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This is the biosphere at its be:

(So what is the biosphere?)
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In the'beginning....,...:..

13.8 billion years ago =
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.. It has always been in a constant state of change.

PLANET EARTH 2015

... And, climate is not static !
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Our Solar System

FACTORS THAT IMPACT
EARTH’S CLIMATE:

Distance from Sun
Solar Intensity

Shape of Earth’s orbit
Tilt of Earth’s Axis
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PLATE TECTO
HAS CHANGED
LANDSCAPE AND BI

Factoid: The current spreading
North Atlantic is about the sam
Growth of your fingernails.

(This adds up in a million years:)




152 Ma

Late Jurassic

When dinosau
roamed
across

Connecticut

200 Million years ago!

(See their tracks at Y S

the New Canaan T
Nature Center!)
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MASS EXTINCTIONS IN THE
GEOLOGIC PAST
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Major Volcanic Eruptions =
Geological Change

Tambora Eruption April 10, 1815
= Huge climate impact 1815-1818

32 cm snow in August 1816 - “Year without summ
Global crop failures and famine
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Major Earthquake
Instant
Geological Chan

.. And, over tim
Result in significa
vertical and later
Movement.
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Major Flooding
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P A S T Wildlife and

% Y- A7, . humans moved
freely between
What is now the
British Isles and
Europe until abo

,Jf "- | 8,000 years ago




AGENTS OF PLANETARY CHANGE
Biological factors
(A Function of Geological Change And Evolution)

A geological timeline of the Earth

MILLTONS OF YEARS AGO
4,500 4,000 3,500 3,000 2,500

e

Ordoviclan Carboniferous Permian Triassic
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The issue now is the accelerated rate of change.



AGENTS OF PLANETARY CHANGE
Anthropogenic (Human) Factors

30,000 YEARS to gi
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Dig We Must for Natural Resources !
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-1 hen the Raw Materials Must Be Processed !
= Energy Intensive
delivered to their mar
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Drink We Must !
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FOSSIL FUELS PROVIDE 80 % OF GLOBAL ENERG
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HUMANS AND AN AVOIDABLE LONG TERM IMPACT ON THE EARTH
(Good Stewardship Matters!

Water Pollution
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By DEEPWATER
Hopefully this will



AT WHAT POINT WILL THE OCEANS BE FISHED OUT?




FACTOID:

Between 19 has been a

52% global rtebrate
animal spe population
In the devel animals to
extinction fi

The fastest rivers

and fresh water systems where the decline
in populations has been 76%.

GWH Comment: This is simply not sustainable!

(Source: London Zoological Society and World Wildlife Fund October 2014).
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Source: New York Times 1-25-2015

NTENDED CONSEQUENCE

quito nets donated to fig
Malaria are being tied togeth
make fishing nets that are wi
out juvenile fish populations
(and everything else that swi
in East African lakes.

= Reduction in malaria morta
but eventually no food!



UNINTENDED CONSEQUENCES
OF INTENSIVE AGRICULTURE

NOAA

Oceans - land use issues

Gulf of Mexico Hypoxic Zone

Area of Mid-Summer Bottom Water Hypoxia
(Dissolved Oxygen < 2.0 mg/L)
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CHANGE AT A MICRO-SCALE'!

ANTI-BIOTIC RESISTANT “SUPER BUGS”
Millions are developing infections ever
For which there is
23,000 deaths




GLOBALIZATION = INVASIVE SPECIES

Nature
: cannot
> keep up with
these
changes!
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LA Night Energy Use Early 1970’s




Night Energy Use Early 2012

Source: NASA 2012



CHART 1-8: EMERGING ECONOMY NON-OIL IMPORTS

Imports in § billions
140
Sub-Saharan Africa

120 South Asia _

100 Middle East and North Africa :

Latin America and the Caribbean -
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Sonrce: World Bank staff calculations.




