Tuesday Dec 2nd
TOPIC # 13 Global Warming Wrap Up
TOPIC #14 IMPACTS & ISSUES
SIT WITH YOUR GROUP TODAY
ANNOUNCEMENTS:

LINKING-TO-LIFE PROJECT
PART A - Your Ecological Footprint DUE in class TODAY!

PART B - GC Film & Video Commentaries - Due TONIGHT
before midnight — or at the latest no later than Dec 3

PART C - Project SLIDE & REPORT
Slide: Due Tue Dec 9th in the dropbox before class.
Report: Due Wed Dec 10th in the dropbox before Midnight



TOPIC#13
GLOBAL WARMING &
ANTHROPOGENIC
FORCING

WRAP UP!

Class Notes pp 85
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In addition to the “Natural -
Archive — Paleo” Approach,
COMPUTER MODELS have
been created to estimate the
radiative forcings of the PAST!

Estimates
Of Natural &
Human
Impacts On

Climate
Over The
Past 1000

Years
[graphs from 5 T e
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MODELED TEMPERATURE based on
NATURAL + ANTHROPOGENIC FORCING

| Anthropogenic and |
Natural Forcing
—— Observations

With GH Gases
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MODELED TEMPERATURE based on
NATURAL + ANTHROPOGENIC FORCING

Observations

Volganic erupti/
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That’s what the COMPUTER MODELS say . . ..
What is the EARTH ITSELF

telling us about how it s TEMPERATURE is changing?
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models using only natural forcings

models using both natural and anthropogenic forcings

2007 IPCC Report

Temperature anomaly (°C)
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SOURCE: IPCC 2007 WG-1 Synthesis Report Summary for Policymakers P 89



= Observations | Il Models using only natural forcings
Models using both natural and anthropogenic forcings
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Individual Region Model Runs showed the same results!
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Model Comparisons of Natural vs. Anthropogenic Forcing on All Continents
Arctic
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IS CHANGING? |
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THE SUMMARY: INDICATORS RECAP

Indicators of a Warming World

Humidity

‘Glaciers

Temperature Over Land Temperature Over Oceans

Air Temperature Near Surface (troposphere)

. Snow Cover
, , , Tree-lines shifting poleward and upward
, , g Sea Level
g :E ‘ Spring coming earlier
g ni?

Ice Sheets

Species migrating poleward and upward




What else tells us that the Anthropogenically enhanced
GreenHouse Effect is responsible for recent change?

from radiation & temperature
observations at various levels

in the atmosphere:
-9l Cooling stratosphere
Rising tropopause #4

Less oxygen in the air More fossil fuel carbon in the air
evidence from atmo compositio asurements evidence from carbon isotopes

t- % W 30 billion tonnes of CO2 per year

More heat returning to Earth #3
Nights warming faster than days
evidence from surface temperature ———

measurements
More fossil fuel carbon in coral kkaabadU i LLREE LS

Can you link the indicators in the figure with processes we’ve covered
this semester that are linked to an ANTHROPOGENIC influence? p92

Evidence of the enhanced GHE g ;ﬁ;@a“ H2
g




Can you link the indicators in the figure with processes we’ve
covered this semester that are linked to an Anthropogenic
Influence?

1. 30 billion tonnes of CO2 emitted into the
atmOSphere per year. Keeling curve

—

2. Less heat escaping to space
at the top of the atmosphere: L -

3. More heat returning to Earth:

—

—

4. Rising tropopause:

" Warming in the Troposphere

5. Cooling stratosphere:

Greenhouse Warming
e Signature

p 92



TOPIC #14

CLIMATE CHANGE:
IMPACTS & ISSUES -
THE IPCC FINDINGS
& WHAT LIES AHEAD

p 93 in Class Notes



There Is a paradoxical gulf between the
importance of Earth’s climate and the level
of public interestinit. . ..

We're In the middle of a large uncontrolled
experiment on the only planet we have.

