatures, it may be 
noted that approximately 90 percent of the extra stored energy since 1971 
can be traced to the shallow ocean regions [3]. This occurs because water 
has a large heat capacity. Even though it is more difficult to heat up the 
oceans, the bodies of water are much more difficult to cool down once 
they have absorbed energy.

6.3 aRCtiC iCE CaPS

The combination of warmer shallow water temperatures and severe 
 climate change in the northernmost latitudes has been devastating to the 
Arctic snow caps. As shown in Figure 6.1, the temperature rise has been 
as large as 2.5°C in certain Arctic regions. The change has been drastically 
melting the Arctic ice cap. This statement can be backed by observing 
the  progression of the Ward Hunt Ice Shelf, the largest single ice block 
in the Arctic. After being around for approximately 3,000 years, the shelf 
began  cracking in the year 2000 and eventually split all the way through 
two years after [4]. However, it is not just this ice shelf that is being 
affected. The polar ice cap as a whole has been melting and  disappearing. 
 According to NASA satellite information, “the area of permanent ice cover 

Figure 6.1. 10-year average (2000 to 2009) global mean 
temperature anomaly relative to 1951 to 1980 mean [2].

–2.5

Temperature anamoly in ∞C

–1.5 –0.5 +0.50 +1.5 +2.5

Wong, Kaufui Vincent. Climate Change, Momentum Press, 2015. ProQuest Ebook Central,
         http://ebookcentral.proquest.com/lib/uu/detail.action?docID=4307182.
Created from uu on 2019-01-19 07:26:08.

C
op

yr
ig

ht
 ©

 2
01

5.
 M

om
en

tu
m

 P
re

ss
. A

ll 
rig

ht
s 

re
se

rv
ed

.



64  •  CLiMatE CHangE

is  contracting at a rate of 9 percent each decade” [4]. In order to under-
stand how significant the damage is on this polar cap, a visual  comparison 
is necessary.

Figure 6.2 shows a definitive change in the summer Arctic ice bound-
ary in only 24 years. In fact, the ice cap has shrunk more than 20 percent 
over this time period [4]. If the polar ice cap continues to disappear at this 
rate, it would be completely melted by the end of the 21st century, or even 
as early as the summer of 2050. The Arctic temperatures are increasing at 
a rate of two to three times that of the mean global temperature. This can 
again be supported by Figure 6.1. In addition to the completely melted ice, 
the ice that remains has decreased in thickness, making it more vulnerable 
to cracking. Smaller pieces of ice broken off the large shelves make them 
easier to melt.

To make matters worse, there has been no indication of global 
 warming slowing down or stopping, especially with minimal efforts put in 
by society as a whole. In fact, the melting of the ice caps accelerates the 
climate change. As stated earlier, one factor that affects climate change is 
Earth’s albedo, or the amount of solar radiation that the Earth reflects back 
to outer space. One massive benefit of having the ice caps is that they have 
a very high albedo (50 to 70 percent), where they reflect the majority of 
the incoming radiation. Snow has an even higher albedo, reaching values 
of 70 to 90 percent [5]. On the contrary, when the ice has melted into 
water, the albedo is immensely lower (approx. 6 percent for open ocean) 
and the Earth absorbs much more radiation energy [5]. With more water in 
the Arctic and more solar radiation absorbed, this builds upon the present 
issue by warming the water to a greater extent. Additionally, a large  benefit 
of the ice caps is that these masses keep the water temperature down. As a 
whole, the climate change is accelerating in the Arctic both because there 
is less ice to reflect solar radiation and keep water  temperatures down, 
and because there is more water to absorb radiant energy. While it is 

Figure 6.2. Polar ice cap in 2003 compared 
to 1979 [4].
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 unfortunate that the Arctic polar ice caps are melting, how does this affect 
the planet? What other implications does this trend have?

