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Note
All parts of this workshop presentation and the corresponding educational activities can be found at 
/teacher_resourcesTX2006_climate_workshop.html


Before we can understand climate change, we need to know what
determines climate from place to place...
www.ig.utexas.edu/research/projects/plates/#movies

Climates in Comparison
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The average weather for a
region over a long period of
time — 30 years or more

Determined by latitude,
altitude, topography,
proximity to oceans/position
In land mass, and aspect

Characterized by
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Article Discussion

What Makes Good Climates Go Bad?
By Mickey Glantz, NCAR
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Article is available for download at 
http://www.geotimes.org/apr05/feature_badclimate.html
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What would
you say to a
student who
asks:

“Is It possible

for a bad
imate to
WELO/ME

Greenlanders looking forward to global warming
mongabay.com
July 18, 2006

Some people in Greenland are looking forward to climate change according to an
article in today's issue of The Wall Steet Journal.
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This synthesis report is available for download at 
http://www.acia.uaf.edu/pages/overview.html


Change in permafrost temperatures
at various depths in Fairbanks (Alaska) Permafrost in the Arctic
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6th Annual Environmental Health Sciences Summer Institute for K-12 Educators
University of Texas, Austin



USA Today
Monday,
June 13, 2005

Tyson: Tm just
happy it’s over’

The debate’s over:
Globe is warmin

Politicians, corporations and
religious groups differ mainly
on how to fix the problem

By Dan Vergano
USA TODAY

Don't look now, but the
ground has shifted on global
warming. After decades of de-
bate over whether the planet is
heating and, if so, whose fault
itis, divergent groups are join-
ing hands with little fanfare to
deal with a problem they say
people can no longeg al\ili)ld.

General Electric
Cover is the latest big o
porate convert; poli-
Stﬂy ticians at the state
and national level are looking for
solutions; and religious groups
are taking philosophical and finan-

 cial stands to slow the progression of

climate change.

They agree that the problem is real.
A recent study led by James Hansen of
the NASA Goddard Institute for Space
Studies confirms that, because ofpcar—
bon dioxide emissions and other
greenhouse gases, Earth is trapping
more energy from the sun than it is re-

Please see COVER STORY next page »

A warming world

This simulation compares air temperatures
near Earth's surface during the last 20 years
of the 20th century with projections of
temperatures during the last 20 years of the
21st century. The greatest warming occurs

in the Arctic and Antarctica.

Projected temperature
increase from 2000 to 2100

0 1.8 36 54  7.2°Fahrenheit |

Note: The Community Climate System Model map is the product of computer simulation:
at the National Center for Atmospheric Research with input from university and federal climate scientists.

Source: National Center for Atmospheric Research

USA TODAY
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Why Business Is'ﬁlkm [t So Seriously
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SCENES FROM THE MOVIE -
THE DAY AFTER TOMORROW Activity:

' Climate in the News
Listening Critically to its Voices

MICHAEL[R
CRICHTON

AN
INCONVENIENT
TRUTH

AL GORE

Source: DayAfterTomorrowFacts.org.a
project of the Energy Future Coalition

ual Environmental Health Sciences Summer Institute for K-12 Educators
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This activity is available on the Windows to the Universe Web site at /teacher_resources/TX2006_climate_workshop.html
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Note
Events in the news are like the tip of an iceberg -- only 10% of the whole can be seen, but it’s the mass of ice underneath (90% of the whole) that the ocean currents act on and which determines behavior of the iceberg’s tip.  So what we hear in the news today -- the Israel/Lebanon confllict or the Iraq war  -- are the tip of the iceberg.  On the news these events are witnessed as dramatic isolated incidents; but…
The forces that create and shape them (what happens “underwater”) are not often revealed.

When more of these such events happen, we may start to see a pattern.  Patterns underlie and act upon events, so they are shown just below the tip in the iceberg model.

Finally, deep beneath the surface are the underlying structures, root causes, or deep seated values that drive the events and patterns -- just as the underlying ice mass drives the tip of the ice berg.  These underlying structures or causes can be economic, political, or social.  Are underlying structural causes covered in the news?  Not always.

Review the media on climate in the packets I give you.  Has this been in the news before?  Recurring event?  Global pattern?  Possible root causes of these patterns?  Think of the voices you are hearing?  Who’s point of view are you listening to?  What possibly are their underlying values that drive their point of view?
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CLIMATE CHANGE 2001
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The Science ... Some Basics
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What We Know About Climate Change

Water vapor, CO2, and other greenhouse gases act to warm
the atmosphere by absorbing some of Earth’s outgoing
radiation and re-radiating some this energy back to the surface.