GLOBAL ENERGY GROWTH

Figure 2. World energy consumption by fuel type,
1990-2040 (quadrillion Btu)
History 2010 Projections

250
Liquids

Coal

Natural gas

Renewables

I

1990 2000 2010 2020 2030

Source: EIA International Energy Outlook 2013




INDUSTRY SCALE INCREASE REQUIRED BY 2020

il

Lead Coal Copper lron ore Aluminium Zinc Nickel

Source: Access Economics Pty for Minerals Council of Australia , 2008




Energy Consumption as an Indicator of t

Wealth of Nations
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Source: The World Bank, 2009 Data
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Our dilemma as concerned citizens -
We live here and consume a huge
amount of natural resources...

4&!’! | '-',‘ ’ o Blt wh

' about.......




== Those that live h




Are we prepared to change our lifestyles
so that the developing world can enjoy a
decent standard of living?

Do anything?







B EngRG

*ri-’#‘*ﬁ!

Kl

. L™
.'.-l_-~_.=..gul',*-, ,..d-;-"!.'" - Fﬂ

have erdérgized Am

-y

ric
R And the wm@’ s econFmv ,
ﬁ o

-_;rl_.'.
[

- :-....-..... y .
I! = _--.-
o HE LR

-
r - = -i i 7|
= 3 ' w st
i bal ® ="
[ ]
.-- - & ‘ .
! Y, - il - L Ill i
s - St v TN -
T = : T3
a | ]
¥ - - & — L]
L - : q- ' - £l 4

- 4w -|I |-_

i . Cheap and abundant f

’ B i i i 111/ S i .
: T e e ';- ' Tt e ) _.a_.,_-r- TN
A ""..F.u St T e e

Y ANLD C‘_LIME ¥




i*

However, we now know that
there is an environmental prlce .........

The business model must
change for the
good of planet earth.




WHY DOES
CLIMATE CHANGE TODAY
" MATTER?

The biosphere must be able to
adapt to the current rate of change.
It cannot! |

The impact on humans; /
where and how they live; the global
economy; and geopolitics
will be disruptive and severe.

/
We must deal with this now!

il

(GETT R IEIAGES]



CONTROVERSIAL SCIENTIFIC THEORIES
THROUGH TIME

The earth i
The earth r.
Man is des
The contin

e sun.
pes.

Anthropoge
Is causing (or accelerating) global warming.

“My friends, the debafte is over,
despite what you read in the Wall Street
Journal.”

(Skip Hobbs — Former President, American Geological Institute)




FACT: GREENHOUSE GASES RAISE ATMOSPHERIC TEMPERAT

Globally averaged greenhouse gas concentrations

LL L (T2
—— Atmosphenc measurements

Water vapor is al
A greenhouse ga
but the atmosph
can only hold so
and then it rains

Atmospheric concentrations of greenhouse gases are at levels that are
unprecedented in at least the last 800,000 years.

Source: IPCC 5t Assessment, Nov 2014




ATMOSPHERIC CO? NOW AT 400 PPM

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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Source: NOAA Feb 2015




2006 Sources of CO» Emissions

3,637.9
Fossil Fuel Combustion NI
Non-Energy Use of Fuels I
Iron and Steel Production [1NNEGGGEGEGE
Cement Manufacture I
Natural Gas Systems [N
Municipal Salid Waste Combustion [N
Lime Manufacture [N G0, as a Portion
Ammonia Production and Urea Consumption of all Emissions
Limestone and Dolomite Use [l
Cropland Remaining Cropland [l
Soda Ash Manufacture and Consumption [
Aluminum Production Il
Petrochemical Production ||
Titanium Dioxide Production |
Carbon Dioxide Consumption |
Ferroalloy Production |
Phosphoric Acid Production |
Zinc Production |
Petroleum Systems | <0.5
Lead Production | <05
Silicon Carbide Production and Consumption | <035

T T T T | | | |
0 25 M 75 1M 125 150 175

Tq CO, Ea.

