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Human activities are changing the weather
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Human activities are changing the weatherIn 2001, the Intergovernmental Panel on Climate Change (IPCC) released its Third Assessment Report (TAR). This report is the most comprehensive and up-to-date assessment of the scientific, technical, and socio-economic dimensions of climate change.  The writing and editing of the report involves the work of hundreds of scientists who are experts in the fields of meteorology, the cryosphere (ice and snow), glacialogy, biology, agriculture and economics, (among others). Human activities have changed the atmosphere, increasing the amounts of a class of gases known as ‘greenhouse gases’.   The report concluded that “most of the observed warming over the last 50 years is likely to have been due to the increase in greenhouse gas concentrations.”For more information about global warming, see:United Nations Intergovernmental Panel on Climate Change.  http://www.ipcc.ch/U.S. Global Change Research Program.  http://www.usgcrp.gov/U.S. Environmental Protection Agency, Global Warming Page.  			http://www.epa.gov/globalwarming/University Corporation for Atmospheric Research.  http://www.ucar.edu/ucar/National Corporation for Atmospheric Research.  			http://www.ncar.ucar.edu/ncar/index.htmlthe U.S. Long Term Ecological Research Network, Global Change Research.  		http://www.lternet.edu/global_change/Union of Concerned Scientists.  http://www.ucsusa.orgPew Center on Global Climate Change.  http://www.pewclimate.org/Pacific Institue, Global Change Program.  http://pacinst.org/global.html



Global warming
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The Greenhouse Effect and Global Warming Greenhouse Analogy:  Anyone who has visited a greenhouse for growing plants or sat in a parked car with the windows closed on a warm summer day has experienced the principle behind global warming. The sunlight goes through the glass and the heat is trapped inside.   The gases in the atmosphere surrounding the earth act much the same way.  Incoming solar radiation passes through the atmosphere to the earth’s surface.  The earth absorbs some of this radiation, but much of the radiation is transformed to heat which bounces back towards space.  As this reflected heat travels up, it hits certain molecules in the atmosphere which then act as a blanket - they absorb and reflect the heat back towards earth.  These molecules are known as ‘greenhouse gases.’  Ultimately, then, the sun’s radiation is converted to heat by the earth’s surface, and this heat is then kept within the atmosphere by greenhouse gases acting as a blanket.  The effect of this is to warm the earth and the air close to the earth.



Some of the heat given off 
by the earth is trapped in 
the atmosphere by gases 

such as water and CO2

Some of the heat given off by 
the earth escapes into space.

How greenhouse gases keep the 
earth warm.
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Natural sources of greenhouse gases	How greenhouse gases keep the earth warm.  This  natural greenhouse effect  keeps the earth about 60°F warmer than it otherwise would be. Without the greenhouse effect, life as we know it would not be possible.Natural greenhouse gases occur as by-product of natural geological and biological processes.  Water vapor and carbon dioxide (CO2 ) are the 2 most abundant natural greenhouse gases.  Methane occurs in small amounts,but is important because it has 10-times more powerful a ‘greenhouse’ effect than does CO2.Natural CO2 comes from everyday processes such as the weathering of rocks, and respiration (breathing) of plants and animals.  Other sources are the burning of plants in wild fires, and CO2 vents in geologically active areas.Natural methane comes from the breakdown of organic matter in marshes, and from gas produced during digestion of food by certain mammals.Volcanic eruptions spew lots of compounds into the atmosphere.  Some act to cool the planet (such as dust and  sulfur dioxide), others act to warm the planet (such as CO2 and methane).



Animation of the 
Greenhouse Effect

QuickTime™ and a
Animation decompressor

are needed to see this picture.

Movie for PC: Double click here

Movie for Mac: click once with cursor on image

A warning may come Up about viruses.
Just click OK.

QuickTime™ and a
Animation decompressor

are needed to see this picture.
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Increased CO2 causes the 
atmosphere to retain more 
heat by catching more heat 

given off by the earth.
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The greenhouse effect is getting stronger creased CO2 causes the atmosphere to retain more heat.Any increases in greenhouse gases will strengthen the ‘greenhouse effect’, and cause more of the sun’s heat to be trapped on earth.As a result of human emissions of greenhouse gases, the atmospheric level of carbon dioxide, the most important human-derived greenhouse gas, has increased steadily over the last 140 yearsOver the same time period (from 1860 to present), levels of other potent greenhouse, such as methane and nitrous oxide, have also increased. 



