
The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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'Big History and Factfulness' is a project that I have been working on for the past six 
months that culminated from reading several books and taking a few online classes:

Origin Story: A Big History of Everything by David Christian. This was recommended 
by Bill Gates (https://www.gatesnotes.com/Books/Origin-
Story?WT.mc_id=20180529134311_SummerBooks2018OriginStory_BG-
FB&WT.tsrc=BGFB&linkId=52301001)

Factfulness: Ten Reasons We're Wrong About the World--and Why Things Are 
Better Than You Think by Hans Rosling and Anna Rosling Rönnlund. This book was 
also recommended by Bill Gates (https://www.gatesnotes.com/Books/Factfulness).

The Age of Sustainable Development (https://www.edx.org/course/age-of-
sustainable-development). This is a 14 week-long MOOC. The accompaning text is  
The Age of Sustainable Development by Jeffrey D. Sachs and Ki-moon Ban. Jeffrey 
D. Sachs is a world-renowned professor of economics, leader in sustainable 
development, senior UN advisor, bestselling author, and syndicated columnist 
whose monthly newspaper columns appear in more than 100 countries 
(https://www.edx.org/bio/jeffrey-d-sachs).
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Doughnut Economics: Seven Ways to Think Like a 21st-Century Economist by Kate 
Raworth. Here is an interesting article about the book by the author, Meet the 
doughnut: the new economic model that could help end inequality 
(https://www.weforum.org/agenda/2017/04/the-new-economic-model-that-could-end-
inequality-doughnut/).

'Big History and Factfulness', examines our past, explains our present, and imagines 
our future through eight thresholds: Threshold 1: The Big Bang; Threshold 2: Stars 
Light Up; Threshold 3: New Chemical Elements; Threshold 4: Earth & the Solar 
System; Threshold 5: Life on Earth; Threshold 6: Collective Learning; Threshold 7: 
Agriculture; and Threshold 8: The Modern Revolution and Sustainable Development. 
I fill each of these sections with relevant imagery, articles and anecdotes that I have 
found particularly interesting over the years. Its my contribution to educating the 
public about the past present and future. 

Greg Cermak
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Timeline of the Universe

Synopsis:

In the 1950s there were essentially two theories about the origin of the universe. 
One was the Steady State Theory, which held that the universe was homogenous in 
space and time and would remain so forever . The more controversial theory sought 
to incorporate Edwin Hubble's discovery in 1929 that galaxies are moving away 
from one another at remarkable speeds. A handful of physicists led by George 
Gamow argued that the separation between galaxies must have been smaller in the 
past, which meant that at some point the universe had once been infinitely dense. 
Everything in the universe had emerged from this incredibly dense and hot state in 
a cataclysmic explosion called "the Big Bang.“ Think of Tillamook swiss cheese. The 
solid part of the cheese represents empty space; the holes in the cheese represent 
galaxies.

As the galaxies move away from one another, the holes in the swiss cheese move 
away from one another.

Timeline of the Universe (https://map.gsfc.nasa.gov/media/060915/index.html)
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Nine Year Microwave Sky 

Synopsis:

In 1960, Penzias and Wilson  used an old  unused Bell Lab’s giant, 20-foot horn-
shaped antenna in Holmdel, NJ  as a radio telescope to amplify and measure radio 
signals from the spaces between galaxies. To do so, they had to eliminate all 
recognizable interference from their receiver, removing the effects of radar and radio 
broadcasting and suppressing interference from the heart of the receiver itself by 
cooling it with liquid helium.  When they reduced their data, they found an annoying 
background "noise", like static in a radio, that interfered with their observations. The 
noise was a uniform signal in the microwave range (with a wavelength of 7.35 
centimeters), and seemed to come from all directions. Penzias and Wilson checked 
everything they could think of to rule out the source of the excess radiation. 
Including droppings from pigeons roosting in the horn-shaped antenna. [Ivan 
Kaminow, a colleague of Penzias during the latter's early days at Bell Labs, once 
joked that Penzias and Wilson "looked for dung but found gold, which is just 
opposite of the experience of most of us."] Yet still the background radiation 
remained. Around the same time, Princeton University physicist Robert Dicke
theorized that if the universe was created according to the Big Bang theory, a low-
level background radiation at around 3 degrees Kelvin would exist throughout the 
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universe. Dicke had begun looking for evidence to support his theory when Penzias 
and Wilson got in touch with his laboratory. He visited Bell Labs and confirmed that 
the mysterious radio signal was indeed the cosmic background radiation — proof of 
the Big Bang. Dicke shared his theoretical work with the Bell Labs researchers, even 
as he resignedly admitted to his Princeton colleagues, "We've been 
scooped.“Penzias and Wilson received the Nobel prize in physics in 1978 for their 
serendipitous discovery of the CMB. More than three decades later, NASA sent the 
Cosmic Microwave Background Explorer (COBE) satellite into orbit to investigate the 
CMB in great detail, producing the first detailed map analyzing the small irregularities, 
or "ripples", in the microwave background. The small irregularities represent the 
formation of the earliest galaxies.

Nine Year Microwave Sky (https://map.gsfc.nasa.gov/media/121238/index.html)

Nine Year Microwave Sky

The detailed, all-sky picture of the infant universe created from nine years of WMAP 
data. The image reveals 13.77 billion year old temperature fluctuations (shown as 
color differences) that correspond to the seeds that grew to become the galaxies. The 
signal from the our Galaxy was subtracted using the multi-frequency data. This image 
shows a temperature range of ± 200 microKelvin.

https://www.aps.org/publications/apsnews/200207/history.cfm

July 2002 (Volume 11, Number 7)

This Month in Physics History

June 1963: Discovery of the Cosmic Microwave Background

One of the Cosmic Background Radiation maps produced Cosmic Microwave 
Background Explorer (COBE). 

Sometimes the most stunning scientific discoveries are the least expected, and occur 
more by serendipity than by intent. Take the case of Bell Labs physicists Arno 
Penzias and Robert Wilson, who set out to map radio signals from the Milky Way and 
wound up being the first to measure the cosmic background radiation (CMB). Their 
momentous discovery made it possible to obtain information about cosmic processes 
that took place about 14 billion years ago, and forever changed the science of 
cosmology, transforming it from a specialty of a select few astronomers to a 
"respectable" branch of physics almost overnight.
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In the 1950s there were essentially two theories about the origin of the universe. One 
was the Steady State Theory, which held that the universe was homogenous in space 
and time and would remain so forever . The more controversial theory sought to 
incorporate Edwin Hubble's discovery in 1929 that galaxies are moving away from 
one another at remarkable speeds. A handful of physicists led by George Gamow 
argued that the separation between galaxies must have been smaller in the past, 
which meant that at some point the universe had once been infinitely dense. 
Everything in the universe had emerged from this incredibly dense and hot state in a 
cataclysmic explosion called "the Big Bang."

Bell Labs had built a giant, 20-foot horn-shaped antenna in Holmdel, NJ in 1960 as 
part of a very early satellite transmission system called Echo, but the launch of the 
Teslar satellite a few years later made the Echo system obsolete for its intended 
commercial application. Penzias and Wilson seized the opportunity to use the 
antenna as a radio telescope to amplify and measure radio signals from the spaces 
between galaxies. To do so, they had to eliminate all recognizable interference from 
their receiver, removing the effects of radar and radio broadcasting and suppressing 
interference from the heart of the receiver itself by cooling it with liquid helium.

However, when Penzias and Wilson reduced their data, they found an annoying 
background "noise", like static in a radio, that interfered with their observations. The 
noise was a uniform signal in the microwave range (with a wavelength of 7.35 
centimeters), and seemed to come from all directions. Penzias and Wilson checked 
everything they could think of to rule out the source of the excess radiation. They 
pointed the antenna at New York City and found it wasn't due to urban interference. 
Nor was it radiation from our galaxy or extraterrestrial radio sources.

Finally, they decided the problem might be due to the droppings from pigeons 
roosting in the horn-shaped antenna, contrived a pigeon trap to oust the birds, and 
spent hours removing pigeon dung from the contraption. [Ivan Kaminow, a colleague 
of Penzias during the latter's early days at Bell Labs, once joked that Penzias and 
Wilson "looked for dung but found gold, which is just opposite of the experience of 
most of us."] Yet still the background radiation remained.

So Penzias and Wilson began looking for theoretical explanations. Around the same 
time, Princeton University physicist Robert Dicke theorized that if the universe was 
created according to the Big Bang theory, a low-level background radiation at around 
3 degrees Kelvin would exist throughout the universe. Dicke had begun looking for 
evidence to support his theory when Penzias and Wilson got in touch with his 
laboratory. He visited Bell Labs and confirmed that the mysterious radio signal was 
indeed the cosmic background radiation — proof of the Big Bang. Dicke shared his 
theoretical work with the Bell Labs researchers, even as he resignedly admitted to his 
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Princeton colleagues, "We've been scooped."

The two groups published their results at the same time in Astrophysical Journal 
Letters. Penzias and Wilson received the Nobel prize in physics in 1978 for their 
serendipitous discovery of the CMB. More than three decades later, NASA sent the 
Cosmic Microwave Background Explorer (COBE) satellite into orbit to investigate the 
CMB in great detail, producing the first detailed map analyzing the small irregularities, 
or "ripples", in the microwave background.

The giant radio antenna at Holmdel was designated a National Historic Landmark in 
1990. Even the lowly pigeon trap has found its way into posterity. It is now one of the 
key artifacts on permanent display in Washington, DC, part of a new exhibit at the 
Smithsonian Institute's National Air & Space Museum that debuted in September 
2001, entitled, "Exploring the Universe." And Penzias and Wilson went down in 
scientific history for a momentous discovery that opened a window into the early 
universe, enabling astronomers and physicists to see the initial conditions from which 
the beauty of the present-day cosmos emerged.

©1995 - 2018, AMERICAN PHYSICAL SOCIETY

APS encourages the redistribution of the materials included in this newspaper 
provided that attribution to the source is noted and the materials are not truncated or 
changed.
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Hubble Probes the Early Universe

Synopsis:

More distant galaxies are red-shifted to the infrared due to an expanding universe. 
This is referred to as redshift (z). Each of the Hubble Space Telescope servicing 
missions introduced more advanced capabilities to view in the infrared (IR).  The 
future James Webb Space Telescope will be able to view objects 200 million years 
after the big bang.

Hubble Probes the Early 
Universe(http://hubblesite.org/image/2815/news_release/2011-05)
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About this video

Duration: 6 minutes, 3 seconds

This six-minute visual exploration of the Hubble Ultra Deep Field showcases the 
characteristics and contents of this landmark observation, as well as its four-
dimensional nature across both space and time. In particular, galaxies are seen to 
more than 12 billion light-years away / 12 billion years ago, allowing astronomers to 
trace the development of galaxies across cosmic time.

A deep field is a long exposure on a small field of view to observe the faintest 
objects possible. The Ultra Deep Field (UDF) represents the deepest visible light 
observation of the universe (deeper views are extensions / subsets of this 2004 
image). Containing about 10 thousand sources, the UDF provides a statistical 
sample of galaxies across the universe.

In this sequence, the 3D model of the UDF data set uses NASA and other images 
and source catalogs. More than 5000 galaxies with cross-matched image cutout 
and distance measure are placed in their correct relative position throughout the 
long thin pyramid of the observation. To keep the fly-throughs succinct, the depth of 
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the pyramid is shortened by a factor of a few hundred.

The visualization encompasses a suite of UDF science points in a single camera shot 
journey. Zooms, fades, fly-throughs, and overlay graphics visually express and 
highlight aspects such as the field of view, long exposure time, variety of galaxies, 
and extent across the observable universe. The critical idea that "looking farther out 
into space is also looking farther back in time" leads to examples, drawn directly from 
the data, of galaxy structure changing and growing over time.

The Ultra Deep Field, and other deep field studies, helps astronomers study the 
distribution, characteristics, and development of galaxies across space and time.

This presentation is based on work performed as part of the NASA’s Universe of 
Learning project and is supported by NASA under cooperative agreement award 
number NNX16AC65A. The NASA's Universe of Learning (NASA’s UoL) project 
creates and delivers science-driven, audience-driven resources and experiences 
designed to engage and immerse learners of all ages and backgrounds in exploring 
the universe for themselves. The competitively-selected project represents a unique 
partnership between the Space Telescope Science Institute, Caltech/IPAC, NASA Jet 
Propulsion Laboratory, Center for Astrophysics | Harvard & Smithsonian, and 
Sonoma State University, and is part of the NASA Science Mission Directorate 
Science Activation program.

Tags

Deep Fields, Distant Galaxies, Galaxies, Galaxy Evolution, Hubble Ultra Deep Field

Credits

Visualization: Frank Summers, Alyssa Pagan, Leah Hustak, Greg Bacon, Zolt Levay, 
Lisa Frattare (STScI)

Data: Anton Koekemoer, Bahram Mobasher, and HUDF Team

Music: "Autumn: Meditativo" by Dee Yan-Key CC BY-NC-SA 4.0

Publication: January 11, 2021
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Hubble Ultra Deep Field 2009-2010 and UDFj-39546284 
(http://hubblesite.org/image/2814/news_release/2011-05)

About this image

The farthest and one of the very earliest galaxies ever seen in the universe appears 
as a faint red blob in this ultra-deep-field exposure taken with NASA's Hubble Space 
Telescope. This is the deepest infrared image taken of the universe. Based on the 
object's color, astronomers believe it is 13.2 billion light-years away.

The most distant objects in the universe appear extremely red because their light is 
stretched to longer, redder wavelengths by the expansion of the universe. This 
object is at an extremely faint magnitude of 29, which is 500 million times fainter 
that the faintest stars seen by the human eye.

The dim object is a compact galaxy of blue stars that existed 480 million years after 
the Big Bang, only four percent of the universe's current age. It is tiny and 
considered a building block of today's giant galaxies. Over one hundred such mini-
galaxies would be needed to make up our Milky Way galaxy.

Follow-up spectroscopic observations with the planned James Webb Space 
Telescope later in this decade will be needed to definitively confirm the object's 
distance.
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The Hubble Ultra Deep Field infrared exposures were taken in 2009 and 2010, and 
required a total of 111 orbits or 8 days of observing. The new Wide Field Camera 3 
has the sharpness and near-infrared light sensitivity that matches the Advanced 
Camera for Surveys' optical images and allows for such a faint object to be selected 
from the thousands of other galaxies in the incredibly deep images of the Hubble 
Ultra Deep Field.

Tags

Annotated Observations, Cosmology, Deep Fields, Distant Galaxies, Hubble 
Telescope, Hubble Ultra Deep Field, Observations, Survey

Credits

NASA, ESA, G. Illingworth (University of California, Santa Cruz), R. Bouwens
(University of California, Santa Cruz, and Leiden University), and the HUDF09 Team
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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Pillar and Jets

This new Hubble photo is but a small portion of one of the largest seen star-birth 
regions in the galaxy, the Carina Nebula. Towers of cool hydrogen laced with dust 
rise from the wall of the nebula. Reminiscent of Hubble's classic image of the Eagle 
Nebula dubbed the 'Pillars of Creation' this image is even more striking in 
appearance. Captured here are the top of a three-light-year-tall pillar of gas and the 
dust that is being eaten away by the brilliant light from nearby bright stars. The pillar 
is also being pushed apart from within, as infant stars buried inside it fire off jets of 
gas that can be seen streaming from towering peaks like arrows sailing through the 
air.

