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Growth in Science
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Filter 1
Scientific Method

Filter 3
Further replication by 
the scientific community
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Peer review



Climate Change





https://www.youtube.com/watch?v=bCVXnrQfzgA





Why We Believe the Observed 
Warming is due to Humans



Greenhouse Gasses



IPCC (Intergovernmental Panel on Climate Change) 2007.
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IPCC (Intergovernmental Panel on Climate Change) 2001.
Climate Change 2001: The Scientific Basis
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Stern Report 2006



IPCC (Intergovernmental Panel on Climate Change) 2001.
Climate Change 2001: The Scientific Basis

Northern Hemisphere Temperature Anomalies

(Climate Proxies)
(gray = 2xSE)



IPCC (Intergovernmental Panel on Climate Change) 2001.
Climate Change 2001: The Scientific Basis

Northern Hemisphere Temperature Anomalies

(tree rings, corals, ice cores, etc)
(gray = 2xSE)



...Provides 
Perspective IPCC Projections

2100 AD
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“We find that human-induced climate change likely increased the chances of the 
observed precipitation accumulations during Hurricane Harvey in the most affected 
areas of Houston by a factor of at least 3.5.”    Rissen & Wehner AGU in Press



www.globalchange.gov/usimpacts

Number of days above
90 oF
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Number of days above
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EOS 2014 
95(18):1



Rosen (2016) Science 353(6296):232-237



400 km

Change in the distribution of sugar maple

Current

Future

Overlap





Science 9 June 2017 356(6342): 1000

U.S. Carbon emissions and Paris Goals
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Cost of a new Power Plant

US Energy Information Administration
Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy Outlook 2015 



Projected (year of IEA publication) versus actual (historical)
Solar adoption has outpaced projections

Science 14 April 2017 356(6334): 141-143



https://www.youtube.com/watch?v=8auMIfF50Ng
Sea Ice (Including thickness)

Changes in the Arctic



Which do you expect to melt faster?

Thin glacierThick glacier



Greenland Ice Flows



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

How Glaciers Work



Glacier

Moraine

Deep Outlet Glaciers

warm salty



Glacier

Moraine

Deep Outlet Glaciers

warm salty

Rapid Melting



Rapid Retreat

Jacobshavns Isbrae
Greenland

https://www.youtube.com/watch?v=hC3VTgIPoGU



Russel Huff, Univ. of 
Colorado

• Jacobshavns Isbrae occupies 
subglacial channel 

• Central Greenland is below 
sea level



Projected Sea Level Rise

1m



The Global Role of Snow 

NASA animation showing positive feedback
As the snow melts more solar radiation is absorbed and more snow melts



Albedo

Positive Feed Back 1:
Less snow Warmer  Less snow 



Positive Feed Back 2:
Taller plants Warmer  Taller plants



C.E. Tweedie

Carbon Release

Positive Feed Back 3:
Carbon release Warmer  Carbon release



My Research



Experimental design

Control Manipulative 
warming

Transparent!



Collecting Data / Making Observations

Objective!



Replication!
(within study)



13 Barrow

Study sites conducting similar research.

Replication!
(across studies)



WarmedControl

forb

short grass

lichen

moss

shrub

tall grass

Key

A general increase in canopy height due to:
• an increase in stature of previously existing species
• a shift in composition from lichens and mosses
toward shrubs and grasses



IPCC (Intergovernmental Panel on Climate Change) 2007.

Current Projected







Summary
• Science has robust filters
• Climate change is occurring
• Changes in the Arctic will have profound 

impacts on the rest of the globe

The Arctic
The singing canary

Its gettin hot!