CO2 levels in the atmosphereshave risen more than 30% since
W|despread fossn fueljuse;began ithenighest in more than

dramatically over the last 50 years.
Glaciers are retreating.
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Concentration of Carbon Dioxide (CO?)

Atmospheric Carbon Dioxide Concentration
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This image represents what is known as the Keeling Curve.  Measurements begun in 1958 by Charles Keeling, recently deceased.  His measurements drew attention to the rise in CO2 in our atmosphere.


Changing Atmospheric Compaosition:
Indicators of the Human Influence
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31% increase CO2 since 1750: Highest levels since at least 420,000 years ago
 Rate of increase unprecedented over at least the last 20,000 years
 Concentrations have increased 100 ppmv over the last 150 years; in comparison, it took 10,000 years for the same relative increase at the end of the last ice age
 Methane has increased to its highest  concentrations since at least 420,000 years ago
 Nitrous oxide concentrations exceed those at any other time in at least the  last 1,000 years
 Methane stays in the atmosphere about 10 years.  It has increased more than co2.
Nitrous Oxide slide shows radiative forcing estimate.
Sulfur slide:  comes from sulfates -- not distributed evenly around the globe like the other chemicals mentioned here.  These end up in the ice core record largely from population created in Europe that land on the ice in Greenland.
When you burn fossil fuel you get 2 things:  gases like sulfur dioxide and particulates like soot.  Particulates Don’t last in atmos. Long – brown clouds.  Particulates absorb some of solar radiation and actually cools earth. Sulfur dioxide gets oxidized and forms sulfuric acid and forms the acid rain problem.  It forms a small particle.  Result is the milky white haze which tends to reflect and this has a cooling effect too.  It too is a bit regional, but because it is a gas it’s more wildly distributed than the particulates.  
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Though these blooms occur naturally, human activity can increase the number of widespread blooms. Agricultural and industrial run-off pour nitrogen fertilizers into the sea, providing the additional nutrients that algae need to form large, dense blooms. Such blooms harm both marine ecosystems and humans. The bacteria that consume the decaying plants suck oxygen out of the water, creating dead zones where fish cannot survive, and large summer blooms can contain toxic algae that are dangerous for humans and other animals.
The Baltic Sea blooms with life two times per year, once in the spring and once in the late summer around the Swedish island of Gotland. The summer bloom is usually caused by blue-green algae growing on the surface of the water. The algae thrive when ocean waters are warm and winds are calm; strong winds would churn the ocean, stirring the plants down into the waterｫs depths and keeping them away from the sunlight that they need to reproduce.Different types of blue-green algae grow in these waters, at least one of which (Nodularia spumigena) is toxic,. It is quite possible that many different kinds of algae make up this bloom.
Unlike the summer bloom, the spring bloom is made up of non-toxic, cold-loving plants called diatoms and dinoflagellates. These tiny plants spread over the surface of the Baltic Sea when springｫs thaw brings a rush of icy-cold water from the land into the sea.




The Nitrogen Cycle Game
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Carbon, Climate, and Laser Technology

The Carbon Cycle Pursuit Game

Teacher’s Guide

Subject Focus: Natlonal Sclence Content Standards Addressed:
Eurth Science Standuards C, D, and F
Biology
Chemistry Learning Objectives:
* earn the biological carbon cycle as cach team moves as carbon
Materlals & Preparations through the stmosphere. oceans, biosphere. and lithosphere
* Cormrectly identify and use the terms carbon source. sink, and reservorr
Time: * Learn shout human’s role today in impacting the carbon cycle
Preparation: 20 minutes * Understand that the carbon cyvele 1s a dynamic system that plays a
to make one game, significant role in Earth’s atmospheric composition
although the process cun * Understand that changes i Earth's atmosphenc composition impact
be greatly cxp.:dncd by climate and life on Earth
involving students
Objective of Game:
Introduction; 10 minutes Small groups of 2-3 students work together to correctly answer guestions about the
carbon cycle and advance through ull seven carbon reservoirs on the game board betore

Playing time: 30 minutes  theiropposing team

http://www.atd.ucar.edu/apol/Library ___ Activities.htm
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Also available online for download at 
http://www.eol.ucar.edu/apol/E_O.htm
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Annual Global Mean Surface Temperature =

Earth’s average surface temperature
Increased 1 degree F. (.6 degrees C.)
during the 20th century.