Pillar and jets (http://hubblesite.org/image/2706)
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Stellar Evolution

Synopsis:

Most stars are between 1 billion and 10 billion years old. Blue supergiant’s lifetimes 
are a mere 10 million years (the Sun's is about 10 billion) - by the time the Sun has 
lived and died, a thousand blue supergiants could have been born, lived their fiery 
existence and exploded into oblivion. Stars like the Sun make up roughly 10 percent 
of all stars. There are very roughly 200 billion stars in the Milky Way, so that gives 
us 20 billion stars. If one of every five has an Earth-like planet, that means there are 
about four billion Earth-like planets in our galaxy alone!

Stellar Evolution 
(https://www.jpl.nasa.gov/infographics/infographic.view.php?id=10737)
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.
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Where Your Elements Came From

Synopsis:

Dmitri Ivanovich Mendeleev was a Russian chemist and inventor. He formulated the 
Periodic Law, created a farsighted version of the periodic table of elements, and 
used it to correct the properties of some already discovered elements and also to 
predict the properties of eight elements yet to be discovered. Nuclear fusion in stars 
converts hydrogen into helium in all stars. In stars less massive than the Sun, this is 
the only reaction that takes place. In stars more massive than the Sun (but less 
massive than about 8 solar masses), further reactions that convert helium to carbon 
and oxygen take place in succesive stages of stellar evolution. In the very massive 
stars, the reaction chain continues to produce elements like silicon up to iron.

Where Your Elements Came From (https://apod.nasa.gov/apod/ap160125.html)

Explanation: The hydrogen in your body, present in every molecule of water, came 
from the Big Bang. There are no other appreciable sources of hydrogen in the 
universe. The carbon in your body was made by nuclear fusion in the interior of 
stars, as was the oxygen. Much of the iron in your body was made 
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during supernovas of stars that occurred long ago and far away. The gold in your 
jewelry was likely made from neutron stars during collisions that may have been 
visible as short-duration gamma-ray bursts. Elements like phosphorus and copper 
are present in our bodies in only small amounts but are essential to the functioning of 
all known life. The featured periodic table is color coded to indicate humanity's best 
guess as to the nuclear origin of all known elements. The sites of nuclear creation of 
some elements, such as copper, are not really well known and are continuing topics 
of observational and computational research.

How are light and heavy elements formed? (http://curious.astro.cornell.edu/about-
us/84-the-universe/stars-and-star-clusters/nuclear-burning/402-how-are-light-and-
heavy-elements-formed-advanced)

The lightest elements (hydrogen, helium, deuterium, lithium) were produced in the Big 
Bang nucleosynthesis. According to the Big Bang theory, the temperatures in the 
early universe were so high that fusion reactions could take place. This resulted in the 
formation of light elements: hydrogen, deuterium, helium (two isotopes), lithium and 
trace amounts of beryllium.

Nuclear fusion in stars converts hydrogen into helium in all stars. In stars less 
massive than the Sun, this is the only reaction that takes place. In stars more 
massive than the Sun (but less massive than about 8 solar masses), further reactions 
that convert helium to carbon and oxygen take place in succesive stages of stellar 
evolution. In the very massive stars, the reaction chain continues to produce 
elements like silicon up to iron.

Elements higher than iron cannot be formed through fusion as one has to supply 
energy for the reaction to take place. However, we do see elements higher than iron 
around us. So how did these elements form? The answer is supernovae. In a 
supernova explosion, neutron capture reactions take place (this is not fusion), leading 
to the formation of heavy elements. This is the reason why it is said that most of the 
stuff that we see around us come from stars and supernovae (the heavy elements 
part). If you go into technical details, then there are two processes of neutron capture 
called rapid process (r-process) and the slow process (s-process), and these lead to 
formation of different elements.
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The Periodic Table of Elements , in Pictures (https://elements.wlonk.com/)
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.
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Wide and close-up views of a moon-forming disc as seen with ALMA 
(https://www.almaobservatory.org/en/press-releases/astronomers-make-first-clear-
detection-of-a-moon-forming-disc-around-an-exoplanet/)

This image, taken with the Atacama Large Millimeter/submillimeter Array (ALMA), in 
which ESO is a partner, shows wide (left) and close-up (right) views of the moon-
forming disc surrounding PDS 70c, a young Jupiter-like planet nearly 400 light-years 
away. The close-up view shows PDS 70c and its circumplanetary disc centre-front, 
with the larger circumstellar ring-like disc taking up most of the right-hand side of 
the image. The star PDS 70 is at the centre of the wide-view image on the left. Two 
planets have been found in the system, PDS 70c and PDS 70b, the latter not being 
visible in this image. They have carved a cavity in the circumstellar disc as they 
gobbled up material from the disc itself, growing in size. In this process, PDS 70c 
acquired its own circumplanetary disc, which contributes to the growth of the planet 
and where moons can form. This circumplanetary disc is as large as the Sun-Earth 
distance and has enough mass to form up to three satellites the size of the Moon. 
Credit: ALMA (ESO/NAOJ/NRAO)/Benisty et al.
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Dec. 21, 2018. This Week in NASA History: Apollo 8 Captures “Earthrise” – Dec. 24, 
1968 (https://www.nasa.gov/centers/marshall/history/this-week-in-nasa-history-
apollo-8-captures-earthrise-dec-24-1968.html)

This week in 1968, the Apollo 8 spacecraft became the first crewed mission to orbit 
the Moon. Astronauts Frank Borman, Bill Anders and Jim Lovell entered lunar orbit 
on Dec. 24 and held a live broadcast, showing pictures of Earth and the Moon as 
seen from the spacecraft and reading from the book of Genesis. The mission 
became famous for capturing this iconic “Earthrise” photograph, snapped by Anders 
as the spacecraft was in the process of rotating. The photo shows Earth rising over 
the horizon of the Moon and is thought to have sparked the environmental 
movement. The Apollo 8 mission concluded when the crew splashed down in the 
Pacific Ocean on Dec. 27. Now through December 2022, NASA will mark the 50th 
anniversary of the Apollo Program that landed a dozen astronauts on the Moon 
between July 1969 and December 1972, and the first U.S. crewed mission -- Apollo 
8 -- that circumnavigated the Moon in December 1968. The NASA History Program 
is responsible for generating, disseminating, and preserving NASA’s remarkable 
history and providing a comprehensive understanding of the institutional, cultural, 
social, political, economic, technological and scientific aspects of NASA’s activities 
in aeronautics and space. For more pictures like this one and to connect to NASA’s 
history, visit the Marshall History Program’s webpage. (NASA)
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Plate Tectonics and Map of earthquakes 2016

Synopsis:

Plate tectonics is a scientific theory describing the large-scale motion of seven large 
plates and the movements of a larger number of smaller plates of the Earth's 
lithosphere, since tectonic processes began on Earth between 3 and 3.5 billion 
years ago.  The Map of Earthquakes 2016 correlates with the location of modern 
day plate tectonic boundaries.

Map of earthquakes in 2016.  A total of 16,975 earthquakes are plotted. 
(https://en.wikipedia.org/wiki/List_of_earthquakes_in_2016#/media/File:Map_of_eart
hquakes_in_2016.svg)

Pangaea continents.png, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=8161694
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OVIRS Spectral Curve Captured During OSIRIS-REx’s Earth Gravity Assist 
(https://www.asteroidmission.org/ovirs-ocams-ega-composite2/)

OVIRS, the OSIRIS-REx Visible and Infrared Spectrometer, captured this visible 
and infrared spectral curve, which shows the amount of sunlight reflected from the 
Earth, hours after the spacecraft’s closest approach during Earth Gravity Assist on 
Sept. 22 2017. The features in the curve are caused by solar absorption due to 
different substances (water vapor, carbon dioxide, and oxygen). The smooth red 
curve is the spectrum of the sun and shows what would be reflected if there these 
substances were not present in the atmosphere. OVIRS was built and is operated 
by NASA’s Goddard Space Flight Center in Greenbelt, Md.

Inset: An image of Earth captured by the OSIRIS-REx Camera Suite (OCAMS) on 
the same date showing the approximate location of the “spot” (400 kilometers in 
diameter) on the Earth that was scanned by the OVIRS instrument to produce this 
spectral curve.

Date Taken: Sept. 22, 2017

Instrument Used: OVIRS (Inset OCAMS)

Credit: NASA/Goddard/University of Arizona
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NOAA’s GOES-16 Satellite Sends First Images to Earth

GOES-16, the first spacecraft in NOAA’s next-generation of geostationary satellites, 
has sent the first high-resolution images from its Advanced Baseline Imager (ABI) 
instrument. Included among them are a composite color full-disk visible image of the 
Western Hemisphere captured on January 15, 2017. Created using several of the 
ABI’s 16 spectral channels, the full-disk image offers an example the satellite’s 
advanced technology.
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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Aquifer Microbes Survive on Hydrogen and Carbon Dioxide Diet 
(https://deepcarbon.net/aquifer-microbes-survive-hydrogen-and-carbon-dioxide-diet)

Synopsis: Bacteria living on the surface of the mineral olivine inside a deep, 
subseafloor aquifer rely on the Wood-Ljungdahl pathway, an ancient type of 
metabolism that uses hydrogen and carbon dioxide to yield energy and organic 
compounds. These were first encountered in aquifer communities that lies beneath 
the floor of the Pacific ocean, near the Juan de Fuca Ridge, off the coast of 
Washington state.

25 MARCH 2019

Based on what we know of early Earth and the origin of life, scientists think that the 
first cells lived in a warm environment fueled by water-rock reactions, such as a 
hydrothermal vent system, hot spring, or aquifer. The cells likely would have used 
hydrogen for energy and dissolved carbon dioxide for carbon to build their cells. 
Similar environments still exist on Earth today, and new research shows that the 
organisms that inhabit them probably make a living in the same way.

In a new paper in The ISME Journal, DCO researchers report that microbes living 



on grains of the mineral olivine in a deep, subseafloor aquifer rely on an ancient type 
of metabolism called the Wood-Ljungdahl pathway, which uses hydrogen and carbon 
dioxide. Deep Life Community members Amy Smith (Woods Hole Oceanographic 
Institution, USA), Martin Fisk, Rick Colwell (both at Oregon State University, USA), 
Olivia Mason (Florida State University, USA), Radu Popa (University of Southern 
California, Los Angeles, USA), and colleagues, sequenced the DNA from the 
community of microbes living on the grains and separated them into genomes 
representing 11 microbial species. The metabolic pathways revealed by the genomes 
yield insight into carbon cycling in the vast subseafloor aquifer environment, and give 
hints for what to look for to find life on other watery worlds.

“This one ancient carbon fixation pathway, which we believe was present at the origin 
of life, was found in most of the organisms in this community, which was really cool,” 
said Smith.

Smith first encountered these aquifer communities as a masters student at Portland 
State University, USA. The aquifer in question lies beneath the floor of the Pacific 
ocean, near the Juan de Fuca Ridge, off the coast of Washington state. It is isolated 
from the seawater above, and its depth and a thick blanket of overlying sediment 
keep the aquifer at a toasty 64 degrees Celsius. One of Smith’s committee members, 
Fisk, invited her to be part of a research cruise to retrieve a flow cell inserted into a 
borehole in the aquifer four years earlier. The flow cell is a container with individual 
chambers holding grains of various minerals found in ocean crust, which allows the 
fluids to flow through the chambers. 

After bringing the flow cell up to the surface, Smith extracted DNA from the biofilms 
growing on the different minerals and attempted to grow the organisms in the lab. 
With support from the Census of Deep Life, she sequenced DNA from the community 
attached to olivine, a common mineral in basalt rock that erupts to make new ocean 
crust. Olivine also contains iron, which participates in the water-rock reaction that 
yields hydrogen. This is one of the first studies to examine the community of 
organisms on the mineral surfaces, instead of in the fluids, which may be a better 
reflection of the organisms living in subsurface basalt.

Smith grouped DNA sequences from the whole olivine community into 11 individual 
genomes, representing eight bacterial and three archaeal species. To see how they 
lived, she reconstructed the metabolic pathways they could use based on which 
genes were present in the genomes.

All but one of the bacteria were acetogens, a group that uses the Wood-Ljungdahl
pathway to gain energy and organic carbon, while making acetate. Some of the 
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bacterial species also use sulfate to generate energy or consume organic 
compounds, and one could convert nitrogen into a form usable by the cells. “There 
were only a handful of acetogens from the seafloor known at all up until this point and 
now we have seven novel genomes that we’ve obtained from just this one olivine 
community,” said Smith. “None of the bacteria are closely related to anything we’ve 
ever seen before.”

Smith acknowledges that the results represent one sample from a single location, but 
if deep subseafloor aquifers worldwide host similar communities, then these 
organisms dominate a huge part of the planet. “Since 70 percent of Earth’s surface is 
ocean crust, we really need to investigate how these organisms are getting energy –
not just to understand the carbon cycle, but to understand how life arose on Earth, 
how organisms use rocks for energy, and how life might exist on other ocean worlds, 
like Saturn’s moon Enceladus,” said Smith. Finding traces of acetate elsewhere could 
indicate that life forms are using a pathway similar to the Wood-Ljungdahl pathway.

To learn more about how these acetogens survive now and how they might have 
lived in the past, Smith is doing a detailed analysis of a single acetogen genome that 
has no other energy-generating pathways apart from the Wood-Ljungdahl pathway. 
Eventually she hopes to culture the microbe as well. Smith thinks this organism could 
be the closest we’ve come to finding a microbe that represents the earliest cells, as 
well as life that could exist on other planets.
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Transcription and Translation of a Gene (http://sphweb.bumc.bu.edu/otlt/MPH-
Modules/PH/DNA-Genetics/DNA-Genetics3.html)

Synopsis:

In 1953, James D. Watson and Francis Crick suggested what is now accepted as 
the first correct double-helix model of DNA structure in the journal Nature. In 1957, 
Crick explained the relationship between DNA, RNA, and proteins, in the central 
dogma of molecular biology. The Human Genome Project was an international 
research effort to determine the sequence of the human genome and identify the 
genes that it contains.  The Human Genome Project formally began in 1990 and 
was completed in 2003. RNA-Seq, also called whole transcriptome shotgun 
sequencing, uses next-generation sequencing to reveal the presence and quantity 
of RNA in a biological sample at a given moment. RNA-Seq is used to analyze the 
continuously changing cellular transcriptome.
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File:Simplified tree.png 
(https://commons.wikimedia.org/wiki/File:Simplified_tree.png)

Archaea and The Discovery of the Third Domain of Life 
(https://www.igb.illinois.edu/people/archaea)

In 1977, Carl Woese overturned one of the major dogmas of biology. Until that time, 
biologists had taken for granted that all life on Earth belonged to one of two primary 
lineages, the eukaryotes (which include animals, plants, fungi and certain unicellular 
organisms such as paramecium) and the prokaryotes (all remaining microscopic 
organisms). Woese discovered that there were actually three primary lineages. 
Within what had previously been called prokaryotes, there exist two distinct groups 
of organisms no more related to one another than they were to eukaryotes.  
Because of Woese’s work, it is now widely agreed that there are three primary 
divisions of living systems – the Eukarya, Bacteria, and Archaea, a classification 
scheme that Woese proposed in 1990.

The new group of organisms – the Archaea – was initially thought to exist only in 
extreme environments, niches devoid of oxygen and whose temperatures can be 
near or above the normal boiling point of water. Microbiologists later realized that 
Archaea are a large and diverse group of organisms that are widely distributed in 



nature and are common in much less extreme habitats, such as soils and oceans.  As 
such, they are significant contributors to the global carbon and nitrogen cycles.

The method Woese used to identify this “third form of life,” which involved comparing 
the sequences of a particular molecule central to cellular function, called ribosomal 
RNA, has become the standard approach used to identify and classify all organisms.  
These techniques have also revolutionized ecology, because it is now possible to 
survey an ecosystem by collecting ribosomal DNA from the environment, thus 
sidestepping the often impossible task of culturing the organisms that are there.  
These microorganisms and the revolutionary methods that Woese introduced into 
science can offer insights into the nature and evolution of cells.

