
TOPIC  #13 

NATURAL 

CLIMATIC FORCING 

  Part I (wrap up) 

& 

Part II 

(p 70 in Class Notes) 



1) ASTRONOMICAL FORCING 

 

2) SOLAR FORCING    

 

3) VOLCANIC FORCING 

The 3 main drivers of 

  NATURAL CLIMATIC FORCING: 



Sunspot minima 

 = LESS solar 

 brightness 

 (cooler temps) 

Sunspot maxima 

  = MORE solar 

 brightness 

  (warmer temps) 

p 70 

ANOTHER POSSIBLE NATURAL 

FORCING:     SOLAR VARIABILITY 
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http://www.sidc.be/sunspot-index-graphics/sidc_graphics.php  

Sun’s output is 

not constant: 

SUNSPOT CYCLE 
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Maunder Minimum (cooler) 

 (1645 -1715)   

     linked to “Little Ice Age” 

 period of  1600-1800 

(Also a period of  lots of  volcanic 

eruptions (next forcing topic) 

Uncertainties remain about the 

MECHANISM that links the Sun’s 

drop in brightness to the lower 

temperatures on the Earth 

p 70 

Dalton Minimum (1795 – 1825)  

     -- was also cooler,  BUT, lots of  large eruptions then too 

Since the Dalton Minimum, the Sun gradually 

brightened to the “Modern Maximum” (max in 2001) 



During the recent  

“Modern Maximum” 

 the increase in  

solar brightness 

accounted for only: 

• about ½ of  the temperature increase 

since 1860, and  

•  less than 1/3 since 1970  

The rest has been attributed to greenhouse-

effect  warming by most experts in solar 

forcing. 

p 70 



Recently we were in a SOLAR MINIMUM 

   –  this caused some (controversial) interest  because:  
 

- minimum seemed unusually long 

- number of  “spotless” days has not been equaled since 1933 

- the vigor of  sunspots (in terms of  magnetic strength and area) 

 has greatly diminished 

-  Speculation: are we going into another Maunder-like period?  

 Or   Will normal  activity return within the year?                  
p 70 





So what  

happened? 
Forget the return of as 

an Ice Age  . . . 

Brightness is 

increasing again . . . 

http://solarscience.msfc.nasa.gov/SunspotCycle.shtml  

SEE ALSO:   http://www.sidc.be/sunspot-index-graphics/sidc_graphics.php  

Good webpage on sunspots: 

http://solarscience.msfc.nasa.gov/SunspotCycle.shtml
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p 71 



 “Clearing the Air” 

in Lesson 2 



Review 

Solar Signature:  would be the opposite!! 

 

WARMING in the upper atmosphere 

         & COOLING in the Troposphere 

From page 39 



What has been observed since 1980? 



1) ATRONOMICAL FORCING 

 

2) SOLAR FORCING 

 

3) VOLCANIC FORCING   

Next we will focus on the  

third  main driver of 

  NATURAL CLIMATIC FORCING: 



VOLCANIC 

ERUPTIONS! 

p 72 



Volcanoes are one way the 

Earth gives birth to itself. 

      

 ~Robert Gross 

p 72 



0.06 Gtons 

Volcanic eruptions 

contribute to the natural 

Greenhouse Effect by 

adding CO2 into the 

atmosphere: 

 Volcanic “outgassing”  

of   CO2   

into atmosphere 

 



Is CO2 emitted by volcanoes an important 

natural cause of  the recent global 

warming observed? 



Q1 –  Are volcanic eruptions an 

important cause of  recent global 

warming? 

1 – YES!  The CO2 they give off  is a key 

cause of  the enhanced GH Effect 

 

2 – NO!  It’s the ash (not CO2) that 

volcanic  eruptions eject  that is important 

& it causes global cooling not warming. 

 

3-  NO!  The CO2 that volcanic eruptions 

emit is a natural part of  the carbon cycle 

and it balances out 
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0.06 Gtons 

 Carbon flux from 

volcanic eruptions 

What about the  

CO2 emitted into the 

atmosphere? 