Global air temperature
2005 anomaly +0.48°C
(2nd warmest on record)
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Blue:  well within the range of normal variation of -+.2 degrees C - the natural temperature fluctuation shown by models when the atmosphere composition is not significantly changed.  In the red area - recent trends, shows warming outside of random fluctuations.
So what’s happened on planet Earth.  Graph of past 106 years.  Around 1970 global temperature variation increased dramatically.  We can see one of the warmest temp variation occurred in 1998 following the 97-98 El Nino.  Observations over ocean prior to 1950 are less reliable and data recorded prior to 1900 are poor.  World War II perhaps lapse in data but also 1939 and 1945 were major El Nino years.
Earth:  Annual mean departures from the 1961-90 average for global temperatures, mean 14.0°C, and carbon dioxide concentrations from ice cores and Mauna Loa (1958 on), mean 333.7 ppmv.
The globe is warming.  Claims to the contrary are not credible. Three different analyses of observations of surface temperature averaged across the globe show a linear warming trend of 0.6ºC ±0.2ºC since the beginning of the 20th Century. Rates of temperature rise are greater in recent decades: since 1979, global surface temperatures have increased more than 0.4ºC. Land regions have warmed the most (0.7ºC since 1979), with the greatest warming in the boreal winter and spring months over the Northern Hemisphere (NH) continents. A number of recent studies indicate that effects of urbanization and land-use change on the land-based temperature record are negligible as far as continental- and hemispheric-space averages are concerned, because the very real but local effects are accounted for. Recent warming is strongly evident at all latitudes over each of the ocean basins and, averaged over the globe, the SSTs have warmed 0.35ºC since 1979. The trends over the past 25 years have been fairly linear; however the global temperature changes over the entire instrumental record are best described by relatively steady temperatures from 1861-1920, a warming of about 0.3ºC to 1950, a cooling of about 0.1ºC until the mid-1970s, and a warming of about 0.55ºC since then. Thus, global surface temperatures today are about 0.75ºC warmer than at the beginning of the 20th Century. 
The warmest year in the 145-year global instrumental record is 2005 then 1998, since the major 1997-98 El Niño enhanced it. The years 2002–2004 are the 3rd, 4th and 5th warmest years in the series since 1861 and ten of the last 11 years (1995 to 2005) – the exception being 1996 – are among the 11 warmest years in the instrumental record. Well known curve
Color bars: Estimated changes in global, annual mean surface temperatures since 1860 (143 years), plotted as anomalies relative to the 1961-1990 mean, obtained from thousands of surface measurements



Top 5 Warmest Years Worldwide
Since the 1890s
1. 2005
1998
200248

2003

2004

o B
Note: The first 6 months of 2006
are the warmest on record.
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Northern Hemisphere Annual Temperatures
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Reconstruction of last 1000 years using proxy data: ice cores, tree rings, and coral cores.  Yellow represents error bars where we have limited data to draw conclusions from, especially before 1600.  Circled area is the midevil warm period when vikings romed the seas.  Following it is the Little Ice Age In Europe.  This cold period was only in Europe and not Global in scale.  Believed to be connected to the sun spot cycle.  There’s waves in the atmosphere that form a synopic relationship -- when its cold in Europe, odds are it is warm somewhere else.  Anyway, it’s important to know that this graph, often called the Hockey Stick, represents only No. Hem; large error bars before 1600 due to limited # of records; but today we are well outside  of the error bars and the natural variation we’ve seen in the past. 11,000 years ago was the younger dryas -- the last period of a large fluctuations like we are seeing today (a cooling) we think due to fresh water melt changing the thermohaline circulation which starts in the arctic.


Climate in the Ice Cores --
Now Extends Back 1 Million Years!

—Temperature in degrees centigrade (compared with 1960-1990 baseline)
| =——Atmospheric carbon dioxide (CO2 in parts per million)
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Ice Core Record with the Dome Fugi ice core obtained recently: data going back 1 million years.  The data shows just how out of the ordinary our CO2 levels are, and how we are heading into unchartered territory as we look toward the future


Glaciers are Retreating Globally
In Switzerland... In Alaska...




Evidence for the Reality of Climate Change

1909 Toboggan Glacier, AK

AR

1858 Grindelwald Glacier, Switzerland

j:'» ,;.f,\‘.g _;. i
w Zealand
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And In Africa

The Melting Snows of Kilimanjaro Glaclers

1912 2002
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Sources: Meeting of the Amencan Association for the Advancement of Science {AAAS), February 2001 : Earthobservatory. nasa.gaov,
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Climate Change effects on Coral

Increasing CO, reduces alkalinity of

' AW T
Coral reef bleaching has been
detected around the world
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Branching coral
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Recent Fire Research
Re: Fires in the West

Sclencexpress Perspective

Is Global Warming Causing More, Larger Wildfires?

