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Global Deep Ocean Temperature
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50 million years ago (50 MYA) Earth was-foee.
Atmospheric C@Qamount was of the order of 1000 ppm 50 MYA.

Atmospheric C@imbalance due to plate tectonics ~ ¥jppm per year.
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Long-term Carbon Cycle: rocks

Two generalized reactionse

Photosynthesis/Respiration
CO,+H,0z CB+0,

Weathering/Precipitation
CO, + CaSiO;z Ca CH86I0,



Long-term carbon cycle: rocks

Conversion of CO2 to dissolved HCOz3- by Volcanic
Ca-Mg silicate weathering CO9

CO2 from sedimentary organic C weathering

CaCO3 7
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580 Benthic

Climate Changes from Ocean Sediment Cores, since
5 Ma. Milankovitch Cycles
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When CQlevels get below ~40&00 ppm Orbital parameters
become more important than C9O



40,000 years

Greenland Ice Core

(and Mauna Loa)
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4,000 years Greenland ice core

Holocene
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From NOAA gov/pub/data/paleo/icecore/greenland/summit/gisp2/isotopes  (and others) 12 Aug, 2006
Easter |s. NZ: Hunt and Lipo, 2006, Science 311:1603



4,000 years Greenland ice core

Holocene
| | |

Civilization
#*
Santorini 3610 BP
Easter ls. Occupied — 360
1200 AD
Pharonic dynasties é *
MNew Zealand Occupied -

after 1200 AD

E Greek City
States Middle Ages — 320
3
g Roman Empire é L g‘-ﬂ

- 280
| | | | ] | 1 | | | | | l I | | | | |
4,000 3,000 2,000 1,000 0
Years before present
GISP-2 core
From NOAA.gov/pub/data/paleo/icecore/greenland/summit/gisp2/isotopes  (and others) 12 Aug, 2006

Easter Is, NZ: Hunt and Lipo, 2006, Science 311:1603



400 Years Temp: .tree rings and ice cores
CO, : ice cores and measurements
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Temperature: Mann et al., 1999, Geophysical Research Letters

5 Sept, 2006



400 Years Temp: tree rings and ice cores

CO, : ice cores and measurements *
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400 Years Temp: -tree rings and ice cores
CO, : ice cores and measurements
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400 Years Temp: tree rings and ice cores

CO, : ice cores and measurements *
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CO, emitted by man and CO, in the Atmosphere

40 Years
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Seasonal change 1880-2016 (NASA)
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Plants and Animals are Responding to a Warming
Climate
USDATOYMixydin @0 oRe Maps

1990

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.
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Plants and Animals are Responding to a Warming
Climate
USDATOYMiydin 2008 Maps

1990 © 2015

© 2015 by the Arbor Day Foundation®
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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.
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Plants and Animals are Responding to a Warming
Climate
1990 vs. 2012

USDA Plant Hardiness Zone Maps
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.
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Global Impactsh Rising sea level is affecting
coasts worldwide
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naturc ARTICLES

zone management

Managed retreat as a response to natural designed to move

hazard risk existing and planned

development out of the

path of eroding

—— coastlines and coastal
: hazards

Miyuki Hino'*, Christopher B Field? and Katharine J. Mach?

Miami skyline Today
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BroaderSociety
Benefitsfrom Relocation

MUTUAL
GREATER GOOD AGREEMENT
Implementing partyto over Post disastevoluntary relocation
come Initial opposition Property buyouts

Residents Residents

_o_lo not Initiate the
Initiate the Tove
move
Residentgesist and _
Societalgain questioned Resident struggle to ggjovthelp
HUNKERED SELF
DOWN RELIANCE

Hino etal 2017

Only Residents benefits Nat.ClinChange

From Relocation



Table 1| Projected populations at risk of sea-level rise by 2100.

HAUER ET AL., 2017

State CURRENFOPULATIONS PROJECTED POPULATIONS

0.2m 5LR in 2100 1.8 m 5LR in 2100 0.2m 5LRin 2100 % 1.8 m 5LR in 2100 +
AL 20,914 32,775 38,238 7,801 57,303 11,584
CA 227677 504,595 472,248 98,343 1,046,757 208,343
cT 34,980 82922 53,566 7189 128,048 17,947
DC 1,391 3167 2,005 410 4,629 048
DE 24,251 43,262 44,597 7,708 76,836 14,061
FL 593,207 2,743,086 1,221,837 236,103 6,057419 1,216,806
GA 50,837 96,727 93,036 18,683 178,787 37,263
LA 112,648 678,151 846,203 263,827 1,361,792 292,676
MA 67,540 303,649 103,552 13,329 427,549 57,669
MD 54,226 10,009 92,584 14,730 188,624 31,624
ME 0,085 18,492 15,230 1,848 25,028 3,574
MS 25,974 41,469 50,385 10,254 76,901 16,721
NC 90,538 165,760 163,260 27,210 297917 52,013
NH 4,795 8,948 8,670 1131 15,432 2,024
MNJ 174,822 482180 308,662 47436 827445 137,272
NY 110,865 505,359 198,257 32,543 901,366 159124
OR 7425 15,499 12,754 1,503 25,614 4163
PA 5,692 16,593 9,939 1,858 27427 5,659
RI 9171 23,429 14,875 1,646 36,546 3,977
sC 01,394 204,039 163,492 38,527 374,395 86,058
X 03,002 214,364 173,025 45,306 405,423 106,301
WA 06,622 248,600 181,130 38,072 475,871 102,952
WA 22,753 53,279 43,436 1,229 94139 16,040
Tot 2,229,898 6,596,356 4,310,981 923,086 13115,252 2,584,797