Source: EPA
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When was CO2 last at today’s level,
and what was the world like then?

O? concentrations in the
lobal temperatures were
by 10 — 25 metres.

5.2 - 2.6 million years a
atmosphere reached be
2-3°C higher than now,

Large fluctuations in ice
Pliocene. During the wa
ice. Some ice may also
warm intervals. Conifer
Northern Hemisphere,

est Antarctica during the
ere probably largely free
f East Antarctica during t
in the high latitudes of t
ave been seasonally free

seda-ice. Source: Climate Policy Statement of the Geological Society of London

Note: Paleocene-Eocene Thermal Maximum (PETM) 55 million years ago
Temperatures rose 5-9°C over 10,000 years; CO2 possibly up to 2000 ppm;
Semi-tropical conditions in arctic, no ice;

Cause — kimberlite eruptions (?), CH, hydrates melted (?).

= Major ecological changes




Vol 45315 May 2008 nature

NEWS & VIEWS

PALAEOCLIMATE

Windows on the greenhouse

Ed Brook

Data laboriously extracted from an Antarctic ice core provide an unprecedented view of temper
and levels of atmospheric carbon dioxide and methane, over the_past 8 ﬁﬂ._ﬂﬂﬂ years of Earth's




FORAMINIFERA:
LLED ANIMALS
AKE A CARBONA

: 130/160 Ratio
High- ice age
Low- interglaci




CLIMATE CHANGE 2013: THE PHYSICAL SCIENCE BASIS

WORKING GROUP | - TWELFTH SESSION . . )
Stockholm. 23-26 Seplember 2013 Final Draft Underlying Scientific-Technical Assessment

WGl 127 /Don 26, Add 1
22K 2013
Agandy iem. 5

ENGLITH DMLY

Warming of the climate system is unequivocal, and since the 1950s, many of the observed
changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed,
the amounts of snow and ice have diminished, sea level has risen, and the concentrations of
greenhouse gases have increased (see Figures SPM.1, SPM.2, SPM.3 and SPM.4). {2.2, 2.4, 3.2,
3.7,42-4.7,52, 563,55-56,6.2, 13.2}

The rate of sea level rise since the mid-19th century has been larger than the mean rate during the
previous two millennia (high confidence). Over the period 1901-2010, global mean sea level rose
by 0.19 [0.17 to 0.21] m (see Figure SPM.3). {3.7, 5.6, 13.2}

Human influence has been detected in warming of the atmosphere and the ocean, in changes in

the global water cycle, in reductions in snow and ice, in global mean sea level rise, and in changes
in some climate extremes (Figure SPM.6 and Table SPM.1). This evidence for human influence
has grown since AR4. It is exfremely likely that human influence has been the dominant cause of
the observed warming since the mid-20th century. {10.3-10.6, 10.9}

Note: “extremely likely” defined as 95-100% probability
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RELATIVE IMPACT OF ANTHROPOGENIC EMISSIONS
ON ATMOSPHERIC TEMPERATURE
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IPCC Report Sept. 2013



GLOBAL WARMING SINCE 1880

g Global Mean Surface Temperature

annual mean

0.4- —5S—year running mean

I uncertainty

Tem perature Anomaly (" C)

Average global temperature has risen about
0.8°C (1.4°F) since 1880

Source: NASA-GISS, Jan 2015



GLOBAL WARMING OVER THE PAST CENTURY

Observed change in surface temperature 1901-2012

The period between
2012 was very likely t
warmest 30-year peri
the last 800 yearsin t
Northern Hemispher
(IPCC).

2014 was the warme
since 1880, with tem
5-7°F above average

Alaska (NOAA).
-06-04-02 0 0204 06 08 1.0 12515 1.75 25

(°C)

Source: IPCC 5t Assessment, Nov 2014




Observed U.S. Temperature Change

U.5. Average

0 'l_l _.-.__,lll..

