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SIO15 2024:  Topic 21 - Long- and Short-term Climate

Topic 21: Long- and Short-term Climate
http://geowiki.ucsd.edu/sio15 short video 16 El Niño

your current standing (as from Canvas Gradebook):
add points from each homework
divide sum by 4
add points from each test and extra credits
to-date: 100% corresponds to 60 points (6 homeworks/4 + 6 tests)

Test 7 due today (HW5 + HW10)
homework 7 due tomorrow

test 8: next Monday!
homework 8: next Tuesday; late submission only until midnight!

Today 4 pm : discussion session; York 3030 
Today 5 pm:  zoom office hour
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... why do we have to 
know? ...Why do we care about this in a 

Natural Disasters class?

• current change does not have natural cause
• changes can occur rapidly (several years)
• clues of what to expect may lie in past

Dramatic Climate Changes

source: wikipedia

summer
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• minimum area declined from
~6.5 M to ~ 4 M km2 -> 38% decline

Arctic Sea Ice over last 40 Year 

• minimum volume declined from
~15 k to ~ 5 k km3 -> 67% decline

-> ice has become much thinner

Albedo has declined -> accelerated warming
Overall Volume decline has approached summer/winter difference
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Global Temperature Increase

Oceans are climate moderators
Oceans warm more slowly 
Oceans absorb > 90% of excess heat

2005-2010 hiatus short-lived
(Pacific Decadal Oscillation?)
if not contested

2023 hottest
recorded



11/18/24

3

SIO15 2024:  Topic 21 - Long- and Short-term Climate

• T has increased exponentially in last 60 years
• 2005-10 hiatus was only short-term!
• last decade has broken heat records (2023 hottest)
• rate not seen in previous 950 years
• CO2 has increased in most recent years despite 

anthropogenic emissions being flat -> runaway?

Global Temperature last 1000 years

thermometer
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proxies: a measured variable used to infer the value of a variable of interest

• tree rings
• pollen counts
• air bubbles in ice cores (CO2)
• coral ‘rings’/chemistry (18O/16O)
• lake sediments (18O/16O)
• carbonate speleothems

(stalactites/~mites)
(18O/16O; 13C/12C)

• fossils/geological features

necessary to infer temperature before early 1710s
(before high-precision thermometers)

Mercury 
thermometer:
precise,
-37 to 356ºC

source: wikipedia

source: UNSW Sydney

Proxies/Climate Indicators
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warm:
- coral reefs (most limestones)
- aluminum ore (bauxite)
- reptile bones

cold:
- striation, moraines
- mammoth bones

Stratigraphic Indicators – Distant Past Proxies

igneous rocks 
cannot tell past climate!

sedimentary rock
-fossil content
-plant casts

Source: Marshak “Earth: Portrait of a Planet”
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Past Temperatures – Best Estimate
Source: Wikipedia - Paleoclimatology
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~ 0.07% rest
… including …
Greenhouse Gases: H2O, … 
CO2 (419 ppm), CH4 (2 ppm)

Greenhouse effect: 
see Topic 15 CH4 

also growing exponentially

CO2 growing exponentially

²CH4 more potent than CO2
²but less residence time in atmosphere

Review: Earth’s Atmosphere&Greenhouse

Earth is warming because 
greenhouse gases are increasing
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relative ability of gas to enhance or reduce effect of greenhouse warming

100% anthropogenic:
CFC; destroys stratospheric Ozone layer 

CO2 contributes with 60%
CH4 with 16% (less abundant but
more effective)

the 2 most important greenhouse gases 
(apart from natural H2O):
natural and anthropogenic: CO2, CH4

Radiative Forcing – Greenhouse Gases
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same substance can have positive AND negative radiative forcing

clouds: negative - reflects sunlight back to space
AND

water vapor: positive - traps IR (re)emitted by Earth

Radiative Forcing – Aerosols

upper atmosphere: negative - reflects sunlight back to space
AND

lower atmosphere: positive - traps IR (re)emitted by Earth

e.g. SO2 in volcanoes and Atmospheric Brown Cloud

Radiative Forcing – H2O Fig 16.1
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Venus: run-away 
greenhouse