Steven W, Running
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48 fires this week (July 20, 2006) in US west. The findings of Westerling et al. are succinctly summarized by Running (2006) in an accompanying Perspective, wherein he writes that "since 1986, longer warmer summers have resulted in a fourfold increase of major wildfires and a sixfold increase in the area of forest burned, compared to the period from 1970 to 1986," noting also that "the length of the active wildfire season in the western United States has increased by 78 days, and that the average burn duration of large fires has increased from 7.5 to 37.1 days." In addition, he notes that "four critical factors - earlier snowmelt [by one to four weeks], higher summer temperatures [by about 0.9｡C], longer fire season, and expanded vulnerable area of high-elevation forests - are combining to produce the observed increase in wildfire activity."


Evaluation of Climate Models

How well do models simulate present climate?
How well do they simulate past climate change?
Can natural factors explain the last 100 years?

Can human factors explain recent changes?
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Evolution of Climate Models

The development of climate models, past, present and future

Mid-1970s Mid-1980s Early 1990s Late 1990s Present day Early 2000s?

Atmosphere Atmosphere

Land surface

Sulphate Sulphate Sulphate
aerosol aerosol aerosol

Non-sulphate Non-sulphate
aerosol aerosol

o i Sulphur Non-sulphate
o :mg‘dsé?a e cycle model aerosols

le model

Dynamic
vegetation

Atmospheric. .
_chemistry WG1 -TS BOX 3
FIGURE 1

IPCC |
‘ INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE




Urban Heat Island Effect

Urban areas influence the atmosphere through a number of processes:

1. Paved surfaces and concrete canyons absorb the Sun’s rays and produce heat.
2. Chemicals emitted by cars, industrial facilities,and even trees affect sunshine in different
ways, often trapping it and creating more heat.
. The warm air rising from a city may collide with moist air from a nearby body of water,
releasing precipitation downwind of the city.
. The warm air and precipitation can affect winds for hundreds of miles.

>

Warm Air Prevailing
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CCSM Simulation of the Real World

Water Vapor Content (Clouds) in White
Precipitation in Orange



eastburn
Note
This animation is available with the workshop materials listed at /teacher_resources/TX2006_climate_workshop.html


The Past Century’s Climate
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Uncertainty or “error” bars include the spectrum of results aross all the climate runs in the ensemble…


Can Natural Factors Alone
Explain the Recent
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Simulation of 20" Century Warming

Global Average Temperature
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Well known curve
Color bars: Estimated changes in global, annual mean surface temperatures since 1860 (143 years), plotted as anomalies relative to the 1961-1990 mean, obtained from thousands of surface measurements
It reveals an increase of 0.6 +/ 0.2 C since 1900, with very strong warming over the past several decades culminating in the 1990s as the warmest decade in the instrumental record.
The nine warmest years have occurred since 1990, and the 5 warmest in descending order are 1998, 2002, 2001, 1997 and 1995.
2002 was 0.58 C above the 61-80 mean
To put this in an even longer time perspective, analyses of proxy data from trees, corals, ice cores and historical records show that the 1990s are likely to be the warmest decade of the past 1000 years, with 1998 the warmest year, and the coldest probably 1601.
The consensus of the research community is that much of the recent warming can be attributed to increasing concentrations of greenhouse gases in the atmosphere, such as CO2 which is also shown here.  
Direct measurements of CO2 (the solid curve) are taken from measurements in Hawaii since 1959, and prior to this are estimated from ice core records.  
The CO2 anomalies are relative to a 61-90 mean of 333.7 ppmv
CO2 has increased 31% over pre-industrial values and, if current trends continue, will double during the next century, with further increases thereafter. 



Question:
What Is Meant by the Term “Uncertainties”

When Speaking of Climate Models?

Response: Jerry Meehl et. al
Climate Futuge: lces of Science
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Confidence In the
ability of models to
projectdutureclimates
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IPCC Climate Model Scenarios

A1: A world of rapid economic growth and
rapid introductions of new and more
Efficient technologies

A2: A very heterogenous world with an
emphasis on familiy values and local
traditions

B1: A world of dematerialization and L

introduction of clean technologies : W | More
i regional

B2: A world with an emphasis on local
solutions to economic and environmental
sustainability
More

IS92a: Business as usual scenario (1992) et
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Simulation of Past, Present and Future

61 IPCC-2001 Projected Range of Future Climate
= (Observational Range of Past Climate and Central Estimate

Instrumental Record
———— NCAR-CCSM Simulation Past - Present
~———— NCAR-CCSM Simulation Future Scenarios
———— Mann and Jones (2003) pessimistic |
4 | eececee Moberg et al. (2005) - 4

Climate models estimate global
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Potential climate changes impact

Temperature
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Climate models
estimate global
temperatures will rise |
by 1.4 to 5.8 C by the Sea level rise , -
year 2100, including Precipitation

the effect of aerosols
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Impacts on...

