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The discovery of global warming: John Tyndall, 1861

PROFESSOR TYNDALL ON THE ABSORPTION AND 

A slow current of air sent through the tube gradually removed the gas, and the needle 
returned accurately to zero. 

The gas within the holder being under a pressure of about 12 inches of water, the 
cock attached to the cube was turned quickly on and off; the quantity of gas which 
entered the tube in this brief interval was sufficient to cause the needle to be driven to 
the stops, and steadily held between 60? and 70?. 

The gas being again removed, the cock was turned once half round as quickly as pos- 
sible. The needle was driven in the first instance through an arc of 60?, and was held 
permanently at 50?. 

The quantity of gas which produced this last effect, on being admitted into a graduated 
tube, was found not to exceed one-sixth of a cubic inch in volume. 

The tube was now taken away, and both sources of heat allowed to act from some 
distance on the thermo-electric pile. When the needle was at zero, olefiant gas was 
allowed to issue from a common argand burner into the air between one of the sources 
of heat and the pile. The gas was invisible, nothing was seen in the air, but the needle 
immediately declared its presence, being driven through an arc of 41?. In the four 
experiments last described, the source of heat was a cube of oil heated to 250? Centi- 
grade, the compensation cube being filled with boiling water* 

Those who like myself have been taught to regard transparent gases as almost per- 
fectly diathermanous, will probably share the astonishiment with which I witnessed the 
foregoing effects. I was indeed slow to believe it possible that a body so constituted, 
and so transparent to light as olefiant gas, could be so densely opake to any kind of 
calorific rays; and to secure myself against error, I made several hundred experiments 
with this single substance. By citing them at greater length, however, I do not think 
I could add to the conclusiveness of the proofs just furnished, that the case is one of 
true calorific absorption t. 

? 6. 
Having thus established in a general way the absorptive power of olefiant gas, the 

question arises, "What is the relation which subsists between the density of the gas 
and the quantity of heat extinguished " 

I sought at first to answer this question in the following way:-An ordinary mer- 
curial gauge was attached to the air-pump; the experimental tube being exhausted, and 
the needle of the galvanometer at zero, olefiant gas was admitted until it depressed the 
mercurial column 1 inch, the consequent deflection being noted; the gas was then 
admitted until a depression of 2 inches was observed, and thus the absorption effected 
by gas of 1, 2, 3, and more inches tension was determined. In the following Table 
the first column contains the tensions in inches, the second the deflections, and the third 
the absorption equivalent to each deflection. 

* With a cube containing boiling water I have since made this experiment visible to a large audience. 
t It is evident that the old mode of experiment might be applied to this gas. Indeed, several of the solids. 

examined by MELLOMI are inferior to it in absorptive power. Had time permitted, I should have checked 
my results by experiments made in the usual way; this I intend to do on a future occasion. 
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The discovery of global warming: Svante Arrhenius, 1896

 
 

 
On the Influence of Carbonic Acid 
in the Air upon the Temperature of 

the Ground 
 

Svante Arrhenius 
 

Philosophical Magazine and Journal of Science 
Series 5, Volume 41, April 1896, pages 237-276. 

 
 
 

This photocopy was prepared by Robert A. Rohde for Global Warming 
Art (http://www.globalwarmingart.com/) from original printed material 
that is now in the public domain. 
 
Arrhenius’s paper is the first to quantify the contribution of carbon 
dioxide to the greenhouse effect (Sections I-IV) and to speculate about 
whether variations in the atmospheric concentration of carbon dioxide 
have contributed to long-term variations in climate (Section V).  
Throughout this paper, Arrhenius refers to carbon dioxide as “carbonic 
acid” in accordance with the convention at the time he was writing. 
 
Contrary to some misunderstandings, Arrhenius does not explicitly 
suggest in this paper that the burning of fossil fuels will cause global 
warming, though it is clear that he is aware that fossil fuels are a 
potentially significant source of carbon dioxide (page 270), and he does 
explicitly suggest this outcome in later work. 

Robert McLachlan Easy ways to cut carbon | Whanganui, 30 March 2017



The discovery of global warming: Svante Arrhenius, 1896

“That the atmospheric envelopes limit the heat losses from the planets had
been suggested about 1800 by the great French physicist Fourier. His ideas
were further developed afterwards by Pouillet and Tyndall. Their theory has
been styled the hot-house theory, because they thought that the atmosphere
acted after the manner of the glass panes of hot-houses.”

“Any doubling of the percentage of carbon dioxide in the air would raise the
temperature of the earth’s surface by 4◦; and if the carbon dioxide were
increased fourfold, the temperature would rise by 8◦.”
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Rodney & Otamatea Times, 14 August 1912
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Never a dull moment in climate change. . .