Teamparatune Change ("F)

1600s 20s 40s C0s BO0s Ols
Decade
Tempearatura Changea ("F)
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<15 15010 10p45 05000 00005 0S5k10 10B1S 5§

The colers on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960 average for the contiguous
U.S., and to the 1951-1980 average for Alaska and Hawali. The bars on the graph show the average temperature changes for the U.S. by
decade for 1901-2012 (relative to the 1901-1960 average). The far right bar (20005 decade) includes 2011 and 2012. The period from 2001 1o
2012 was warmer than any previous decade in every region. (Figure source: NOAA NCDC | CICS-NC).

Source: U.S. National Climate Assessment 2014



2014 WAS THE HOTTEST YEAR!

2014 Temperature Anomaly

-4

A global average is meaningless if you live in Nome, Alaska

Source: NASA 2015




GLOBAL WARMING HIATUS ?
Global Land-Ocean Surface Temperature Anomalies
(Base Period 1961-1990)
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Note: These data are not based on a mode

Source: Hansen et al (NASA), 2010




RISING OCEAN TEMPERATURE
(.....This is where the atmospheric heat is going)

ORAS4 OHC 102
Upper 300m
Upper 700m
Total Depth
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Beginning in 2000, the oceans have experienced the most sustained warming trend
on record, and at rates below 700m that appear to be unprecedented.

(Note: Orange bands are major volcanic eruptions that resulted in significant cooling.
Green band is El Nino event of 1997-1998 that resulted in warmest year on record as heat came out of ocean)

Source: Balmaseda et al., Geophysical Research Letters, vol 40, 1754-1759, May 2013




GLOBAL WARMING - THE FUTURE

[[C relative 19 1986=2005)
("C refative wa 1850-1900, as .:|.|1

Global mean temperature change
approximation of preindusinal levels)

W f-

1900 1950 2000 2050

—— Dbserved
&== RCP8.5 (a high-emission scenario)
Overlap
—— RCPZ.6 (a low-emission mitigation scenario)

Source: IPCC 2014 Note: Projections are based on models.




Model RCP 2.6 Model RCP 8.5

Change in average surface temperature (1986-2005 to 2081-2100)

: S - gt e S 32

IPCC Report Sept. 2013



September 16, 2012 (summer minimum)
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IT’S GETTING WARMER'!




PERMAFROST IS
MELTING IN ALASKA

Alaska is warming at around twice the rate of therest of the United States. The
average annual air temperature has risen 6.1%.F.(3.4° C) in the past 50:years, while
winters have warmed by 11.3° F (6.3° C). -






SEA LEVEL RISE ON THE NORTH CAROLINA COAST

rip frgre 2013, e has
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Figure 2. This chart illustrates the magnitude of 3LR resulting from differing rates of
acceleration. The most likely scenario for 2100 AD is a rise of 0.4 meter to 1.4 meters (15 inches
to 55 inches) above present.

Source: North Carolina Sea-Level Rise Assessment Report
N.C. Coastal Resources Commission, March 2010




Atlantic

Ocean

Wil Wellamds Ea Converied by Open Water?

Reafe of
Saa Level Rise

# = Wetands would be marginal  Yes? = Wetland would be marginal or lost



SEA LEVEL RISE CLOSE TO HOME
Davis Farm
Stonington, CT

1943 2013

These photographs are not exactly the same view. However,
Mr. Davis Estimates that sea level has risen about 8 inches
since he was a young boy.



RISING TEMPERATURES =

MELTING ICE + THERMAL EXPANSION = SEA LEVEL RI:

Global mean sea level rise

1.0

08

0.6

(m)

0.4

0.2 -

0.0

!