Health Agriculture Forest Water resources coastal areas

Erosion of beaches

Weather-related Forest composition Inundation of Loss of habitat and
mortality Crop yields Geographic range WleraupnY coastal lands species
Infectious diseases Nioation d d of forest Water qualily 2
Alruali I AIgAton GOMEINS Eorest health Competition for water additional costs to Cryosphere:
r-quality respiratory orast healih protect coastal diminishing glaciers
ilnesses and productivity communities
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Arcendal ynir
Scurea: United Stakes erndronmentsl proteciion agency (EPA).
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Climate Change --
Manifestation in terms of Weather
(climate extremes)
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Lake Dillon, Colorado, August 8, 2002




Simulations of Future Climate

Global Mean Temperature Anomaly ("C)
Temperature Anomaly ('C)
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Heat Related Deaths - Chicago, July 1995
Maximum Temperature and Heat Index
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This graph tracks maximum temperature (Tmax), heat index
(HI), and heat-related deaths in Chicago each day from July
11 to 23, 1995. The gray line shows maximum daily temper-
ature, the blue line shows the heat index, and the bars indi-
cate number of deaths for the day.
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INTERNATIONAL
Record heatwave sweeps through Europe

NETH

R 3
INDEPENDENT

HOME NEWS I SPORIT H COMMENT ” EDUCATION “ MOTO}
21 July 2006 04:22 -
UK¥ Europe World¥ Business¥ Media Environment Peopled P1 imag
Carbon plan as Britain swelters Home > News > Environmant

David Adam, London

July 20, 2006

Temperature set to hit 100 degrees - and
global warming is to blame

By Michael McCarthy and Steve Connor
Published: 19 July 2006

Heatwave death toll rises in US

DER TIMES......

Severe heat across much of
the US has claimed at least
22 lives around the country, '
officials say. $

LEA

H S 7T |

At least 10 states have
suffered heat-related deaths as|
a swathe of the US has

sweltered above 38C (100F),
although temperatures are set L=
to fall. .

_ Area officials get input on flood relief

By CHRISTINE S. DIAMOND, Cox East Texas
Saturday, July 08, 2006

Faced with an unending siege of wildfires across Texas since early 2005, the
state agency responsible for helping rural Texas suppress wildfires is itself
about burned out.
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Note
Summer 2006: Only the second time (2x in 3 yrs) in recorded history that Britian has reached 100 F (38.6C) .


Activity:
Decisions Decisions
- Energy Use when the Heat Is On
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July Heat Index Change - 21st century

Canadian Model Hadley Model

Average Summer Mortality Rates
Attributed to hot weather episodes

Both models project substantial increases in the July heat index (which combing
show the projected increase in average daily July heat index relative to the pre

where the Canadian model projects increases of more than 258F. For example,
would reach a heat index of 1158F in the Hadley model, and 1308F in the Canadia

(AN AR 7. in ' L= -

Deaths per 100,000 Population

- Risk of death and serious illness increases,
principally for older age groups and the urban
poor

« Exacerbated by increased humidity and air

pollution

» Greatest impact in mid- to high latitude cities ol

 Warmer winters will decrease winter o8
mortality, but balance is unknown

Los Angeles
Minneapolis
New York
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What If...
we stopped all GHG emissions now.
Would that prevent climate change?
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“Commitment” to Further Climate Change

obally averaged surface air temperature & sea level rise
| I | | | I | | | I | | | I | | I | | |

PCM sea level
CCSMS sea level
PCM temperature
CCSMS3 temperature
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Note
This graph shows the degree of temperature warming and sea level rise that we can expect if we were able to immediately stop all GHG emissions today.  Temperatures would continue to rise slightly, while sea level rise will continue to rise will into the next century, 2100.  There is due to the emissions we have already created.  What then can we expect, if we continue on our current course?


Simulations of Future Climate: IPCC AR4

Over the next decade or two, all models produce
similar warming trends in global surface temperatures,
regardless of the scenario (550, 690 or 820 ppmv by
2100).