Atmospheric CO2 Concentrations Are Increasing as 
a Result of of Human Emissions

Atmospheric CO2 Concentrations Are Increasing as a 
Result of of Human Emissions
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Atmospheric CO2 Concentrations Are IncreasingCO2 levels in the atmosphere have increased from 280 parts per million in 1860, the beginning of the Industrial Revolution, to 370 parts per million in 1998, about a 30% increase. CO2 concentration data from before 1958 are from ice core measurements (tiny air bubbles trapped in ice core samples) taken in Antarctica. Since 1957, scientists have been making continual measurements of atmospheric CO2 at an observatory in Mauna Loa, HI.  [Annual variation is due to CO2 uptake by growing plants; the uptake is highest in the northern hemisphere springtime.]Over the same time period (from 1860 to present), methane concentrations have almost tripled and nitrous oxide concentrations have risen by about 15%. Greenhouse gases hang around in the atmosphere for long time periods before they are broken down.  Increases in all of these gases in the atmosphere last from decades to centuries, so yesterday’s emissions are today’s visible impacts on the climate.  Today’s emissions will be affecting the climate well beyond the 21st century. This is also known as our "commitment to climate change".  That is, we are committed to a course of changing climate, even if we were to stop all CO2 emissions immediately, because of the long lag time of effects in the atmosphere.



Increases in atmospheric CO2 concentrations began with 
the industrial revolution.
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Power Plant:   Increases in atmospheric CO2 concentrations began with the industrial revolution.This graph starts with the industrial revolution (about 1860).  But going back even further to 1750, the data show that carbon dioxide has increased by 31%,  methane by  151% and nitrous oxide by 17%.  Using data from ice cores which goes back a whopping 420,000 years, we can see that concentrations of CO2 and methane are higher now than at any time during the last 420,000 years, (and probably significantly longer). The current rate of CO2 increase is unprecedented during at least the past 20,000 years. About 75% of the anthropogenic (human-caused) emissions of CO2 to the atmosphere during the past 20 years is from fossil fuel burning, the remainder from deforestation and other land-use changes.The greatest warming effect currently stems from CO2, followed by methane, halocarbons and nitrous oxideThe burning of fossil fuels—coal, oil and gas—is used to heat and cool our homes, power our cars, light up our cities and fuel our industrial processes. Burning of fossil fuels releases about 6 billion tons of carbon dioxide into the atmosphere each year worldwide. 



Deforestation also increases atmospheric CO2
concentrations.

Source: OSTP

Deforestation in Brazil1978 1988
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Deforestation increases atmospheric CO2 concentrations	Deforestation increases atmospheric CO2 concentrations, because it removes trees from the ecosystem and replaces them with bare dirt, or crops.  Plants take in CO2 and use the carbon in a process known as photosynthesis for food, and to construct tissues, such as leaves, stems, and roots.  Trees take up much larger quantities of CO2 than do other plants (such as grasses and agricultural crops).   What we think of as “wood”  originated as carbon in the atmosphere.   It’s easy to see that it takes a LOT of invisible CO2 molecules to create a huge oak tree (take a look at Treaty Oak in Austin and imagine all of that coming from ‘thin air’). 



Global average temperatures are increasing with 
increases in CO2.

Global
Average

Temperature
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Global Average Temperature Is Increasing	The term global warming is used to describe the enhanced greenhouse effect resulting from human activities.   The blue line shows CO2 records from ice cores, the tan line shows CO2 records from atmospheric measurements in Hawaii, and the red line shows mean yearly temperature trends.		This steady increase of CO2 in the atmosphere has caused greater retention of heat and a gradual warming of the earth:  global average surface temperature has risen by about 1°F over the last century.  Temperature Trends in the U.S.	Data from climate stations across the U.S.A.  show that most regions of the country have warmed over the past 100 years. Trend analysis shows that temperatures have warmed between 1.8 and 5.4°F (1–3°C) over much of the U.S. A. Rainfall patterns have also changed across the U.S.A.  Over, there has been an increase in precipitation events (rain and snow), and precipitation is coming down in fewer, more extreme events (floods and very heavy snowfalls).



1998 was the warmest year on record since 1910.
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Record heat in recent yearsThe 13 warmest years since records were first taken (in 1910) have all occurred since 1980, with 1998 the warmest on record. Longer data records, improved scientific understanding of natural climate variability, new estimates of climate response to natural and human forcings, new detection techniques, and more studies all support the updated conclusion that “most of the observed warming over the last 50 years is likely to have been due to the increase in greenhouse gas concentrations.”  (IPCC Report 2001)



Global temperature over 
the past 1000 years.

