
Brief Overview of Climate Models

Global Warming and Greenhouse Gases

Predicted Climate Changes Due to Global Warming

New Evidence of Abrupt Climate Change

Climate Change



Conservation of Momentum

Conservation of Energy

Conservation of Mass

Equation of State

Conservation Equation for Water Vapor

7 Partial Differential Equations

Velocity - 3 components
Pressure
Density
Temperature
Humidity

7 Unknowns

Original Atmospheric Models



Feedbacks
Extent of Ice Cover and Reflectivity ~ Positive or Negative

Water Vapor and Clouds ~ Positive

Clouds and Temperature ~ Positive or Negative

Others





The Big Experiment



Increases in Major Greenhouse Gases



Greenhouse Gases Reduce Infrared Loss to Space
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Is the Earth Warming ?





Where Are We Headed?





Status of Kyoto Protocol















Climate Models Predict

Significant Warming, Especially at High Latitudes

Regional Changes in Temperature and Precipitation

Increases in Extreme Events

Earth is Warming
Overwhelming Evidence It Is Caused By Greenhouse Gases

BUT - The Story Is Even More Complicated!!

Increases in Sea Level Up to 0.80 m

Consensus of Scientific Community



Modern View of 
Climate 

Climate is a Complex System - Tends to Exist in Distinct States

Rapid Transitions Happen From One State to Another

Large Changes Can Occur Without Big Changes in External Forces

Current Models Cannot Simulate These Rapid Transitions



Cold State

Warm State

Rapid 
Transitions

Complex System View of Climate



Climate “Prefers” the Cold State

Changes Between Cold and Warm State Are Rapid



Milankovitch Cycles

Result in Small Changes in Seasonality and 
Spatial Distribution of Radiation

~ 23,000 years ~ 100,000 years

~ 40,000 years









Thermohaline Circulation



Recent Studies Suggest
Warming Will Reduce Salinity in North Atlantic

Slow or Possibly Shut Down Thermohaline

Climate Will Flip to New State? 

Evidence It Has Large Role in Climate Flip-Flops

Minor Ice Age?

Thermohaline Circulation





Most Likely Emission Scenarios Result in ~ 3 C Increase 
in Global Temperature -- Larger in High Latitudes

Significant Changes in Temperature and Precipitation in 
Many Locations ~ Effects on Agriculture and Other 
Ecosystems

Summary

Sea Level Rises and More Extreme Weather Events

Scientific Consensus That Earth is Warming Due to 
Increases in Greenhouse Gases



Big Issues

There May Be Other Feedbacks We Do Not Know

Climate is a Complex and Chaotic System That Rapidly 
Changes State For Reasons Not Completely Understood

There is No Analogy in The Climate Record for These  
Changes -- We Are Entering Unknown Territory

Details of Regional Climate Change and Extreme Events 
Remain Less Certain



“Climate Is An Angry Beast, and We Are 
Poking It With Sticks”

Wallace Broeker






