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Overview 

1) Climate change includes unpredictable, 
natural components, and until we 
understand those, we will have difficulty 
ǇǊŜŘƛŎǘƛƴƎ άƎƭƻōŀƭ ǿŀǊƳƛƴƎέΦ 

2) There is little to no evidence that severe 
weather events (e.g. lightning, 
windstorms, tornadoes, floods) have 
worsened, despite modest warming. 

 



ÅTemperature change in anything is almost always caused by 
an imbalance between energy gain and energy loss. 

ENERGY GAIN  

from stove 

ENERGY LOSS  
from POT 

Ý Conduction to air 
Ý Infrared radiation 
Ý Evaporation of water 

Understanding Climate Change Starts with 
Conservation of Energy 



The global average energy flows in and out are estimated to be ~240 Watts per sq. meter 



/ƻƳǇƻƴŜƴǘǎ ƻŦ 9ŀǊǘƘΩǎ !ǾŜǊŀƎŜ 9ƴŜǊƎȅ .ŀƭŀƴŎŜ 
a change in any one of these will change the temperature! 

All energy fluxes (transfers) are in Watts per sq. meter.  
(1 Watt = 1 Joule per second of energy transfer; a 2,000 calorie daily diet contains 8,373, 600 Joules)  



¢ƘŜ άDǊŜŜƴƘƻǳǎŜ 9ŦŦŜŎǘέ  
Affects the Rate of Global Infrared Energy LOSS 

ό9ŀǊǘƘΩǎ ŀōƛƭƛǘȅ ǘƻ Ŏƻƻƭ ƛǘǎŜƭŦ ǘƻ ƻǳǘŜǊ ǎǇŀŎŜύ 

ÅάDǊŜŜƴƘƻǳǎŜέ ƎŀǎŜǎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ 
(mainly water vapor and CO2) absorb and 
ŜƳƛǘ Lw ŜƴŜǊƎȅΦ ¢ƘŜȅ ŀŎǘ ƭƛƪŜ ŀ άǊŀŘƛŀǘƛǾŜ 
ōƭŀƴƪŜǘέ ƻǾŜǊ ǘƘŜ ŜŀǊǘƘΦ   
ÅAny planetary atmosphere with greenhouse 

gases will be warmer in the lower layers, and 
colder in the upper layers, than without those 
gases (e.g. Manabe & Strickler, 1964). 
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GHGs emit IR  
downward (as well as upward) 
which reduces energy loss 



The U.N. IPCC assumes climate is 
naturally STABLE and BALANCED, 
ΧǳƴƭŜǎǎ ƘǳƳŀƴǎ ƛƴǘŜǊŦŜǊŜΦ 

¢ƘŜȅ ŀǎǎǳƳŜ ŀ άforcing/feedbackέ ǇŀǊŀŘƛƎƳ 
of climate change, where if the climate 
system energy balance is forced out of 
equilibrium (e.g. from CO2), it warms until 
άŦŜŜŘōŀŎƪǎέ ǎǘƻǇ ǘƘŜ ǿŀǊƳƛƴƎΦ   

POSITIVE radiative forcing 
means a POSITIVE energy 
imbalance which means 
WARMING. 

Note: It is assumed 
humans were causing 
climate change even in 
the 1700s. 

Graph includes major 
volcanic eruptions 



LƎƴƻǊŜŘ ƛƴ ǘƘŜ ά9ȄǘŜǊƴŀƭ CƻǊŎƛƴƎέ tŀǊŀŘƛƎƳ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜΥ  
άLƴǘŜǊƴŀƭ CƻǊŎƛƴƎέϝ /ŀǳǎƛƴƎ b!¢¦w![ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 

Humanity lives in a relatively thin zone of warmth between the cold upper 
atmosphere and the cold depths of the global ocean (38-39 deg. F average 
ǘŜƳǇŜǊŀǘǳǊŜύΧŀƴȅ ŎƘŀƴƎŜ ƛƴ ƻŎŜŀƴ ŎƛǊŎǳƭŀǘƛƻƴ Ŏŀƴ ŎŀǳǎŜ ǿŀǊƳƛƴƎ όƻǊ ŎƻƻƭƛƴƎύ 
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*The IPCC calls this 
άǳƴŦƻǊŎŜŘ ƛƴǘŜǊƴŀƭ 
ǾŀǊƛŀōƛƭƛǘȅέ 

Natural vertical circulations can change with time 



FACT:  Ocean Heat Content has been increasing: 
.Ŝǎǘ ά.ŀǊƻƳŜǘŜǊέ ƻŦ Dƭƻōŀƭ 9ƴŜǊƎȅ LƳōŀƭŀƴŎŜ  

- Scattered measurements of 0-700m layer 
from the 1950s to 2000 
- Good global coverage with Argo floats 
since about 2005, to a depth of 2,000 m 


