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Note
This was originally a Powerpoint presentation to teachers attending the 6th Annual Environmental Health Summer Institute at the University of Texas in July 2006.  Animatiaons in the PDF, therefore, will not work.  Some may be available at http://www.windows.ucar.edu/tour/link=/teacher_resources/TX2006_climate_workshop.html 
Feel free to use any part of this presentation for educational purposes, crediting the original author and/or those individuals or organizations whose views, materials, or animations are presented herewith.

Teri Eastburn
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Note
Climate scientists have to put all of these influences into models to assess what’s going on with our system.  Influences on larger geological time scales are not included here:  e.g. plate tectonics.  Volcanoes would be included with changes in the atmospheric composition.
Let’s focus for a minute on changes in ocean circulations.  How many of you have heard of the gulf stream?  Okay, how many of you saw the movie, “The Day After Tomorrow.”  Well, let’s talk about what brings about the abrupt climate change in this fictional movie.  While the rate of abrupt climate change in the movie may be farfetched, over exaggerated, and very “Hollywood,” the scientific process that brought about the change in the movie is something that is studied widely.  It is called the thermohaline circulation (of the ocean), and it greatly impacts climate.


The Global Conveyor Belt or... the
Thermohaline Circulation of our
Ocean System

Source: NASA Jet Propulsion Laboratory

6th Annual Environmental Health Sciences Summer Institute for K-12 Educators
University of Texas, Austin



eastburn
Note
The Global Conveyer belt, or the Thermohaline Circulation, is the major circulation system in our oceans that brings warm water from the tropics to the poles.  In the Day after Tomorrow, this system shuts down due to a surge of fresh water entering arctic waters and stopping this cycle’s “pump.”
In general, ocean currents moderate global climate by transporting shallow, warm tropical waters to the cold, polar seas.  As heat is lost to the atmosphere in the north, cooler water sinks below the warmer surface layer and migrates throughout the depths of the global oceans.  The entire circuit takes as long as 1,000 years to complete.
So… our ocean circulation systems are a key component to our climate system.  So is water in and of itself.

Animation of movie is available at www.windows2universe.org/tour/link=/teacher_resources/TX2006_climate_workshop.html



Distribution of the World's Water
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Note
When the Earth warms, water evaporates and cools the Earth somewhat.  Water is the Earth’s air conditioner.  But… when there is a drought and little water to evaporate, the earth warms instead, sometimes overheating and causing droughts.
Moisture in US has increased over 10% over the last 20 years.  Dominate feedback effect -- dry areas get drier often.
Also, with more evaporation and water vapor in the atmosphere, more moisture is lurking around to pull into storms such as hurricanes.  Changes in duration and frequency of storms will be impacted with a changing, warming climate.


What is Climate?
Climate vs Weather Activity
 Weather is the current conditions in the atmosphere

(temperature, precipitation, wind, humidity) at a
particular time and place.

Climate tells you what clothes to buy, = =
but weather tells you what clothes to weatr.

6th Annual Environmental Health Sciences Summer Institute for K-12 Educators
University of Texas, Austin




Question:

What IS causing current climate
change?

g - | R-ﬁes NS

Warren Washington, NCAR Scientist,
and other NCAR'Scientists
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Note
Video clip to be made available at www.windows2universe.org/tour/link=/teacher_resources/TX2006_climate_workshop.html


CLUES TO EARTH'S PAST
PALEOCLIMATOLOGY

What Role Did CO2 Play In

Climates of Long Ago?
Are CO2 Levels Responsible
For Climate Change
Throughout Time?
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Note
Take a look and you tell me the answer to the questions just asked on the prior slide?
Discuss this graph in your groups and make a list of anything you notice that might help us to answer that question.

Remember:  correlation is not the same thing as cause.

Notice the correlations, the steadiness of the upward and downward trends.  Why?  What has caused climate change on Earth in the past?