In 1996, Woese and colleagues (University of Illinois professor Gary Olsen and 
researchers from the Institute for Genomic Research) published in the journal 
Science the first complete genome structure of an archaeon, Methanococcus
jannaschii. Based on this work, they concluded that the Archaea are more closely 
related to humans than to bacteria. “The Archaea are related to us, to the eukaryotes; 
they are descendants of the microorganisms that gave rise to the eukaryotic cell 
billions of years ago,” Woese said at the time.

Woese’s experimental discoveries were made in the context of his search for a deep 
understanding of the process of evolution.  As early as the 1970’s Woese was 
thinking about what sort of theory of evolution one would need in the era before 
genes as we know them had emerged.  At such a time, the standard population 
genetics theory of evolution would not be applicable. Woese articulated early clear 
proposals about the nature of what has come to be known as the last universal 
common ancestor, concluding for a variety of reasons that the universal ancestor was 
not a single organism, but rather groupings of loosely structured cells that existed 
together during a time when genetic mutation rates were high and the transfer of 
genes between cells occurred more frequently than in the present day. The most 
detailed version of these proposals was put forward on the basis of Woese’s work 
here at IGB (with University of Illinois professor Nigel Goldenfeld). These groups of 
primitive cells, called progenotes, evolved together and eventually formed the three 
ancestral lineages.

“Carl's work, in my view, ranks along with the theory of superconductivity as the most 
important scientific work ever done on this campus – or indeed anywhere else,” says 
Dr. Nigel Goldenfeld, leader of the IGB Biocomplexity research theme and long-time 
colleague of Dr. Woese. “It remains one of the 20th century's landmark achievements 
in biology, and a rock solid foundation for our growing understanding of the evolution 
of life.”
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Woese passed away in December of 2012 at the age of 84. 

Publications and Resources

Read the groundbreaking 1977 publication “Phylogenetic structure of the prokaryotic 
domain: The primary kingdoms,” by Carl R. Woese and George E. Fox, in which 
Archaea, the third domain of life, is identified.

Commentaries on the 1977 publication include “Woese and Fox: Life, rearranged,” by 
Prashant Nair, and “Phylogeny and beyond: Scientific, historical, and conceptual 
significance of the first tree of life,” by Norman R. Pace, Jan Sapp, and Nigel 
Goldenfeld.

The first sequenced archaeon, as detailed in Science magazine, “Complete Genome 
Sequence of the Methanogenic Archaeon, Methanococcus jannaschii,” Bult et al., 
1996.

The 30th anniversary of the first report of the discovery of Archaea was celebrated in 
2007 at the IGB, with a symposium covering the historical aspects of the discovery 
and how this knowledge has transformed microbial ecology. The program, including 
videos of the presentations, is available at archaea.igb.uiuc.edu.

Carl R. Woese Memorial

On January 26, 2013, a memorial was held with a number of speakers sharing their 
remembrances of their interaction with Carl.

The speakers included IGB Director Gene Robinson, President Robert Easter, 
University of Illinois (at the 4:20 mark), Professor Larry Gold, University of Colorado 
(at the 9:15 mark), Professor Nigel Goldenfeld (at the 16:20 mark), Professor Richard 
Herman (at the 24:10 mark), Professor Gary Olsen (at the 31:15 mark), Professor 
Norman Pace, University of Colorado (at the 36:10 mark), Professor Emeritus Karl 
Stetter, Universität Regensburg (at the 37:46 mark), LAS Dean Ruth Watkins (at the 
41:08 mark), Chancellor Phyllis Wise (at the 47:05 mark), and Professor Emeritus 
Ralph Wolfe (at the 49:32 mark). The open mike comments begin at the 54:14 mark.

Memories shared via the online guest book can also be viewed here.
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Carl R. Woese Research Fund

Donations may be made to the Carl R. Woese Research Fund. Dr. Woese approved 
this fund to support research on evolution, systems biology and ecosystem dynamics 
at the Carl R. Woese Institute for Genomic Biology. Gifts may be sent to the 
“University of Illinois Foundation” in care of the Carl R. Woese Institute for Genomic 
Biology, 1206 W. Gregory Drive, Urbana, IL 61801 or via the secure website 
https://www.uif.uillinois.edu/Gifts/StartGiving.aspx.  At the bottom of the page is a 
section "I would like my donation allocated to the following specific fund(s):" Specify 
your donation amount, and in the field "Other - Indicate where to direct donation here" 
please type “Carl R. Woese Research Fund” in the box. Click the continue button on 
the bottom of the page, and you will be directed to a secure page for contact and 
credit card information. You will have the chance to review this information before 
submission.

About Dr. Woese

Carl Woese was a professor of microbiology at the University of Illinois at Urbana-
Champaign and a faculty member of the Carl R. Woese Institute for Genomic Biology. 
He was awarded the John D. and Catherine T. MacArthur Foundation “genius” award 
in 1984, and the National Academy of Sciences elected him to membership in 1988. 
In 1992 the Dutch Royal Academy of Science gave him the highest honor bestowed 
upon any microbiologist, the Leeuwenhoek Medal, awarded only once every 10 
years. He was given the National Medal of Science in 2000 “for his brilliant and 
original insights, through molecular studies of RNA sequences, to explore the history 
of life on Earth.” In 2003 the Royal Swedish Academy of Sciences awarded Woese
the Crafoord Prize in Biosciences for his discovery of the third domain of life. The 
Crafoord award honors scientists whose work does not fall into any of the categories 
covered by Nobel Prizes. The Royal Society, the world’s oldest continuously active 
scientific organization, elected Woese as a foreign member in 2006. He held the 
Stanley O. Ikenberry Endowed Chair and served as Center for Advanced Study 
Professor of Microbiology.
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Endosymbiosis and horizontal gene transfer (https://www.gesundheitsindustrie-
bw.de/en/article/news/endosymbiosis-and-horizontal-gene-transfer/)

Synopsis:

We are all microbes. About 2.7 billion years ago, the  mitochondria organelle formed 
from the fusion of a prokaryotic (no nucleus) host with an alpha-proteobacterium 
that contained all the machinery for respiration. The result was an early eukaryotic 
cell. DNA are stored within both the cell nucleus and the mitochondria whose DNA 
is passed from the maternal line. An eukaryotic cell fused with a cyanobacterium 
that contained all the machinery for photosynthesis resulting in a photosynthetic 
eukaryotic cell with a chloroplast organelle. Lynn Margulis was an American 
evolutionary theorist and biologist, science author, educator, and popularizer, and 
was the primary modern proponent for the significance of symbiosis in evolution. 
She was married to Carl Sagan.

WE ARE ALL MICROBES By Astrobiology Magazine - Oct 5, 2006

Interview with Lynn Margulis, Part II

Microcosmos: Four Billion Years of Microbial Evolution, co-authored by Lynn 



Margulis and her son Dorion Sagan, was first published twenty years ago. 
Astrobiology Magazine recently interviewed Margulis, to find out how her and Sagan’s 
ideas have stood the test of time. In this, the second part of a four-part interview, she 
talks about four specific microbial organisms that, through fusion, yielded modern 
plant and animal cells.

Astrobiology Magazine: In Microcosmos, you detailed four specific microorganisms 
that you thought were involved, through symbiogenesis, in the creation of various 
eukaryotic cells, the type of cells that animals and plants are made of. At the time, 
those ideas were not well accepted. Has that changed?

Lynn Margulis: Well, we’ve won three out of four.

Nobody today doubts that chloroplasts began as cyanobacteria. Chloroplasts are the 
little green dots in the cells of plants and algae, in which all photosynthesis occurs. 
Photosynthesis, the conversion of sunlight as energy to food and cell material, is 
fundamentally a bacterial virtuosity. It began in a specific group of oxygen-producing 
photosynthetic bacteria that, by definition, are cyanobacteria. If they’re green, they’re 
photosynthetic. They make food only in the sunlight, because they require sunlight for 
their source of energy. They take carbon dioxide out of the atmosphere, and fix it, that 
is, chemically change it to food and body, and they produce oxygen as waste. That 
series of changes is done by cyanobacteria exclusively. They’re the only organisms 
that can make the oxygen and make the food that everything else needs.

Well, you say, can’t plants do that? And the answer is yes, but plants are something 
that hold up cyanobacteria. That’s all plants are. It’s the cyanobacteria in the plants 
that do that transformation. You say, well, can’t algae in the water, green water scum, 
can’t they do it? And the answer is, yes, but the algae are something that brings the 
little green things inside the scum to the light. So the answer is: nothing but 
cyanobacteria can make our food and produce our oxygen.

We like to call them the greater bacteria, or the greatest bacteria, because they are. 
And they’re in only three forms: they’re in cyanobacteria (what used to be called blue-
green algae) all by themselves; or they’re in algae; or they’re in plants. But 
fundamentally, if you cut them out of the plant cell, and throw away the rest of the 
plant cell, the little green dot is the only thing that can do that oxygen production. That 
is the greatest achievement of life on Earth, and it occurred extremely early in the 
history of life. Who knows whether it’s 3 billion years ago, or 2.7 billion, or 3.5 billion, 
but it’s that kind of time. And the idea that those little organelles, those little bodies 
inside of cells, started as free-living cyanobacteria is completely accepted by 
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everybody who even thinks about these problems.

So that’s one out of four.

AM: Number two is mitochondria, right?

LM: Yes. Mitochondria are little dots inside the cells of animals and plants and fungi, 
and all sorts of other organisms with hard names–those mitochondria are where the 
oxygen is actually respired. Mammals, including people, take oxygen out of the air 
into the bloodstream, and carry the oxygen all over the body, to all the cells. Inside 
each cell, the oxygen reacts with hydrogen atoms that are stripped off food as the 
food is converted into body parts and used for energy. This oxidation of the foodstuffs 
is carried out by little particles, the mitochondria, that are one micron, the size of 
bacteria, inside the animal cell, inside the plant cell, inside the amoeba cell, inside the 
mushroom cell, and so on. That’s what respiration is, and that respiration comes from 
bacteria that used to be free-living. We know a lot about those bacteria. They used to 
be able to swim, they used to be able to break down glucose all by themselves, etc. 
The idea is that mitochondria are from bacteria was harder to accept, but it’s now 
acceptable.

So that’s two out of four.

AM: Okay, and number three?

LM: Well, then the question is, What type of cell incorporated the mitochondria, and 
eventually the chloroplasts, some of them, into itself? What was the original 
eukaryotic cell? The original cell was an archaebacterium. It was sulfanogenic; it 
made hydrogen sulfide. We have just reviewed the evidence for that. People are not 
against that idea at all, because there’s a lot of molecular biological evidence for that.

So that’s three out of four.

AM: And what’s the fourth one? What’s left?

LM: The problem I’m still wrestling with is the origin of cilia, which are exactly the 
same in cross-section as sperm tails. That’s the piece that’s not been proven, the 
origin of the wiggly things. They all have strikingly identical 9-fold symmetry in cross-
section, so it makes them easily identifiable. We believe the origin of that cell 
structure is from a free-living organism called a spirochete. That’s the part that has 
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been rejected, based on the usual nothing – based on prejudice.

If you look at Microcosmos, you’ll see what we call spirochetal secret agents. But it’s 
harder to put your mind around. You don’t often hear of this connection between free-
living bacteria and the movement inside cells, because there are so many different 
names associated with these motile structures. Historically they were approached by 
such different people in so many different studies in so many different fields and so 
many different countries.

Spirochetes are infamous because they are know to be the infectious agents of both 
syphilis and Lyme disease, and periodontal diseases are associated with oral 
spirochetes. Four of the spirochetes have been sequenced, because they’re of 
medical interest.

But a colleague (through the literature only – we don’t know her) named Galena 
Dubinina, a senior-level microbiologist at Moscow University, has sequenced the 
relevant spirochetes, the ones that can be directly compared with what we’re claiming 
grew into being the cilia. And so what we are working on is either confirming or 
negating our predictions about the free-living version. We have these organelles, the 
cilia, on the cells. We now have, because of her work, the right spirochetes to study 
the sequences in, and we have very explicit predictions. We’re trying to do that 
comparison, which is exactly what was done to prove the mitochondrial ancestry from 
the alpha-Proteobacteria, and the chloroplast ancestry from the Cyanobacteria.

Those same types of arguments are now, for the first time, usable to prove the 
spirochete origin of cilia. So that’s what we want to do, confirm that last, fourth 
prediction. We want to win four out of four.
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�No more pleasant sight has met my eye than this of so many thousands of living 
creatures in one small drop of water.�

Anton van Leeuwenhoek, ����������	�
��� �	
�
�
���������
���
�������	���
� �	
��
���������� �	
�
�
�����

Picture Number : C033/7982

Title          : Amoeba capturing Paramecium, light micrograph

Caption        : Differential interference contrast (DIC) light micrograph of an Amoeba 
proteus (right) using its long pseudopia to capture a Paramecium caudatum
protozoan. The amoeba will close around the prey, engulphing and digesting it in a 
process called phagocytosis. Magnification: x160 when printed 10 centimetres wide.

Credit         : WIM VAN EGMOND/SCIENCE PHOTO LIBRARY

Picture Number : C033/8001

Title          : Euglena flagellate protozoa, light micrograph

Caption        : Differential interference contrast (DIC) light micrograph of Euglena 
viridis flagellate protozoa. The red 'eye spot' or stigma is used for orienting itself 
towards a light source. Magnification: x630 when printed 10 centimetres wide.



Credit         : WIM VAN EGMOND/SCIENCE PHOTO LIBRARY
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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The evolution of communication (https://www.denverpost.com/2009/03/26/evolution-
of-communication/)



Abstract

Verbal communication is a joint activity; however, speech production and 
comprehension have primarily been analyzed as independent processes within the 
boundaries of individual brains. Here, we applied fMRI to record brain activity from 
both speakers and listeners during natural verbal communication. We used the 
speaker's spatiotemporal brain activity to model listeners’ brain activity and found that 
the speaker's activity is spatially and temporally coupled with the listener's activity. 
This coupling vanishes when participants fail to communicate. Moreover, though on 
average the listener's brain activity mirrors the speaker's activity with a delay, we also 
find areas that exhibit predictive anticipatory responses. We connected the extent of 
neural coupling to a quantitative measure of story comprehension and find that the 
greater the anticipatory speaker–listener coupling, the greater the understanding. We 
argue that the observed alignment of production- and comprehension-based 
processes serves as a mechanism by which brains convey information.

The speaker–listener neural coupling is widespread, extending well beyond low-level 
auditory areas. (A) Areas in which the activity during speech production is coupled to 
the activity during speech comprehension. The analysis was performed on an area-
by-area basis, with P values defined using an F test and was corrected for multiple 
comparisons using FDR methods (γ = 0.05). The findings are presented on sagittal 
slices of the left hemisphere (similar results were obtained in the right hemisphere; 
see Fig. S3). The speaker–listener coupling is extensive and includes early auditory 



cortices and linguistic and extralinguistic brain areas. (B) The overlap (orange) 
between areas that exhibit reliable activity across all listeners (listener–listener 
coupling, yellow) and speaker–listener coupling (red). Note the widespread overlap 
between the network of brain areas used to process incoming verbal information 
among the listeners (comprehension-based activity) and the areas that exhibit similar 
time-locked activity in the speaker's brain (production/comprehension coupling). A1+, 
early auditory cortices; TPJ, temporal-parietal junction; dlPFC, dorsolateral prefrontal 
cortex; IOG, inferior occipital gyrus; Ins, insula; PL, parietal lobule; obFC, orbitofrontal 
cortex; PM, premotor cortex; Sta, striatum; mPFC, medial prefrontal cortex.
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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10,000 Years of Climate Favorable for Agriculture 
(https://commons.m.wikimedia.org/wiki/File:All_palaeotemps.svg#mw-jump-to-
license)

This shows estimates of global average surface air temperature over the ~540 My 
of the Phanerozoic Eon, since the first major proliferation of complex life forms on 
our planet. A substantial achievement of the last 30 years of climate science has 
been the production of a large set of actual measurements of temperature history 
(from physical proxies), replacing much of the earlier geological induction (i.e. 
informed guesses). The graph shows selected proxy temperature estimates, which 
are detailed below.