Melting north pole sea ice may have led to

10 years of extreme weather in northern mid-latitudes: extreme rainfall,
droughts, heatwaves, and cold spells: may be linked to loss of Arctic
sea-ice (Cohen, Nature Geoscience August 2014).

changes in behaviour of northern jet steam

slowing of Gulf Stream, sea level rise in Eastern US 8× global average
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Miami Beach flooding during high tide
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Never a dull moment in climate change. . .

Journal oJ Glaciology, Vol. 34, No. 116, 1988 

OBITUARIES 

JOHN H. MERCER 
1922-1987 

GLACIOLOGY lost one of its most perceptive thinkers with 
the passing of John Mercer on 3 July 1987 in Columbus , 
Ohio, U.S.A. John was born in Cheltenham, England, on 29 
October 1922, the third child of Harriet and John W. 
Mercer. He is survived by his two sisters, Mary and 
Elisabeth, his wife, Mary Fink Mercer, who he married in 
1965, and their daughter Jane, who was born in October 
1971. John was educated at private schools in Cheltenham 
and, later, at Gordonstoun in Scotland. During World War 
II he served in the British Merchant Marine (1940-46) as a 
radio man . Following the war, he entered the University of 
Cambridge, where he received a B.A. degree in geography 
in 1949. It was during his undergraduate days that John 
came under the influence of W. Vaughan Lewis , whom he 
very much admired both for his enthusiasm and the 
glaciological research he was doing. Perhaps it was this 
that guided his later career. He then moved to Canada, 
where he received his Ph.D. in geography from McGill 
University in 1954. John was a Research Scholar from 1954 
to 1956 at the Australian National University in Canberra, 
where he studied land use and population in western Samoa. 
He returned to Canada and worked in the Canadian Hydro-
graphic Office in Ottawa as a geographer in 1957 and 1958. 
During 1959--60, 1961--62, 1964, and 1966, the American 
Geographical Society employed him at its World Data Center 
A for Glaciology in New York. 

The turning point in John's career, at least for 
glaciologists, was in 1960, when he became a Research 
Associate at The Ohio State University, in the Institute of 
Polar Studies (recently renamed the Byrd Polar Research 
Center, following an endowment by the family of the 
Antarctic explorer, Admiral Richard E. Byrd). He remained 
at The Ohio State University until his death, becoming its 
first Senior Research Scientist. Although John had studied 
glacial geology as early as 1952-53 on Baffin Island , he 
used his new position to launch field studies of glacial 
geology in Alaska's Prince William Sound in 1967, in 
western Greenland in 1968, in the Reedy Glacier (1964--65) 
and Beardmore Glacier (1969-70) areas of the Transantarctic 
Mountains, Antarctica, and most important of all, in South 
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America, especially Patagonia, every year from 1967 to 
1987, except 1968 and 1984. 

John's seminal paper in glaciology, "Antarctic ice and 
Sangamon sea level", published by lASH in 1968, presented 
glacial geological evidence that the West Antarctic ice sheet 
was larger in the past than it is at present, based on 
moraines along outlet glaciers through the Transantarctic 
Mountains, and smaller, based on inferences from 
high-altitude glacial and lacustrine deposits. Following the 
suggestion by John Hollin in 1962, that climatic warming 
and rising sea-level cause Antarctic ice shelves to retreat, 
Mercer postulated that the West Antarctic ice sheet, being 
grounded well below sea-level and terminating in floating 
ice shelves, was vulnerable to these changes and may have 
collapsed altogether during the last interglacial when 
Antarctica may have been warmer and sea-level may have 
been higher. In 1978, in Nature, he pointed out that 
"green-house" warming from burning fossil fuel could have 
the same effect during the present interglacial. Outlet 
glaciers, a class of ice streams, are especially sensitive 
indicators of these changes. Major theoretical and field 
studies of Antarctic ice streams, especially in the 
Transantarctic Mountains and in West Antarctica, can be 
traced directly to these ideas by John Mercer. 

The first major glaciological field study of an ice 
stream through the Transantarctic Mountains and feeding the 
Ross Ice Shelf, like Reedy and Beardmore Glaciers visited 
by Mercer, was in 1978-79, when the University of Maine 
began a comprehensive photogrammetric study of Byrd 
Glacier. That was also when the British Antarctic Survey 
conducted the first field studies of Rutford Ice Stream, 
which drains West Antarctic ice into the Ronne Ice Shelf. 
In 1981, the University of Maine initiated a 
photogrammetric study of Pine Island Glacier and Thwaites 
Glacier, which drain about one-third of the West Antarctic 
ice sheet and calve into the Pine Island Bay polynya. This 
was followed by field work in 1984-85. By far the most 
ambitious study of West Antarctic ice streams in this 
decade, however, has been the Siple Coast Program of the 
U .S. National Science Foundation. It has funded 

In 1978, John Mercer noted that the West Antarctic Ice Sheet is unstable
and deglaciation may start within 50 years.