 Volcanic outgassing  

of   CO2   

into atmosphere 

Over time, this 

natural carbon flux 

balances out &  is 

absorbed by other 

natural processes 

in the carbon 

cycle 

 



But eruptions can  have a 

more direct  

climatic effect 

under certain conditions . . . 

 



How the Climatic Effect Occurs  . . . . 

through the ENERGY BALANCE  

of  course!  

p 72 



Large volcanic eruptions inject sulfur 

gases, water vapor, HCL into the 

stratosphere: 

Ash 

SO2 

H2O 

HCL 

water vapor (H2O)  

sulfur dioxide (SO2),  

hydrochloric acid 

(HCl)  

mineral ash  

into the 

stratosphere 

Stratosphere 

ash aggregates, falls 

out within 10s to 100s 

of  km from eruption 

HCL 

rains 

out 

p 72 



Albedo of  ejected 

ASH  in the 

STRATOSPHERE 

is not  the reason 

for cooling after 

an eruption!   

(most ash falls out 

early) 

What DOES  reflect the incoming 

shortwave radiation after an 

eruption? 
p 72 



SO2 remains gaseous and is eventually 

converted to sulfuric acid (H2SO4) which 

condenses in a mist of  fine particles 

called sulfate aerosols.  

p 72 



the sulfate aerosols reflect  some of  

the incoming solar SW radiation back 

to space, cooling the troposphere 

below 

p 72 



Volcanic aerosols in stratosphere from 

sulfur dioxide gases in eruption can 

REFLECT back incoming solar radiation   

global cooling 

Graph is on 

p 73 in Class 

Notes 



SOME MAJOR 

VOLCANIC 

ERUPTIONS 

OF THE PAST 

250 YEARS: 

Laki (Iceland)      1783 

El Chichon? (Mexico)  1809 

Tambora (Indonesia)  1815 

Cosiguina (Nicaragua) 1835 

Krakatau (Indonesia)  1883 

Agung (Indonesia)  1963 

El Chichon (Mexico)  1982 

Mt Pinatubo (Philippines) 1991 



BUT - the aerosols in the stratosphere also 

ABSORB certain wavelengths of  the incoming 

SW radiation and some of  the Earth’s outgoing 

LW radiation, this warms the stratosphere  
(not the troposphere) 

p 72 



Chemical effects of  the sulfate aerosol cloud 

can also produce responses in the climate 

system through OZONE destruction (Topic #14) 

p 72 



Q2 - How can an eruption in one spot on 

earth have a GLOBAL COOLING effect? 

1-  The cold air from the eruption’s 

local cooling effect  gets circulated to 

other locations around the globe by 

winds 

 

2 – The aerosols in the stratosphere 

get circulated around the globe by 

winds , which influences the radiation 

balance globally 
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Sulfate aerosol 

cloud 

How an eruption’s effects can become GLOBAL: 

 



Mt. St.Augustine 

eruption 

Surface wind circulation 

Upper level wind circulation 

Through the 

atmospheric 

circulation! 
 



Mt Pinatubo Eruption in the Philippines, 

June, 1991 

Satellite-derived image of   

sulfur dioxide thickness in the atmosphere  

red = higher thickness 
 



By Sept 21, 1991 increased levels of  

sulfur dioxide had dispersed worldwide 

Mt Pinatubo 
 



Blue line = observed temperature change after eruption 

Red line = modeled temperature change after eruption 

Mt Pinatubo eruption June 1991 

 

Cooling! 

Note that the 

computer model 

(red line)  did a 

pretty good job of  

calculating the 

timing and amount 

of  the actual 

temperature 

change (blue line). 