Because many proxy temperature reconstructions indicate local, not global, 
temperature -- or ocean, not air, temperature -- substantial approximation may be 
involved in deriving these global temperature estimates. As a result, the relativities 
of some of the plotted estimates are approximate, particularly the early ones.
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Eurasia, the Lucky Latitudes, China’s Age of Invention and  China’s $900 billion 
New Silk Road

Synopsis:

The Lucky Latitudes refers to the land that lies between the latitudes of 20 and 35 
degrees north in the Old World, and 15 degrees south and 20 degrees north in the 
Americas. This refers to the geographical regions where the practice of 
domestication of wild plants and animals began to happen for the first time in 
human history. These regions became more favorable to the rise of civilization when 
the rise in earth’s temperature ended the last Ice Age around 12,000 years ago. 
Consequently, people located in these geographic regions gained a head start over 
the rest of the world. At the apex of the wave of land-based globalization, the 
number of things that Chinese of the Song Dynasty (A.D. 960-1280) gave to the 
world is mind-boggling: printing, paper money, porcelain, tea, restaurants, 
gunpowder, the compass. This vibrant period in Chinese history was marked by 
economic prosperity and remarkable technological innovation that launched the next 
major wave of ocean-based globalization in Europe. Today, China has invested 
$900 billion in a New Silk Road initiative.

More Information:



When we look at history, when we look at the role of China as a great progenitor of 
technologies for roughly 500 years, from 1000 to 1500 A.D., when we look at the role 
of western Europe in the last 500 years of globalization, this part of the world which 
took the technological lead, took the geopolitical lead that went long with its military 
might and its industrial power, had certain underlying geological and other 
geographical advantages, disease, crops productivity, mixed animal husbandry and 
crops production, then coal in the 19th and 20th Centuries that gave it certain 
advantages and helped shape the dynamics of global development. They’re not 
called the "lucky latitudes" for no reason. 

The Eurasian Advantage lecture (https://courses.edx.org/courses/course-
v1:SDGAcademyX+GPF001+3T2018/courseware/45d041332b704d82807212848a8f
6882/e7fbaa57b5c843d58949e06a4071fd76/?child=last).
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Cultivated corn was domesticated from teosinte more than 6,000 years ago.

Synopsis:

Cultivated corn was domesticated from teosinte more than 6,000 years ago. Ancient 
farmers drastically changed teosinte's yield, grain quality and hardiness. Of the 
59,000 total genes in the corn genome, approximately 1,200 were preferentially 
targeted for selection during its domestication. A teosinte ear is only 2 to 3 inches 
long with five to 12 kernels--compare that to corn's 12-inch ear that boasts 500 or 
more kernels!  Teosinte kernels are also encased in a hard coating, allowing them to 
survive the digestive tracts of birds and grazing mammals for better dispersal in the 
wild.  But, for humans, the tooth-cracking coating was undesirable so it was 
selectively reduced…and reduced…and reduced…until all that remains is the 
annoying bit of paper-thin, translucent tissue that sometimes sticks between the 
teeth when one munches corn on the cob.

News Release 05-088 

Scientists Trace Corn Ancestry from Ancient Grass to Modern Crop

Indigenous farmers bred the plant for hardiness and better food quality



May 27, 2005

This material is available primarily for archival purposes. Telephone numbers or other 
contact information may be out of date; please see current contact information at 
media contacts.

Researchers have identified corn genes that were preferentially selected by Native 
Americans during the course of the plant's domestication from its grassy relative, 
teosinte, (pronounced "tA-O-'sin-tE") to the single-stalked, large-eared plant we know 
today.  The study revealed that of the 59,000 total genes in the corn genome, 
approximately 1,200 were preferentially targeted for selection during its 
domestication.

The study, by University of California, Irvine's Brandon Gaut and his colleagues, 
appears in the May 27 issue of the journal, Science.

Understandably, a primary goal of  teosinte domestication was to improve the ear and 
its kernels.  A teosinte ear is only 2 to 3 inches long with five to 12 kernels--compare 
that to corn's 12-inch ear that boasts 500 or more kernels!  Teosinte kernels are also 
encased in a hard coating, allowing them to survive the digestive tracts of birds and 
grazing mammals for better dispersal in the wild.  But, for humans, the tooth-cracking 
coating was undesirable so it was selectively reduced…and reduced…and 
reduced…until all that remains is the annoying bit of paper-thin, translucent tissue 
that sometimes sticks between the teeth when one munches corn on the cob.

To analyze the genes of modern corn and its ancestral teosinte, Gaut and his 
coworkers used relatively new genomic techniques to determine the DNA sequence 
of 700 gene bits in the two plants and used "population genetics," the study of genetic 
variation, to compare them. 

"These results will provide important insights to modern corn breeders in their quest 
to establish hardier, higher-yielding corn plants," said Gaut.  "The scientific approach 
will also be useful in the study of other domesticated organisms, plants and animals 
alike."

This work generally confirms the idea that corn went through a "population 
bottleneck," or a period when a significant portion of corn’s genetic diversity was lost, 
which typically marks a domestication event.  Calculations using these data reveal 
that fewer than 3,500 teosinte plants may have contributed to the genetic diversity in 
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modern corn.

Between 6,000 and 10,000 years ago, Native Americans living in what is now Mexico 
began domesticating teosinte, or the "grain of the gods," as the name has been 
interpreted to mean. Scientists cannot yet say how long this domestication process 
took, but they do know that around 4,500 years ago, a plant recognizable as today's 
corn was present across the Americas.

So, thousands of years before Gregor Mendel postulated his theories on genetics 
and heredity, indigenous Americans were breeding corn to select for desirable traits. 
By selectively breeding each generation, ancient farmers drastically changed 
teosinte's appearance, yield, grain quality and survivability—culminating in today's 
"corn." In fact, teosinte is so unlike modern corn, 19th century botanists did not even 
consider the two to be related. 

"This is a very exciting finding," said Jane Silverthorne of the National Science 
Foundation's (NSF) biology directorate, which funded the project. "We are beginning 
to have a much clearer picture of what happened to the genes responsible for the 
structure of today’s corn plant."

A broad understanding of the genes present in modern-day corn will provide a 
foundation for improving it as well as its cousin cereal crops.  Target goals include 
yield increases, improved insect and pathogen resistance, enhanced environmental 
adaptability, and improved nutritional value. To that end, sequencing the entire 
genome of corn is also critical to improving the crop and its value in human 
subsistence.

According to the U.S. Department of Agriculture (USDA), nearly 12 billion bushels of 
corn were harvested in the United States in 2004, which will be used for a diverse 
array of products including livestock feed, ethanol and plastic consumer items, as 
well as food. The National Corn Growers Association reported that 2003 corn exports 
were valued at $4.5 billion.

Supported by NSF's Plant Genome Research Program, this collaborative project 
included Gaut and co-workers at the University of California, Irvine, together with 
scientists from the USDA-Agricultural Research Service, the University of Missouri 
and the University of Wisconsin. NSF is part of an interagency program along with 
the U.S. Department of Energy and the USDA that plans to support the sequencing of 
the corn genome over the next three years.
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The Cosmic Calendar

Synopsis:

The 13.8 billion year lifetime of the universe mapped onto a single year. At this scale 
the Big Bang takes place at the instant of midnight going into January 1, and the 
current time is the end of December 31 at midnight, and the longest human life is 
about 1/4th of a second, a blink of an eye.[1]The scale was popularized by Carl 
Sagan in his book The Dragons of Eden and on the television series Cosmos, which 
he hosted.

The Cosmic Calendar 
(https://en.wikipedia.org/wiki/Cosmic_Calendar#/media/File:Cosmic_Calendar.png)
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Night Light Maps Open Up New Applications, 2016

Synopsis:

NASA scientists have released new global maps of Earth at night, providing the 
clearest-yet views of the patterns of human settlements across our planet.

Satellite images of Earth at night—often referred to as “night lights”—have been a 
curiosity for the public and a tool of fundamental research for at least 25 years. 
They have provided a broad, beautiful picture, showing how humans have shaped 
the planet and lit up the darkness. Produced every decade or so, such maps have 
spawned hundreds of pop-culture uses and dozens of economic, social science, 
and environmental research projects.

Night Light Maps Open Up New Applications, 2016 
(https://earthobservatory.nasa.gov/images/90008/night-light-maps-open-up-new-
applications)



CRISPR-Cas9

Synopsis:

CRISPR is a family of DNA sequences found within the genomes of prokaryotic 
organisms such as bacteria and archaea. These sequences are derived from DNA 
fragments from viruses that have previously infected the organism and are used to 
detect and destroy DNA from similar viruses during subsequent infections. Immunity 
can be inherited in these organisms; humans do not have this capability as babies 
immune system is booted at birth as it passed through the vaginal canal. In 2013 
Jennifer Doudna and Emmanuelle Charpentier demonstrated that CRISPR-Cas9 
could be used to edit parts of a genome by removing, adding or altering sections of 
the DNA sequence. The technique can be used for food and livestock modification, 
gene drive, gene therapy, and more controversially human germ line modification  
and designer organisms.

File:CRISPR-Cas9-biologist.jpg 
(https://commons.m.wikimedia.org/wiki/File:CRISPR-Cas9-biologist.jpg)

Breakthrough DNA Editor Born of Bacteria (https://www.quantamagazine.org/crispr-
natural-history-in-bacteria-20150206/)

Interest in a powerful DNA editing tool called CRISPR has revealed that bacteria are 
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far more sophisticated than anyone imagined.

On a November evening last year, Jennifer Doudna put on a stylish black evening 
gown and headed to Hangar One, a building at NASA’s Ames Research Center that 
was constructed in 1932 to house dirigibles. Under the looming arches of the hangar, 
Doudna mingled with celebrities like Benedict Cumberbatch, Cameron Diaz and Jon 
Hamm before receiving the 2015 Breakthrough Prize in life sciences, an award 
sponsored by Mark Zuckerberg and other tech billionaires. Doudna, a biochemist at 
the University of California, Berkeley, and her collaborator, Emmanuelle Charpentier 
of the Helmholtz Centre for Infection Research in Germany, each received $3 million 
for their invention of a potentially revolutionary tool for editing DNA known as 
CRISPR.

Doudna was not a gray-haired emerita being celebrated for work she did back when 
dirigibles ruled the sky. It was only in 2012 that Doudna, Charpentier and their 
colleagues offered the first demonstration of CRISPR’s potential. They crafted 
molecules that could enter a microbe and precisely snip its DNA at a location of the 
researchers’ choosing. In January 2013, the scientists went one step further: They cut 
out a particular piece of DNA in human cells and replaced it with another one.

In the same month, separate teams of scientists at Harvard University and the Broad 
Institute reported similar success with the gene-editing tool. A scientific stampede 
commenced, and in just the past two years, researchers have performed hundreds of 
experiments on CRISPR. Their results hint that the technique may fundamentally 
change both medicine and agriculture.

Some scientists have repaired defective DNA in mice, for example, curing them of 
genetic disorders. Plant scientists have used CRISPR to edit genes in crops, raising 
hopes that they can engineer a better food supply. Some researchers are trying to 
rewrite the genomes of elephants, with the ultimate goal of re-creating a woolly 
mammoth. Writing last year in the journal Reproductive Biology and Endocrinology, 
Motoko Araki and Tetsuya Ishii of Hokkaido University in Japan predicted that doctors 
will be able to use CRISPR to alter the genes of human embryos “in the immediate 
future.”

Thanks to the speed of CRISPR research, the accolades have come quickly. Last 
year MIT Technology Review called CRISPR “the biggest biotech discovery of the 
century.” The Breakthrough Prize is just one of several prominent awards Doudna
has won in recent months for her work on CRISPR; National Public Radio recently 
reported whispers of a possible Nobel in her future.

Even the pharmaceutical industry, which is often slow to embrace new scientific 
advances, is rushing to get in on the act. New companies developing CRISPR-based 
medicine are opening their doors. In January, the pharmaceutical giant Novartis 
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announced that it would be using Doudna’s CRISPR technology for its research into 
cancer treatments. It plans to edit the genes of immune cells so that they will attack 
tumors.

But amid all the black-tie galas and patent filings, it’s easy to overlook the most 
important fact about CRISPR: Nobody actually invented it.

Doudna and other researchers did not pluck the molecules they use for gene editing 
from thin air. In fact, they stumbled across the CRISPR molecules in nature. Microbes 
have been using them to edit their own DNA for millions of years, and today they 
continue to do so all over the planet, from the bottom of the sea to the recesses of 
our own bodies.

We’ve barely begun to understand how CRISPR works in the natural world. Microbes 
use it as a sophisticated immune system, allowing them to learn to recognize their 
enemies. Now scientists are discovering that microbes use CRISPR for other jobs as 
well. The natural history of CRISPR poses many questions to scientists, for which 
they don’t have very good answers yet. But it also holds great promise. Doudna and 
her colleagues harnessed one type of CRISPR, but scientists are finding a vast 
menagerie of different types. Tapping that diversity could lead to more effective gene 
editing technology, or open the way to applications no one has thought of yet.

“You can imagine that many labs — including our own — are busily looking at other 
variants and how they work,” Doudna said. “So stay tuned.”

A Repeat Mystery
The scientists who discovered CRISPR had no way of knowing that they had 
discovered something so revolutionary. They didn’t even understand what they had 
found. In 1987, Yoshizumi Ishino and colleagues at Osaka University in Japan 
published the sequence of a gene called iap belonging to the gut microbe E. coli. To 
better understand how the gene worked, the scientists also sequenced some of the 
DNA surrounding it. They hoped to find spots where proteins landed, turning iap on 
and off. But instead of a switch, the scientists found something incomprehensible.

Near the iap gene lay five identical segments of DNA. DNA is made up of building 
blocks called bases, and the five segments were each composed of the same 29 
bases. These repeat sequences were separated from each other by 32-base blocks 
of DNA, called spacers. Unlike the repeat sequences, each of the spacers had a 
unique sequence.

This peculiar genetic sandwich didn’t look like anything biologists had found before. 
When the Japanese researchers published their results, they could only shrug. “The 
biological significance of these sequences is not known,” they wrote.
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It was hard to know at the time if the sequences were unique to E. coli, because 
microbiologists only had crude techniques for deciphering DNA. But in the 1990s, 
technological advances allowed them to speed up their sequencing. By the end of the 
decade, microbiologists could scoop up seawater or soil and quickly sequence much 
of the DNA in the sample. This technique — called metagenomics — revealed those 
strange genetic sandwiches in a staggering number of species of microbes. They 
became so common that scientists needed a name to talk about them, even if they 
still didn’t know what the sequences were for. In 2002, Ruud Jansen of Utrecht 
University in the Netherlands and colleagues dubbed these sandwiches “clustered 
regularly interspaced short palindromic repeats” — CRISPR for short.

Jansen’s team noticed something else about CRISPR sequences: They were always 
accompanied by a collection of genes nearby. They called these genes Cas genes, 
for CRISPR-associated genes. The genes encoded enzymes that could cut DNA, but 
no one could say why they did so, or why they always sat next to the CRISPR 
sequence.