The melting of the ice caps causes both immediate and long-term issues. 
First, the immediate implications need to be discussed. This  behavior is 
already affecting native people living around the area,  wildlife, and plants. 
As stated earlier, the Ward Hunt Ice Shelf was split in the early 2000s as a 
warmer climate began melting the giant cap. What many do not know is that 
this shelf housed a freshwater lake, which itself had an entire ecosystem [4]. 
When the shelf was split, the lake and everything it  supported was spent 
into the ocean. Without the freshwater lake and all of the smaller creatures it 
supported, the larger animals were forced to  relocate and find new feeding 
 supplies. These included whales,  walrus, polar bears, and seals.  Additionally, 
many villages along the Arctic  coastline rely on hunting these animals for 
survival. The animal migration makes them much more difficult to track.

6.4 WiLDLifE anD EXtinCtiOn

There has been much more in-depth research and analysis performed 
to determine exactly how this rapid climate change has been affecting 
 wildlife. Fifty-one different documented changes were observed in the 
Arctic marine life, and with the results shown in Tables 1–4 in the report 
by Wassmann, Duarte, Agusti, and Sejr [6]. Most of the reports dealt with 
marine mammals, especially polar bears. The physical changes to their 
environment that forced the new behavior included prevalent changes 
such as increased temperatures of seawater, increased overlap of warmer 
Atlantic and Pacific water with the much colder Arctic, and reduction in 
the amount of ice coverage [6]. The waters of the Hudson Bay in the  arctic 
currently are absent of ice for three weeks longer than they were only  
30 years go. This change affects the polar bears that thrive while hunting 
on the ice. The footprint of these changes is devastating, and has been 
found on polar bears all over the Arctic: Hudson Bay, North Alaska, Beau-
fort Sea, and White Sea, to name a few. The footprint that Global Warming 
has placed this species is tragic, and includes decline in population, altered 
conditions, landward shifting, declining rate of cub survival, drowned 
bears, decline in female conditions, and reduced birth rates [6]. While 
 people may not want to admit it, these newfound problems and issues have 
come about because of the global warming that humans have accelerated. 
It becomes difficult to ignore our footprint on the Earth’s environment 
when studies and observations are performed, and the results found are as 
ominous as those of the polar bears.
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While only the impact of climate change on the polar bears was 
 discussed in detail, rapid warming of the planet significantly affects 
nearly every animal species type, both marine and terrestrial. Many 
 animal  species have adapted throughout history to meet the demands of 
the  environment. This trait is necessary for long-term survival. However, 
there is a  significant difference between those periods and the current 
 climate change: the current change is occurring much more rapidly.

One particular study by Root, Price, and Hall [5] did an excellent job 
demonstrating evidence that there are species currently being affected. For 
this study, thousands of articles regarding biological changes from climate 
change were reviewed, and the ones chosen had to fit a few criteria. The 
observed period had to be at least 10 years (even though most experiments 
were more than 30 years), at least one species had to show a trait change in 
that period, and a temperature change over the period had to be observed. 
Vote counting and regression slope analysis was used to determine how 
probable it was that the results found were all a result of global warming, 
and not of outside factors. Taking a wide variety of factors into account, it 
was determined how much a temperature-related trait changed. This was 
measured in number of days per 10 years. It was found that birds exhibited 
the largest mean number of days changed per decade at 5.9 ± 0.3, where 
trees had the smallest change at 3.0 ± 0.1 days. Amphibians had a very 
large variation between the days changed from their temperature-related 
trait being affected, at a value of 4.9 ± 0.6 days per decade. This is an inter-
esting find, because mean water temperatures vary based on location. It 
may have been that bodies of water that have experienced the most  climate 
change brought upon the largest schedule change for the amphibians. All 
of the species combined for a value of 5.1 ± 0.1 mean days changed per 
decade [5].

These findings demonstrate how much weather is affecting wildlife. 
While five days per decade may not seem like a long time, this sched-
ule change adds up quick. Over a time span of 60 years, a species may 
partake in a weather-related activity over a month earlier than usual. For 
 example, flocks of birds could drastically alter their migration schedules. 
As the mean temperatures affect animal traits and natural scheduling, the 
connectedness among species is disrupted and communities are forced 
to redevelop. These changes could bring upon local extinction, or even 
global extinction.

