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Abstract

While global warming is only one part of climate change effects, it poses the
highest risk to our habitats and ecologies. It is alarming that global warming
has heightened in multiple locations and is intensified since the early 1970s.
Since then, there are certain global warming patterns that could guide us with
an overview of what mitigation and adaptation strategies should be developed
in the future decades. There are certain regions affected more than another,
and there are certain patterns with adverse effects on regions, sub-regions,
and even continents. This study provides an insightful analysis of recent
global warming patterns, those that are affecting us the most with regional
climate change of different types, upsurge in frequency and intensity of natu-
ral disasters, and drastic impacts on our ecosystems around the world. By
analysing the global warming patterns of these last four decades, this research
study sheds light on where these patterns are coming from, how they are de-
veloping, and what are their impacts. This study is conducted through grey
literature and analysis of the recorded global warming data publicly available
by the NASA-GISS data centre for global temperature. This brief—but com-
prehensive—analysis helps us to have a better understanding of what comes
next for global warming impacts, and how we should ultimately react. The
study contributes to the field by discovering three key points analysed based
on available data and literature on recorded global temperature, including:
differences between north and south hemispheres, specific patterns due to
ocean surface temperature increase, and recent impacts on particular regions.
The study concludes with the importance of global scale analysis to have a
more realistic understanding of the global warming patterns and their im-
pacts on all living habitats.
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1. Introduction

Global warming is one of the primary effects of climate change [1] [2]. The ex-
isting scholarly studies prove the gradual increase since the mid-19th century [3]
[4] [5] [6] [7]. The regional warming studies also indicate the increasing tem-
perature in particular locations and larger scales that include both natural and
built habitats [8] [9] [10] [11]. Hence, many context-specific studies have rec-
orded significant impacts on productivity [12], frequency and intensity of natu-
ral disasters [2] [13] [14] [15], the reoccurrence and severity of natural disasters
[16], surface warming [17], water shortage [18] [19], societal health [20], etc. By
far, global warming has the highest climate impact on all living habitats [2] [21].
Global temperature data shows the average mean of Temperature Anomaly (TA)
has remained positive since 1977 (Figure 1 and Table 1). However, the impacts
are not positive by any means. It rather suggests while global warming fluctuates
in these four decades, the average TA has never gone below 0.00°C [22] [23]
[24], proving that global warming is not only faster than ever expected but is
also progressive with no signs of conversions. It is alarming that since 2015, all
TA figures are at the highest level ever and with 2016 and 2019 as the hottest
and second hottest years on record (so far). Undoubtedly, this pattern, if con-
tinuing, will have a severe impact on ecology and human societies across the
globe.

By assessing the publicly-available global temperature data, this study pro-
vides a comprehensive analysis of global warming patterns. This study focuses
mostly on the period from 1977 onwards (due to the reason mentioned above),
as it can be considered a turning point in our contemporary climatic conditions.
This study portrays three key points: 1) difference in global warming patterns
between north and south hemispheres, and reasons behind it; 2) correlation be-
tween global warming and increasing ocean surface temperature; and 3) global
warming patterns and impacts on particular regions. With novel findings, this
paper contributes to the studies on climate change and particularly global
warming patterns. It is of great importance to comprehensively understand
global warming patterns and its impacts at multiple scales, of which three scales

of global, sub-regional, and regional are addressed here.

State of the Art and Research Methods

This study aims to shed light on three key areas in global warming patterns, es-
pecially those that are emerging in recent decades (since the late 1970s in partic-
ular). The patterns that are studied here are seen to be fluctuating in earlier dec-
ades, from the 1920s to the mid-1970s. However, as the TA has remained posi-
tive since 1977, we see minimal fluctuation and in fact, increasing global warm-
ing. Some of these have formed into recent global patterns that are important to
study. The continuing patterns are worrying and they require scientific analysis
and data-based analysis at multiple levels. In this study, we use the available data
on recorded global temperature as well as grey literature that suggests global

warming patterns in specific regions—hence, our approach here is data-based,
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Figure 1. The records of Temperature Anomaly (TA) from 1880s to 2019 (Source
adapted by the author from the Global Climate Change Data, on vital signs of the planet,
global temperature section, made publicly available by NASA for the records from 1884
to 2019 so far).