Three years later, three teams of scientists independently noticed something odd 
about CRISPR spacers. They looked a lot like the DNA of viruses.

“And then the whole thing clicked,” said Eugene Koonin.

At the time, Koonin, an evolutionary biologist at the National Center for Biotechnology 
Information in Bethesda, Md., had been puzzling over CRISPR and Cas genes for a 
few years. As soon as he learned of the discovery of bits of virus DNA in CRISPR 
spacers, he realized that microbes were using CRISPR as a weapon against viruses.

Koonin knew that microbes are not passive victims of virus attacks. They have 
several lines of defense. Koonin thought that CRISPR and Cas enzymes provide one 
more. In Koonin’s hypothesis, bacteria use Cas enzymes to grab fragments of viral 
DNA. They then insert the virus fragments into their own CRISPR sequences. Later, 
when another virus comes along, the bacteria can use the CRISPR sequence as a 
cheat sheet to recognize the invader.

Scientists didn’t know enough about the function of CRISPR and Cas enzymes for 
Koonin to make a detailed hypothesis. But his thinking was provocative enough for a 
microbiologist named Rodolphe Barrangou to test it. To Barrangou, Koonin’s idea was 
not just fascinating, but potentially a huge deal for his employer at the time, the yogurt 
maker Danisco. Danisco depended on bacteria to convert milk into yogurt, and 
sometimes entire cultures would be lost to outbreaks of bacteria-killing viruses. Now 
Koonin was suggesting that bacteria could use CRISPR as a weapon against these 
enemies.

To test Koonin’s hypothesis, Barrangou and his colleagues infected the milk-
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fermenting microbe Streptococcus thermophilus with two strains of viruses. The 
viruses killed many of the bacteria, but some survived. When those resistant bacteria 
multiplied, their descendants turned out to be resistant too. Some genetic change had 
occurred. Barrangou and his colleagues found that the bacteria had stuffed DNA 
fragments from the two viruses into their spacers. When the scientists chopped out 
the new spacers, the bacteria lost their resistance.

Barrangou, now an associate professor at North Carolina State University, said that 
this discovery led many manufacturers to select for customized CRISPR sequences 
in their cultures, so that the bacteria could withstand virus outbreaks. “If you’ve eaten 
yogurt or cheese, chances are you’ve eaten CRISPR-ized cells,” he said.

Cut and Paste
As CRISPR started to give up its secrets, Doudna got curious. She had already made 
a name for herself as an expert on RNA, a single-stranded cousin to DNA. Originally, 
scientists had seen RNA’s main job as a messenger. Cells would make a copy of a 
gene using RNA, and then use that messenger RNA as a template for building a 
protein. But Doudna and other scientists illuminated many other jobs that RNA can 
do, such as acting as sensors or controlling the activity of genes.

In 2007, Blake Wiedenheft joined Doudna’s lab as a postdoctoral researcher, eager to 
study the structure of Cas enzymes to understand how they worked. Doudna agreed 
to the plan — not because she thought CRISPR had any practical value, but just 
because she thought the chemistry might be cool. “You’re not trying to get to a 
particular goal, except understanding,” she said.

As Wiedenheft, Doudna and their colleagues figured out the structure of Cas 
enzymes, they began to see how the molecules worked together as a system. When 
a virus invades a microbe, the host cell grabs a little of the virus’s genetic material, 
cuts open its own DNA, and inserts the piece of virus DNA into a spacer.

As the CRISPR region fills with virus DNA, it becomes a molecular most-wanted 
gallery, representing the enemies the microbe has encountered. The microbe can 
then use this viral DNA to turn Cas enzymes into precision-guided weapons. The 
microbe copies the genetic material in each spacer into an RNA molecule. Cas 
enzymes then take up one of the RNA molecules and cradle it. Together, the viral 
RNA and the Cas enzymes drift through the cell. If they encounter genetic material 
from a virus that matches the CRISPR RNA, the RNA latches on tightly. The Cas 
enzymes then chop the DNA in two, preventing the virus from replicating.

As CRISPR’s biology emerged, it began to make other microbial defenses look 
downright primitive. Using CRISPR, microbes could, in effect, program their enzymes 
to seek out any short sequence of DNA and attack it exclusively.
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“Once we understood it as a programmable DNA-cutting enzyme, there was an 
interesting transition,” Doudna said. She and her colleagues realized there might be a 
very practical use for CRISPR. Doudna recalls thinking, “Oh my gosh, this could be a 
tool.”

It wasn’t the first time a scientist had borrowed a trick from microbes to build a tool. 
Some microbes defend themselves from invasion by using molecules known as 
restriction enzymes. The enzymes chop up any DNA that isn’t protected by molecular 
shields. The microbes shield their own genes, and then attack the naked DNA of 
viruses and other parasites. In the 1970s, molecular biologists figured out how to use 
restriction enzymes to cut DNA, giving birth to the modern biotechnology industry.

In the decades that followed, genetic engineering improved tremendously, but it 
couldn’t escape a fundamental shortcoming: Restriction enzymes did not evolve to 
make precise cuts — only to shred foreign DNA. As a result, scientists who used 
restriction enzymes for biotechnology had little control over where their enzymes cut 
open DNA.

The CRISPR-Cas system, Doudna and her colleagues realized, had already evolved 
to exert just that sort of control.

To create a DNA-cutting tool, Doudna and her colleagues picked out the CRISPR-
Cas system from Streptococcus pyogenes, the bacteria that cause strep throat. It 
was a system they already understood fairly well, having worked out the function of 
its main enzyme, called Cas9. Doudna and her colleagues figured out how to supply 
Cas9 with an RNA molecule that matched a sequence of DNA they wanted to cut. 
The RNA molecule then guided Cas9 along the DNA to the target site, and then the 
enzyme made its incision.

Using two Cas9 enzymes, the scientists could make a pair of snips, chopping out any 
segment of DNA they wanted. They could then coax a cell to stitch a new gene into 
the open space. Doudna and her colleagues thus invented a biological version of 
find-and-replace — one that could work in virtually any species they chose to work 
on.

As important as these results were, microbiologists were also grappling with even 
more profound implications of CRISPR. It showed them that microbes had 
capabilities no one had imagined before.

Before the discovery of CRISPR, all the defenses that microbes were known to use 
against viruses were simple, one-size-fits-all strategies. Restriction enzymes, for 
example, will destroy any piece of unprotected DNA. Scientists refer to this style of 
defense as innate immunity. We have innate immunity, too, but on top of that, we also 
use an entirely different immune system to fight pathogens: one that learns about our 
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enemies.

This so-called adaptive immune system is organized around a special set of immune 
cells that swallow up pathogens and then present fragments of them, called antigens, 
to other immune cells. If an immune cell binds tightly to an antigen, the cell multiplies. 
The process of division adds some random changes to the cell’s antigen receptor 
genes. In a few cases, the changes alter the receptor in a way that lets it grab the 
antigen even more tightly. Immune cells with the improved receptor then multiply 
even more.

This cycle results in an army of immune cells with receptors that can bind quickly and 
tightly to a particular type of pathogen, making them into precise assassins. Other 
immune cells produce antibodies that can also grab onto the antigens and help kill 
the pathogen. It takes a few days for the adaptive immune system to learn to 
recognize the measles virus, for instance, and wipe it out. But once the infection is 
over, we can hold onto these immunological memories. A few immune cells tailored to 
measles stay with us for our lifetime, ready to attack again.

CRISPR, microbiologists realized, is also an adaptive immune system. It lets 
microbes learn the signatures of new viruses and remember them. And while we 
need a complex network of different cell types and signals to learn to recognize 
pathogens, a single-celled microbe has all the equipment necessary to learn the 
same lesson on its own.

But how did microbes develop these abilities? Ever since microbiologists began 
discovering CRISPR-Cas systems in different species, Koonin and his colleagues 
have been reconstructing the systems’ evolution. CRISPR-Cas systems use a huge 
number of different enzymes, but all of them have one enzyme in common, called 
Cas1. The job of this universal enzyme is to grab incoming virus DNA and insert it in 
CRISPR spacers. Recently, Koonin and his colleagues discovered what may be the 
origin of Cas1 enzymes.

Along with their own genes, microbes carry stretches of DNA called mobile elements 
that act like parasites. The mobile elements contain genes for enzymes that exist 
solely to make new copies of their own DNA, cut open their host’s genome, and insert 
the new copy. Sometimes mobile elements can jump from one host to another, either 
by hitching a ride with a virus or by other means, and spread through their new host’s 
genome.

Koonin and his colleagues discovered that one group of mobile elements, called 
casposons, makes enzymes that are pretty much identical to Cas1. In a new paper in 
Nature Reviews Genetics, Koonin and Mart Krupovic of the Pasteur Institute in Paris 
argue that the CRISPR-Cas system got its start when mutations transformed 
casposons from enemies into friends. Their DNA-cutting enzymes became 
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domesticated, taking on a new function: to store captured virus DNA as part of an 
immune defense.

While CRISPR may have had a single origin, it has blossomed into a tremendous 
diversity of molecules. Koonin is convinced that viruses are responsible for this. Once 
they faced CRISPR’s powerful, precise defense, the viruses evolved evasions. Their 
genes changed sequence so that CRISPR couldn’t latch onto them easily. And the 
viruses also evolved molecules that could block the Cas enzymes. The microbes 
responded by evolving in their turn. They acquired new strategies for using CRISPR 
that the viruses couldn’t fight. Over many thousands of years, in other words, 
evolution behaved like a natural laboratory, coming up with new recipes for altering 
DNA.

The Hidden Truth
To Konstantin Severinov, who holds joint appointments at Rutgers University and the 
Skolkovo Institute of Science and Technology in Russia, these explanations for 
CRISPR may turn out to be true, but they barely begin to account for its full mystery. 
In fact, Severinov questions whether fighting viruses is the chief function of CRISPR. 
“The immune function may be a red herring,” he said.

Severinov’s doubts stem from his research on the spacers of E. coli. He and other 
researchers have amassed a database of tens of thousands of E. coli spacers, but 
only a handful of them match any virus known to infect E. coli. You can’t blame this 
dearth on our ignorance of E. coli or its viruses, Severinov argues, because they’ve 
been the workhorses of molecular biology for a century. “That’s kind of mind-
boggling,” he said.

It’s possible that the spacers came from viruses, but viruses that disappeared 
thousands of years ago. The microbes kept holding onto the spacers even when they 
no longer had to face these enemies. Instead, they used CRISPR for other tasks. 
Severinov speculates that a CRISPR sequence might act as a kind of genetic bar 
code. Bacteria that shared the same bar code could recognize each other as relatives 
and cooperate, while fighting off unrelated populations of bacteria.

But Severinov wouldn’t be surprised if CRISPR also carries out other jobs. Recent 
experiments have shown that some bacteria use CRISPR to silence their own genes, 
instead of seeking out the genes of enemies. By silencing their genes, the bacteria 
stop making molecules on their surface that are easily detected by our immune 
system. Without this CRISPR cloaking system, the bacteria would blow their cover 
and get killed.

“This is a fairly versatile system that can be used for different things,” Severinov said, 
and the balance of all those things may differ from system to system and from 
species to species.
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If scientists can get a better understanding of how CRISPR works in nature, they may 
gather more of the raw ingredients for technological innovations. To create a new way 
to edit DNA, Doudna and her colleagues exploited the CRISPR-Cas system from a 
single species of bacteria, Streptococcus pyogenes. There’s no reason to assume 
that it’s the best system for that application. At Editas, a company based in 
Cambridge, Massachusetts, scientists have been investigating the Cas9 enzyme 
made by another species of bacteria, Staphylococcus aureus. In January, Editas
scientists reported that it’s about as efficient at cutting DNA as Cas9 from 
Streptococcus pyogenes. But it also has some potential advantages, including its 
small size, which may make it easier to deliver into cells.

To Koonin, these discoveries are just baby steps into the ocean of CRISPR diversity. 
Scientists are now working out the structure of distantly related versions of Cas9 that 
seem to behave very differently from the ones we’re now familiar with. “Who knows 
whether this thing could become even a better tool?” Koonin said.

And as scientists discover more tasks that CRISPR accomplishes in nature, they may 
be able to mimic those functions, too. Doudna is curious about using CRISPR as a 
diagnostic tool, searching cells for cancerous mutations, for example. “It’s seek and 
detect, not seek and destroy,” she said. But having been surprised by CRISPR 
before, Doudna expects the biggest benefits from these molecules to surprise us yet 
again. “It makes you wonder what else is out there,” she said.

Sidebar: A New Kind of Evolution

CRISPR is an impressive adaptive immune system for another reason: Its lessons 
can be inherited. People can’t pass down genes for antibodies to their children 
because only immune cells develop them. There’s no way for that information to get 
into eggs or sperm. As a result, children have to start learning about their invisible 
enemies pretty much from scratch.

CRISPR is different. Since microbes are single-celled organisms, the DNA they alter 
to fight viruses is the same DNA they pass down to their descendants. In other words, 
the experiences that these organisms have alter their genes, and that change is 
inherited by future generations.

For students of the history of biology, this kind of heredity echoes a largely 
discredited theory promoted by the naturalist Jean-Baptiste Lamarck in the early 19th 
century. Lamarck argued for the inheritance of acquired traits. To illustrate his theory, 
he had readers imagine a giraffe gaining a long neck by striving to reach high 
branches to feed on. A nervous fluid, he believed, stretched out its neck, making it 
easier for the giraffe to reach the branches. It then passed down its lengthened neck 
to its descendants.
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The advent of genetics seemed to crush this idea. There didn’t appear to be any way 
for experiences to alter the genes that organisms passed down to their offspring. But 
CRISPR revealed that microbes rewrite their DNA with information about their 
enemies — information that Barrangou showed could make the difference between 
life and death for their descendants.

Did this mean that CRISPR meets the requirements for Lamarckian inheritance? “In 
my humble opinion, it does,” said Koonin.
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World Population in 2018 Cartogram (https://ourworldindata.org/world-population-
cartogram)

Synopsis:

To show global data it is convenient to use a map. But despite the popularity and 
familiarity of world maps, they can mislead our understanding of how living 
conditions around the world are changing. They are made for a different purpose; 
geographical maps show us where the world’s land masses are and where country 
borders run. They don’t show us where the people are. If we want to show where 
the world’s people are we need a population cartogram, a geographical presentation 
of the world where the size of the countries are not drawn according to the 
distribution of land, but according to the distribution of people.
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World population growth, 1750-2100 (https://ourworldindata.org/world-population-
growth)

Synopsis: 

This graph shows how the annual population growth rate increased since 1900 
peaking at 2.1% in 1963, the subsequent drop and the lagging affect on world 
population leveling off at about 11 billion in 2100.

53



The short history of global living conditions and why it matters that we know it

by Max Roser (https://ourworldindata.org/a-history-of-global-living-conditions-in-5-
charts)

A recent survey asked “All things considered, do you think the world is getting better 
or worse, or neither getting better nor worse?”. In Sweden 10% thought things are 
getting better, in the US they were only 6%, and in Germany only 4%. Very few 
people think that the world is getting better.

What is the evidence that we need to consider when answering this question? The 
question is about how the world has changed and so we must take a historical 
perspective. And the question is about the world as a whole and the answer must 
therefore consider everybody. The answer must consider the history of global living 
conditions – a history of everyone.

Extreme Poverty

To see where we are coming from we must go far back in time. 30 or even 50 years 
are not enough. When you only consider what the world looked during our life time it 
is easy to make the mistake of thinking of the world as relatively static – the rich, 
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healthy and educated parts of the world here and the poor, uneducated, sick regions 
there – and to falsely conclude that it always was like that and that it always will be 
like that.