- Donald Kennedy
editor-in-chief of the journal Science

—
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POSSIBLE PATHS OF FUTURE GLOBAL WARMING

Updated
- . Past observed Estimated future Estimated average
version in surface temperature temperature rise plus
A R 4 . temperature trajectories lowest and highest
- changes projections for three
scenarios

2007 IPCC
FOURTH
ASSESSMENT
REPORT

GLOBAL
SURFACE
TEMPERATURE AR
CHANGE Atmospheric
(°C) L composition
Compared to " held at 2000 levels |
1980-1999 1900 2000 100

. YEARS
eriod .
P Starts in 1900 © 2009 Pearson Education, Inc.
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T aoa 9
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UND NDING GLOBAL WARMING
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Michael E. Mann and Lee R. Kump

“The lllustrated Guide to
the findings of the IPCC”



RANGE OF POSSIBLE TRAJECTORIES
FOR FUTURE CLIMATE CHANGE

| RESULTING WARMING:
€02 1n ATMOSPHERE  +EMPERATURE INCREASE

(due to emissions)

Spread of results due to:

(a) which future emission scenario u\sed

(b) variations among different climate models

A2 = “BUSINESS

bH l : :
Past observed AS USUAL Past observed surface ; Estimated future temperature Uncertainty
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From Dire Predictions ( p 88)
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The TABLE below shows
the computer model
estimates of temperature
change for each of the
el scenarios on

N € this graph

Temperature change
(°C at 2090-2099 relative to 1980-1999) =

Sea level rise
{m at 2090-2099 relative to 1980-1999)

Meodel-based range

excluding future rapid dynamical changes in ice flow

We are already on a path
Not available .
18— 038 that is close to the A2
020-045 Scenario or WORSE!!
0.20 - 0.43
]

€ This is much faster than
was expected when the 2007
IPCC first came out!



2007 REPORT ZA
From Dire Predictions ( p 20) REPORT

POSSIBLE PATHS OF FUTURE GLOBAL WARMING Future Temperature Change
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How are “FUTURE PROJECTIONS” made?

GHG EMISSIONS = RADIATIVE FORCING = TEMPERATURE

IPCC 2013 AR5 SCENARIOS OF FUTURE FOSSIL-FUEL EMISSIONS:
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More accurate assessment of magnitude of
individual RADIATIVE FORCINGS :

Radiative forcing of climate between 1750 and 2005

Radiative Forcing Terms Climate efficacy Spatial scale
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IPCC REPORTS 2007 vs 2013

Radiative forcing of climate between 1750 and 2011
Forcing agent
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NEW: A time comparison of

TOTAL ANTHROPOGENIC
FORCING!

Total anthropogenic

RF relative to 1750

-1 0 1
Radiative forcing relative to 1750 (W m™—)




2013 REPORT: Projected RADIATIVE FORCING
based on 4 NEW & DIFFFERENT Emissions Scenarios

historical
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IPCC 2013 (AR5): Projected Climate Change for Different Emissions Scenarios
IPCC 2013 AR5 WG | Summary for Policy Makers Fig SPM.7
http://www.climatechange2013.org/images/report/WG1AR5 SPM FINAL.pdf

(a) Global average surface temperature change
6.0 —m————p—p———"——+—7—+—+————— Mean over

2081-2100

[ == historical
[ e RCP2.6
| = RCPB.5




(b) Northern Hemisphere September sea ice extent
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Two FUTURE SCENARIOS FROM THE 2013 REPORT:

very high greenhouse gas emissions

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

very low forcing level

-1.5 -1 05 0 05

-2

2100)

2005 1o 2081-

Change in average precipitation {1986

E
L S
e
LSO
e

el

e
B M o
T .a ek
TR i :
-..-
B
’ + o
. _

_,\\\

7

=y

1 _.\

a

3

o
/

/A

7

g4
/. i

(%)

20 30 40 50

10

-30 =20 =10

—40



very low forcing level very high greenhouse gas emissions

(c) Northern Hemisphere September sea ice extent (average 2081-2100)

== CMIP5 multi-model
average 1986-2005

[ ] CKMIP5 multi-model
average Z2081-2100

CMIP5 subset
average 1986-2005

CMIP5 subset
average 2081-2100

| | | | | {pH unit)
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The most comprehensive source of information on
Global Climate Change -- the IPCC

b“' ‘A

{f{} INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE iﬁ}
WMO UNEP
« Established by World Meteorological Organization
(WMO) and the United Nations Environment
Programme (UNEP) in 1988 as an objective source of
Information for decision-makers, etc.