Milankovitch Cycles

Precession (wobble): é\)ery 23,000 M

Tilt of Earth: every 41,000 years W
Eccentricity (Orbit): 100,000 years
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Note
The first of the three Milankovitch Cycles is the Earth's eccentricity. Eccentricity is, simply, the shape of the Earth's orbit around the Sun. This constantly fluctuating, orbital shape ranges between more and less elliptical (0 to 5% ellipticity) on a cycle of about 100,000 years. These oscillations, from more elliptic to less elliptic, are of prime importance to glaciations in that it alters the distance from the Earth to the Sun, thus changing the distance the Sun's short wave radiation must travel to reach Earth, subsequently reducing or increasing the amount of radiation received at the Earth's surface in different seasons. Today a difference of only about 3 percent occurs between aphelion (farthest point) and perihelion (closest point). This 3 percent difference in distance means that Earth experiences a 6 percent increase in received solar energy in January than in July. This 6 percent range of variability is not always the case, however. When the Earth's orbit is most elliptical the amount of solar energy received at the perihelion would be in the range of 20 to 30 percent more than at aphelion. Most certainly these continually altering amounts of received solar energy around the globe result in prominent changes in the Earth's climate and glacial regimes.ﾊ At present the orbital eccentricity is nearly at the minimum of its cycle.
Axial tilt, the second of the three Milankovitch Cycles, is the inclination of the Earth's axis in relation to its plane of orbit around the Sun. Oscillations in the degree of Earth's axial tilt occur on a periodicity of 41,000 years from 21.5 to 24.5 degrees.
Today the Earth's axial tilt is about 23.5 degrees, which largely accounts for our seasons.ﾊ Because of the periodic variations of this angle the severity of the Earth's seasons changes. With less axial tilt the Sun's solar radiation is more evenly distributed between winter and summer. However, less tilt also increases the difference in radiation receipts between the equatorial and polar regions.One hypothesis for Earth's reaction to a smaller degree of axial tilt is that it would promote the growth of ice sheets. This response would be due to a warmer winter, in which warmer air would be able to hold more moisture, and subsequently produce a greater amount of snowfall. In addition, summer temperatures would be cooler, resulting in less melting of the winter's accumulation.ﾊﾊ At present, axial tilt is in the middle of its range.
The third Milankovitch cycle is the precession of equinoxes. The earth is wobbling like a top. The time of year when the sun is closest to the earth varies on a 21,000 year cycle. Currently, winter in the northern hemisphere occurs when the earth is closest to the sun, so in 10,500 years (half the cycle) the northern hemisphere winter will occur when earth is farthest from the sun (6).


Question:
How Is past climate studied?

Video Response;
Casper Ammann, NCAR Paleoclimatologist

-~

How do you study ancient Cliretes ?

.

— Models Ry Y
— Proxy records (the clues that are left behind!) ==
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What Is the Item On Your Table?

« How is it like and unlike the “real” thing?
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Note
Compare and contrast the item on your table to the “real” item it represents (Barbie, rubber snake, toy car, voice on tape…).

A climate model is very much like many of the models you’ve just reviewed.  Similar to the “real” thing, but it will never be reality.  A climate model will always have some shortcomings and won’t represent all the physical processes impacting climate for some time.  Clouds, for instance, are not yet well represented in climate models, but we know that they do impact the climate system.



What 1s a Climate Model?
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Note
Climate models utilize a grid overlay on the world to begin..  The grid sizes can vary and will be unique to each model run.  The size chosen depends upon the degree of detail desired, funds available for supercomputing time, the processing speed of the computer to be used….  Usually, the larger the grid, the less information will be be calculated and the less detail it will contain.  Time steps also have to be taken into consideration.  Will the model calculate physical processes (such as temperature, air pressure…) once a day, twice a day, or 48 times a day!  The more time steps, the greater number of calculations that will be made to replicate our physical world.  A smaller grid size and greater number of time steps will lead to a model that more closely simulates Earth’s climate system. 



A Grid Model for our Atmosphere
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Note
So we start with a grid, and have atmospheric processes calculated at the intersection of every grid line.


Model Grids Are Multi-Layered
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Note
The grid is NOT one dimensional.  It can be many layers thick to model the entire atmosphere as seen here.  When the ocean is modeled, it’s grid would also be multi-layered in order to simulate the various processes at work in the ocean influencing currents and such.  In a climate model, scientists must “couple” various models including those of our atmosphere, land surface, oceans, and sea ice in order to predict future climate scenarios.  

The time steps used within a model are also very important.  Will the model only calculate processes twice a day?  Hourly?  Every half hour?  