Table 1. Land-Ocean Temperature Index (C), adapted from publicly available data from
NASA-GISS, which shows positive TA figures from 1940 to 1945, 1952-53, 1957-59,
1962-63, 1969-70, 1972-73, and 1977-2019. The longest period of positive TA figures is
since 1977, which has lasted to date. Extracted data below is from 1974, showing the neg-
ative figures until 1976 and remained positive since 1977 (Legend: yellow highlight
represent the pre-1977 time with negative TA figures; red highlights represent the highest
TA figures since 2015; and purple highlight represents the hottest year recorded so far,
which is 2016 and with the highest TA figure).

YEAR No Smoothing Lowess (5) YEAR No Smoothing Lowess (5)

1974 -0.07 0.00 1997 0.47 0.43
1975 -0.01 0.02 1998 0.61 0.45
1976 -0.10 0.04 1999 0.39 0.48
1977 0.18 0.07 2000 0.39 0.50
1978 0.07 0.12 2001 0.54 0.53
1979 0.16 0.16 2002 0.63 0.55
1980 0.26 0.20 2003 0.62 0.59
1981 0.32 0.21 2004 0.54 0.61
1982 0.14 0.21 2005 0.68 0.62
1983 0.31 0.21 2006 0.64 0.63
1984 0.15 0.21 2007 0.66 0.63
1985 0.11 0.22 2008 0.54 0.64
1986 0.18 0.24 2009 0.66 0.64
1987 0.32 0.27 2010 0.72 0.65
1988 0.38 0.30 2011 0.61 0.66
1989 0.27 0.33 2012 0.64 0.70
1990 0.45 0.33 2013 0.68 0.74
1991 0.40 0.33 2014 0.75 0.78
1992 0.22 0.33 2015 _
1993 0.23 0.33 2016 1.02 0.87
1994 0.32 0.34 2017

1995 0.45 0.37 2018

1996 0.33 0.40 2019
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which is valid for evaluation of the patterns and identifying the impacts at the
global and regional levels.

The study is conducted in three parts. First, to identify the main differences
between the north and south hemispheres. This is assessed based on the analysis
of global warming differences in specific regions and using the available global
maps that could address the differences. Second, we highlight specific patterns
due to ocean surface temperature increase. This analysis benefits from the exten-
sive literature on the topic as well as maps and temperature studies of ocean
temperature data (see Table 1). And third, the study assesses recent impacts on
particular regions, exploring maps on temperature variation as well as two si-
multaneous year-by-year and five-yearly analyses of shifting conditions in spe-
cific regions at the global level. In this part, we precisely highlight key examples
that are more evident than those that are yet to be defined and/or scientifically
assessed. All three are conducted based on the combined analysis of grey litera-
ture, data analysis on global temperature, and assessment of maps for specific
emerging patterns. The following section provides the details of this evaluation

study.

2. Assessing Global Warming at the Global Level

Recent climate models suggest accelerated warming and predict global warming
that are expected to rise rapidly. The current climate modeling studies suggest
1.5°C warming increase is likely to occur in 2030 [25], which is a decade earlier
than the original IPCC’s original projection of 2040 [26]. This suggests a major
shift in increasing global warming that has accelerated in recent decades, and in
particular in recent years. The existing climate modeling studies propose options
for rapid response and adaptation strategies [25], and little thoughts are given to
mitigating strategies that are harder to implement and achieve. This is realised as
a major gap in responding to global warming impacts [2], as we continuously
deal with minimised political determination and concerns that exist around de-
celerating the global economic growth. More importantly, existing research lacks
knowledge on global warming patterns and the impacts it currently has and will
have on the societies around the globe. But why is it important to assess global
warming patterns? The answer is to reveal a better and bigger picture of our
contemporary climatic situation, particularly at the larger scales, and before
suggesting solutions that may not be so effective down the line.

Hence, the following three key points indicate that global warming patterns
are already shaped or shaping since 1977, and their impacts will continue to be

more drastic than what we estimate.

2.1. Global Warming Patterns in North and South Hemispheres

Comparatively, the Northern hemisphere is warmer down the south, mainly due
to more land surfaces, more built areas, more population density, as well as

higher production and consumption patterns. The relatively large body of An-
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tarctica, in comparison to the Arctic polar region, also plays a major part in
keeping the southern water bodies cooler than the north (Figure 2).

Unexpectedly, the global scale data does not indicate a by-default higher tem-
perature in higher density areas while it is proven that heat island effects are of-
ten more significant in those populated and dense built environments. For in-
stance, Mongolia, a country with the lowest population density, currently suffers
from rapid global warming effects. This is similar to other less populated regions
of Canada, Siberia, Central Asia, and the Middle East. Therefore, global warming
cannot be assessed at a country-level, but at a sub-regional or even continental
scale. This proves the fact that climate issues do not take into consideration the
physical boundaries of the built environments, cities, and populated regions.
While city-level and regional-level initiatives to combat climate change impacts
are essential, we require more of larger scale plans and strategies to speed up
climate change mitigation [2] [27] [28] [29]. The larger scale can be from na-
tional-level (only for larger countries) and sub-regional levels to a larger scale of
continental and even with global strategies.

