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Follow-up to NICL



50 million years ago (50 MYA) Earth was ice-free.

Atmospheric CO2 amount was of the order of 1000 ppm 50 MYA.

Atmospheric CO2 imbalance due to plate tectonics ~ 10-4 ppm per year.

Azolla
event:
~ 49 Ma
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Photosynthesis/Respiration

CO2 + H20 ź CH2O + O2

Weathering/Precipitation

CO2 + CaSiO3ź CaCO3 + SiO2

Long-term Carbon Cycle: rocks
Two generalized reactionsé



Berner, 2001

Long-term carbon cycle: rocks



Climate Changes from Ocean Sediment Cores, since 
5 Ma.  Milankovitch Cycles
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When CO2 levels get below ~400-600 ppm Orbital parameters 
become more important than CO2





















Seasonal change 1880-2016 (NASA)

Goddard Institute for SpaceStudies 



Plants and Animals are Responding to a Warming 

Climate

1990 vs. 2012

Spring is springing forward: Spring events, like bird and butterfly migrations, flower blooming 

times, and frog mating, have been advancing by about three days per decade over the past 30 years. 

Source:JeongŜǘ ŀƭΦΣ нлммΣ άtƘŜƴƻƭƻƎȅ ǎƘƛŦǘǎ ŀǘ ǎǘŀǊǘ ǾǎΦ ŜƴŘ ƻŦ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ƛƴ ǘŜƳǇŜǊŀǘŜ ǾŜƎŜǘŀǘƛƻƴ ƻǾŜǊ ǘƘŜ bƻǊǘƘŜǊƴ IŜƳƛǎǇƘŜǊŜ ŦƻǊ ǘhe

period 1982ςнллуέ

https://www.arborday.org/media/zones.cfm

https://www.arborday.org/media/zones.cfm
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Global Impacts Ą Rising sea level is affecting
coasts worldwide



Mar-a-LagoResort 
West Palm Beach
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the application of coastal 
zone management  
designed to move 
existing and planned 
development out of the 
path of eroding 
coastlines and coastal 
hazards

One River Point Miami Luxury condos ςto be built 

Miami skyline Today



BroaderSociety 
Benefitsfrom Relocation 

Only Residents benefits
From Relocation 

Residents
do not

Initiate the 
move 

Residents
Initiate the 

move 

Hino etal 2017
Nat.ClimChange

GREATER GOOD 
MUTUAL 

AGREEMENT

SELF
RELIANCE

HUNKERED 
DOWN

Post disastervoluntary relocation
Property buyouts

Implementing partyto over 
comeInitial opposition

Residentsresist and 
Societalgain questioned Resident struggle to get govthelp



2.23 MILLION
0.9 m SLR 2100

6.6 MILLION
1.8 m SLR 2100

4.3MILLION
0.9 m SLR 2100

13.1MILLION
1.8 m SLR 2100

PROJECTED POPULATIONSCURRENTPOPULATIONS

HAUER ET AL., 2017
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LǘΩǎ ŎŀƭƭŜŘ όhw ²L[[ .9ύ 
a DOMESTIC REFUGEE 
CRISIS



In the Garages of Miami



New Policies Needed: Plan for Managed Retreat
(even though unthinkable)

Å Evaluate financial constraints to rebuild after natural 
disasters

Å Drive self-reliance into community planning
Å Develop comprehensive governance framework for 

communities and agencies to shift work from 
protection in place to community relocation.

Å Requires sensitivity to place attachment, heritage and 
social dimensions of decision-making 

First graders today
will be 40 years old

by 2050 when sea level 
could be 3 feet higher. 

Hino et al. 2017 NatClimChange



HAUER ET AL., 2017



President Obama 

Anchorage AK

August 2015 



ά²Ŝ ŀǊŜ ƴƻǿ ŦŀŎŜŘ ǿƛǘƘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƻƳƻǊǊƻǿ
is today. We are confronted with the fierce urgency 

of now. In this unfolding conundrum of life and 
history, there "is" such a thing as being too late. 

This is no time for apathy or complacency. This is a 
ǘƛƳŜ ŦƻǊ ǾƛƎƻǊƻǳǎ ŀƴŘ ǇƻǎƛǘƛǾŜ ŀŎǘƛƻƴΦέ

The Urgency of Now

------Martin Luther King Jr

ά5ƻƴΩǘ ǊŜƭŀȄΦ5ƻƴΩǘ ŦŜŜƭ ƎƻƻŘ 
about yourselves.

See how bad it is, and then
make it good.

And feel good about that.έ  
Gov. Jerry Brown 4/20/17



Take Home Points

Models still underestimate rates and magnitude of 
change in parts of Earth system

Geologic evidence from the Arctic and Antarctic show 
that Greenland and West Antarctic ice sheets are 
much more sensitive to forcingsthen thought.

Plan for Managed Retreat (though unthinkable now)

Evaluate financial constraints to rebuild after natural 

disasters
Drive self-reliance into community planning
Educate K to Gray!*



Politicians debating climate change:
SLOW LEARNERS

Isaac Cordal: 
http:// www.dailykos.com/story/2014/5/7/12
97486/-The-Most-Striking-Climate-Change-
Sculpture-You-ll-Ever-See

http://www.dailykos.com/story/2014/5/7/1297486/-The-Most-Striking-Climate-Change-Sculpture-You-ll-Ever-See


Contemporary events

ÅWe had snow!

ÅWe had to shovel or snow-blow

ÅOr use a green-plow!



1. A low-carbon footprint snowplow



2. Another low-carbon footprint 
snowplow



TODAY

Å²ƘŜǊŜΩǎ ǘƘŜ ƳƻǊŀƭ 
compass regarding 
human health
ÅLǘ ŘƻŜǎƴΩǘ ŜǾŜƴ 

make economic 
sense; no utilities 
are building new 
coal plants in the 
U.S.



Solar Decathlon

ÅThrough Sunday: 61st and Pena ς

ÅA-line rail stop

Åhttps://www.solardecathlon.gov/

ÅThursday, Oct. 12ςSunday, Oct. 15, 2017: 11 
a.m.ς7 p.m

https://www.solardecathlon.gov/


https://www.solardecathlon.gov/

https://www.solardecathlon.gov/


Citizens Climate Lobby

ÅOctober 14, Sat 1030 AM.CCL Golden 
monthly meeting at !ōǊǳǎŎƛΩǎFire & Wine, 
2200 YoungfieldSt, back room.



Colorado Renewable Energy Society:

https://www.cres-energy.org/

https://www.cres-energy.org/


Colorado Renewable Energy Society ς
YouTube of selected talks:

https://www.youtube.com/channel/UCr81EUb
2qVJVfmmlJMxEHVw

https://www.youtube.com/channel/UCr81EUb2qVJVfmmlJMxEHVw


Changes are Happening

POPULATION



THE BIG PICTURE

ÅSustainability:
ïPopulation
ïResources
ïEnergy
ïWorld stability
ïConflict

ïClimate change
ïWeather 
ïPestilence
ïEtc. ςvery complex

CLIMATE-RELATED



Innovation for Our Energy FutureNATIONAL RENEWABLE ENERGY LABORATORY

46

Earth
Human Population = 7.3 B

Annual Electricity Demand = 23,300 TWh
Annual CO2 Emissions = 32.2 Gt

CǊŀŎǘƛƻƴ ƻŦ DID 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ 9ƴŜǊƎȅ ¦ǎŜ Ғ су҈ 

Gt C = Gt CO2/3.67
(mass 44/mass 12 C)
32.7/3.67 = 8.91 Gt C



Museums, Zoos and Your Children will 
save the World












