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left  The Blue Marble 
photograph of Earth from  
a distance of around 45,000 
kilometres away

below  An aerial view of the 
tar sands region in Alberta, 
Canada, where mining 
operations and tailings 
ponds are so vast they can be 
seen from outer space Climate change is the defining challenge of our time. Our ability to 

rise to this challenge is only as good as our knowledge of the science  
of the situation. Here are the essentials that you need to know.

The planet is undergoing unexpected and complicated –  
but understandable – changes. Sunlight penetrating the Earth’s 
atmosphere is being trapped, and the world is storing heat 
energy more than it used to. Why is this change occurring? 
It is primarily caused by rising levels of several greenhouse gases 
– primarily carbon dioxide (CO2), followed by methane, which 
are part of the atmosphere shrouding the planet. The more of 
these gases (and water vapour) are in the atmosphere, the more 
efficiently the sun’s heat is captured.

These gases are important parts of biological systems. 
In fact, you – and all of the other animals on the planet – are 
releasing CO2 with every exhalation. We breathe in oxygen to 
allow us to burn sugars within our cells, and these are broken 
down into water and CO2 molecules. Each CO2 molecule is 

comprised of one carbon atom bound to two oxygen atoms, 
whereas water (H2O) is two hydrogen atoms bound to one 
oxygen atom.

Mirroring this process, but not necessarily balancing it, is the 
collection of CO2 by plants. Powered by sunlight, plants collect 
and combine CO2 with water to create the very mass of life. This 
includes the sugars that we break down to fuel our lives. Your 
body, the blades of grass, the wood of the forests, and almost all 
other living things are formed from that which is produced by 
green plants during photosynthesis.

Understanding the flow of carbon atoms through the 
planet is essential to understanding our changing atmosphere. 
Carbon is released into the atmosphere from biomass when it is 
broken down by fire or decomposition. You could think of our 
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The atmosphere is changing. What is 
causing it – and what comes next?
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cells’ digestion of food as tiny biological ovens burning sugar. 
Similarly, carbon is released from biomass during forest fires or 
when it is broken down by fungus or other organisms.

However, the amount of carbon that is mobile within the 
atmosphere is only a fraction of what is actually on the planet. 
The element of carbon combines with other atoms to form 
different compounds, and only a small portion of the planet’s 
carbon is in the atmosphere as CO2.

More than half of the Earth’s carbon is present in rocks, 
such as limestone (bound to calcium and oxygen) or sandstone 
(primarily silicon). About a quarter is stored in the Earth’s 
oceans, and a miniscule portion travels into space by way of 

There is a clear correlation between 
levels of CO2 in the atmosphere and the 

fluctuations in temperature of the planet

below left  The oil 
fire following the 2010 
Deepwater Horizon oil 
disaster in the Gulf of Mexico

right  The Kern River Oil 
Field in California. Depleting 
oil fields are another 
symptom of ecological 
overshoot

astronautics or meteors. The long and the short of it is that  
the rapid changes to Earth’s climate are primarily a story of 
vegetation clearing and the discovery of fossil energy.

The fossils and the forests
Ancient fossilised carbons are the critical piece to the puzzle: 
They underpin our modern civilisation and have granted us 
incredible reserves of energy. These fossil fuels – coal, oil, and 
natural gas – are the stored biomass or outgassing of biological 
material that has somehow been encapsulated on a vast scale.  
We dig them up, burn them, and release them into the 
atmosphere where they act as greenhouse gases. Overall, there 
is probably 20 times as much carbon stored as fossil fuels than 
there is living plant matter on Earth. These ancient organic 
materials have been housed in the rocks of the Earth for millions 
of years. In some forms, such as coal, you can clearly identify the 
leaves of plants that have accumulated into coal beds.  