The past 140 years
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Global temperature over the last 1000 years.	Going back further in time, looking at the past 1000 years, we cna see that average temperatures are higher now than they have been in the past 1000 years.  CO2 is also higher now than in the past 1000 years.   



Global temperature over the 
past 65 million years.
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Global temperature over the last 65 million years.	People commonly believe that the current increases in temperature and CO2 are not really unusual, because geologists and paleoclimatologists can point to time periods in Earth’s past that were even more extreme than what we see today.  How unusual are the recent climate changes?  One way of asking that is to ask how far back in time we have to go before we come upon changes as great as what the earth is experiencing today. Today’s temperatures are hotter than they have been in the past 10,000 years.  Further, climate has been relatively stable over this time period, but is suddenly changing more rapidly than it has in the past 10,000 years.  Going back further we reach the Pleistocene period, during which the earth cycled between glacial (frozen) and interglacial (warm) periods.  Today’s temperatures are at or beyond the peak high temperatures of the warmest interglacial periods.   If we go all the way back to 13 million years ago, we start to see occasional periods in which temperature and CO2 levels were as high as they are today, but these were relatively brief.So when was the last time the climate of the earth was clearly more extreme than today’s?  If we go all the way back to the age of the dinosaurs, 65-100 million years ago, we finally  come to a time when CO2 was really much higher than it is today.  The climate was also very different - it was much warmer and wetter.So, yes, Earth has experienced climate much hotter than today’s, but human civilization has not.



The relationship between 
temperature and carbon 

dioxide over the past 
160,000 years.

• Clear correlation 
between atmospheric 
CO2 and temperature 
over last 160,000 
years

• Current level of CO2
is outside bounds of 
natural variability

• Rate of change of 
CO2 is also 
unprecedented

Source: OSTP
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The relationship between temperature and carbon dioxide over the past 160,000 years.CO2 is higher now than it has been in the past 160,000 years	Ice core samples show that there has been a very clear correlation between atmospheric CO2 concentrations (blue line) and the global temperature record (yellow line). In other words, on a millennial time scale, fluctuations of CO2 and temperature have roughly mirrored each other over the last 160,000 years.  One can also see from this graph that the earth has, in the past, experienced some pretty major fluctuations in temperature and CO2 concentration.  These fluctuations are between glacial and interglacial cycles.Ice core studies reading back as far as 420,000 years ago yield the same results.  Before human activities, CO2 fluctuated between 180 and 280 ppm (as in this graph) - this is an indication of natural variability.   Note that changes in CO2 have been strongly correlated with changes in temperature during this very long time period.Significant points about the current situation:  At 360 ppm, the current level of atmospheric CO2 is already far higher than it has been at any point during the past 420,000 years.  Current CO2 levels are outside the bounds of natural variabilityThe rate of change in CO2 concentration is also unprecedented - it’s increasing faster now than in the past 420,000 years.



In the age of dinosaurs atmospheric CO2 concentrations and 
temperatures were much higher than today.
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Today’s climate is becoming extreme	The climate that humans are creating is unusual.  The earth hasn’t experienced an extended period of temperatures as warm as today’s for a very long time - many millions of years.The last time atmospheric CO2 concentrations and temperatures were much higher than today was in the age of dinosaurs.  The world looked very different then.  Most of the earth was more like what we now associate with very tropical area.  High humidity, warm temperatures, lots of rain, little or no frost.Although the Earth and some of its living organisms have experienced climates more extreme than todays, most modern plants and animals have evolved in mild or cold climates, as the Earth has experienced in the past million years or so.  The climate of today is right at the hottest peak that many modern living species have “experienced” (in an evolutionary sense).Human civilization has blossomed in the last 10,000 years, during a time of great climate stability.



The only mammals living at this time were small rodents.
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The only mammals living at this time were small rodents.	When dinosaur’s ruled the Earth, the only mammals that existed were small, rodent-like things.  Large mammals, like horses, elephants, and lions, did not evolve until much later.  By the time these larger mammals were evolving (including early hominids), Earth’s atmosphere was lower in CO2, and the climate had begun to cool and become drier.(Photo Copyrighted by Nelson Guda, 2000.)