Typical Global Cooling Pattern after a 

major explosive Volcanic Eruption 

p 73 

This graph shows the global mean temperature changes for 

years before (-) and after a large eruption (at year zero) 

 Years before eruption Years after eruption  

Average changes in temperature  (based on 5 major eruptions) 

COOLING 



WHICH ERUPTIONS ARE THE 

MOST CLIMATICALLY 

EFFECTIVE? 

• EXPLOSIVE 

 high SULFUR content in 

magma 

 whose eruption clouds inject 

into the STRATOSPHERE 

  Low Latitude Eruptions 

p 73 



ZOMBIE 

BREAK ! 



The Greenhouse effect is represented 

by which symbol? 

1. This one:  

2. This one: 

3. This one: 

4. H + G 

5. None of the above 
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What  will this 

feedback loop will 

lead to: 

1. A self-regulated return to an equilibrium 

state 

2. An ice age followed by a warm period. 

3. A self-amplifying change in the Earth’s 

surface temperature 

4. A runaway Greenhouse Effect! 
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This is likely to occur during a sunspot cycle with 

 a MAXIMUM of sunspots  

 

1. Decreased solar brightness and 

cooling on Earth 

2. Increased solar brightness and 

warming on Earth 

3. Glacial advances 

4. More volcanic eruptions 
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Back to: 

VOLCANISM & CLIMATE 



Major volcanic eruptions are infrequent 

events, but their climatic effects can be 

recorded over long time periods in ICE 

CORES  & TREE RINGS! 

p 72 



Field conditions 

Examining core 

Core with dust layers 

Ice core drill 

dome 

ICE CORES 

 



Frost rings in 

bristlecone pine 

have been linked 

to global cooling 

after major 

volcanic 

eruptions !! 



HOW IT WORKS:   Combo of  Energy  Balance 

Effects & Global Atmospheric Circulation 

+ 

 



WHICH ERUPTIONS ARE THE 

MOST CLIMATICALLY 

EFFECTIVE? 

• EXPLOSIVE 

 high SULFUR content in 

magma 

 whose eruption clouds inject 

into the STRATOSPHERE 

  Low Latitude Eruptions 

p 73 



Q3 - Why do you think Low Latitude 

eruptions are more climatically 

effective and have more of an effect? 

 

1. Because the temperature is warmer in 
tropical latitudes and hot air rises. 

2. Because  the Hadley Cell circulation can 
distribute the volcanic aerosols into 
both hemispheres if the eruption occurs 
near the equator. 

3. Because the tropopause is lower over 
Low Latitudes and hence its easier for 
aerosols to get injected into the 
stratosphere where they will not be 
rained out. 
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The GEOGRAPHIC 

LOCATION of  the 

erupting volcano 

influences the 

climatic 

effectiveness of  an 

eruption because of  

the General 

Circulation of  the 

Atmosphere. 

 Low latitude eruption 

clouds get circulated 

more broadly & in both 

hemispheres 

p 73 



See box on p 73 

for a good summary of   

which eruptions are  

CLIMATICALLY EFFECTIVE 

p 73 



G-5  ACTIVITY ON 

VOLCANISM & CLIMATE 

 

Introduction today . . . 

we’ll  complete it in 

upcoming class  



Comparison Table of  Eruptions 

Latitude 

Sulfur-rich 

if  high 

H2SO4 

How much  

magma  how 

big an eruption 

How much 

aerosol got into  

each hemisphere 

Estimated N.H. 

temperature 

change °C 

p 74 

IMPORTANT:  if   

NO INFORMATION  IS AVAILABLE,   

this does not  mean the value is zero! 



#1. List 4 reasons why Tambora in 1815 

resulted in the largest GLOBAL cooling: 

# 2. Give at least two reasons why the 

eruption of  Mt St. Helens was NOT a 

very climatically effective eruption: 

P.S.  This is one of  my favorite questions to 

ask on the FINAL EXAM!!!!   Try to do it on 

your own now and be ready to do it as a 

group later. 



STUDY HARD  

For TEST #3 ! 

 

See you on Friday! 


