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OCN 201
Global Climate Change

Climate change is a natural process and has been 
occurring for billions of years

Human activities are affecting the rate of climate 
change and may be changing its direction

Need to understand processes that transfer energy 
and material between reservoirs in order to understand 
global climate and human effects
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Cycles

Material is transferred between reservoirs as part of a 
cycle 

If the processes that control the cycles are understood 
they can be used to predict future behaviour 

Surface nutrients Surface biota

Deep nutrients

Time-scales of cycles vary from less than a day to 
more than a million years 

Cycles connect with each other and have unexpected 
consequences

Need to know how cycles connect, then we can model 
and predict future changes ➔ very difficult at the moment



3

Greenhouse gases
Greenhouse gases trap long wave radiation leaving the 
Earth and alter the planetary heat budget

Atmospheric gases absorb incident and emitted radiation

visible infrared

Sun Earth
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Carbon dioxide and methane are greenhouse gases,
 there are others
Sulphate reduces planetary warming by promoting 
cloud formation
Human activities are having major affects on some 
chemical cycles on the planet particularly CO2

NY times article

NY Times

April 26th 1998

American Petroleum Institute
and others plan to spend $5M
to persuade public that 
global change was bad science
by recruiting skeptics

Powerful lobbying groups
are turning scientific studies into 
a political process--very bad for 
science

The truth is not affected by the 
number of people who believe it
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What do you think about atmospheric carbon dioxide levels?

A They are rising because of human activities
B They are rising because of natural processes
C Its all a conspiracy cooked up by 
scientists to get more money
 for their research projects

King Canute of England (995-1035 AD) rumoured to have forbidden 
the tide to come in

Good public policy needs good scientific data
--censorship and political interference is fatal to good science



6

 Climate Expert Says NASA Tried to Silence Him   
The New York Times January, 30th, 2006 

James E. Hansen, top NASA climate scientist, says the Bush  
administration has tried to stop him from speaking out since he  

gave a lecture last month calling for prompt reductions in  
emissions of greenhouse gases linked to global warming. 

Recent atmospheric carbon dioxide levels
Atmospheric CO2 levels have risen from ~315 ppmv in 1958
to 396 ppmv (~41% of pre industrial levels) by 2013
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Air bubbles trapped in ice indicate pre-industrial CO2 levels

Put together the anthropogenic effect is unmistakable
--unless you get paid by the coal and oil industries!
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What was the carbon dioxide level at Mauna Loa in May 2015?
A 280 ppmv
B 389 ppmv
C 401 ppmv
D 435 ppmv
E 525 ppmv

403.94 ppmv

Projections imply doubling of pre-industrial atmospheric 
CO2 level to 560 ppmv by year 2100
current value:  2014 average = 398.55 ppmv
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Rates of increase of carbon dioxide in the atmosphere

Tans and Keeling www.esrl.noaa.gov/gmd/ccgg/trends/
& scrippsco2.ucsd.e

Annual increase is itself increasing

Carbon reservoirs
Reservoir Amount*
Carbonate sediments 150000
Soils (organic carbon) 25000
Oceans and freshwater (dissolved CO2) 140
Biomass (living matter) 30
Fossil fuels (plus organic carbon in the sediments) 27
Atmosphere (CO2) 2
*  The amounts are in units of 1012 tonnes of CO2
equivalent.

Largest reservoirs are carbonate sediments and organic carbon in soils 
Are not believed to have changed significantly over last 240 years 
Oceans have 70 times as much CO2 in them as atmosphere
Fossil fuels and sedimentary organic carbon contain 
13 times as much CO2 as current atmosphere
Planetary biomass constant over last 200 - 300 years?
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Annual cycle of plant growth and death moves CO2 
between atmosphere and biosphere and back again

May 2015 average = 403.94 ppmv

When do you think the atmosphere will first reach 420 ppmv?
(half way to the doubling)

A  May 2020
B  May 2023
C  May 2028
D  May 2033

B  May 2023
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Need to know where anthropogenic CO2 is going and 
how fast

Need to know relationship between atmospheric CO2 
concentration and planetary temperature

Burning of fossil fuels is responsible for increasing 
atmospheric CO2 levels

Observed atmospheric CO2 ���
increases smaller than 
expected 

Extreme positions in politics about how to deal with the 
carbon dioxide problem

Halt fossil fuel use immediately

Continue unabated use of fossil fuels: science will find a 
“fix” for it



12

What do you think we should do about atmospheric carbon dioxide?