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
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Note
Climate models have greatly improved during recent decades.  Many more processes are included today as supercomputers grow to reach calculations exceeding 300 trillion floating point operations (flops) per second.  See the website:  Supercomputing 500 for the worlds fastest computers.
Supercomputing 500 is at:
http://www.top500.org/list/2006/06/100


And... Come In Various Resolutions
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Note
The grid size will determine the resolution of the model.  Can you tell what this is?  This is a low resolution model of a small object that is commonly seen.


What Do You Think It Is Now?
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Note
Here, the resolution of the model is improving, but it is not yet ideal for determining what the object is.


Is It the “Real” Thing?
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Note
Ah, a high resolution model is very detailed.  But is this reality?  Is it a locket?  A frame?

A climate model run can be done at a low resolution or a high resolution.  It all depends on the degree of information you seek and the amount of funds you have to pay for running a supercomputer for some time in order to study future or past climate.

Grid size is what determines the model’s resolution.


Proxy Records:
Clues to Past Climate

Tree rings:
Yearly records
of variability in
temperature and
water
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Note
These are examples of proxy records, which help us uncover climates of the past.  More to follow...


More Clues to Past Climates...

Pollen:
Indicates what plants ®
grew where. If we
know their growing
conditions, we can
interpret climate of
the area.

Ocean and lake
sediments:
Records of
plankton,
isotopes, color,
decomposition,

. Paintinés and photographs of
$ people and places provide re-

e cords of climate.
I EENENREEAEENEREESNENERENNNDNER.,
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When Climates Change...
Environments Change!

Global climate changes cause:

 Global changes in ecosystems and the distribution
of species_

Pt Y
« Changes In sea‘level = =

e

Regional climate changes cause:

e Regional changes in ecosystems
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How Has Climate Changed in Denver?
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280 Million Years Ago
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66 Million Years Ago
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55 Million Years Ago
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16,000 Years Ago
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Note
A very strange species -- the house dwellers.

The point is that climate has been changing for a very long time, and with each change comes a change in the land surface, water resources, and biology of a given area.  Climate in the past has changed naturally, likely do to the Milankovich cycles discussed earlier.  Today... is the climate change we are experiencing natural?  Are people, due to their actions and energy needs, impacting the climate system?  Are people an agent for climate change now?


When Climate Changes in a Location
.. The Plant Species Able to Live There Change

Paleoclimates and Pollen Activity

- - Ea't(tle Ground Present
Materials for? eéch, OUIP - " m]

R‘f'

. ‘_ “ 4,500 years ago
Sample of each sedlment vose 1B

|ayer (1 — 5) i+ 22?Jr:‘(r!1nt 9,500 years ago
Plate and toothpicks m NPT R0

15,000 years ago

. 5 i 20,000 years ago

«Student Handout sheet
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Low-growing shrub at high
altitude, cold sites.

Mixed meadow species found in areas of warm summer
temperatures and summer drought.

Oak tree found in warm, temperate
sites characterized by dry, warm
summers.
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Note
Trees and plants grow in certain conditions, climates and at certain elevations often.  Pollen found in lake sediments can give us clues to the past climate of an area.


* Above center, Alder tree, prefers abundant water and can grow in
cool climates. Widespread in the Pacific Northwest.

* Above right, grasses found in very cool alpine/subalpine meadows
that are cool in summer, harsh in winter, with short growing season.

* Above left: Engelmann spruce is found in cold, usually sub-alpine
sites.

., Lodgepole Pine
ccontorta Loudon)

At right: Western Cedar g
found only in ‘
temperate, very moist
climates.

At left: Douglas Fir
prefers moderately cool
to warm sites & grows
best in temperate,
somewhat moist
conditions.

Lodgepole Pine found in very
cool climates often at high
altitudes (above 3500) at present.




. Stamen - Mitosis produces
egg and sperm

. Pollen grains contain sperm
nuclei in the anther

. Pollen, stigma, ovary, egg,
petal

. Fertilized egg becomes
embryo of seed

. Seed germinates to produce

plant, which will produce flower
.-'\. >

Pollen grains are an outrageous invention of the
plants, which first appeared over 300 million year§'\
ago.
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Note
Pollen frees the seed plants from dependence on standing water for fertilization, which is needed by the spore-reproducing plants like ferns. The distinction is similar to the difference between amphibians vs.. reptiles. Pollen is produced in the male organs of the flowers - anthers. Pollination occurs when pollen is transferred from the anthers to the female organs by wind (anemophyly) or by animals (zoophyly). If the female stigma is receptive to a pollen grain, the pollen produces a pollen tube, which grows through the female tissue to the egg, where fertilization takes place by the sperm nucleus.