2.2. Correlation between Global Warming and Increasing Ocean
Surface Temperature

The relationship between ocean temperature and global warming are studied

Figure 2. Global maps of growing global warming that signify the major differences be-
tween the north and south hemispheres. The maps of 100 years, shown here in every 10
years, highlight the increasing global warming that usually intensifies in the north he-
misphere particularly to be seen in above examples largely in the 1930s and 1940s and
then from 1980son wards (Source adapted by the author from the Global Climate Change
Data, on vital signs of the planet, global temperature section, made publicly available by
NASA for the records from 1884 to 2019 so far).
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from multiple perspectives that suggest the multiplicity of heat energy accumu-
lation, heat distribution in the ocean areas, global climate-ocean ecosystem inte-
ractions, ocean ecosystem fluctuation, and solar activity effects [30]. Despite the
fact that global data indicates the South Pacific Ocean area remains cooler [24],
it is one of the regions hit with rapid warming conditions [31] [32]. This indi-
cates we still have not seen the worst climatic conditions of this region, but the
current trends indicate the situation will potentially worsen in the coming years.
On the 6th of February 2020, Antarctica’s highest temperature was recorded at
18.3°C, 0.8°C higher than its previous highest record in 2015. Soon after, anoth-
er this record was broken with an unexpectedly high temperature of 20.75°C,
worryingly much higher than the earlier record (both recorded and confirmed in
February 2020). Also, other records suggest temperatures are constantly warm-
ing, which impacts the amount of ice lost annually from the Antarctic ice sheet
by at least six-fold in the last four decades [33]. A similar pattern is also detected
in the South Atlantic Ocean, particularly in the area between Atlantic Ocean and
South and Pacific oceans, and consistently between the sub-region of southern
Chile, Southern Argentina, and the Falkland Islands (Figure 3).

Since 2012, there is a changing pattern that a sub-region of North Atlantic
Ocean started cooling down, affecting a more severe winter climate in Europe
and North America. This is despite some signs of warming and temperature
fluctuation in several regions [15] [34] [35] [36] [37]. The sub-regional cooling

2009 ' 2014 2019

Figure 3. Demonstration of temperature changes and global warming over the South At-
lantic Ocean, highlighting in particular the reduction of cooler zones/regions from larger
areas in 1970s, to reduced areas and their disappearance before the new millennium, and
now a very concentrated in one particular zone in the last 15 years or so (Source adapted
by the author from the Global Climate Change Data, on vital signs of the planet, global
temperature section, made publicly available by NASA).
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impact is sudden and severe with colder temperatures in those regions. This ab-
rupt cooling is also thought to be a potential reoccurrence of the region’s rapid
cooling previously experienced in the 1970s [38]. There are also some earlier
signs of temperature decline from 2005 [39]. Based on the assessment of current
temperature changes in the North Pacific Ocean, there is a likelihood of a similar
pattern in the coming years. However, it is still very early to conclude as the pat-
terns are not yet emerged but are showing signs of development (Figure 4).

In recent decades, the South Ocean remains constantly cool, apart from the
years 1991, 1997, 2005, and 2006. However, a sub-region between South Africa
and the South American sub-continent has experienced constant global warming
since 1971, with some earlier signs in 1970 and an earlier shift in temperature
patterns in the mid-1960s (see Figure 3). While there are signs of slight im-
provements in the late 1990s and early 2000s, the areas nearer to South Africa
and coastal areas of Brazil and Argentina are not improving at all; a pattern that
appears emerging first in the South American side in 1973 and later around the
South African region in 1986.