As these materials have been brought into furnaces to power 
engines, and into laboratories to create new compounds such 
as plastic, we have extracted the energy to build the manmade 
world around us. When these energies are used to clear forests 
and drain swamps, the carbon stored in organic matter begins to 
decompose, or is burnt, and it finds its way into the atmosphere. 
That, in a nutshell, is the foundation of the current crisis.

Past changes
There is a clear correlation between levels of CO2 in the 
atmosphere and the fluctuations in temperature of the planet. 
The Earth has experienced periods of great cold and great heat  
in its geological past, but it has been relatively stable for almost  
two million years. 

An overall temperature change  
means extreme weather events.  

Heat waves and severe storms are 
predicted to increase in frequency 

The reliability of rainfall and  
freshwater stores will be affected as  

local weather patterns change

the challenge

A changing climate means a 
changing world. The living creatures 
of Earth, ourselves included, can 
only thrive – and survive – in certain 
temperature ranges. On a warming 
planet, species are threatened by 
temperature changes that they 
cannot adapt to or escape from. 
Here are some of the changes and 
challenges that we can expect:
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The climate of the last 1,000 years, and prior to the  
wide-scale burning of fossil fuels in the 1800s during the 
Industrial Revolution, has been part of a natural warming  
period after the most recent Ice Age. 

Over the last half a million years, CO2 has shifted between 
180 and 280 parts per million. Since 1950, primarily due to the 
burning of fossil fuels, it has skyrocketed to just over 400 parts 
per million, and it is not levelling out. 

If this continues, we will experience a hotter climate in the 
years to come. We will need to find ways to either store CO2, 
or mitigate the greenhouse effect to avoid this uncertain, and 
increasingly ominous, future.

The discovery
Understanding global climate gases is built upon upon careful 
measurements and experimentation across disciplines including 
meteorology, chemistry, geology, astronomy, oceanography, 
botany, engineering, and physics. The Swiss naturalist de 
Saussure’s 1767 experiment with solar ovens led to Fourier’s 
1824 realisation that the Earth could warm by sunlight’s heat 
energy failing to reflect back into space, developing further to 
produce Arrhenius’s 1859 calculations of climate change based 
on atmospheric gases. 

Precision measurement of atmospheric CO2 began in 1958 
on the peak of the Hawaiian volcano Mauna Loa; 100,000 years 

Much of the world’s water is locked into 
ice in the polar ice caps and mountain 

glaciers. These are melting into the 
ocean and raising sea levels

Global climate change is redrawing the 
world map as coastal regions  

and low islands are at risk of periodic  
or complete flooding

The agricultural crops that we depend 
on for food will need to adapt to new 

conditions, or we will need to counteract 
the changeability of these conditions

Melting Ice Caps Rising Sea Levels Food Insecurity
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climate change in asia

Climate change in numbers measuring  
the impact of and regional responses to  
global warming in Asia-Pacific 

Developing countries in Asia 
are now responsible for

35%  
of worldwide energy-related 
CO2 emissions, compared to 

17 percent in 1990

20 million Bangladeshis would 
be displaced by a one metre 
rise in sea level by 2050

china

China is the largest source 
of the region’s greenhouse 
gas emissions, accounting 
for about 70 percent. Its 
per-capita emissions, 
however, are only about 
half of the developed 
world’s average

China leads the world 
in renewable energy 
investment, spending 
more than the US, UK  
and Japan put together

Vehicle ownership is  
doubling every five years in 
many Asian countries, with 
growth in urban areas even 
more rapid, often doubling 
every two to three years

More than 60 percent of the region’s 
population works in agriculture, 
fisheries, and forestry, which are the 
sectors most at-risk to climate change

Several tens of billions of dollars will be 
needed annually to help developing countries 
transition to low-carbon and climate-resilient 
economies, with USD40 billion annually for 
adaptation in Asia and the Pacific alone

1st year

next 5 years

Decrease in fresh water 
availability could affect more 

than one billion by 2050

*Data sourced from Asian Development Bank: www.adb.org 2015

Around 17 percent of total annual global 
emissions come from forest and land use 
change, with about one-third from Asia  
and the Pacific

asia pacific

global emissions

60%
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of ancient CO2 levels can be found in the bubbles held within 
Antarctic ice. Scientific inquiry into fossil life and geological 
events has also brought about a greater understanding of the 
changes in Earth’s atmosphere throughout our planet’s existence. 