* By mid-century, the choice of scenario becomes more
important for the magnitude of warming, and by the end
of the 21st Century there are clear consequences for
which scenario is followed.

* Nearly half of the early 21st Century climate change
arises from warming we are already committed to.
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Climate Future: Voices of Science
Climate Change Impacts --
Today, Tomorrow
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Sea Ice Area Extent Decreasing

 Both models predict — Modeled Ice Extent
T : = Pol ial Fit
decrease in sea ice extent e e
A Observed, 1978-98
Observed Trends

-
w

Both models, and

observations, show that
the decrease in sea"ICEN.
extent is accelerating™ =3

—_
\V)

—
—a

-

Ice extent (108 km?)

8
1900 1920 1940 1960 1980 2000 2020 2040
Year

(Vinnikov et al., 1999, Science,; Chapter %)
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Arctic Ice Is Thinning

Location of the sampling points

The height of the bars represent the Eastarm
reduction of ice thickness (draft) from Chukehi Arctic
the period 1958-1976 to 1993-1997 s Cap North -1.8 mater
seacsont 0omater  poa Nansen
Sea Canada L i Rocin
-0 9 meter Basin 1,4 Theref Sapild

v -1.7 meter

lca draft in the S0s is over a meter
thinner than three decades earlier
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Jul-Aug-Sep Avg
Year 220
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Note
This animation is available for download at /teacher_resources/TX2006_climate_workshop.html or at the UCAR Visualizing Enabling Technology website at http://www.vets.ucar.edu/vg/categories/globalchange.shtml


Ice IS breaking up earlier on rivers and lakes In
the spring around the world

Evolution of the ice-breaking date in the River Tornio (Finland)
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Collapse of Antarctic Ice Shelf Unprecedented

PRESS RELEASE
_.~Date Released: Friday, August 5, 2005

A Calamity In
the Making?

d— T2 pONd

Source: NASA

Source: ABC
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Note
They attribute the recent collapse to the effects of climate warming in the Antarctic Peninsula, which is more pronounced in this region than elsewhere in Antarctica or the rest of the world. The Larsen B ice shelf is not alone in its demise. In recent years, the Antarctic Peninsula has lost ice shelves totaling over 4825 square miles.
It is estimated that the breakup of the west Antarctic Ice Sheet would make sea level rise by approximately 4-6 meters or approximately 13-20 ft -- enough to flood low lying coastal areas where the majority of the the human population lives.
The West Antarctic Ice sheet is approximately 932,000 square kilometers and has been steadily receding for the past 10,000 years. It rests on the Antarctic land mass well below sea level and, for this reason, is particularly sensitive to climate changes.



Figure 3. Lands Close to Sea Level: U.S. Atlantic and Gulf Coasts
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Source: EPA
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Sea Levels have risen

Relative sea level over the last 300 years

Sea-level Rise Projections
1700 1800 18

. Canadian Model (Thermal Expansion)
Millimeters Hadley Model (Thermal Expansion) ‘
200 Hadley Model (Thermal Expansion and glacial melt) |
+ /

+ 100
0 A Ml A
-100

- 200

Millimeters
+ 200

+ 100
SO AN N
- 100

- 200

Sea Level Rise (inches)

Millimeters

+ 200 '

+ 100 Historic and projected changes in sea level based on the
Canadian and Hadley model simulations. The Canadian model

0 ‘AA/ MJV\' projection includes only the effects of thermal expansion of

- 100 warming ocean waters. The Hadley projection includes both

thermal expansion and the additional sea-level rise projected
- 200 due to melting of land-based glaciers. Neither model includes

consideration of possible sea-level changes due to polar ice
melting or accumulation of snow on Greenland and Antarctica.
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Endangering Coastal Proper

- .."'"- ;
- ]
e 3R BN
US Coastal Lands at Risk from a
20-inch Sea-Level Rise

. Crylands

Wetangs

L,

Md- South Sa&aw Rest of Guif
Northeast Atlamc Atantic  Fonda  Lousiara Coast Wiest