“to provide the world with a clear scientific
view on the current state of climate change
and its potential environmental and socio-
economic consequences” (IPCC 2007)

« The IPCC does not conduct any research on its own,
nor does it monitor climate related data or parameters.




Began with:

IR A e * ltsroleistO assess on a
AU GO IUREUI comprehensive, objective,

e oo TR open and transparent basis the
latest scientific, technical and socio-
economic literature produced
worldwide relevant to the
understanding of:

« the risk of human induced
climate change

- its observed and projected
Impacts and

HER S - options for adaptation and
“Assessment Report 5”

(AR5) in 2013 mitigation.

(parts of it are still coming out)

http://www.ipcc.ch/publications and data/publications and data reports.htm#1


http://www.ipcc.ch/publications_and_data/publications_and_data_reports.htm

ipcC

INTERGOVERNMENTAL PANEL oN Climate change

http://www.ipcc.ch/

sz B

(AR5) A
September 2013

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
wamed, the amounts of snow and ice have diminished, sea level has risen, and the
concentrations of greenhouse gases have increased


http://www.ipcc.ch/

- The IPCC is a Sclientific body

* Thousands of scientists from all over the
world contribute to the work of the IPCC on a

voluntary basis.

« PEER REVIEW is an essential part of the
IPCC process, to ensure an objective and
complete assessment of current information.

« Differing viewpoints existing within the
scientific community are reflected in the

IPCC reports.




 The IPCCis an Intergovernmental body, and it
IS open to all member countries of UN and WMO.

« Because of its scientific and intergovernmental
nature, the IPCC embodies a unique opportunity
to provide rigorous and balanced scientific
Information to decision makers.

* By endorsing the IPCC reports, governments
acknowledge the authority of their scientific
content.

« The work of the organization is therefore policy-
relevant and yet policy-neutral, never policy-
prescriptive.




The IPCC has 3 “working groups,” a Task Force
(and various other subcommittees):

Working Group | (WGI):

Physical Science of climate and climate change.

Working Group Il (WGII):

People & Climate — Impacts, Vulnerability of

people and natural systems to climate change, &
Adaptation options)

Working Group Il (WGIII):

Mitigation - options for limiting GHG emissions

Plus: A Task Force that oversees
the National Greenhouse Gas Inventories Program




Small, low income, vulnerable people & nations:
They are least responsible,
yet likely to be impacted the most!



What was NEW In the most recent reports:

Estimates of confidence in the report’s results /
conclusions:

e virtually certain (greater than 99% chance that a
result is true)

* very likely (90-99% chance);
likely (66-90% chance);
medium likelihood (33-66% chance);
unlikely (10-33% chance);
very unlikely (1-10% chance);

exceptionally unlikely (less than 1%) chance).




IPCC PROJECTIONS FOR THE 21ST CENTURY

VIRTUALLY CERTAIN 99%

» Cold days and nights will be warmer and less frequent over most land areas
» Hot days and nights will be warmer and more frequent over most land areas

VIRTUALLY CERTAIN 99%

PROBABILITY (%)

« Over most land areas:
HOT DAYS & NIGHTS will be WARMER;
and MORE FREQUENT

L)

Recurrence Interval = measure of frequency

An event happening “once in 50 years”
in the future, might happen “once in 10 years”

(or have a “1 in 10” chance of occurring in any year)



IPCC PROJECTIONS FOR THE 21ST CENTURY

VERY LIKELY 90%

s |f the atmospheric CO, level stabilizes at double the present level, global VERY LIKELY 90%
temperatures will rise by more than 1.5°C

= The warming over inhabited continents by 2030 will be about double the
observed variability during the 20" century

= There will be an observed increase in methane concentration due to
human activities