Called Pine Island Glacier “the weak underbelly of the WAIS”.

No acceleration of the Pine Island Glacier was observed in 1970–1992.

1996: First grounding line retreat observed
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Never a dull moment in climate change. . .

Pine Island Glacier grounding line retreated 35km in 20 years. “We conclude
that this sector of West Antarctica is undergoing a marine ice sheet instability
that will significantly contribute to sea level rise in decades to centuries to
come.” (Rignot 2014)
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Back to John Mercer 1978. . .

© 1978 Nature Publishing Group

Prince Gustav Ice Shelf (64◦S): collapsed 1992–95

Wordie Ice Shelf (69◦S): collapsed in 1980s

Wilkins Ice Shelf (70◦S): rapid calving in 1998, 2008, and 2009, 2013,
overall down 30%.

George VI Ice Shelf: (72◦S) large calving event in 2010, overall down 10%
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Coming this year: possible break-up of Larsen C ice shelf

Larsen A collapsed in 1995, B in 2002.
The 50000 km2 Larsen C ice-shelf, discovered 1894, 4th largest in Antarctica.
In 2004 it appeared to be stable.
In 2016 a crack rapidly advanced.
A 5000 km2 section is poised to break off.
Currently unknown whether the remainder will shatter.
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Recent behaviour of the Earth’s temperature
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Climate change impacts

1 higher temperatures (+1◦C so far)

2 sea level rise (+20cm so far)

3 ocean acidification (∆pH −0.1 so far)

4 agriculture (OK so far)

5 weather extremes: floods, droughts, tropical storms (evidence emerging)

6 ecosystems & mass extinction (???)

Robert McLachlan Easy ways to cut carbon | Whanganui, 30 March 2017



Quick look at 2016

Warming trend + El Niño −→ 3rd consecutive record high

Record sea temps, highest in Indonesia, Australia, and Tasman

Led to global coral bleaching, incl. almost all of the Great Barrier Reef
(Nature 15 March 2017 – 25% now dead)

extreme drought in California, Brazil, south & east Africa, Chile, Peru

extreme floods in US, China, south Asia, France

Hurricanes Matthew ($15b), Winston (strongest ever in South Pacific)

US & Canada both had most destructive wildfires in history

All-time record temperatures for Thailand (45◦), India (51◦), Iran (53◦),
Kuwait (54◦), 7 others.
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CO2 accumulates in the atmosphere



Kashagan oil field, Caspian Sea, Kazakhstan

Developed since 1990s, production began October 2016, cost US$116 billion.
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Global CO2 emissions to 2008

Tasks:
1 stop CO2 accelerating
2 stop CO2 increasing
3 start CO2 decreasing
4 eliminate virtually all fossil fuel use for energy
5 get CO2 out of the atmosphere

Robert McLachlan Easy ways to cut carbon | Whanganui, 30 March 2017



Global CO2 emissions to 2016
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Per capita CO2 emissions

Paris agreement: limit warming to 2◦ C; preferably to 1.5◦ C
(currently 1◦ C)

Safe limit by 2050: 1.5–2 tonnes per person

New Zealand: about 18 tonnes per person

So we need to cut by about 90%

New Zealand

NZ 2030 goal
Aus 2030 goal

USA 2025 goal
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NZ emissions

Former Climate change minister Tim Groser

“It is not going to be straightforward, but New Zealand is in a difficult
position, there is very little low-hanging fruit here.”

Things not in NZ’s favour:

rapid population growth

growing economy

large agricultural emissions

some oil and gas production

Things in NZ’s favour:

high emissions = big scope for reduction

plenty of clean energy + massive potential

not too cold or too hot
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What can we do?

stop investing in oil & gas infrastructure

electrify everything

Transport Buildings Food
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Transport: How we get to work

In NZ in 2013, of people who went to work on census day,

7% walked

3% biked

6% took public transport

82% went in a car
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Car emissions: NZ vs UK

NZ UK

mpg L/100km g/km
NZ 36 7.9 183
UK 54 5.2 121
EU 2020 goal 95
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Buy an electric vehicle!

I bought an electric car, a 2014 Nissan Leaf.

IT WAS SO EASY

$4K less than 2014 Honda Civic hatchback, same kms

Unbelievably quiet, even on highway

Instant response, great acceleration

Costs 1.7c/km to run (petrol 13c/km) – down 87%, save $1400/yr

Emissions 17g/km – down 90% – save 2 tonnes CO2/yr

No oil, filters, spark plugs, exhaust, transmission
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EV: Life cycle analysis

Case study: buy a new car, drive 12000km/year for 12 years.

Nissan Leaf: 7 + 0.2× 12 = 9 tonnes CO2 in total

Toyota Starlet: 6 + 2.2× 12 = 32 tonnes CO2 in total.