There is a significant amount of fear that the current levels of climate 
change will lead to extinction for many species of animals and plants. One 
specific study was performed on this possibility regarding the Australian 
tropical rainforests. The prediction is that increasing the mean temperature 
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would result in a significant reduction or complete destruction of the core 
environment [7]. The core environment was defined as 10 parameters that 
were significant in explaining the biological diversity within the region, 
and the areas considered had to exhibit values within the 5th and 95th 
percentile of those parameters. The experimental procedure consisted of 
modeling how climate changes would affect the biological diversity of 
native rainforest vertebrates. Sixty-five different species were considered, 
with 7,123 total unique records of these 65 vertebrates. The results found 
were severe and dramatic, as shown in Figure 6.3.

In Figure 6.3 is shown the Wet Tropics region in northeast Australia, 
as well as the current distribution of species throughout the region [8]. 
It can be seen that the current climate provides a strong environment for 
species diversity and richness. The vital spots are the ones shaded between 
the fifth and the tenth ranked dark areas. However, rising temperatures 
tell a completely different story. Based on current greenhouse gas emis-
sions, it has been estimated that Earth may reach a mean temperature 
increase of 1°C within the next few decades. The predicted plot after this 
climate change already shows a difference in species richness. There is a 
 noticeable decrease in the amount of area with very high species richness; 
various low species areas can be seen disappearing. Statistically, it was 
found that of the 65 species that were modeled, the core environment area 
would decrease for 63 of the species.

At 3.5°C above the current mean temperature in Figure 6.3, it has been 
modeled that there would be an immense decline in the overall richness in 
the Wet Tropics. The decline in biodiversity is apparent. There would no 
longer be any area with high species richness (30 species or greater), and 
native vertebrates will have disappeared from the low and mid-elevation 

Figure 6.3. Species richness of native rainforest vertebrates at various 
 temperature scenarios [8].
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regions. Additionally, 30 of the 65 species would completely lose their 
core environment, and put them on the brink of extinction in this region 
[7]. This climate change is very possible within the next century, and the 
effect on such a thriving ecosystem is appalling.

When the climate change is exaggerated even further to 5°C, it may 
be seen that there are only a very few number of species that would be 
able to survive. Finally, at a temperature anomaly of 7°C, none of the 
65 species would find areas that supported their core environment needs. 
While some of these increases in temperature may seem extreme, green-
house gases are still being produced at an alarming rate and the climate 
is changing very rapidly. It may be noted that throughout history, species 
have become extinct even from very slow, gradual climate changes. With 
the current accelerated rate of warming, it will be difficult for animals to 
adapt quickly enough and many species globally may face extinction.

6.5 WEatHER PattERnS

Further evidence that global warming is affecting us is the change in 
weather patterns over the past few decades. This has become apparent 
with extreme weather and storms. As stated earlier, the largest mean 
 temperature increases are occurring closer to the North and South Poles. 
With these warmer temperatures, there is also more water vapor entering 
the atmosphere, resulting in a hotter and more humid environment. With 
this, areas closer the equator are already warm and humid, and do not 
experience as large a change. Overall, the temperature difference between 
the equator and poles is becoming smaller. With a smaller temperature 
 difference between these regions, the strength of storms is intensified. 
More water vapor is being evaporated into the atmosphere, and this water 
vapor is what fuels storms [8].

The North Atlantic hurricane record is the longest among any record, 
starting in 1851, and with data determined to be most reliable after the 
early 1970s. It was found that relative to a 1981 to 2000 base period, 
every Atlantic hurricane season since 1995 (except two El Nino years) 
have had above-normal activity. “During 1995 to 2004, hurricane seasons 
averaged 13.6 tropical storms, 7.8 hurricanes and 3.8 major hurricanes …. 
In contrast, during the preceding 1970 to 1994 period, hurricane  seasons 
averaged 8.6 tropical storms, 5 hurricanes and 1.5 major hurricanes” 
[9]. From these statistics, it can be clearly seen that there has been an 
increase in large storm activity. Additionally, these numbers excluded the 
record-breaking hurricane season in 2005, the most active season ever.
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There are a few factors that have led to this increase in strong  tropical 
storm activity, with one of the major factors being higher sea surface 
 temperatures across the tropical Atlantic. As shown throughout the paper, 
water absorbs a lot of solar radiation and is being warmed from the current 
climate change. Hurricanes form when water evaporating from the oceans 
feed the swirling clouds; with warmer water, more available energy form 
the stronger storms. In terms of quantity of storms, the warmer sea  surface 
temperatures create more favorable conditions for tropical storms to 
develop [9].