» The rate of increase in atmospheric CO,, methane, and nitrous oxide will
reach levels unprecedented in the last 10,000 years

= The frequency of warm spells and heat waves will increase

= The frequency of heavy precipitation events will increase

» Precipitation amounts will increase in high latitudes

= The ocean’s conveyor-belt circulation will weaken or shut down abruptly

 the RATE of increase of GHG’s will be
UNPRECEDENTED in past 10,000 yrs

* Frequency of HEAVY PRECIPITATION &
EVENTS will INCREASE g
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IPCC PROJECTIONS FOR THE 21ST CENTURY

LIKELY 66%

LIKELY 66%

= |f the atmospheric CO;, level stabilizes at double the present level, global
temperatures will rise by between 2°C and 4.5°C

= The future increase in global average surface temperature will be between
—40% and +60% of the values predicted by climate models

= Areas affected by drought will increase

» The number of frost days will decrease, and growing seasons will lengthen

= Intense tropical cyclone activity will increase, with greater wind speeds and

heavier precipitation

= Extreme high-sea-level events will increase, as will ocean wave heights of
mid-latitude storms

= Precipitation amounts will decline in the subtropics

= The loss of glaciers will accelerate in the next few decades

= Climate change will promote ozone-hole expansion, despite an overall
decline in ozone-destroying chemicals

- Extreme HIGH SEA LEVEL events will increase

« SUBTROPICS ( that’s us!) will experience
PRECIPITATION DECLINE

« Stratospheric cooling = ozone hole persistence
even WITH ban of CFC’s!




IPCC PROJECTIONS FOR THE 21ST CENTURY

= The West Antarctic ice sheet will pass the melting point if global war ABOUT AS LIKELYAS
exceeds 5°C NOT 35-50%

AS LIKELY AS NOT 35 - 50%

« W. ANTARCTIC ICE SHEET MELTING (if Temp > 5° C)

UNLIKELY 35%

= Antarctic and Greenland ice sheets will collapse due to surface warming M
« ANTARCTIC & GREENLAND ICE SHEETS COLLAPSE \»-} %

= The ocean’s conveyer-belt circulation will suffer an abrupt transition VERY UNLIKELY 10%
= [ the atmospheric CO;, level stabilizes at double the present level, global
temperatures will rise by less than 1.5°C

« GLOBAL TEMPERATURES will rise by |
LESS than 1.5° C (if CO, stabilizes at 2x) B

PROJECTED GLOBAL MEAN
SURFACE TEMPERATURE
Warming i



Examples of IMPACTS associated with global average annual temperature change

(relative to 1980-1999 average temperature)

Increased water avgllablllty In molst tropl|cs and high latitudes oF == - - - .- I- [ ———
Decreasing water al/allablllty and Increasthg drought In mid-latithdes and semi-arid low iatltudes -——

|
Hundreds of mllllor}s of people exposed P Increased water stressI (SRR IS P ——
|

ECOSYSTEMS

Up to 30%l of specles at / Slgjﬂﬂcant’ extinctions

I Increasing risk of extinction | ound the globe

Increased coral bleaching == Most corals bleached wem \Widespread doral mortality ses s s I— —— ——

|
| Terrestrial blospherle tends toward a net calbon source as:
| ~15% ~40%, |of ecosystems affected

| |
Increasing species range:shlﬁs and wildfire risk I I |
|

I Ecosystem changesdue to weakening of t!\@ meridional g
[ | overturning circulagion

Complex, locallsed nebatlve Impacts on sma'l holders, subsistence f.!rmers and fishers we wm e - - -
|

I Tendencles for cereal,productivity ! Productivity ok all cereals mm mm
I to decrease in low Iatrtudes I decreases In 1bw latitudes

|

Tendencles for some cergal productivity M Cereal produc'tlvlty to

| to Increase at mid- to higp latitudes ] decrease In sdme regions

COASTS

Increased damage froln floods and storms e e —— e el
I About 30% of

| jglobal coastal S B ——
wetlands lost* 1

|
IMllllons more people ¢ uld experience o wu e —n == = -
oastal flooding each |

Increasing burden from malnutrlt'on, dlarrhoeal,cardlo-r%splratory and Infectioul diseases wm wm
|

Increased morbidity pnd mortality from hedt waves, floods and drolights == == == -i - .-
| |
Changed dlstrlbutlori of some disease vec(prs s e —————

|
Sulstantial burden on health services wm wm



So what do we do about all of these impacts???