Robert McLachlan Easy ways to cut carbon | Whanganui, 30 March 2017



Electric buses are here now
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Electric trucks were here years ago (Zero Emission Vehicles, PN)

Kapiti Coast District Council carbon plan: −80% in 10 years.

Kapiti Coast District Council carbon plan: −46% achieved in first 5 years.
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Buy renewable electricity

Electricity generation emits 4 million tonnes of CO2 per year in NZ.

Bad: Contact. Genesis.

Good: Meridian. Mercury. Trustpower.

Best: Ecotricity!

By switching to Ecotricity, I saved money and eliminated about 1 tonne of
CO2/year by a single email.

IT WAS SO EASY!
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How about solar panels?

A friend installed 3 kW of solar panels on his house.

IT WAS SO EASY: 2 emails to set up, 1 day to install.

Cost $8,500, generates 3600 kWh/year, saves 0.2 – 0.4 tonnes CO2/year

Use 50% at home at 25c: earn $450/year

Sell 50% at 8c: earn $144/year. Total savings $594.

Rate of return = 7%

Solar panels at work are even better.
Palmerston North City Council installed 100 kW, earning 9% p.a.
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Yealands Vineyard, Marlborough

411 kW, 1314 panels – largest in New Zealand
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Heating

Case study: Heating a 185 m2 NZ home – takes 12000 kWh/year

CO2/year
gas 2.4 tonnes
electricity 1.3 tonnes
heat pump 0.3 tonnes
wood 0.3 tonnes

CASE STUDY

Challenge
The gas boilers in BP House had come to the end of 
their useful working life and required replacement. 
BP wanted to have new boilers that could show a 
substantial saving on their running costs. The two 
original 450kW cast iron boilers were located on 
the top floor and had to be cut up to remove them 
from the boiler room and craned down from the 
building.

Solution
Central Heating New Zealand offered a solution 
of a state-of-the-art Baxi Boiler Cascade System 
using six Baxi Power HT 150kW condensing boilers 
connected together to produce 900kW of power. 

The boilers were 
easily carried up 
in the buildings 
elevators 
individually 
and positioned 
in the plant room. Because the heating system 
in the building was an open vented system but 
the condensing gas boilers are optimized with 
a pressurized situation, Central Heating New 
Zealand fitted a heat exchanger between the 
boiler cascade and the delivery system so that 
the heating system could remain open vented 
and the boiler cascade could be pressurized. This 
also prevented any contamination reaching the 

BP House, Wellington

BP House in Wellington.

Contractors and Client
Command Services, BP 
Oil.

Products Used
6 x Baxi Power HT 150kW 
condensing gas boilers.

Commercial: Cascading gas boilers
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Contractors and Client
Command Services, BP 
Oil.
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Solutions:

hot water heat pump to low temperature radiators

log burner to radiators

wood chip/pellet boiler
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CASE STUDY

Challenge
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connected together to produce 900kW of power. 
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Zealand fitted a heat exchanger between the 
boiler cascade and the delivery system so that 
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BP House in Wellington.

Contractors and Client
Command Services, BP 
Oil.

Products Used
6 x Baxi Power HT 150kW 
condensing gas boilers.

Commercial: Cascading gas boilers

Solutions:

hot water heat pump to low temperature radiators

log burner to radiators

wood chip/pellet boiler
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Where do our fossil fuels go?

Tonnes of CO2 per person per year

liquid coal gas total
commercial & residential 0.1 0.05 0.2 0.25
international transport 0.9 0.9
ag, forestry, fishing 0.3 0.06 0.6 1.0
electricity 0.6 0.8 1.4
industry 0.3 1.1 0.8 2.2
land transport 3.3 3.3

totals 4.9 1.8 2.4 9.1

Coal in industry: 0.6 dairy, 0.35 NZ steel, 0.05 coal mining, 0.1 other

Gas in agriculture: mostly for making fertilizer
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Food

CO2e/year of some typical diets:
meat lovers 3.3 tonnes
no beef 1.9 tonnes
vegetarian 1.7 tonnes
vegan 1.5 tonnes

100 kg CO2e/kg 20 kg CO2e/kg

NZers eat 43 kg of beef & lamb each year, almost 1 tonne of CO2e.
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Plant trees

When I reflect that one man, armed only with his own physical and moral
resources, was able to cause this land of Canaan to spring from the wasteland, I
am convinced that in spite of everything, humanity is admirable.
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Plant trees

One hectare of growing trees stores about 8 tonnes CO2 per year.
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Cutting carbon at work

Heat pump or wood chip space heating

No free parking

Low or zero emission vehicles

Solar panels

CarboNZero or EnviroMark certification

Case study: Massey University

tonnes CO2e
electricity 4000
gas 4000
fuel 4000
farms 3000
air travel 6000
commuting 12000
total 33000
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Thank you for your attention.


