
Earthrise

1st colour photo of Earth from space taken by
William Anders (24 Dec 1968) 
“We came all this way to discover the moon
and the most important thing is we discovered
the Earth” 

Taken on the third lunar orbit of the Apollo 8 mission.

About 56 years ago!

“Once a photograph of the Earth, taken from the 
outside is available …. a new idea as powerful as 
any other in history will be let loose.”
Fred Hoyle 1948
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Why did I choose this topic?

Today:  Introduction (the biosphere is a very complex system)

15 Apr: Explore the biosphere recycling processes
 
         Easter Tuesday

29 Apr: Which human wastes are impacting the biosphere?

6 May: A closer look at carbon cycles and climate change

13 May: Summarising the issues including a look at
                 the biosphere from Lovelock’s perspective
                 and a little good news to finish up the sessions



Earth

Diameter 12,756km
Volume      ~1,090 billion km3

Biosphere  ~10.2 billion km3

      so about 1% of Earth’s volume
All life on Earth exists in this thin 
      skin roughly 10km above and
      10km below the average surface
    
How much life?
Animals, plants, insects, bacteria, 
microbes, reptiles, fungi, etc. 
(viruses?)
Estimated 8.7 million species
    but estimates vary from 3m to 100m
    (only about 1.2m are described)

All Earth’s living things contain about
      550 Gigatonnes (109) of C
Atmosphere holds 808Gt of C
Total for Earth 1.85 x 1018

10km above sea level
10 km below sea level



All life on Earth
classified as:

Oxford Languages definition of life: the condition that distinguishes animals 

and plants from inorganic matter, including the capacity for growth, 
reproduction, functional activity, and continual change preceding death.
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where is the C ?

Plants Bacteria Fungi Archaea Protists Animals Viruses

Carbon distribution
in all living things

Total: 550Gt C
Plants 82.40%
Bacteria 12.80%
Fungi 2.20%
Archaea 1.30%
Protists 0.70%
Animals 0.47%
Viruses 0.04%

ANIMALS
Gt C

Arthropods (Marine) 1
Fish 0.7
Arthropods (Land) 0.2
Annelids 0.2
Mollusks 0.2
Livestock 0.1
Cnidarian 0.1
Humans 0.06
Nematodes 0.02
Wild mammals 0.007
Wild birds 0.002

Total animal carbon about 2.6Gt

What have we got here?



6000oC

15oC

EQUILBRIUM

-270oC

The Earth’s Biosphere is a 
closed system (i.e. virtually 
no input of any materials)
Energy (from sun) is almost 
the only external input – this 
flow of energy ‘powers’ all 
living things

The solar constant (solar flux 
above the atmosphere) is 
1.37kW/m2

Every day 173,000TW reaches 
the Earth’s surface, which is 
more than 10,000 times the 
power human society uses.



A little bit of trivia

• Meteors add around 40,000t of interplanetary matter per year, 
most burning up in the atmosphere (less than 10,000 meteorites 
reach the Earth’s surface).

• We also get cosmic rays (very high energy particles whizzing 
through the galaxy from supernova explosions) – about 1,000 per 
second for each square metre of the upper atmosphere.

• Volcanoes, at any one time 40 to 50 eruptions taking place, 
emitting 3 to 4 km3/year (around 1010t or 10 billion t)

Plus gases (e.g. average 200m t CO2/y) also lots of SO2



Eyjafjallajökull Volcano Eruption, Iceland.
Ingólfur Bjargmundsson Getty Images

https://www.gettyimages.com/detail/photo/eyjafjallaj%C3%B6kull-eruption-iceland-royalty-free-image/115183082


The total land area of Earth is approximately 148.3 million square kilometers, which accounts for 29% 

of the planet's surface. The remaining 71% of the surface is covered by water. This includes both 
saltwater (97%) and freshwater (3%). [Our World in Data]

Earth’s Surface

1/8th ha for each human
About 35m x 35m



A quick look at what a human needs recycled

• Oxygen one person consumes about 380L of O2 per day
   works out to almost 140m3/y or around 175kg
        we exhale around 240kg of CO2/y (exhale about 180g C/day)

• Water for general good health around 3L/day (about 1.1m3/y)
   around 1% of fresh water supplied by desalinization (growing) the
   rest comes from the biosphere’s natural desalination processes
   Total fresh-water use about 4 trillion m3/y

• Food: very roughly 300 to 350g per day (7,500cal)
   very roughly 50% of weight of dry food is C, we process it and
   breathe it out



8 billion

Other mammals
   130b (109)
Birds
   430b
   including farmed
      animals 32b
      (2/3rd chickens)
Fish
   3.5t (1012)
    including farmed
      40 to 200b fish
Insects
   about 10 x 1018



Where is today’s talk leading us?

By the end of this mini-series of talks, I hope you will be even more convinced that our planet is special
and it is the biosphere, full of all life, that keeps it special

• The biosphere is an exceedingly complex and only partially understood thin-skin around our Earth

• Humans are only one of millions of living species, physically just a speck in this huge soup of living things

• This living skin has kept the Earth’s climate pretty stable for about 1m years, 
and particularly stable for the past 10,000 years

• If there weren’t so many of us, we could probably fit in quite well with 
our  fellow living species.

• It is our land clearing, industry, industrial water use, fossil fuel use and 
wastes that make us so destructive.



Comments/questions
Comments/questions
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