ADAPTATION & MITIGATION
SOLUTIONS

POLICIES & POSSIBLE ACTIONS
to SLOW
GLOBAL WARMING . ..
& ADAPT to the warming we
can't prevent!



MITIGATION
VS
ADAPTATION ?

p 95




MITIGATION

Mitigation: intervention to reduce anthropogenic
Forcing on the climate system through:

_ ™
(a) strategies to -
reduce GHG emissions .

(b) strategies to
enhance GHG sinks




ADAPTATION

ADAPTATION: Adjustments made In

response to (or anticipation of) CLIMATIC
IMPACTS In order to:

Home in Union Beach NJ after
“Sandy” S -

(a) Lessen or reduce harm

Should this house be rebuilt?

(b) take advantage of
beneficial opportunities

TTTTTTT a

GREEN €CONOMY

Pathways to Sustainable Development and Poverty Eradication
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In fact, that approach is starting to unfold with recent joint pledges by the U.S. and China to ramp up
efforts to reduce greenhouse gas emissions: By 2025, the U.S. aims to cut emissions between 26
percent and 28 percent below 2005 levels; China pledged to peak in emissions by 2030.

The pledges were made in the run-up to a climate conference in Lima next month, which will lay the
foundation for a climate accord to be reached in Paris in December 2015.

Given such momentum, "one has to hold out hope," Levin said. "On the other hand, we do know that
we need very, very aggressive action if we are going to avoid the worst of climate change impacts.
We can't lull ourselves into a false sense of security.”



http://unfccc.int/meetings/lima_dec_2014/meeting/8141.php
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&I2NBCNEWS

U.S. and China Strike Historic Climate Change Deal
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http://www.nbchews.com/science/environment/were-kidding-
ourselves-2-deqgree-global-warming-limit-experts-n257006
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The Washington Post

Diplomats confront stark divide as climate

talks begin

http://www.nbcnews.
com/science/environ
ment/were-kidding-
ourselves-2-degree-
global-warming-
limit-experts-
n257006

Falling short

Dangerous consequences are in store if the
Earth's average surface temperature rises
more than 3.6 degrees (2°C) by the end of
the century, say climate scientists. But
current pledges to reduce greenhouse-gas
emissions won't be enough to prevent that.

Greenhouse gas emissions

Gigatons of CO,, equivalents (world)

70

Range of estimates

as usual
usus Pledged

reductions

Current
trajectory
Target

lavale

WORLD

Optimism Faces Grave Realities at Climate Talks

By CORAL DAVENPORT NOV. 30, 2014

<]

Email

WASHINGTON — After more than two decades of trying but failing to forge

a global pact to halt climate change, United Nations negotiators gathering in

o
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South America this week are expressing a new optimism that they may
finally achieve the elusive deal.

weet Even with a deal to stop the current rate of greenhouse gas emissions,
scientists warn, the world will become increasingly unpleasant. Without a

L
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©

deal, they say, the world could eventually become uninhabitable for humans.

Falling short

Dangerous consequences are in store if the
Earth’s average surface temperature rises
more than 3.6 degrees (2°C) by the end of
the century, say climate scientists. But

current pledges to reduce greenhouse-gas
emissions won'’t be enough to prevent that.

Greenhouse gas emissions

Gigatons of CO,, equivalents (world)
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Arizona Daily

T tucson.com

Tucson winter feels more
like an invincible summer

00-plus nations talk climate change in Lima

By Karl Ritter and Frank Bajak
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Greenpeace Activists Take Pro-Solar
Message to the Temple of the Sun in
Machu Picchu as Climate Summit in

RENEWABLES

QREENY

https://greenpeace.app.box.com/s/b0j7apnlokfn1132p8i9/1/2731042634/23448347971/1
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HOW TO MITIGATE FOR FOOTPRINTS!