Along with stronger tropical storms, another by-product of global 
warming is widespread droughts. Droughts can be some of the most 
 troublesome events, where they affect millions around the world each year 
agriculturally, economically, and ecologically. Droughts can be quantified 
with three criteria: the intensity, duration, and area affected. Intensity can 
be defined by soil moisture, precipitation, or water storage deficit. One of 
the most widely used indexes that take these criteria into account is the 
Palmer Drought Severity Index (PDSI), where lower values mean more 
severe droughts. Several studies have found the recent Sahel droughts in 
West Africa to be linked to a shift in the warmest tropical Atlantic sea 
surface temperatures and continuous warming of the Indian Ocean. Since 
1960, the PDSI, overall precipitation, and soil moisture levels in Sahel 
have begun to decline [10]. The warmer Indian Ocean temperatures can 
be attributed back to climate change caused by the increase in greenhouse 
gases from human activity.

Since global warming has only recently begun to accelerate sig-
nificantly, there is not an excessive amount of data available. As a 
result, it can be difficult to prove that certain weather behaviors are a 
result of climate change. However, models can be made to predict how 
 certain  phenomenon will affect the Earth in the future. This modeling is 
 important in  determining how global warming will affect sea level rise. 
As  discussed earlier, ice caps are being severely affected by rising air and 
water  temperatures from increases in solar radiation levels. The melting 
ice caps have led to a rise in global sea levels throughout the 20th  century. 
Additionally, it is believed that the sea level rises will accelerate as global 
warming continues to become more prevalent. Since the late 19th century, 
tide gauge measurements have indicated that the ocean level has risen 
an average of 1.7 ± 0.3 mm/year until 1950 [11]. Since then, sea level 
 measurements have become much more accurate using high-precision 
altimeter satellites. It has been measured that from 1993 to 2009, the sea 
level rising has increased to 3.3 ± 0.4 mm/year [11]; this phenomenon 
appears to be accelerating.
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There are two factors that largely contribute to the rising sea levels. 
The first is thermal expansion of the water due to the increasing ocean 
 temperatures. The second is the melting of major land ice reservoirs, 
 including glaciers and ice sheets. The contribution of the melting glaciers 
and ice sheets in sea level rise has become much larger recently because of 
the significant increase in mean global temperature. From 1993 to 2003, less 
than 15 percent of the sea level rise was caused by melting ice.  However, 
since 2003, it has been estimated that the  contribution of melting ice has 
nearly doubled [11]. There is a large amount of  uncertainty as to how 
the sea levels will rise in the future. For many future  predictions, a large 
amount of factors have been taken into account to make better  estimates 
outside of simple air and water temperatures. These factors include future 
social and economic developments that may influence greenhouse gas 
emissions, such as population levels and economic growth. With these 
models, it has been predicted the sea level may rise anywhere between 
30 and 180 cm (~1 to 6 ft.) by 2100 [11]. These sea level increases could 
be potentially  catastrophic for coastal communities. Land on the coast 
would be  subject to large flooding and potentially  complete submergence. 
 Additionally, saltwater would intrude and contaminate bodies of fresh 
water.