]
g Mean over
= 2081-2100

RCPAa5

RCP4.5
RCPE.O

=
o
o
[
c

Source: IPCC Report Sept. 2013
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Landmarks

. West Side Highway

Battery Park
Erpakiyn-Rattery Tanmel
Sowth Ferry Subway Station

E Feiry Terminals

F. Framkim 0. Rosieivelt Drive

G. Woll Street

H. Sowth Street Seaport

The light blue area above depicts today's FEMA 100-year flood zone for the city (the area of the
city that is expected to be flooded once every 100 years). With rising sea levels, a 100-year flood
at the end of this century (not mapped here) is projected to inundate a far larger area of New
York City, especially under the higher emissions scenario.” Critical transportation infrastructure
located in the Battery area of lower Manhattan could be flooded far more frequently unless
protected. The increased likelihood of flooding is causing planners to look into building storm-
surge barriers in New York Harbor to protect downtown New York City, 247037

A 1 meter seal
Rise by 2100 wi
physically and
HUELTSELLY
devastating to
coastal cities a
Communities
around the glob

... and long be
2100




A WARMER ATMOSPHERE = MORE MOISTURE
MELTING ARCTIC ICE
= CHANGES IN ATMOSPHERIC
QCE AN 2RENTS

'S I\ B

Expect overe Storms!

_ 42. The insuranc
@<~ Companies a
7 ] . FEMA

i . Recognize th




Change (%)

0-8 1018 20-289 30-39 40+

Source: U.S. National Climate Assessment 2014
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DESERTIFICATION IN THE USA

Oklahoma

penix August 26, 2013



CURRENT AND FUTURE
WATER SHORTAGES ARE A MAJOR GLOBAL ISSUE

Dryland Systems
i parennl of th ghebal lerresirisl ares

Ilﬁ'ﬂel'aﬁd [ L T

Am‘. : - Surface Arga Dy sebshemid Sapreigrad
| Semiarid

e
[ 10
Source: Millennium Ecosystem Assessmeani in paranl af the ghebal populatien




Forest Fires are on the Rise
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Ocean Acidification: The Other CO, Problem

Council of Scientific Society Presidents
2 May 2010
Richard A. Feely

NOAA/Pacific Marine Environmental Laboratory
With special thanks to: Chris Sabine, Simone Alin, and Sylvia Musielewicz

400 - 838
] 133
7 :
CO, = L. pH
25 %"‘“
a1
300 E
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The red color plots CO2 levels at the Mauna Loa Observatory in Hawaii; the dark blue plots ocean
surface CO2 and the light blue plots pH at the ALOHA Station site in the Pacific Ocean north of Hawaii.



Pacific Northwest Oyster Emergency M ﬁm T| |
Willapa Bay Seed Crisis o SRR

Failure of larval oyster
recruitments in recent

years

Commercial oyster
hatchery failures
threatens $100M
industry (3000 Jobs)

 Low pH "upwelled”
waters a possible leading
factor in failures

* Larval oyster may be
“canary in goldmine” for
near-shore
acidification?




Shells Dissolve in Acidified Ocean Water

Figure 2.31, Pteropods, or "sea butterflies,” are free-swimming sea snails about the size of a small pea. Pteropods
are eaten by marine species ranging in size from tiny krill to whales and are an important source of food for Morth
Pacific juvenile salmon. The photos above show what happens to a pteropod's shell in seawater that is too acidic.
The left panel shows a shell collected from a live pteropod from a region in the Southern Ocean where acidity is
not too high, The shell on the right is from a pteropod collected in a region where the water is more acidic (Photo
credits: (left) Bednariek et al. 2012:™" (right) Nina Bednar3ek).




f

pH distribution in surface waters from the NCAR CCSM3 fw
model projections using the IPCC A2 CO, Emission Scenarios .

e

Light gray = warm water corals Feely, Doney and Cooley,
Dark gray = deep water corals Oceanography (2009)



Finding Balance: Advancing Sustainability

U.S. Department of the Interior




PRIORITY # 1
Reduce our carbon footprint

Thi
A

and carrots”
e to start.