Take a longer perspective and it becomes very clear that the world is not static at all. 
The countries that are rich today were very poor just very recently and were in fact 
worse off than the poor countries today.

To avoid portraying the world in a static way – the North always much richer than the 
South – we have to start 200 years ago before the time when living conditions really 
changed dramatically.

Researchers measure extreme poverty as living with less than 1.90$ per day. These 
poverty figures take into account non-monetary forms of income – for poor families 
today and in the past this is important, particularly because of subsistence farming. 
The extreme poverty measure is also corrected for different price levels in different 
countries and adjusted for price changes over time (inflation) – poverty is measured 
in so-called international dollar that accounts for these adjustments.

The first chart shows the estimates for the share of the world population living in 
extreme poverty. In 1820 only a tiny elite enjoyed higher standards of living, while the 
vast majority of people lived in conditions that we would call extreme poverty today. 
Since then the share of extremely poor people fell continuously. More and more world 
regions industrialized and thereby increased productivity which made it possible to lift 
more people out of poverty: In 1950 two-thirds of the world was living in extreme 
poverty; in 1981 it was still 42%. In 2015 – the last year for which we currently have 
data – the share of the world population in extreme poverty has fallen below 10%.

That is a huge achievement, for me as a researcher who focuses on growth and 
inequality maybe the biggest achievement of all in the last two centuries. It is 
particularly remarkable if we consider that the world population has increased 7-fold 
over the last two centuries – switch to the ‘Absolute’ view in the visualization below to 
see the number of people in and out of poverty. In a world without economic growth, 
such an increase in the population would have resulted in less and less income for 
everyone; A 7-fold increase in the world population would have been enough to drive 
everyone into extreme poverty. Yet, the exact opposite happened. In a time of 
unprecedented population growth our world managed to give more prosperity to more 
people and to continuously lift more people out of poverty.

Increasing productivity was important because it made vital goods and services less 
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scarce: more food, better clothing, and less cramped housing. Productivity is the ratio 
between the output of our work and the input that we put in our work; as productivity 
increased we benefitted from more output, but also from less input – weekly working 
hours fell very substantially.

Economic growth was also important because it changed the relationship between 
people. In the long time in which the world lived in a non-growth world the only way to 
become better off is if someone else got worse off. Your own good luck is your 
neighbors bad luck. Economic growth changed that, growth made it possible that you 
are better off when others become better off. The ingenuity of those that built the 
technology that increased productivity – the car, the machinery, and communication 
technology – made some of them very rich and at the same time it increased the 
productivity and the incomes of others. It is hard to overstate how different life in 
zero-sum and a positive-sum economy are.

Unfortunately the media is overly obsessed with reporting single events and with 
things that go wrong and does not nearly pay enough attention to the slow 
developments that reshape our world. With this empirical data on the reduction of 
poverty we can make it concrete what a media that would report global development 
would look like. The headline could be “The number of people in extreme poverty fell 
by 130,000 since yesterday” and they wouldn’t have this headline once, but every 
single day since 1990, since, on average, there were 130,000 people fewer in 
extreme poverty every day.

Literacy

How did the education of the world population change over this period? The chart 
below shows the share of the world population that is literate over the last 2 
centuries. In the past only a tiny elite was able to read and write. Today’s education –
including in today’s richest countries – is again a very recent achievement. It was in 
the last two centuries that literacy became the norm for the entire population.

In 1820 only every 10th person older than 15 years was literate; in 1930 it was every 
third and now we are at 85% globally. Put differently, if you were alive in 1800 there 
was a chance of 9 in 10 that you weren’t able to read – today more than 8 out of 10 
people are able to read. And if you are young chances are much higher since many 
of today’s illiterate population are old.

If you think science, technology, political freedom are important to solve the world’s 
problems and you think that it helps to read and write to do this then look at the 
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figures in absolute numbers. Today there are 5.4 billion people older than 15 years of 
which, as the chart shows, 85% are literate – these are 4.6 billion people. In 1800 
there were fewer than 100 million people with the same skill.

Health

One reason why we do not see progress is that we are unaware of how bad the past 
was.

In 1800 the health conditions of our ancestors were such that around 43% of the 
world’s newborns died before their 5th birthday. The historical estimates suggest that 
the entire world lived in poor conditions; there was relatively little variation between 
different regions, in all countries of the world more than every third child died before it 
was 5 years old.

It would be wrong to believe that modern medicine was the only reason for improved 
health. Initially rising prosperity and the changing nature of social life mattered more 
than medicine. It was improvements in housing and sanitation that improved our 
chances in the age old war against infectious disease. Healthier diet – made possible 
through higher productivity in the agricultural sector and overseas trade – made us 
more resilient against disease. Surprisingly improving nutrition and health also made 
us smarter and taller.

But surely science and medicine mattered as well. A more educated population 
achieved a series of scientific breakthroughs that made it possible to reduce mortality 
and disease further. Particularly important was the discovery of the germ theory of 
disease in the second half of the 19th century. In retrospect it is hard to understand 
why a new theory can possibly be so important. But at a time when doctors did not 
wash their hands when switching from post-mortem to midwifery the theory finally 
convinced our ancestors that hygiene and public sanitation are crucial for health.

The germ theory of disease laid the foundation for the development of antibiotics and 
vaccines, and it helped the world to see why public health is so very important. Public 
health mattered hugely: Everybody benefits from everybody else being vaccinated, 
and everybody benefits from everybody else obeying the rules of hygiene.

With these changes global health improved in a way that was unimaginable to our 
ancestors. In 2015 child mortality was down to 4.3% – 10-fold lower than 2 centuries 
ago. You have to take this long perspective to see the progress that we have 
achieved.
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Freedom

Political freedom and civil liberties are at the very heart of development – as they are 
both a means for development and an end of development. Journalism and public 
discourse are the pillars on which this freedom rests, but qualitative assessments of 
these aspects bears the risk that we are mistakingly perceiving a decline of liberties 
over time when in fact we are raising the bar by which we judge our liberty. 
Quantitative assessments can therefore be useful when they help us to measure 
freedom against the same yardstick across countries and over time.

There are various attempts to measure the types of political regimes that govern the 
world’s countries and to capture something as complex as a political system is 
necessarily controversial. There is just no way around that. In this analysis I will rely 
on the Polity IV index as it is the least problematic of the measures that present a 
long term perspective. The index measures political regimes on a spectrum from +10 
for full democracies to -10 for full autocracies; regimes that fall somewhere in the 
middle of this spectrum are called anocracies. To this I added information about the 
world’s countries that were ruled by other countries as part of a colonial empire.

Again I want to give a time perspective to get an idea of how political freedom has 
changed over the last 200 years.

The chart shows the share of people living under different types of political regimes 
over the last 2 centuries. Throughout the 19th century more than a third of the 
population lived in colonial regimes and almost everyone else lived in autocratically 
ruled countries. The first expansion of political freedom from the late 19th century 
onward was crushed by the rise of authoritarian regimes that in many countries took 
their place in the time leading up to the Second World War.

In the second half of the 20th century the world has changed significantly: Colonial 
empires ended, and more and more countries turned democratic: The share of the 
world population living in democracies increased continuously – particularly important 
was the breakdown of the Soviet Union which allowed more countries to democratise. 
Now more than every second person in the world lives in a democracy.

The huge majority of those living in an autocracy – 4 out of 5 – live in one autocratic 
country: China.

Human rights are similarly difficult to measure consistently over time and across time. 
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The best empirical data show that after a time of stagnation human right protection 
improved globally over the last 3 decades.

Population

If you click on ‘Absolute’ in any of the previous charts you see the increase of the 
world population over the last 2 centuries. The world population was around 1 billion 
in the year 1800 and increased 7-fold since then.

Population growth increased humanity’s demand for resources and amplified 
humanity’s impact on the environment. But this increase of the world population 
should evoke more than doom and gloom. First of all, this increase shows a 
tremendous achievement. It shows that humans stopped dying at the rate at which 
our ancestors died for the many millennia before.

In pre-modern times fertility was high – 5 or 6 children per woman were the norm. 
What kept the population growth low was the very high rate with which people died 
and that meant that many children were dead before they reached their reproductive 
age. The increase of the world population followed when humanity started to win the 
fight against death. Global life expectancy doubled just over the last hundred years.

Population growth is a consequence of fertility and mortality not declining 
simultaneously. The fast population growth happened when fertility was still as high 
as it was in the unhealthy environment of the past, but mortality has already declined 
to the low levels of our time.

What we have seen in country after country over the last 200 years is that once 
women realise that the chances of their children dying has declined substantially they 
adapt and chose to have fewer children. Population growth then comes to an end. 
This transition from high mortality and fertility to low mortality and fertility is called the 
demographic transition. In those countries that industrialised first it lasted at least 
from the mid 19th century to the mid 20th century – it took 95 years for fertility to 
decline from above 6 children to less than 3 children per woman in the UK. Countries 
that followed later sometimes achieved this transition much faster: South Korea went 
from more than 6 children per woman to less than 3 in just 18 years, Iran even 
achieved it in just 10 years.

Just as countries went through this transition so is the world going through this 
transition. Global fertility has more than halved in the last 50 years, from more than 5 
children per woman in the early 1960s to below 2.5 today. This means that the world 
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is well into the demographic transition and global population growth has in fact 
peaked half a century ago.

Now that we see fertility declining everywhere we come to an end of population 
growth: The global population has quadrupled over the course of the 20th century, 
over the course of this century it will not double. And at the end of the century the UN 
expects a slow annual population growth of 0.1% whereas the demographers from 
IIASA expect an end of global population growth around the year 2075.

Education

None of the achievements over the last 2 centuries could have been made without 
the expansion of knowledge and education. The revolution in how we live was not 
only driven by education it also made education more important than ever.

And we know that education is on track to improve globally. Contrary to many other 
social aspects where forecasts are of limited use, I think education is an aspect 
where we can make some useful projections into the future. The simple reason is that 
the educational composition today tells us something about the education of 
tomorrow – a literate young woman today will be a literate old woman in 2070 and a 
student with secondary education now will be a graduate with secondary education in 
the future.

The younger cohort today is much better educated than the older cohorts. And as the 
cohort size is decreasing schools that are already in place can provide better for the 
next generation.

The visualisation below shows the projection of the IIASA institute for the size and the 
educational composition of the world population until 2100. It is an interesting look 
into the future: With today’s lower global fertility the researchers expect that the 
number of children will decline from now – there will never be more children on the 
planet than today. And as mentioned before the IIASA researchers expect the world 
population to peak in 2070 and to decline thereafter.

Focusing on the educational breakdown the projection suggests that by 2100, there 
will be almost no one without formal education and there will be more than 7 billion 
minds who will have received at least secondary education.

With the great importance of education for improving health, increasing political 
freedom, and ending poverty this projection is very encouraging.
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Why do we not know how our world is changing?

The motivation for this history of global living conditions was the survey result that 
documented the very negative perspective of global development that most of us 
have. More than 9 out of 10 people do not think that the world is getting better. How 
does that fit with the empirical evidence?

I do not think that the media are the only ones to blame, but I do think that they are to 
blame for some part of this. This is because the media does not tell us how the world 
is changing, it tells us what in the world goes wrong.

One reason why the media focuses on things that go wrong is that the media focuses 
on single events and single events are often bad – look at the news: plane crashes, 
terrorism attacks, natural disasters, election outcomes that we are not happy with. 
Positive developments on the other hand often happen very slowly and never make 
the headlines in the event-obsessed media.

The result of a media – and education system – that fails to present quantitative 
information on long-run developments is that the huge majority of people is 
completely ignorant about global development. Even the decline of global extreme 
poverty – by any standard one of the most important developments in our lifetime – is 
only known by a small fraction of the population of the UK (10%) or the US (5%). In 
both countries the majority of people think that the share of people living in extreme 
poverty has increased! Two thirds in the US even think the share in extreme poverty 
has ‘almost doubled’. When we are ignorant about global development it is not 
surprising that few think that the world is getting better.

The only way to tell a history of everyone is to use statistics, only then can we hope 
to get an overview over the lives of the 22 billion people that lived in the last 200 
years. The developments that these statistics reveal transform our global living 
conditions – slowly but steadily. They are reported in this online publication – Our 
World in Data – that my team and I have been building over the last years. We see it 
as a resource to show these long-term developments and thereby complement the 
information in the news that focus on events.

The difficulty for telling the history of how everyone’s lives changed over the last 200 
years is that you cannot pick single stories. Stories about individual people are much 
more engaging – our minds like these stories – but they cannot be representative for 
how the world has changed. To achieve a representation of how the world has 
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changed at large you have to tell many, many stories all at once; and that is statistics.

To make it easier for myself and for you to understand the transformation in living 
conditions that we have achieved I made a summarizing visualization in which I 
imagine this 200 year history as the history of a group of 100 people to see how the 
lives of them would have changed if they lived through this transformative period of 
the modern world.

Why it matters that we do not know how our world is changing

The successful transformation of our living conditions was possible only because of 
collaboration. Such a transformation would be impossible for a single person to 
accomplish. It is our collective brains and our collaborative effort that are needed for 
such an improvement.

There are big problems that remain. None of the above should give us reason to 
become complacent. On the contrary, it shows us that a lot of work still needs to be 
done – accomplishing the fastest reduction of poverty is a tremendous achievement, 
but the fact that 1 out of 10 people lives in extreme poverty today is unacceptable. 
We also must not accept the restrictions of our liberty that remain and that are put in 
place. And it is also clear that humanity’s impact on the environment is at a level that 
is not sustainable and is endangering the biosphere and climate on which we depend. 
We urgently need to reduce our impact.

It is far from certain that we will make progress against these problems – there is no 
iron law that would ensure that the world continues this trend of improving living 
conditions. But what is clear from the long-term perspective is that the last 200 years 
brought us to a better position than ever before to solve these problems. Solving 
problems – big problems – is always a collaborative undertaking. And the group of 
people that is able to work together today is a much, much stronger group than there 
ever was on this planet. We have just seen the change over time; the world today is 
healthier, richer, and better educated.

For our history to be a source of encouragement we have to know our history. The 
story that we tell ourselves about our history and our time matters. Because our 
hopes and efforts for building a better future are inextricably linked to our perception 
of the past it is important to understand and communicate the global development up 
to now. A positive lookout on the efforts of ourselves and our fellow humans is a vital 
condition to the fruitfulness of our endeavors. Knowing that we have come a long way 
in improving living conditions and the notion that our work is worthwhile is to us all 
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what self-respect is to individuals. It is a necessary condition for self-improvement.

Freedom is impossible without faith in free people. And if we are not aware of our 
history and falsely believe the opposite of what is true we risk losing faith in each 
other.
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Air Pollution (https://ourworldindata.org/air-pollution)

Synopsis:

SO2, as a by-product of energy and industrial production, is closely linked 
to prosperity. The amount of SO2 emissions is dominated by Europe and North 
America early in the industrial age, while Latin America, Asia and Africa SO2

emissions began much later. Today, the regional trends are split: Annual 
SO2 emissions in Europe and the Americas continue to fall, while emissions in Asia 
and Africa are increasing.
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420,000 years of Temp, CO2, and sea level – What a Coincidence 
(https://www.johnenglander.net/sea-level-rise-blog/420000-years-temp-co2-and-
sea-level-what-coincidence/)

Oct 2, 2016

This chart shows the relative changes in global average temperature, CO2 (carbon 
dioxide), and sea level over the last 420,000 years. The data is derived from 
different sources that corroborate and confirm the findings. Data sources include air 
bubbles trapped in layers of the ice sheets in Greenland and Antarctica; isotopes of 
oxygen that are temperature markers; isotope markers of diverse elements in layers 
of deep ocean sediments; ancient coral reefs and speleothems; salt marsh core 
samples; and physical evidence of ancient shorelines, above and below the present. 
The chart is adapted from the work of Dr. James Hansen and Makiko Sato. PDF’s of 
this graph are available for download on this page in English or metric versions.