(topic 17: 462ºC)

most CO2 is stored in 
limestones from 
chemical weathering, 
fossil shells, corals etc. 
as calcium carbonate 

Early Earth: 98% CO2 290ºC
Earth Today: 0.04% 16ºC/61ºF

v faint young sun paradox: 
sun only 70% of today’s output but 
1 Ga old Earth too hot for water on Earth

v greenhouse one possible explanation

Climate of the Early Earth

Source: Marshak “Earth: Portrait of a Planet”

Earth: moderate 
greenhouse
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INDICATORS:
glacial striation
sedimentary rock
-fossil content
-plant casts

TIME SCALE: Billions to Millions of Years

SUN

PLATE
TECTONICS

v rifting and volcanism affect climate
v climate affects sea level (but so does plate tectonics)
v position of continents affect climate (e.g. Pangaea) 

- albedo (large continents near pole -> cooling)
- arrangement of continents affect ocean circulation

v changes in solar output
v early sun was fainter than today; 

10% per Ga (billion years)

Climate Change - The Sun, Plate Tectonics
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Cretaceous (145 – 66 M yrs ago): 
a lot warmer than today
~ 3x more CO2 ???

Ø recent long-term trend is COOLING
Ø Earth was mostly WARMER than today!
Ø glaciation very rare
Ø colder periods tend to be drier

Climate over Time – T and Precipitation

Source: Abbott “Natural Disasters”
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100 Mio years ago:
100s m higher than today! -> a lot less land than today

Sea Level during the Cretaceous

Source: Marshak “Earth: Portrait of a Planet”
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• lower sea level during glaciation
• higher sea level in warm periods
• sea level dropped by 200 m in last 10 Mio yrs

sea level also depends on sea floor spreading!!
--> cannot infer T directly!!

Changes in Global Sea Level

Source: Marshak “Earth: Portrait of a Planet”

Sea level has changed by many 100 m over time
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too short to be caused by plate tectonics!

recent short-term trend: 
WARMING

Possible causes:
• change in solar output
• Milankovitch cycles
• volcanism
• ocean currents

INDICATORS:
• ice cores (CO2/oxygen isotopes)
• coral rings (oxygen isotopes)
• tree ring
• pollen composition

Climate Change – 10,000s of years

Source: Marshak “Earth: Portrait of a Planet”

typically
shorter 
time scale
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Amount of insolation
changes as result of 
changes in Earth’s orbital 
parameters 

- eccentricity
(100,000 yrs)

- tilt of spin axis/obliquity
(41,000 yrs)

- precession
(25,000 yrs)

The Milankovitch Cycles

Source: Marshak “Earth: Portrait of a Planet”
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a) obliquity
b) eccentricity
c) precession
precession index
(bxc)

daily insolation at top
Of atmosphere at 65ºN

18O: sediment cores
∆T: ice cores

The Milankovitch Cycles

Source: wikipedia

different observations 
are in sync!
-> gives confidence

predictions
observations
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Earth’s orbital parameters: eccentricity, obliquity, precession

- Milankovitch cycles change T by up to 4ºC
- However: ∆T during ice age 5-7ºC@coast – 10-13ºC @ inland
- also: why abrupt warming at end of ice ages?

… something else needed …

climate feedbacks!!!

The Milankovitch Cycles
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feedback: secondary process that responds to and influences a change

positive feedback: enhances change
• warming melts ice sheets -> decrease in albedo -->> more warming
• warming thaws tundra -> release of methane -->> more warming!!

negative feedback: counteracts/slows down change
• warming melts ice sheets -> cold fresh water floats on warm ocean 

-->> inhibits oceanic heat transport -> cooling
• warming causes more evaporation -> clouds -->> cooling

Feedback Mechanisms - Positive

Feedback Mechanisms - Negative

SIO15 2024:  Topic 21 - Long- and Short-term Climate

saw-tooth pattern: warming much faster than cooling

positive feedback for warming stronger than for cooling
warming feedback through release of greenhouse gases

research done 
at SIO/UCSD!!