While there is (still) no sign of coherent pattern in the South Ocean, there are
signs of significant temperature increase in the Arctic Ocean [11] [40] [41] [42]
[43] [44], some emerged in the earlier period of 1907-1917, and then started to
gradually increase since 1920. With some improvement in the 1960s and early
1970s, the average temperature of the Arctic Ocean has started increasing at a
faster pace and at a larger scale, since the late 1970s. This pattern was first
emerging over Northern Canada and Alaska in 1979 (with earlier signs of gra-

dual increase in 1977) and was later detected in a similar pattern over Siberia in

o 4 1 _ 2o E o
2017 2018 2019

Figure 4. Recent changing patterns over the North Atlantic Ocean and the recent cooling
effect in this region (Source adapted by the author from the Global Climate Change Data,
on vital signs of the planet, global temperature section, made publicly available by
NASA).
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1984. With some minor fluctuation, the situation in the Arctic Ocean has con-
tinued worsening since 1991 (with earlier signs from 1988-1990). The tempera-
ture increase between 1997 and 2002 becomes more evident in a much faster
pace, and expands in coverage area since 2003; shifting to the alarming situation
in 2012 (with a slight drop in 2013), and then 2014 onwards.

Other studies have already covered global impacts of the Indian Ocean
warming [45], where TAs are assessed and simulated to prove how this specific
warming pattern can “strengthen the Atlantic meridional overturning circula-
tion”. There are similar larger scale impacts from the North Atlantic Ocean and
its impacts on the Pacific/North America climate variability as well as the North
Pacific Ocean [46].

2.3. Global Warming Patterns and Impacts on Particular Regions

Existing scientific research studies, mostly assess specific global warming issues
and various climatic impacts of enhanced equatorial warming [47], increasing
global dryness [48] mainly due to CO, warming [49] [50] [51], cyclone intensity
migration, shifting tropical cyclone translation speed, etc.

It is evidenced that there are regular El Nifio and La Nifia events [52] and par-
ticularly in the Equatorial Pacific region. In recent years, these events had more
impacts on both Central/South America and Australasia [24]. For instance, one
of El Nifio’s impacts, as a result of changes in warm and cold water movements,
is more rainfall on one side (e.g. in Peru) and drought in the other (e.g. in Aus-
tralia and Indonesia). With the steady increase of surface temperature in the
Equatorial Pacific, particularly since 2003, we see an increase in both frequency
and intensity of cyclones and related natural disasters in the affected regions,
particularly in the Philippines and North-Eastern part of Indonesia. In more re-
cent years, and particularly since 2015, this has expanded in four directions cov-
ering East Asia, North Australia, South America, and Central America to part of
North America (mainly Mexico and the State of California in the US) (Figure 5)
[24]. The sudden shift in 2015 partly explains why 2016 was the hottest year rec-
orded so far.

Despite the fluctuation in temperature figures, it is evident that there are signs
of global warming patterns, that especially affect certain and less fortunate re-
gions of the world. For instance, since 1997, there is a more steady temperature
increase, affecting in particular much of Europe, North America, the Middle
East, Central Asia, and North to North-West Africa. The main impact in these
regions is substantial changes in rainfall patterns resulted in both alarming
drought conditions and an increase in flooding events. A similar pattern is also
seen in the Northern parts of Brazil and Australia, both with large areas of natu-
ral habitats. The average surface temperature increase in Europe has become
alarming since 2014, which has resulted in longer and warmer summer periods.
The extremely dry summer of 2018 was one of the alarming examples in recent

years.
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2014 2019

Figure 5. Recent changing patterns over Pacific Ocean, and the enlarging size of warming
areas, towards a major recent shift that covers four arras of East Asia, North Australia,
South America, and Central America to part of North America. The change in between
2014 and 2019 is significant, showing a growing global warming at a larger scale from
2015 onwards (Source adapted by the author from the Global Climate Change Data, on
vital signs of the planet, global temperature section, made publicly available by NASA).

3. Conclusions

While we already know the earth as a whole is warming, it is important to iden-
tify and analyse some of the global warming patterns and impacts. This study
has done this by providing new knowledge in the field of climate change. The
findings are extracted from larger scale analysis, and contemporary period of
1977 onwards. Since then, the recorded years of higher temperatures show a di-
rect correlation with warming ocean surface temperature. This study offers the
first analysis of global warming patterns at the global level, identifying some of
the developing and emerging global warming patterns. The novel findings of this
study will support future research on global warming from both perspectives of
context-specific and global-scale analyses.

This study discovers three key points associated with global warming patterns
and their drastic impacts on particular areas. It questions existing research that
only studies small scale or adaptation measures, and instead adds knowledge to
existing research with more generic—but primary—findings. Finally, the study
concludes that it is only at the global scale, that we can detect, assess, and under-
stand global warming patterns. The impacts are at a relatively smaller scale of
sub-regional, but show adverse results in different parts of the globe, particularly
with a major difference between northern and southern hemispheres. The results
here prove to be alarming, and with the continuing trends, the impacts will fur-
ther increase, will emanate earlier, and will be more severe than previously pre-
dicted.
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