These bars show the square miles of coastal land at risk from a 20-
inch rise in sea level, for seven areas of the US. Coastal wetlands
projected to be inundated are shown in yellow while drylands project-
ed to be inundated are shown in blue.
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How Does Lose of Glaciers,
Snow, and Sea Ice
Impact the Earth?
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Note
A natural cycle may control the number of storms There is evidence that the number of storms each year is controlled, at least in part, by a natural 20-40 year cycle. For example, the number of hurricanes each year was less than usual from the mid-1960ﾕs to the mid-1990ﾕs, but since 1995 there have been typically more hurricanes than usual each year. Scientists predict that the number of storms will be higher than normal until about 2015.Global warming causes stronger storms As global warming causes oceans to become warmer, and more moisture is held in the atmosphere, the intensity of hurricanes and the amount of rain they produce will likely increase, according to NCAR scientist Kevin Trenbreth among others. There is strong evidence that global warming has been increasing the intensity of hurricanes for over the past few decades.In the past 30 to 50 years the oceans have warmed about 0.1 degree Fahrenheit. This may not seem like much of a temperature change, but it is quite significant. Think about a pot of water heating on a stove. A small pot of water will heat quickly, while a large pot of water will heat very slowly. This is due to a difference in heat capacity. The oceans have an enormous heat capacity because of their large size, thus, they are like an enormous pot of water, and so it takes a great amount of heat to warm them. The fact that they have warmed significantly in 30 to 50 years is remarkable. And this change appears to be correlated with a remarkable change in the strength and duration of hurricanes.The warming oceans are correlated with an increase in the intensity of hurricanes. According to MIT scientist Kerry Emmanuel, hurricanes have become 70-80% more powerful over this timeframe. Hurricanes take heat energy from the oceans and convert it into the energy of the storm. Thus, warmer oceans offer more heat energy to hurricanes, allowing them to become stronger storms.
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eastburn
Note
Sea levels have risen approximately 6” over the last century and their temperatures have risen approximately .5 C degrees.  This may sound like no big deal, but think of the energy needed to heat a pot of water on the stove.  Now think of the massive amount of water in our oceans.




How big Is the effect from global warming?

“Since 1970 tropical SSTs have increased >0.5°C and water vapor has
Increased >3.5%

So area water vapor available to storms has increased 1.035° = 1.07 or 7%.

This means increases in ra/nfa// and latent heat release in storms has

increased by order 7%. - e
“"H : . -:— \ g % i:*; -"_3

The added rainfall and
resulting flooding is enough " —
to breach levees designed | s SR R L SN | T .
without accounting for o ‘3—;—_“ ;. _uu.r.a,.n--m- ;
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Jim Hurrell, NCAR
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Large Increase in Number of
Category 4 and 5 Hurricanes

Number of intense hurricanes Percentage of intense hurricanes
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Note
Worldwide, we are not seeing more hurricanes (typhoons, cyclones), but we are seeing a significant increase in category 4 and 5 storms globally.


Climate Change Health Impacts

Changes in mortality due to heat stress

Changes in geographic ranges and seasonality of
transmission of vectorborneinfectious diseases

Increasing freqUENCYROHEXIEmeever
floods, droughts;cyclones)
Environmental degradation .
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Note
Direct Transmission: That's when disease-causing microbes (alias "germs") travel straight from one person to another. Let's say, for instance, that your kid brother catches a cold. He unintentionally sneezes in your face while you're wrestling for the remote. Vicious little viruses land right on your skin. Before long, Bro' has the remote, and you have the cold.
1-2 million die from malaria each year.
Indirect Transmission: Even little brothers eventually learn how to use tissues, so diseases have other ways to get around too. Some bacteria and viruses hang out in water or soil. When people drink the water that's contaminated with microbes, they get sick. Many diseases hitch rides aboard vectorsﾑscience lingo for insects and other living things that carry bacteria, viruses, or parasites
Caused by Plasmodium portozoa spread by bites of the female Anopheies mosquito.
Many factors limit its spread - foremost may be temperature as it generally spreads into regions where minimum temps fall no lower than 16 degrees C or 61 degrees F.
May be world’s largest single cause of human disease and premature dealth
A disease vector is an insect that carries a disease producing micro-organism from one host to another. The most common human health vectors are mosquitoes, which are capable of introducing human and animal diseases that currently do not exis in US.  Dieases such as Malaria, yellow fevor, dengue fever,  case dealth and ill health through tropics and subtropics.  Without vectors such as mosquitos, these dieases cannot spread.
tWHAT IS THE RISK? International traffi c through seaports generates a signifi cant risk to Australia. The greatest risk comes from the mosquito eggs of Aedes Aegypti and 
Malaria is the most important tropical disease, remaining widespread throughout the tropics, but also occurring in many temperate regions. It exacts a heavy toll of illness and death - especially amongst children and pregnant women. It also poses a risk to travelers and immigrants, with imported cases increasing in non-endemic areas. Treatment and control have become more difficult with the spread of drug-resistant strains of parasites and insecticide-resistant strains of mosquito vectors. Health education, better case management, better control tools and concerted action are needed to limit the burden of the disease. Malaria has become a global problem. It is endemic in 105 countries and is responsible for over 300 to 500 million clinical cases and more than a million deaths each yearhe clinical features of malaria vary. The classic symptoms include persistant fever, shivering, joint pains, and headaches and repeated vomiting. Severe and complicated malaria causing renal failure, hypoglycemia, anemia, pulmonary edema, shock and coma can have fatal consequences, leading to death. Malaria can be cured if promptly diagnosed and adequately treated.