Ice Cores: Ice Ages and Climate Feedback
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² last ice age: 
18,000 – 10,000 yrs ago
² ice sheet:
beyond Great Lakes
into much of Europe

climate shift leads to 
mass extinctions

sea level drop > 100 m -> land bridges

The Last Ice Age

today

then
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² climatic optimum (~6000 yrs ago):
²T was maximal (2ºC higher than today)
-> fertile Crescent in Near East
-> wet North Africa

cause: 
changes in solar output, ocean currents, ocean-atmosphere interaction

² Little Ice Age (1400 – 1800s):
² frozen rivers and canals in

Europe
² sea ice around Iceland

Medieval Warm period 
Greenland

Episodes After the Last Ice Age
Source: Abbott “Natural Disasters” swings VERY exagerated

last glacial maximum, 20 Ka
+6ºC between 20 – 10 Ka
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Sunspot Cycle
² 11-year cycle
² changes in solar activity (solar flares; coronal mass ejections)

EXPLAINS: 
cooling trend in 1970s

source: wikipedia

FAILS to explain: 
warm years in last
10 years
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Volcanism and Climate

1991 Mt. Pinatubo (VEI 6) 
offset global warming 
(by 0.5ºC)

El Niño

atmosphere

source: Wikipedia
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El Niño, El Niña and Climate

Strong El Niños increase T temporarily
Strong La Niñas decrease T temporarily

short video 16

definition of year:
jul previous - jun current

source: Wikipedia

strong El Niños: 
1982, 1997, 2015

2023 not so strong: 
yet tremendous
T increase
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1997: increased equatorial 
sea surface T in E. Pacific
(5ºC)

El Niño – Blessing to some, Disaster to others

El Nino

normal

strong El Niño 
-> much rain in SoCal

short video 16

source: NOAA
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2022: decreased equatorial 
sea surface T in E. Pacific
(2.5ºC)

2022 weak (??) La Niña

Nov 2022

normal

La Niña -> more Atl
hurricanes

short video 16
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2023 moderate (??) El Niño

2023 increased equatorial 
sea surface T in E. Pacific
(3.5ºC)

Nov 2023

normal

short video 16
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El Niño – Blessing to some, Disaster to others

- Peruvian Fishermen: around Xmas time
- decrease in fishing in Pacific of South America
- dry season -> crop failure

- elsewhere high precipitation -> mudslides

short video 16
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DROUGHT:
- Indonesia
- Australia
- high Andes

WET:
- central America
- California?
(strong El Ninos only)

- about every 5-7 years
- recurrence time complex 

(other ocean circulation; e.g. Pacific decadal oscillation)
- anomalously high SST along East Equatorial Pacific

- particularly strong El Niños: 1956, 1982/83; 1997/1998;
2014/15?;??  2015/16

- strong El Niños tend to bring wet season to SoCal
(otherwise 50/50)   2015/16 was wet in NoCal only!

- may have global effects but affects Pacific region most strongly

El Niño – Blessing to some, Disaster to others
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El Nino and Ancient Peruvian and Bolivian Potato 
Framers

Pleiades (within 
Taurus)

- if bright in June, rain plentiful
-> sow in October

- if dim, dry spell
-> sow 6 weeks later

modern science:
-invisible low-density, high-altitude cirrus

(linked to El Niño)
-cirrus don’t make rain
-1/3 less rainfall
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El Nino and Migration of Low Pressure

W. Pacific:
trade winds push air to west
- low pressure in Indonesia
-E. Pacific:
- trade winds pull away warm water
- upwelling of cold, deep, nutrient

rich water 

Normal Conditions
- weakening of trade winds
- shift in low pressure system from
Indonesia to Central Pacific

- reversal of equatorial ocean 
circulation

- drought in Indonesia
- cut-off of deep nutrient-rich water

El Nino
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El Nino and Global Vegetation

- 1997 El Nino
wet in East Africa,
Europe, Americas;

Drought in Amazon 
Basin

- 1998 La Nina
dry in Africa, Europe,
N. America


