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Weather is the general condition of the atmosphere 
at a particular time and place (seconds to weeks or months). 

Climate is the average … weather condition  
(usually temperature and rainfall)… 

over a period of decades. 

Climate history is the variation in climate over 
even longer periods of time (centuries to millions of years). 











Weather is the general condition of the atmosphere 
at a particular time and place (seconds to weeks or months). 

Climate is the average … weather condition  
(usually temperature and rainfall, but also 

variability)… over a period of decades.  
It is also defined spatially (e.g. microclimate) 

Climate history is the variation in climate over 
even longer periods of time (centuries to millions of years). 
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Looking west down  
Skagit Gorge, a  
path that climate  
change cut through  
the crystalline core 
of the North Cascades  
(photo by Scurlock). 



Weather is the general condition of the atmosphere 
at a particular time and place (seconds to weeks or months). 

Climate is the average … weather condition  
(usually temperature and rainfall)…over a period of decades. 

Climate history is the variation over even longer  
periods of time (centuries to millions of years). 



Later I will present geologic evidence from ancient lakes  
and glaciers of climate change during the past 30,000 years. 
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Climate of Concrete, Washington (elevation 300 ft.) 
Average annual temperature 50.9 ˚F (10 °C) 

Annual temperature range 0 to102 ˚F 
Average annual precipitation 68” (24” snow) 

Climate of Noisy Glacier, Washington (elevation 5700 ft) 
Average annual temperature ~32˚F (0 °C) 

Annual temperature range ? 
Average annual precipitation 120” (20-30 ft snow) 
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Climate Factors in Skagit Valley 
1.  Latitude (seasons, winds) 

2.  Pacific Ocean (heat, moisture) 
3.  Topography (barrier, microclimate)  
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Climate Factors in Skagit Valley 
1.  Latitude (seasons, winds) 

2.  Pacific Ocean (heat, moisture) 
3.  Topography (barrier, microclimate)  



Pacific Ocean 

The Pacific Ocean integrates, amplifies, and remembers. 



Ocean currents redistribute warm water from the equator to cold  
polar regions (red), and cold water from polar to tropics (blue). 

Cold ocean currents are typically on the east side of the  
ocean basins, while warm currents are on the west side. 





Climate Factors in Skagit Valley 
1.  Latitude (seasons, winds) 

2.  Pacific Ocean (heat, moisture) 
3.  Topography (barrier, microclimate)  
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Climate of Concrete, Washington (elevation 300 ft.) 
Average annual temperature 50.9 ˚F (10 °C) 

Annual temperature range 0 to102 ˚F 
Average annual precipitation 68” (24” snow) 

Climate of Stehekin, Washington (elevation 1200 ft) 
Average annual temperature 47.6 ˚F (9 °C) 

Annual temperature range -21 to 107 ˚F 
Average annual precipitation 35” (124” snow) 
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The atmosphere and oceans are closely coupled.  Changes in the state of the 
oceans can quickly and directly influence the state of the atmosphere through the 

position of the jet stream and air mass boundaries. 
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Breakdown of the polar front and development of Rossby waves. 

Cold air 

In the North Cascades polar outbreaks are known 
as northeasters, which bring strong, cold/dry winds and 

subfreezing temperatures to western Washington. 
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Walker Circulation over the equatorial Pacific. 
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El Nino – warm/dry winter La Nina – cool/wet winter  
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Time Series of El Nino-Southern Oscillation 



cool phase   warm phase  
Pacific Decadal Oscillation 



Part One Outline: 

I -Climate v. Weather 

II-Climate of Concrete v. a Glacier 

III-Climate Sensitivity 

IV-Climate Change  

VI- Glaciers and Climate History 

Part Two: Climate History 



Natural Climate Change Drivers and Cycles 

  External  
 - Earth–Sun relations (26,000, 41,000 and 100,000 year cycles) 
 - Solar variability (11-~200-1,000? year cycles) 
 - Asteroid or comet 

  Internal  
- Ocean temperature (hundreds of years) 
- Composition of atmosphere (1-200 years) 
- Glaciers (thousands to tend of thousands of years) 
- Land-Ocean distribution (millions of years) 



Impacts from comets and asteroids, 
like air pollution and volcanoes, 
produce sunlight-blocking dust and cool 
climate. 

As we know, some resulting climate  
changes caused by these events  
are devastating (e.g. dinosaurs). 



Changes in distance from the sun and angle of tilt 
have controlled the major climate cycles on  

Earth for millions of years.   



FAQ 6.1, Figure 1 

Schematic diagram of Earth’s orbital changes that pace the ice age climate cycles. 
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Ocean floor sediment core record of ice age climate cycles spanning >700,000 years. 
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Output from the sun varies 
on several time scales, including 
11 , ~200, and possibly 1,000 years. 
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Earth’s Major Tectonic Plates 
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The Earth’s atmosphere is a thin layer of gas (78% nitrogen, 21% oxygen) that 
provides a relatively warm climate given our distance from the sun. It also provided a 

stable climate and protects life from ultraviolet radiation. 







Long-term climate variations from Vostok Ice Core,  
Antarctica (Rothman, 2001). 

Modern CO2 
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For most of the past 1,000 years earth’s climate was cooling gradually 
(data from Jones and Britta, 1992).   
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 Glaciers are dramatic indicators of climate change because  
of their sensitivity to both winter and summer weather.   



Glaciers ability to shape the  
landscape has left a rich record  
of climate change in our region 
in the form of glacial landforms  

and deposits. 
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