Disease Vector Population at risk  Number of people currently P Likelihood of altered
(million)" infected or new cases per year ke S distribution

Malania Mosquito 24002 300-500 million Tropics and Sublropics

Lymphatic Filariasis Mosquito 117 million Tropics and Sublropics

African Trypanosomiasis
(Sleeping sickness)

250 000 to 300 000
cases per year

>
Schistosomiasis Water snail 600 200 million Tropics and Subiropics i
[
i

Tsetse fly Tropical Africa

Dracunculiasis Crustacean South Asia,
; : 100 000 per year j i
(Guinea worm) (Copepod) pery A"“;“Z?. Pemrfftiila,

Phlebotomine 12 million infected, Asia, Southem Europe

Leishmaniasis sand fy 500 000 new cases per year®  Africa, Americas

Onchaocerciasis o= : . ;
(River biindness) Black fly 17.5 million Africa, Latin America
American Trypanosomiasis

(Chagas disease) Triatomine bug 18 million Central and South America

Dengue Mosquito 10-30 million per year All Tropical countries

: more than 5 000 cases Tropical South America
Yellow Fever Mosquito 450 per year Affiea

:12: Two gw’r‘legege:mes are population-prorated projections, based on 1989 estimates, ‘ Highly likely  # Very likely @ Likely ﬁ’] Unknown

3. Michael and Bundy, 1995. GIRITID) @

4. WHO, 1994. v Arendal ynep

5. Ranque, personal communication. SRAHICOE3ON . P-IUFFE REGERCZ
6. Anngal incidence of visceral leishmaniasis; annual incidence of cutaneous leishmaniasis is 1-1.5 million casesfyr (PAHO, 1554).

7. WHO, 1995,

Source: Climate change 1995, Impacts, adapiatons and mitigation of cimate change: scientficlechnical snalyz<s, contribution of working group 2 %o the sacond assassmant repart of the intergovemmental panal
an dimale change, UNEP and WMO, Cambridae press uniersity, 1906




Malaria
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Note
3 things determine the spread of disease:

DISEASE RESERVOIR 
That's the number of people or animals carrying the disease-producing microbe. Bigger reservoirs mean more chances for vectors to pick up and spread the illness.

POPULATION DENSITY 
When people spread out, vectors have a harder time infecting them. When people are packed togetherﾑas in refugee settlements or citiesﾑvectors can infect a large population fairly easily.

TEMPERATURE AND RAINFALL Changes in weather can make certain places more hospitable to vectorsﾑand the diseases they carry.


Climate change and other environmental
ISSues are Inter-linked

Stratospheric
ozone depletion

Biodiversity

Climate
Change

Desertification
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The Key Areas of Concern for the

usS

e Water Resources

« Shift towards higher winter flows is likely to lead to greater
flooding (River Sierra flows could be 20 times greater in the
very wet years than in the dry years)

» Clear mountain lakes, coastal waters and rivers could get murky
and polluted as most of the precipitation would occur in the form
of rain
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* Natural Resources
— With warmer and drier summers, wildfires could become more frequent
Shift of tree line northwards will cause the alpine tundra to shrink

Changes in phenology of plants and animals may disrupt the vital
Interactions within the biological component of the ecosystem

The pest regimes may change and warmer climate could increase the
Incidence of pests eg outbreak of pine bark beetle may become more
prominent or destructive

Despite the fertilizing effect of a CO, enriched atmosphere, forest
productivity may be reduced by these factors
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e Wild Life
— Loss of habitat due to climate related shifts of
ecosystems - isolated ecosystems particularly
vulnerable

— Impacts on fish population due to warmer
temperatures, seasonal flow regimes, lake levels

» |n California cold-water fish species
greenspotted rockfish has dropped by half since

the 1970s, and the proportion of southern warm-
water fish species Garibaldi has increased
nearly 50% (Confronting Climate Change in
California - The Union of Concerned Scientists)

— Increased drought conditions north of the Great
Plains will significantly reduce the US breeding
duck population
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End of Part 3
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