At daybreak, if you look towards the rising sun, you may 
see the bright planet Venus. Through satellite and robotic 
explorations of this planet, we now understand what causes 
the intensely hot temperatures at the surface – the greenhouse 
effect of carbon dioxide and water vapour. According to a recent 
NASA report, Venus may have once been a habitable planet, 
until global warming transformed the planet into its current 
hellish state with surface temperatures higher than 460°C, 
virtually no water, and an atmosphere comprised of carbon 
dioxide and sulphuric acid clouds. 

Today, countless scientists are observing Earth’s atmospheric 
dynamics. While there may be a concerning number of climate 
change deniers, their numbers are vastly outnumbered by those 
who hold to the science, and by those who are suffering from 
its effects. The real controversy surrounding climate change is 
therefore not about chemistry and the science of the climate, but 
about responsibility and justice.

Opportunities for change
It would be too easy to become complacent, or even defeatist, 
in the face of these worrying changes. But there is still an 
opportunity for every individual to work together to set  
motions in place.  First and foremost, we need to understand and 
stay alert to the problem. Only then can we give it the attention 
and gravity that it deserves. There’s a remarkable amount of 
confusion and, tragically, misinformation about climate  
change. For some, it’s easier to deny or ignore these changes  
and to resist making any tough decisions, but this is, inevitably,  
a losing strategy.

With that awareness comes a recognition of the pathways 
forward. Realising that renewable energy sources such as wind, 
hydro, and solar energy offer new solutions for generating power, 
innovative countries have invested in research and instigated 
infrastructure efforts towards implementing these technologies. 
Fossil fuels are being identified not only as non-renewable, but 
also as perilous, leading to increased calls for reducing reliance 
on these important resources. 

Across the globe, people are experimenting with new 
methods to slow, mitigate, and adapt to climate change. 
While these initiatives are as yet unable to provide a capable 
replacement for fossil energy sources, used effectively, they may 
lead to a future where humanity is able to harness the tools to 
manage our shared atmosphere more responsibly. 

YD BAR-NESS is a conservation ecologist based based in 
Tasmania in the far southeastern corner of Australasia. As a 
scientist, he specialises in climbing trees to document the 
treetop environment, and as a conservationist, he seeks to 
use geography and mapmaking to make every excursion an 
exploration. www.outreachecology.com

Change starts with you
What can you do? You can choose a course of action that helps 
humanity adapt to and better understand the challenges of the 
future. Demand and use alternate energy sources. Be proactive 
in helping your community plan for the coming changes. 
You can be transparent about and aware of your own energy 
consumption, and be cognisant of your nation’s energy use; 
insist that your political leaders confront the issues responsibly. 
Shun the easy mindset of denial, and be empathetic to those 
people who face the effects of climate change on the front lines. 
Understand the current crisis by researching the geological 
past. Contextualise. Plant a tree. Be creative, be rational, and be 
bold in your daily decisions in how to individually reduce your 
carbon footprint.

When the first photograph was taken of Earth by Apollo 
17 in 1972 – called The Blue Marble – humans had their first 
clear image of the beautiful vulnerability of our planet, orbiting 
silently in space. This image captures our atmosphere, and 
shows that it is shared by all of us. If there is one sure thing that 
arises from the uncertainty of a changing world, it is the singular 
importance of that fact. Earth is our one and only hospitable 
habitat – one that we won’t have the opportunity to be homesick 
for should we choose to lose it.  ag

above  Renewable energy 
sources such as wind  
energy offer “cleaner”  
ways to generate power

There’s a remarkable amount of 
confusion and, tragically, blatant 

misinformation about climate change
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