In Figure 6.4 is shown many of the low elevation island and 
coastal regions that are vulnerable to flooding. Certain areas would be 
more  devastated with excessive flooding. The areas that would be most 
 devastated are ones with very dense populations since it would be difficult 
to move large amounts of people to dry land. Additionally, regions that do 
not have resources for flooding prevention would be in more danger. In 
Figure 6.4 is shown that most countries in South, East, and Southeast Asia 

Figure 6.4. Regions vulnerable to coastal flooding [12].
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would be threatened because of their large growing cities. Even so, the 
largest impact would be found in the small islands. Some of the low-lying 
islands (Maldives, Tuvalu) face the potential of complete submergence, 
whereas the lands would have to be abandoned [11]. People who live near 
the coast may not consider this problem because it would not affect them 
directly. However, this is not true. If a large amount of coastal regions 
become flooded, these areas will no longer be easily livable in. The large 
number of people who occupy these regions would be forced to move, 
and other large cities would become even more crowded. Additionally, 
the shoreline and beaches are some of the most beautiful and peaceful 
destinations in both the United States and throughout the world. A very 
important part of nature would be lost if the coastal regions were overrun 
by sea waters.

6.6 SOLutiOnS

While it may appear that there is no end to global warming, there are 
numerous ways that humans may help to slow climate change and save the 
Earth’s environment. The largest contributor to the global climate change 
is the release of carbon dioxide from the burning of fossil fuels for energy. 
In turn, the most fundamental way to lessen the amount of carbon  dioxide 
released is to reduce energy consumption. This can be accomplished on 
both a large and small scale, with the responsibility falling on energy 
 companies and each individual person.

For energy suppliers to help reduce the burning of fossil fuels, it is 
imperative that they implement technologies that utilize renewable energy 
sources. One large energy source that can be utilized is solar power. Solar 
energy can be collected using various methods. First, solar  photovoltaics 
can be used to convert radiation into direct current electricity. There are 
arrays of cells made of specific semiconductors that form a junction that 
allows for electricity generation when the cells are illuminated by the 
Sun [12]. Additionally, concentrated solar power may be utilized. This 
 technology uses mirrors or reflective lenses to concentrate sunlight at a 
collector to heat a fluid to very high temperatures. The hot fluid flows 
from the collector to a heat engine, and a portion of the heat is then con-
verted to electricity [12]. Along with solar power, wind is another very 
useful renewable energy source. Wind turbines utilize the rotational 
energy of the blades caused by winds to create mechanical energy, which 
can then be converted to electricity for a generator. While not the most 
talked about, the largest installed renewable energy source is hydroelectric 
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power,  supplying approximately 17.4 percent of the world’s total energy 
in 2005 [12]. Water falling from dams and flowing down rivers is able 
to drive a turbine and generator and create electricity. Other renewable 
energy sources that are available include extracting the power of ocean 
waves, ocean tides, and nuclear power, to name a few. As a whole, energy 
companies need to make a much stronger effort to expand their renewable 
energy departments and begin to implement significantly more of these 
technologies. In doing so, humans will not need to continuously be burn-
ing fossil fuels to meet their energy needs. This will make a large impact 
in the effort to slow the global climate change.

On the note of energy needs, it is as much the responsibility of 
 individuals as the energy suppliers to become smarter with energy-related 
decisions. Each person needs to reduce the amount of energy they con-
sume, so renewable energy will be able to account for a larger portion of 
total consumption and less fossil fuel will have to be burned. There are 
many ways that an individual can work to fight global warming.

One may choose to change their energy supplier. Green-e- certified 
suppliers generate at least half of their power from clean sources, and 
meet strict environmental standards [13]. Additionally, consumers must be 
aware of the products they buy. This becomes important when  choosing 
vehicles, appliances, and other products that consume a large amount 
of energy or produce hydrocarbons. An alternative to reduce vehicle 
 emissions is simply to drive less. This can be accomplished with pub-
lic transportation or using an alternative mode of transportation such 
as  biking. Heating and cooling consumes a large portion of residential 
energy, so limiting heating and air conditioning, as well as weatherizing 
a home, can have a large impact on energy consumption. Finally, society 
as a whole has to raise their voice and push the government to put stricter 
carbon emission laws into effect. While it may not seem as if an individual 
person may contribute to solving the climate change issue, every person 
making a conscious effort to contribute to the cause can bring upon mas-
sive changes. This is the best way that humans may reduce their effects of 
global warming on their precious planet.
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