Distribution of 1551 Sites with Fossil Pollen Data
that are Available Globally

=

Paleoclimate, Global Change and the Future

Alverson, Bradley and Pederson eds., 2002 PA@ ES

Chapter 5: J. Overpeck et al., fig. 5.5, p. 87 PAST GLOBAL CHANGES




Phenology records show that flowering dates for
some common hay fever species have been
getting earlier over the last few decades. Warmer
spring temperatures are encouraging earlier
flower development and pollen production.

Flowering season for common hayfever species

Dec Jan Feb Mar Apr May| Jun | Jul |Aug

Timothy before 1980
after 1990

Meadow foxtail before 1980
after 1990 ;

Birch before 1980
after 1990

Hazel before 1980
after 1990
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Note
We can study climate change through phenology as well.  How have growing seasons, migrations, and breeding cycles changed for certain species?


When climate change causes changes to
plant species or habitat...

The animals that are best adapted to
the new conditions survive.

[ ‘ .
Source:

Source: BBC, A. Kirby
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Note
The golden toad of Costa Rica may have been driven to extinction by climate change, scientists believe.The toad's demise has been revealed by research into the changing populations of species in Costa Rica.The scientists concluded that rising temperatures may have been to blame.The disappearance of the toad is part of a pattern of change that is affecting not only amphibians but also reptiles and birds as well.  The researchers say 20 out of 50 species of frogs and toads have disappeared from a 30 square kilometer study area.The ecology of the region, in the highland forests near Monteverde, is governed by the frequent formation of clouds and mist.The mist frequency "has declined dramatically since the mid-1970s", because of the warming of the oceans and the atmosphere.Clouds in the mountains of Costa Rica now form at higher altitudes than they did previously, so the frequency with which the forests are mist-clad has declined.The researchers believe that changes of this sort may have triggered disease outbreaks, including those known as chytrid fungi. The fungi infect the moist skins of frogs, toads and salamanders.However, the researchers say that populations of forest lizards have disappeared in much the same way as amphibian populations. But the chytrid fungi are thought unlikely to attack reptiles.So climate change, not a particular disease organism, may prove to be the common denominator in the declines.Losses and gains. The changing pattern of cloud and mist formation is having other effects as well.The researchers also looked at populations of two classes of birds - those that normally breed in the cloud forest, and those that avoid it.They found that while the number of species in the first group remained comparatively stable, that in the second group increased.In one area, 15 colonizing species have managed to establish breeding populations.There were only three pairs of golden-crowned warblers, for instance, when they first nested there in 1994. But by last year the number had risen to 20 pairs.And a species of toucan which normally breeds only in lowlands and foothills has established itself in the mountains as well.The research is published in Nature magazine.
Polar Bear:  fear that they are susceptible to starvation due to lose of ice in arctic (now, and projected).
Hawksbill Sea Turtle:  laying more female eggs within warmer water.



The toucan's beak,
strong like a nutcracker,
Is adapted to grab and
crush fruit and nuts.
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Hummingbird

* A hummingbird’s long thin beak
can get to the nectar in flowers.
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«  The pelican’s beak is adapted ', -
to scoop up fish to eat.

(Note: Only in cartoons do pelicans use
their beaks to transport fish to safety:)
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Adaptation Investigation Activity

— One beak (straw, spoon, tweezers, toothpick, or
clothespin)

— One bird stomach (@ plastic cup)

— One plate of “bird food” (r ice, seeds, marbles,
marshmallows) to share wit 1@% other birds

— In 30 seconds, collect as much food é‘s YOou can
into your cup using only your beak. One hand
behind your back.
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Adaptation Investigation: Round 2

The climate has changed.

Many plants species can no longer survive here.
Only rice remains as,a;food source.

Which birds Wi 1'Su

- ,/-’ 1
W=

-
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Now It's time to
ask yourself...
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Note
Read and be ready to discuss this article with your group.  Is this an assessment question for your students to answer?

Glantz, M.H., 2005: What makes good climates go bad? Geotimes, 50(4), 18-24. (Link goes to Geotimes online edition)

Article online at http://www.geotimes.org/apr05/feature_badclimate.html


