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Questions for You?

1. How thick is the Earth’s Atmosphere?

2. How may kilos of Carbon Dioxide (CO2) are 
produced by burning 1 liter of fuel?

3. How long does CO2 stay in the atmosphere?

4. Why do we care?

5.  What will we do about it?                       3, 6, 12



Cooperative Gas Sampling Network
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Atmospheric Baseline Observatories



Launching a Water Ozonesonde at Summit, 

Greenland (in the dark, -60C) 



Flask Shipping 

and Analysis 

Calibration Gases

Shipping Box

60 Species/flask



NOAA Measures Trace Gases from the 
Surface, Tall Towers and Light Aircraft

Air Samples
Pump Box

10 Tall Towers
100 to 500 m tall

15 Light Aircraft
To 20,000 ft.



Annual cycle and increasing atmospheric CO2



Oceans Absorb CO2 and  Become Acidic



Global Distribution of Carbon Dioxide

Japan



USSR Collapse

Ruble Collapse

Amazon is    
warmer &   
wetter = 
more CH4

Global Methane 

Concentration

& Trends

There is no solid 

evidence that the 

global methane 

rise is from oil 

and gas drilling, 

but there are 

some  regional

effects.

CH4



Global Distribution of Methane

Japan



Cooperative Programs at Tiksi and Cherskyi, Siberia 



CH4 Measurements in 
Siberia Permafrost 

(Began Summer 2008) Troop 

Carrier
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Major Greenhouse Gases, past 
2000 years

CO2

CH4

N2O



Greenhouse Gas Index: 1 in 1990,

1.4 times more heat by 2016

CO2

CH4



Snow Cover is 

Decreasing!

Sea Level is 

Rising!

Temperature

is Going Up!



Summer Arctic Sea Ice Projected to 
Disappear by 2040?

1979

Today

Ice is decreasing

Where will bears go?



AMY

MODIS Satellite Aerosol Optical Depth:  

Excessive air pollution in China

Downwind         
Stations

Satellite aerosol optical depth  

Air pollution in China



NOAA Federated Aerosol Network
ALT
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Legend

NOAA Baseline Observatory (3)

Active Collaboration (32)

Former Site, < 1 year (8)

Former Site, multi-year (7)

Potential Future Site (4)
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Dust and Air Pollution Out of Asia, April 2001

Frontal System 
Pushing Air 
Pollution and 
Dust Air Pollution

Korea JapanChina

Clean Air Over 
Ocean

Transit Time to Hawaii is ~ 2-3 days

A KOSA

Coming!

1.

2.
3.



Mauna Loa Aerosol Samples: 
Passage of a Pollution/Dust Event, 
April 1997

Air Pollution 
Pushed by the 
Front

Air Pollution 
and Dust Mix

In the Dust 

24 hour 

samples

1.

2.

3.



South Asia: Increasingly Important 
(Brown Aerosol)

India

Tibet

Air 
Pollution

Bangladesh

Summer 

Monsoon

Winter 

Monsoon



Ozone Depleting Chemicals Are Decreasing
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But Montreal Protocol is Being  Violated!

NOAA/GMD
In situ & flasks
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Hemispheric mean  
concentration.

Global rate of
change.

Northern minus southern                                         
hemisphere difference

shows an increase in NH.
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New York Times reporter quoting a 
refrigerator manufacturing company 
owner in China, May 2018… 

“You had a choice: Choose the 
cheaper foam agent that’s not 
so good for the environment, or 
the expensive one that’s better 
for the environment.”



October 19, 2018

Low ozone in 2018 is from colder 

stratospheric temperatures.  
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Solar Energy Reduced by Volcanic Eruptions

Mauna Loa Observatory,

Hawaii Lidar and optical 

depth

Aerosol in the Stratosphere



Some Energy and Climate Facts

• In U.S. we eat ~ 2400 Calories/day.

• Average US citizen uses ~ 240,000 calories/day.

• For transport, cooling, heating, pumping, 
plowing,  flying, cooking, lighting,  freezing etc.

• Like having ~100 servants working all day for you.

• Most energy comes from oil, coal and natural gas.

• Asia uses ~ 25% of the energy/capita compared 
to the U.S.           



Thank You for 
Hanging in Until  

the 
END!





Launching a Water Vapor/Ozone Package at 

Summit, Greenland (in the dark, -60C) 



Cherskiy, Russia Tundra 
CH4 Measurements

(Began Summer 2008)



Mauna Loa Aerosol Samples: 
Passage of a Pollution/Dust Event, 
April 1997

Air Pollution 
Pushed by the 
Front

Air Pollution 
and Dust Mix

In the Dust 

24 hour 

samples

1.

2.

3.
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Very Hot 
Summers

Almost every future 

summer as hot or 

hotter than the 

hottest people today 

have experienced.

38



2015



Cape Grim, Tasmania, Atmospheric Observatory



C02 and CH4 at Cape Grim, Tasmania









Global Temperature Change by Decade