420-kyr-graph-us-w-download-englander

This ‘big picture’ view does not give any insight into years or decades. What it can 
do is give a better perspective. Much of the current evidence, and arguments of the 
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doubters, rests on data from a few years, which can be confusing. This rather clear 
parallel movement of temperature, CO2 and sea level provides a powerful story. Over 
a long period of time, THEY MOVE IN UNISON, just what one would expect with 
CO2 being a heat-trapping greenhouse gas, and warmer temperature melting the ice 
sheets, raising sea level.

The graph shows 4 major ice ages, on a cycle of roughly 100,000 years. The last ice 
age peak was just over 20,000 years ago. At that time sea level was almost 400 feet 
(120 m) below the present due to the huge quantity of water locked up in the ice 
sheets, more than a mile deep over North America and Europe.

The other very interesting sea level event was approximately 120,000 years ago, 
during the previous “interglacial” — the warm period between ice ages. We are 
presently in an interglacial. In that last interglacial (known as the Eemian to 
geologists) the temperature was a few degrees warmer than at present. Research 
over the last few years indicates that sea level rose about 26 feet (8 m) higher than 
present, possibly even a little higher.

Over the last century we have warmed almost two degrees F and are headed to 
much greater increases over the course of this century. Warmer temperatures are 
associated with higher CO2 levels. Warmer temperatures mean increased melting of 
the polar ice sheets and raising sea level. This presents a major concern due to the 
catastrophe that several feet of higher sea level would cause to coastal cities and 
infrastructure globally. Because our warming is now happening a lot faster than 
previous periods of natural abrupt climate change, there is no way to accurately 
predict how many years it will take for enough ice to melt to raise the ocean that 
much.

The real big issue of concern is the level of CO2. As shown on the green line in the 
middle, it has fluctuated between about 180 – 280 ppm (parts per million) over the 
last 400,000 years. Now the level has shot up like a rocket to 393 ppm, a 40% 
increase. (Note the line goes way up into the area of the red graph.) This correlates 
with our emissions from burning fossil fuels, reduction of forest cover, and other 
factors. The concern is the way that average global temperature moves in concert 
with CO2.

If temperatures later this century continue to climb, causing all the ice sheets to 
eventually melt, there will be catastrophe — even if it takes many centuries for that to 
fully happen. The last time that CO2 levels were in the range near a 1,000 ppm, was 
about 55 million years ago. At that time there were no polar ice sheets and sea level 
was approximately 250 feet (75 m) higher than today.
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While sea level and climate have changed in the past, it was LONG before our 
human civilization. Normally climate changes happen over hundreds of thousands of 
years or longer. Even abrupt natural changes take thousands of years. Once the ice 
melts and sea level rises, there is no known way to reverse the process quickly. That 
presents a huge problem, nothing short of a catastrophe, for our civilization over the 
next few centuries. The problems could start sooner than we think.
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Cumulative CO2 emissions by region (https://ourworldindata.org/co2-and-other-
greenhouse-gas-emissions)

The chart below shows cumulative emissions of CO2 by region. This is given as the 
cumulative emissions since 1751, and is based on territorial (production-based) 
accounting, meaning it does not account for emissions embedded in trade.

Starting at the beginning of the industrial revolution, humanity had a carbon budget 
of approximately 3,600 billion tons of CO2––that is, humanity could release 3,600 
billion tons of CO2 and maintain a 2/3rd chance of staying below 2°C. Between the 
start of the industrial revolution and 2015, we have emitted 2,000 billion tons of 
CO2, meaning humanity has 1,600 billion tonnes of CO2 left to emit before reaching 
2°C. However, we have also emitted other greenhouse gases (such as methane 
and HFCs) that have resulted in warming equivalent to the effect of about 750 billion 
tons of CO2. This means that we have only 850 billion tons of CO2 left to emit 
before reaching 2°C.

At the current global rate of emissions, it will take only 24 years to reach the 2°C 
threshold stipulated in the Paris Agreement. The calculation is given as:
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1,600 billion tons of CO2 left to emit before reaching 2 °C

- 750 billion tons of CO2 equivalent, from other greenhouse gases

___________

850 bn billion of CO2 left to emit before reaching 2 °C

850 bn billion CO2 divided by 36 billion tons of CO2 per year = 24 years
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Planetary Boundaries 
Research(https://www.stockholmresilience.org/research/planetary-boundaries.html)

Synopsis:

In 2009, former centre director Johan Rockström led a group of 28 internationally 
renowned scientists to identify the nine processes that regulate the stability and 
resilience of the Earth system. The scientists proposed quantitative planetary 
boundaries within which humanity can continue to develop and thrive for 
generations to come. Crossing these boundaries increases the risk of generating 
large-scale abrupt or irreversible environmental changes. Since then the planetary 
boundaries framework has generated enormous interest within science, policy, and 
practice.

Table of the nine planetary boundaries 
(https://www.stockholmresilience.org/research/planetary-boundaries/planetary-
boundaries/about-the-research/quantitative-evolution-of-boundaries.html)

RESEARCH ARTICLE - Science Magazine

Planetary boundaries: Guiding human development on a changing planet 



(https://science.sciencemag.org/content/347/6223/1259855)
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Synopsis: 

The SDG framework will stimulate action on five key themes: people, planet, 
prosperity. Cost is estimated to be 1% of world output per year ($125 trillion dollars) 
or less to mid-century, not a crushingly heavy financial cost. The biggest challenges 
are public education, cooperation and organization.

Chapter 1: Getting to know the Sustainable Development Goals 
(https://sdg.guide/chapter-1-getting-to-know-the-sustainable-development-goals-
e05b9d17801)

An introduction to the SDGs

In September 2015 Heads of State and Government agreed to set the world on a 
path towards sustainable development through the adoption of the 2030 Agenda for 
Sustainable Development[1.1]. This agenda includes 17 Sustainable Development 
Goals, or SDGs, which set out quantitative objectives across the social, economic, 
and environmental dimensions of sustainable development?—?all to be achieved by 
2030. The goals provide a framework for shared action “for people, planet and 
prosperity,” to be implemented by “all countries and all stakeholders, acting in 



collaborative partnership.” As articulated in the 2030 Agenda, “never before have 
world leaders pledged common action and endeavour across such a broad and 
universal policy agenda.”[1.2] 169 targets accompany the 17 goals and set out 
quantitative and qualitative objectives for the next 15 years. These targets are “global 
in nature and universally applicable, taking into account different national realities, 
capacities and levels of development and respecting national policies and 
priorities.”[1.3] A set of indicators and a monitoring framework will also accompany 
the goals. The indicators are defined by the Inter-Agency and Expert Group on SDG 
Indicators (IAEG-SDGs), which will present its recommendations to the UN Statistical 
Commission in March 2016.

Box 1: The Sustainable Development Goals (SDGs)

The 17 Sustainable Development Goals form a cohesive and integrated package of 
global aspirations the world commits to achieving by 2030. Building on the 
accomplishments of their predecessors the MDGs, the SDGs address the most 
pressing global challenges of our time, calling upon collaborative partnerships across 
and between countries to balance the three dimensions of sustainable 
development?—?economic growth, environmental sustainability, and social 
inclusion[1.i].

Goal 1. End poverty in all its forms everywhere.

Goal 2. End hunger, achieve food security and improved nutrition, and promote 
sustainable agriculture.

Goal 3. Ensure healthy lives and promote well-being for all at all ages.

Goal 4. Ensure inclusive and equitable quality education and promote lifelong 
learning opportunities for all.

Goal 5. Achieve gender equality and empower all women and girls

Goal 6. Ensure availability and sustainable management of water and sanitation for 
all.

Goal 7. Ensure access to affordable, reliable, sustainable, and modern energy for all.

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and 
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productive employment and decent work for all.

Goal 9. Build resilient infrastructure, promote inclusive and sustainable 
industrialization and foster innovation.

Goal 10. Reduce inequality within and among countries.

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable.

Goal 12. Ensure sustainable consumption and production patterns.

Goal 13. Take urgent action to combat climate change and its impacts.

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for 
sustainable development.

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, halt and reverse land degradation 
and halt biodiversity loss.

Goal 16. Promote peaceful and inclusive societies for sustainable development, 
provide access to justice for all and build effective, accountable and inclusive 
institutions at all levels.

Goal 17. Strengthen the means of implementation and revitalize the global 
partnership for sustainable development.

The SDGs build upon the success of the 8 Millennium Development Goals agreed 
upon in 2000 to halve extreme poverty by 2015 as a midpoint towards eradicating 
poverty in all its forms. The MDGs focused on the many dimensions of extreme 
poverty, including low incomes, chronic hunger, gender inequality, lack of schooling, 
lack of access to health care, and deprivation of clean water and sanitation, among 
others. They achieved some great successes, for example halving the likelihood of a 
child dying before their fifth birthday (see Box 2). Yet, many countries did not make 
sufficient progress, particularly on environmental sustainability, and it is now widely 
recognized that additional work is needed to achieve the ultimate goal of ending 
extreme poverty in all its forms. Further, there is consensus that the scope of the 
MDGs needs to be broadened to reflect the challenges the world faces today. Around 
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700 million people still live below the World Bank’s poverty line, and billions more 
suffer deprivations of one form or another. Many societies have experienced a rise of 
inequality even as they have achieved economic progress on average. Moreover, the 
entire world faces dire environmental threats of human-induced climate change and 
the loss of biodiversity. Poor governance, official corruption, and in dramatic cases 
overt conflict, afflict much of the world today.

Box 2: Lessons from the MDGs

The SDGs build on the success of the Millennium Development Goals (MDGs) in 
mobilizing collective action around a time-bound set of globally agreed goals. The 
eight MDGs were adopted in 2002 as a framework to operationalize the Millennium 
Declaration. The Declaration, adopted by Member States of the UN General 
Assembly in the year 2000, articulated the world’s “collective responsibility to uphold 
the principles of human dignity, equality and equity at the global level” and to 
eradicate the world’s most extreme and deplorable conditions, including poverty and 
destitution[1.ii]. The MDGs, which conclude at the end of 2015, focus on the most 
vulnerable populations, and address extreme poverty, hunger, disease, gender 
equality, education, and environmental sustainability. They mark a historic and 
effective global mobilization effort to achieve a set of common societal priorities. By 
packaging these priorities into an easy-to-understand set of eight goals, and by 
establishing measurable, time-bound objectives, the MDGs promote global 
awareness, political accountability, improved monitoring, mobilization of epistemic 
communities, civic participation, and public pressure.

Many countries have made significant progress towards achieving the MDGs. In 
1990, the baseline year for measuring MDG progress, almost half of the developing 
world lived on less than US$1.25 a day measured in 2005 prices (the World Bank 
poverty line used during the MDG period). According to new estimates from the World 
Bank, today less than 10% of the world’s population live on less than the equivalent 
$1.90 per day measured in 2010 US$[1.iii]. Furthermore, according to the UN 
Millennium Development Goals Report 2015, the likelihood of a child dying before 
age five has been nearly halved, and the global maternal mortality ratio dropped by 
45%. Since 1990, nearly 3.3 million deaths from malaria have been averted, and new 
HIV infections have decreased by 1.4 million cases[1.iv].

Primary school net enrollment in the developing world has reached 91%. Ninety-one 
percent of the world uses improved drinking water. Additionally, ozone-depleting 
substances have been almost eliminated, with the ozone layer predicted to recover 
by mid-century. The MDGs have also provided a galvanizing force and organizing 
framework for development cooperation. Official development assistance (ODA) has 
increased by 66% since 2000, providing an additional US$135.2 billion of 
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support[1.v].

The SDG Agenda responds to these compound challenges, and is therefore broader 
and more complex than the MDGs. Most importantly, it adopts sustainable 
development as the organizing principle for global cooperation, meaning the 
combination of economic development, social inclusion, and environmental 
sustainability. Hence, the overarching name “Sustainable Development Goals,” as the 
key message to the world community. Furthermore, the SDGs and related agenda 
apply to all countries, developed and developing alike. The post-2015 agenda calls 
for actors to move away from business-as-usual (BAU) approaches towards the 
sustainable use of resources and peaceful and inclusive societies[1.4].

The outcome document for the SDG Agenda synthesizes the breadth of these issues 
by declaring that the SDG framework will stimulate action on five key themes: people, 
planet, prosperity, peace, and partnerships, which are described briefly below[1.5].

People

“We are determined to end poverty and hunger, in all their forms and dimensions, and 
to ensure that all human beings can fulfill their potential in dignity and equality and in 
a healthy environment.”[1.6]The MDGs played an important role in focusing the 
world’s attention on reducing extreme poverty, yet progress has been incomplete. As 
of 2011, the percent of people in extreme poverty (living on less than $1.90 a day) in 
sub-Saharan Africa was 44.3%, and in South Asia was 22.3%[1.7]. In particular, least 
developed countries, landlocked developing countries, and small-island developing 
states remain behind, as they face structural barriers to development. In many 
societies the most vulnerable populations have made little progress. Mass migration, 
often caused by violence and conflict, has led to massive displacement, instability, 
and large populations living in dangerously overcrowded refugee camps and informal 
settlements. Gender inequality remains widespread, as many young girls are 
deprived of education and forced into early marriages.

Under the MDGs the world has made tremendous progress in reducing child 
mortality, but six million children still die each year from preventable causes[1.8]. 
Maternal mortality rates have come down in most countries, but not sufficiently to 
meet the MDG. Large numbers of people do not have access to affordable primary 
health care [see Tracking universal health coverage: First global monitoring report], 
and major efforts are needed to ensure universal access to basic infrastructure, 
including energy, water, sanitation, and transport. While a lot of progress has been 
made in increasing primary school enrollment in all countries, completion rates 
remain low, and far too many children do not complete a full cycle of education from 
early-childhood development through to secondary school completion. Approximately 
800 million people remain chronically undernourished[1.9] and do not have access to 
sufficient, safe, and nutritious food. Another billion or so face various kinds of 
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micronutrient deficiencies [see The State of Food Insecurity in the World 2015]. For 
these reasons the SDGs commit to ending extreme poverty in all its forms, including 
hunger, and call on all people to enjoy universal access to essential social services 
and basis infrastructure by 2030.

Planet

“We are determined to protect the planet from degradation, including through 
sustainable consumption and production, sustainably managing its natural resources 
and taking urgent action on climate change, so that it can support the needs of the 
present and future generations.”[1.10]The scale of human impact on the physical 
Earth has reached dangerous levels, which threatens long-term progress against 
poverty and the well-being of rich and poor countries alike. The world economic 
system is already “trespassing” on the Earth’s “planetary boundaries,” [see Planetary 
boundaries: Guiding human development on a changing planet; Big World, Small 
Planet. Abundance within Planetary Boundaries]. Many natural resources and 
ecosystems essential for human and societal well-being are being threatened or 
destroyed, such as loss of biodiversity, air pollution, water shortages and pollution, 
deforestation and grasslands degradation, and soil contamination. Climate change is 
no longer a future threat but a stark current reality. We are already seeing the 
consequences of rising carbon dioxide concentrations and higher global 
temperatures, such as changes to the intensity and duration of extreme weather 
events and ocean acidification[1.11]. With the scale of global economic activity 
doubling roughly every generation we must change how the economy functions or the 
environmental consequences of growth will become overwhelming and indeed 
devastating.