We considered only census block groups and counties expected to experience any inundTiun under 1.8 m of sea-level rise in 2100. £ values are the 90th percentile from the projection values.

2.23 MILLION

0.9 mSLR 2100 1.8 m SLR 2100

6.6 MILLION

4.3MILLION
0.9 m SLR 2100

13.1MILLION
1.8 m SLR 2100
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New Policies Needed: Plan for Managed Retreat

Hino et al. 201 NatClimChange (even though unthinkable’
A Evaluate financial constraints to rebuild after natur:
disasters

A Drive selfreliance into community planning

A Develop comprehensive governance framework fo
communities and agencies to shift work from
protection in place to community relocation.

A Requires sensitivity to place attachment, heritage :
social dimensions of decisianaking

First graders today
will be 40 years old
by 2050 when sea level
could be 3 feet higher.
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THERE IS SUCH A THING
AS BEING TOO LATE.

AND WHEN IT COMES TO
CLIMATE CHANGE, THAT
HOUR IS ALMOST UPON US.

President Obama
Anchorage AK

August 2015




The Urgency of Now iy
2S IINBb y26 Tl OSR Al
IS today. We are confronted with the fierce urgenc
of now. In this unfolding conundrum of life ani
history, there "is" such a thing as being too lati
This Is no time for apathy or complacency. This i
UAYS T2NJ QA 32 NP dz

s Sa—— ______ Martin Luther Kinglr

452y Q0G5 NPe & E®WS
about yourselves.
See howbadit is, and then
make it good.
And feel good abouthat.€
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 sho
that Greenland and West Antarctic ice sheets are
much more sensitive tdorcingsthen thought.

Plan for Managed Retreat (though unthinkable now)

Evaluate financial constraints to rebuild after natural
disasters

Drive selfreliance into community planning

Educate K to Gray!*



Politicians debating climate change:
SLOW LEARNERS



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

Contemporary events

A We had snhow!
A We had to shovel or snowlow
A Or use a greeplow!



1. A lowcarbon footprint snowplow




2. Another lowcarbon footprint
snowplow
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TODAY

Voice of the Rocky Mountain Empire

THE DENVER PosST

TUESDAY, OCTOBER 10, 2017 ' SUNNY, WARMER 452° v28° »14A * © THE DENVER PO
EPA CHIEF

Az kSNBoa ak PTG .
compass regarding “War

human health
ALi R2Sayaid ofpeoal
make economic

sense; no utilities iS Over”

are bU|Id|ng new Groups denounce

coal plants in the override of Obama
rules by White House
U.S.

By Michael Biesecker
and Adam Beam
The Associated Press



Solar Decathlon

A Through Sunday: 6tand Pena
A Adline rail stop

A https://www.solardecathlon.gov/

A Thursday, Oct. XBunday, Oct. 15, 2017: 11
a.mgc/p.m



https://www.solardecathlon.gov/
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https://www.solardecathlon.gov/

Citizens Climate Lobby

A October 14, Sat 1030 AMCCL Golden
monthly meeting at 6 NXZ&ir© & \Wiae,
2200YoungfieldSt, back room.



UPCOMING EVENTS

Colorado Renewable Energy Society - Boulder County - Alison Mason - Energy Storage For 100%
Renewables On The Grid

Colorado Renewable Energy Society - Northern Colorado - Rocky Mountain Institute - Pathways
To 100% Renewable Energy

Colorado Renewable Energy Society - Metro Denver - The Future Is In Our Hands: How Can We

Increase Solar In Colorado?

Colorado Renewable Energy Society - Jefferson County - Evolving Past Coal - The Navajo Case
(Th, Oct 26)

EVENT CALENDAR



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

Colorado Renewable Energy Socrety
YouTube of selected talks:

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

NATE VOLUNTEER POLICY RESOURCES ¥ ABOUT CRES ¥ SUBSCRIBE BLOG CONTACT



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

Changes are Happening

POPULATION



THE BIG PICTURE

ASustainability:

I Energy

CLIMATIRELATED
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NATIONAL RENEWABLE ENERGY LABORATORY Innovation for Our Energy Future



Museums, Zoos and Your Children wil
save the World

facebook




Temp: treerings and ice cores
400 Years CO : ice cores and measurements
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The
Economist

Jon Berkeley



400 Years Temp: treerings and ice cores
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Temperature anomaly (degrees C)
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