A  Nothing, nature will take care of it
B  Spend money to reduce emissions

“Global warming is a hoax”
Senator M. Inhofe, Oklahama, Senate debate on global 
warming October, 2003
September, 2005 Sen. Inhofe, Chair, Senate subcommittee on
Environment and Public Works invites Science Fiction writer
Michael Crichton to testify on science facts behind global warming

Record of global temperatures--here is the hoax!
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"It is difficult to get a man to understand 
something when his salary depends 
upon his not understanding it.” 

Upton Sinclair 

Important (and largely unresolved) questions 
concerning global climate change

How much will continued fossil fuel consumption 
increase atmospheric CO2 levels?

How will increased CO2 levels affect global 
planetary temperatures and climate?

How will changed global climate affect sea level?

How will changed global climate affect global 
agriculture?

How will changed climate affect the habitability 
of Earth for humans?
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Mid-term exam!

Wednesday, November 4th

During class period

Please bring 
a number 2 pencil and 
your UH Student ID 

Vostok ice core Antarctica--a record of past atmospheric CO2 levels

Russian, French and US 
scientists, 1998
drill to 3600m (>400,000 years
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Initial Vostok core goes back 160,000 years

and temperature 
records covary over last 
two ice ages

CO2

Longer core covers 4 ice ages
and shows current CO2 levels 
higher than anytime 
in last 440,000 years

http://www.globalcarbonproject.org/
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Changes in average planetary temperature over last 
440,000 years match atmospheric CO2 levels

http://www.yourplanetearth.org/terms/images/vostok.jpg

Sea level variations
During ice ages sea level goes down,  water stored on 
continents as ice 

During warm 
periods sea level 
rises as ice melts 
and ocean water 
expands
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Sea level change over short periods is small and difficult 
to measure accurately

Current rate: 18 cm/100 yr (7 inches)
Predictions for next 100 years 18-60 cm (7-23 inches)

Recent unpublished data from tide gauges shows 31 cm/100 yrs
~ 2x expected value 

How far above sea level is this room?
A 5m
B 25m
C 100m
D 250m
E 500m

~25m, safe for now!
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Predictions vary as do not fully understand all relationships

Rate of CO2 build up in atmosphere

Amount temperature changes with atmospheric CO2  level

How Antarctic ice caps and glaciers will behave

Groups with financial interests in fossil fuel use deny
 connections 
    --reminiscent of tobacco company tactics over smoking
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In the N hemisphere, the Greenland ice 
cap is retreating rapidly
 Jakobshavn Glacier In the S hemisphere, the ice shelves

 around Antarctica are breaking up
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The minimum in sea ice coverage

1980

2003

Sea ice concentration data for 11 September 2015, the fourth lowest 
extent on record. The yellow line shows the historical ice edge 
(median) for the same day. Photograph: NOAA
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Geologic record of atmospheric CO2 and sea level
50 - 100 million years ago atmospheric CO2 higher 
than today

Sea level very high at the same time, most of North 
America covered by inland sea, much less habitable land

Hallam et al

Exxon
Glacial change

Depth (m)

Myr BP
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National Geographic “Rising seas”

Rate of climate change and cultural development
Sediment records show abrupt changes in climate
11,000 years ago almost entered another ice age



23

Rise of Sumerian culture corresponds to Holocene 
temperature maximum 

Collapse of Maya culture corresponds to change in 
climate between 800 and 1000 AD

A drought is now thought to be the cause of the collapse of the
Egyptian and middle east cultures between 1250 and 1100 BC
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Medieval warm period helped 
Vikings, little ice-age 
between ~1350 and 1850 
ended colonies in Greenland

Earliest agriculture starts 
during climatic warm period

Recent temperature changes 
are unmistakable

New evidence from ice cores suggest climate may change 
dramatically in less than 10 yrs

Anthropogenic activities are changing global chemical 
cycles, we need to be very careful that we do not 
accidentally precipitate irreversible climate change
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Petition to Earth
scientists from oil
industry-backed group

The Maldive islands in the Indian Ocean, will be submerged 
by rising sea level