ANTHROPOGENIC TO GREENHOUSE GAS EMISSIONS
BY SECTORS

Greenhouse Gas Emissions
by Sectors: in 2010
orestry + Other Land Use ¥
24% Industry
— 1%
{ Electricity
&

Heat
25% — Transport

49 Gt COeq 0.3%
(2010)

Othex Buildings

12%

SOURCE: IPCC2013 AR5
Working Group Il Summary for Policy Makers - AFOLU
(based on Figure SPM.2) 0.87%

Direct Emissions Indirect CO, Emissions

Class Notes pp 85



Several MITIGATION Let a thousand

SOLUTIONS flowers bloom”.
described in:Were X
" ooner | goLRR
; NOTTO HANDLE T
- Bio B
FUELs WIND
SUSTAINABLE
CON‘N\UNlTlES

(Port\and, Oregon example)



THE NEXT FRONTIER: | M O re

MITIGATING
SOLUTIONS
In this film. . .




EXAMPLE OF MITIGATION PROCESS

= factors that lead
PROBLEM SOLUTION = factors that HUMANS

to increasing : :
FACTORS! accumulation of FACTORS! can adjust to influence

CO2 in atmosphere

population,

income, energy efficiency demant;I
household size, =y ( forgoods and of goods production m=jp for energy
consumer behavior \services and service delivery

and preferences —

ost-emission carbon
tmospheric CO, ¢ P Co, ¢
gcentratiun ma;:;t::::ent emissions enier:;i'nslrgv?a; ed

The chain of factors that determines how much CO2 accumulates
in the atmosphere. The boxes represent factors that can
potentially be influenced to affect the outcomes in the circles.




MITIGATION. .

BROOKLYN

PIZZA COMIPANY°

Brooklyn has gone Solar! The new panels generate
160,000 kWh of electricity per year. Find out how
Brooklyn does its part to mitigate environmental
impact.

See the PDF.

-80,000 gal of water saved each year
-29,700 |bs of CO2 - the biggest contributor to global
warming - saved each month

-160,000 Ibs of coal saved each year

In TUCSON,
on 4th Avenue




GROUP FOOTPRINT
CHALLENGE!!!

YOUR ECOLOGICAL FOOTPRINT

Many activities impact our Footprint. If everyone
lived like you, we'd need 4.5 Planet Earths to
provide enough resources.

To support your lifestyle, it takes 20.1 global acres
of the Earth's productive area.
(19.8 tons of carbon dioxide)

1T o

N7 Crop Land
\W, Grazing Land
44 Forest Land
Built-up Land /
> Fishing Grounds

Here is how your Ecological Footprint breaks down:

Services (44%)
) Food
» B shelter

Mobility

B Goods

B services o

Can you reduce your Ecological Footprint?

go back and retake

edit your footprint parts of the quiz

explore simple actions to

explore scenarios change your Footprint

continue without
exploring




TASK #1.:

REMOVE ALL YOUR
GRADED MATERIAL
FROM THE FOLDERS!

They are about to
burst!




GROUP CHALLENGE: GROUP FOOTPRINTS & GLOBAL CHANGE
GROUP#

footprint data in the units indicated bazed o TPRINT QUIZ
roup total each column and enter at the

{Seo tha @ Stella, but do NOT anter har dato ir ‘erogaj
I A S K # 2 " If any group members forgot to bring their footprint info to class,
= enter their name with an asterisk ¥ and use the USA Average in the table below

= # EARTH's NEEDED for £ srzon:  Your Ecol Footprint fin giobal acres) + 4.5 ga

ECOLOGICAL # EARTHS NEEDED

-ILL OUT THE
~ORM IN YOUR
~OLDER &
DISCUSS YOUR
RESULTS

k

AVERAGE OF EACH COLUMBN

ymputed sact

FEACH COLUMN:
ke U ik




Mitigation & Adaption
to be continued . . . .