The SDGs commit to protect the planet from degradation, including through 
sustainable production and consumption and the sustainable management of natural 
resources (including terrestrial and marine ecosystems), as well as taking urgent 
action to tackle climate change.

Prosperity

“We are determined to ensure that all human beings can enjoy prosperous and 
fulfilling lives and that economic, social and technological progress occurs in harmony 
with nature.”[1.12]The world must shift to sustainable consumption and production 
patterns that do not deplete natural resources for future generations, and that 
promote prosperity for all. Unless this shift occurs, continued population and 
economic growth will further increase planetary pressures and exacerbate social 
exclusion and inequality. The sustainable development framework places a central 
emphasis on decoupling economic growth from unsustainable resource use and 
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pollution, and offers unprecedented opportunities for low-income countries to join an 
international production system. Additionally, rapid technological change and 
globalization are driving a rise in global incomes but also a rise in inequality among 
and within countries. Current growth patterns are not providing enough decent work, 
especially for young people without adequate skills and training, and are leading to 
widespread unemployment. Women continue to be economically undervalued and 
excluded in many countries and regions. Rapid population aging can leave the elderly 
in dire conditions unless appropriate policies are in place. And vulnerable groups 
such as the disabled and indigenous populations remain marginalized and excluded 
from full socioeconomic participation[1.13].

Peace

“We are determined to foster peaceful, just and inclusive societies, which are free 
from fear and violence. There can be no sustainable development without peace and 
no peace without sustainable development.”[1.14]In an age of globalization, 
governance within and among countries is becoming more diffuse and complex. 
Critical steps for sustainable development include promoting good governance, rule 
of law, human rights, fundamental freedoms, equal access to fair justice systems, as 
well as combatting corruption and curbing illicit financial flows. Effective and inclusive 
institutions are necessary to prevent all forms of abuse, exploitation, trafficking, 
torture, and violence. Most important, enhanced global cooperation through the UN 
Security Council and other UN institutions is necessary to prevent the spread of wars 
and extreme violence as is now afflicting many countries in the Middle East, North 
Africa, and Western Asia. Collaborative partnerships of all kinds will be essential to 
build effective, accountable and inclusive institutions at all levels. [1.15]

Partnerships

“We are determined to mobilize the means required to implement this Agenda 
through a revitalised Global Partnership for Sustainable Development, based on a 
spirit of strengthened global solidarity, focused in particular on the needs of the 
poorest and most vulnerable and with the participation of all countries, all 
stakeholders and all people.”[1.16]The SDG Agenda calls for a renewed global 
partnership, indeed many partnerships at all levels, with all countries and 
stakeholders working in solidarity to achieve the goals. Today’s governments must 
coordinate with a broad spectrum of actors, such as multinational businesses, local 
governments, regional and international bodies, and civil society organizations. 
Accountability and transparency will be increasingly important at all levels of society, 
with revised regulatory mechanisms needed to ensure human, civil, and 
environmental rights. [1.17].

59



The benefits of goal-based planning

Why do we need Sustainable Development Goals? Do global goals matter? The 
evidence from the MDGs is powerful and encouraging. Global goals such as the 
MDGs and the SDGs complement international conventions and other tools of 
international law by providing a globally shared normative framework that fosters 
collaboration across countries, mobilizes all stakeholders, and inspires action. Well-
crafted goals are able to accomplish the following[1.18]:

Provide a shared narrative of sustainable development and help guide the public’s 
understanding of complex challenges. The SDGs will raise awareness and educate 
governments, businesses, civil society leaders, academics, and ordinary citizens 
about the complex issues that must be addressed. Children everywhere should learn 
the SDGs as shorthand for sustainable development.

Unite the global community and mobilize stakeholders. Community leaders, 
politicians, government ministries, academics, nongovernmental organizations, 
religious groups, international organizations, donor organizations, and foundations 
will be motivated to come together for a common purpose around each SDG. The 
shared focus on time-bound quantitative goals will spur greater mobilization, promote 
innovation, and strengthen collaboration within epistemic communities or networks of 
expertise and practice. The experience in public health under the MDGs provides a 
powerful illustration of how communities can mobilize around time-bound goals.

Promote integrated thinking and put to rest the futile debates that pit one dimension 
of sustainable development against another. The challenges addressed by the SDGs 
are integrated and must be pursued in combination, rather than one at a time. As a 
result, SDGs cannot be ordered by priority. All are equally important and work in 
harmony with the others. Each goal should be analyzed and pursued with full regard 
to the three dimensions of sustainable development (economic, social, and 
environmental).

Support long-term approaches towards sustainable development. The goals, targets, 
and indicators will allow public and private actors to identify what is needed and chart 
out long-term pathways to achieve sustainable development, including resources, 
timelines, and allocation of responsibilities. This long-term perspective can help to 
insulate the planning process from short-term political and business imperatives.

Define responsibilities and foster accountability. In particular, the goals can empower 
civil society to ask governments and businesses how they are working towards every 
one of the new goals. Timely, accurate data on progress is crucial for effective 
accountability. The SDGs must drive improvements in data and monitoring systems, 
which look to capitalize on the “data revolution,” i.e. significant improvements in local, 
national, and global data collection, processing, and dissemination, using both 
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existing and new tools.

Box 3: A Brief History of Sustainable Development

The SDGs are part of a history of multilateral efforts to shift the world onto a 
sustainable and resilient pathway. Intergovernmental efforts formally began with the 
1972 UN Conference on the Human Environment. The phrase “sustainable 
development” was adopted and popularized in 1987, in the report of the United 
Nations Commission on Environment and Development, known widely by the name 
of its chairwoman, Norwegian Prime Minister Gro Harlem Brundtland. The Brundtland 
Commission provided a definition of sustainable development that was used for the 
next 25 years: “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.”[1.vi] This 
intergenerational concept of sustainable development was adopted at the 1992 UN 
Conference on Environment & Development in Rio de Janeiro. Over time, the 
definition of sustainable development has evolved to capture a more holistic 
approach, linking the three dimensions of sustainable development: economic 
development, social inclusion, and environmental sustainability. This three-part vision 
of sustainable development was emphasized at the 2012 Rio+20 Conference. The 
SDGs aim to provide a global framework for cooperation to address the three 
dimensions of sustainable development within an ethical framework based on: (i) the 
right to development for every country, (ii) human rights and social inclusion, (iii) 
convergence of living standards across countries, and (iv) shared responsibilities and 
opportunities[1.vii].

New opportunities for sustainable development

As noted, the SDG framework has been designed to address today’s challenges. 
While some trends, such as human-induced climate change or social exclusion, are 
moving in the wrong direction, other development trends offer reasons for hope. We 
live in an “a time of immense opportunity,”[1.19] with the end of extreme poverty in 
sight. There have been tremendous technological advances that have led to 
improved development outcomes, particularly in the key fields of health, energy, 
nanotechnologies, systems design, and especially information and communications 
technologies (ICTs), which have dramatically improved global interconnectedness 
and opened vast new opportunities for productivity advances across the world 
economy. The SDG agenda sets out five key opportunities for development that is (i) 
inclusive, (ii) universal, (iii) integrated, (iv) locally-focused, and (v) technology-driven.

Inclusive Development
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“[A]ll stakeholders, acting in collaborative partnership, will implement this plan [SDG 
Agenda].” [1.20] The SDGs will engage multiple stakeholders at all levels of society to 
actualize the agenda. No one is left behind or left out, as “governments, international 
organizations, the business sector and other non-state actors and individuals must 
contribute.”[1.21] Participatory processes will allow stakeholders to give voice to the 
needs and interests of the people they represent, enabling better-planned and better-
informed initiatives.

Universal Development

The MDGs set out goals mainly for developing countries, to which rich countries 
added assistance through finances and technology. In contrast, the SDGs are 
“universal goals” that apply to all countries and “involve the entire world, developed 
and developing countries alike” [1.22], “taking into account different national 
realities.”[1.23] Countries are asked to build on current policy instruments and 
frameworks to meet the goals and targets, taking into account differences in national 
contexts and development levels. Achievement of any of the SDGs will require 
concerted global efforts to achieve all of them. The 2030 Agenda is not about what 
the rich should do for the poor, but what all countries together should do for the global 
well-being of this generation and those to come.

Integrated Development

The SDG Agenda moves away from siloed approaches to development and promotes 
the integration of the economy, environment, and society. The SDGs are “integrated 
and indivisible and balance the three dimensions of sustainable development.”[1.24] 
The success of one leads to the success of all. Included in this is the need for good 
governance and strong social networks, which translates into a framework focused 
on “people, planet, prosperity, peace and partnerships [1.25].” For example, a 
country’s ability to combat hunger is directly connected to its agricultural system, its 
strategy for rural development, economic and income growth, management of natural 
resources, level of infrastructure, natural disaster mitigation plans, and the health of 
its population, requiring that many actors work together across and outside of 
government.

Locally-Focused Development

Local authorities and communities are responsible for the realization of the goals at 
local scales, recognizing in particular interdependent relationships between urban, 
peri-urban, and rural areas. The Rio+20 follow-up document, Key Messages and 
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Process on Localizing the SDG Agenda, notes that “many of the critical challenges of 
implementing the SDG Agenda will depend heavily on local planning and service 
delivery, community buy in and local leadership, well-coordinated with the work of 
other levels of governance.”[1.26] A bottom-up approach can be successful in 
achieving transformational sustainable pathways through direct contact with 
communities, which informs national-level policy decisions. Cities will be particularly 
important to this process. By 2050, the world’s urban population is projected to grow 
by 2.5 billion people, to over 70% of the world living in cities, with approximately 90% 
of the growth expected to be in the developing regions of Asia and Africa[1.27]. Cities 
are the locus of worldwide consumption and production. The contribution of cities to 
global output is expected to rise to three-quarters in 2050[1.28]. Placing attention, 
investment, and innovation in cities will bring the world closer to the SDGs.

Technology-driven Development

Rapid technological change, particularly in ICT and data, but also in material science, 
manufacturing (e.g. 3D printing), genomics, and other areas, is deepening the 
integration of the world economy and enabling breakthroughs in productivity across 
the economy, with a significant potential to speed the pace of global development and 
economic convergence. Of great note for the SDGs is the current “data revolution,” 
characterized by an explosion of available data resources and rapidly evolving 
technologies for analyzing those data. One key lesson learned from the MDGs is that 
a lack of reliable data can undermine governments’ ability to set goals, optimize 
investment decisions, manage development processes, and measure progress. 
Drawing from this MDG experience, in 2014 UN Secretary-General Ban Ki-moon 
advocated for the harnessing of the current data revolution in support of sustainable 
development[1.29]. New technologies also offer tremendous opportunities to deliver 
public services, including healthcare, education, and basic infrastructure to more 
people at lower cost. E-government can offer new approaches to manage the 
complex and dynamic relationships between institutions and stakeholders with 
diverse objectives and competencies, assess and integrate initiatives at different 
governance levels, and support synergies to meet different goals.

Box 4: Getting Started with the SDGs in Cities: A complementary product of the 
SDSN and German Cooperation

Getting Started with the SDGs in Cities is a joint publication of the SDSN and 
German Cooperation that addresses the implementation of the SDGs in cities and by 
local governments. As the level of government closest to the people, local authorities 
will be at the forefront of ensuring that no one and no place are left behind in the 
pursuit of sustainable development. The Cities SDG Guide outlines how cities can get 
started with the process of SDG implementation, by providing a governance 
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framework and practical tools for local SDG implementation. Recognizing the fact that 
many urban and local governments across the world are constrained by a lack of 
authority or resources, the Cities SDG Guide also highlights key enabling conditions 
for impactful local action.

While the primary audidence of the Cities SDG Guide is local authorities and local 
stakeholders, it complements this Getting Started Guide and is essential reading for 
national governments that are committed to achieving the SDGs for all people, 
everywhere. Achieving the SDGs at the country level will depend on achieving them 
locally, throughout all territories, and it is national policies and programs that in turn, 
will play a critical role in shaping sustainable local development and empowering local 
authorities. National, sub-national and local governments will thus need to work in 
close partnership to ensure that the goals and targets are reached by 2030. Together, 
these two Guides provide a holistic framework for SDG implementation from the local 
through regional and national levels.

What is Next?

The following chapters of this guide set out practical guidance on how to get started 
with implementing the 2030 Agenda. They explore how to take stock of a country’s 
current performance on sustainable development, how to convene a multi-
stakeholder dialogue, prepare a roadmap for the design of SDG strategies, and 
finally, provide a set of tools to support the design of sector and goal-based 
strategies.
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Renewable Energy (https://ourworldindata.org/renewable-energy)

Investment by region

In the graph below we see global investments in renewable technologies from 2004 
to 2015 (measured in billion USD per year). In 2004, the world invested 47 billion 
USD. By 2015, this had increased to 286 billion USD, an increase of more than 600 
percent. Investment has grown across all regions, but at significantly different rates. 
Note that you can use the ‘absolute/relative’ toggle on the chart below to compare 
regions on relative terms. Growth has been greatest in China, increasing from 3 
billion USD in 2004 to 103 billion USD by 2015 (an increase of 3400%). China is 
now the largest single investor in renewable technologies, investing approximately 
the same as the United States, Europe and India combined.

Combining Chinese and Indian investment with its neighbours, Asia & Oceania is 
the largest continental investor. Europe’s investment has been through a significant 
growth-peak-reduction trend, peaking in 2011 at 123 billion USD before declining to 
49 billion USD in 2015. Investment in the Middle East & Africa remains relatively 
small, but has shown significant growth over the last ten years (after investing only 
0.5 billion USD in 2004).
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Hubble's Planetary Nebula Gallery 
(http://spacetelescope.org/images/opo9738b/)
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'Big History and Factfulness' is a project that I have been working on for the past six 
months that culminated from reading several books and taking a few online classes:

Origin Story: A Big History of Everything by David Christian. This was recommended 
by Bill Gates (https://www.gatesnotes.com/Books/Origin-
Story?WT.mc_id=20180529134311_SummerBooks2018OriginStory_BG-
FB&WT.tsrc=BGFB&linkId=52301001)

Factfulness: Ten Reasons We're Wrong About the World--and Why Things Are 
Better Than You Think by Hans Rosling and Anna Rosling Rönnlund. This book was 
also recommended by Bill Gates (https://www.gatesnotes.com/Books/Factfulness).

The Age of Sustainable Development (https://www.edx.org/course/age-of-
sustainable-development). This is a 14 week-long MOOC. The accompaning text is  
The Age of Sustainable Development by Jeffrey D. Sachs and Ki-moon Ban. Jeffrey 
D. Sachs is a world-renowned professor of economics, leader in sustainable 
development, senior UN advisor, bestselling author, and syndicated columnist 
whose monthly newspaper columns appear in more than 100 countries 
(https://www.edx.org/bio/jeffrey-d-sachs).
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Doughnut Economics: Seven Ways to Think Like a 21st-Century Economist by Kate 
Raworth. Here is an interesting article about the book by the author, Meet the 
doughnut: the new economic model that could help end inequality 
(https://www.weforum.org/agenda/2017/04/the-new-economic-model-that-could-end-
inequality-doughnut/).

'Big History and Factfulness', examines our past, explains our present, and imagines 
our future through eight thresholds: Threshold 1: The Big Bang; Threshold 2: Stars 
Light Up; Threshold 3: New Chemical Elements; Threshold 4: Earth & the Solar 
System; Threshold 5: Life on Earth; Threshold 6: Collective Learning; Threshold 7: 
Agriculture; and Threshold 8: The Modern Revolution and Sustainable Development. 
I fill each of these sections with relevant imagery, articles and anecdotes that I have 
found particularly interesting over the years. Its my contribution to educating the 
public about the past present and future. 

Greg Cermak
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