2
fficiency
tion

Ma

Transportation; housing, factories and offices

The other environmental issues
are easy (sort of) to remediate




REDUCING OUR CARBON FOOTPRINT
= RENEWABLE ENERGY
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TIDAL ENERGY IS POTENTIALLY A HUGE RESOURC

{£) MCT Lid 2003



Nuclear is a good solution
earthquake zones,
ins, or near

I!

aste fuel site is
anctioned.
/ can be recycled




COAL IS AN ABUNDANT AND CHEAP RESOURCE

But its use requires.....

Carbon Sequestration Options

_ _ Power Station
Terrestrial Sequestration with CO; Capture

Geologic Disposal

This is expen

Enhanced Recovery




U.S. energy consumption by energy source, 2013

Fotal = 97.5 quadnlion Btu Total = 9.2 quadrillion Blu
e Solar 3%
' Geothermal 2%
Wind 17%

—

Biomazss waste 5%

Biofusls Z25% Eiomase

s LB ]

Wionod 2295

Hydroeslectric 28%

rounding o
Source’ ULS. Energy Informabion Adminsiralion, Mondfy Ensrgy Raden 'S igl""l
Table 1.3 and 107 (&ay 2014), 2013 dala

Note: Wind + Solar = 2% Total

It will take time to transition to a smaller carbon footprint.
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Climate change due to anthropogenic
Greenhouse gases will take centuries to remediate.
Humans will suffer, but will survive.

Man’s other ph ys:cal impacts e —

Planet earth are relatively easy
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Water Use can be Regulated and
Desalination is an Option for Supply

00 (B i s v ) e

Desalination plants supply 70%
Of Saudi Arabia’s water supply
And 28 Million MW electric power



When there is a will to do so, we can
Clean up the environment!

Urban-industrial Rivers
that Caught on Fire
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John H. Hartig C]eﬂning Up
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PCBs
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Forests can be replanted







MANAGING GLOBAL WASTE
Recycling Makes a Difference!
...and saves energy.

~Wood
: 6% _Ferrous Metal

RECYCLE




MANAGING GLOBAL WASTE
Waste to Energy Makes a Difference!



4 L
i o - | R

- !: -

)
FI'H‘IERIES-.SUSTQINABII:I'I"Y i
- g Tl

Strict Quotas on wild fish =~

conservation areas n i
= fish farming ao Wi

: — r i '
—— (L v
—enm K = = o

=
X s o
= o e
. . e N -_ =
gL
- Ly 4 T
= £ i
. e
5 - A
% g = Ty




EFFICIENT AND AFFORDABLE PUBLIC TRANSPORTATIC
WILL HAPPEN - It simply has to!




WHAT CAN WE DO IN NEW CANAAN ?

Some Possible Garden Club initiatives to
Reduce Carbon Footprints & Promote Conservation

-cycling.
rgy audit!).
s and LED lightbulbs.

Promote institu
Upgrade home i
Use energy effi
Operate fuel eff
Support comm
Support the Sol
Plant More Tre
Reduce Pesticide use.

Conserve Water by reducing lawn areas and replacing with
greenscapes.

Buy organically grown food.

ban plastic bags in stores.

ural gas.
ram.
nd roadsides.

COLLECTIVELY, SMALL STEPS MAKE A BIG DIFFERENCE!
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PIanetEar"th is changmg,« at%eleratmg rate,
and with a potentlally devastatmg impact on humanity.
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There is a significant anthropogenic factor in the change.

There is'a growmg chasm between the “haves” ’ 4
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Reduction of our carbon foo L, energ y conservation,
an%ral resource susfamablllty matter - a lot!
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Making a difference stafts
community. Then let your voice be heard in the state
house, corporate board-:%— and in Washmgton.
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MAY ALLOE gm BECOME BETTER ' .
|  WONDERFUL PLANET, Ja
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