Sea levels were much higher than today, and Texas 
was mostly under water
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Sea levels were much higher than today, and Texas was mostly under water	When the dinosaurs ruled the world, Texas was mostly under the sea.  No one is expecting this to happen again, but rising sea levels are one of the biggest concerns if global warming continues. Texas is particularly vulnerable because of its long coastline which contains many of its major cities and recreational areas (Houston, Galveston, Padre Island National Seashore).  Further,  a large part of the population of the state lives in low-lying areas and is vulnerable to flooding during storms at sea (hurricanes).	



Climate change was one important reason that the 
dinosaurs disappeared.
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Climate change was one important reason that the dinosaurs disappeared.	 Climate change was one of the main reasons for the disappearance of the dinosaurs.  The world became dryer and cooler, and one by one, the different species of dinosaur went extinct.  Scientists believe that this climate change had multiple causes.  The two main causes of climate change are thought to be:Gradual drifting of the continents away from the tropics and towards the poles.  This occurred over millions of years.A sudden cooling may have been brought on by a very large meteor hitting the earth, spewing tons of ash into the air, blocking out the sunlight, and preventing  heat from reaching the ground.    This 'global cooling' effect was long-lasting.	 The earth has had very few times since then that match the extreme tropical climate in which the dinosaurs flourished.Mosasaurus maximus  (Photo credit by Texas Memorial Museum)



All animals and plants are adapted to the local climate
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All animals and plants are adapted to the local climate.	Dinosaurs aren't the only organisms sensitive to climate.  All life is shaped by climate.  The geographic distribution of animals and plants (i.e., where they can live) is largely determined by climate.  For example, you don't expect to see an armadillo and a penguin living together.  (Though a small group of penguins does live in the Galapagos islands)Penguins as Indicators of Climate Warming in Western Antarctica The rapid disappearance of sea-ice in the Western Antarctic Peninsula has led to changes in Adélie and Chinstrap Penguin populations in recent years. The two species are ecologically very similar with diets and breeding ranges that overlap in the region, but their winter habitat preferences are entirely different. Adélies (pictured here) are obligate inhabitants of the pack ice, found only where sea-ice persists well into the spring. Chinstraps are ice-intolerant, preferring to inhabit ice-free seas.  The quality and availability of winter habitat is an essential determinant of survival, and therefore a key factor regulating seabird populations. Over the last 25 years, Adélie penguins have decreased by 22% while Chinstrap penguins have increased by over 400%. These changes support the hypothesis that the increasing availability of open water due to warmer winters is favoring the survival of Chinstraps over the ice-dependent Adélies.



Even humans have evolved to 
match the climate in which they 

live.

Even humans have evolved to match the climate in 
which they live.
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Even humans have evolved to match the climate in which they live.Eskimos' short limbs and large torso help them retain heat, while africans in the tropics have protection from sun and over heating by being dark and thin-limbed .  Many europeans evolved in an in-between climate and, you can see that they look in-between.   



Climate change has already affected many animals such 
as this butterfly, the Edith’s Checkerspot.
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Climate change has already affected many animals such as this 	butterfly, the Edith’s Checkerspot.	Has the climate change of this past 100 years  had any effects?   The recent report by IPCC concluded that “recent regional climate changes, particularly temperature increases, have already affected many physical and biological systems.”	Scientists have been making notes about where things live for more than 100 years.  By comparing these notes to modern observations, they have been able to show that animals and plants have moved around and changed the timing of many activities, appearing to  be trying to track the changing climate.  	IPCC scientists found that changes had been documented in more than 400 physical processes and biological species or communities (on all continents) that were correlated with regional temperature increases.   Ninety-one percent (376/412) of the observed changes were in the direction that would be expected with global warming. The probability that this fraction could occur by chance alone is negligible.	One such species that has changed is this butterfly, called 'Edith's Checkerspot'   (the scientific name is Euphydryas editha).



Edith’s Checkerspot butterfly lives in a wide 
range of habitats from coastal meadows …
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Edith’s Checkerspot butterfly lives in a wide range of habitats from coastal meadows…	Edith's Checkerspot butterfly  lives in the western  U.S.A..  It occurs in many different habitats.  Some populations live right along the seashore, in tiny meadows which contain their host plant (plant species within the Snapdragon family).



… to the highest peaks of the Sierra Nevada Mountains
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Edith’s Checkerspot also lives on the highest peaks of the Sierra 	Nevada Mountains	Edith's Checkerspot butterfly lives up as high as the vegetation does, living in tiny little green ‘meadows” among the rocks.  In this picture, you can see it’s host plant, the paintbrush in the middle.  This is similar to the paintbrush that occurs in Texas, but it has a yellow/white flower instead of an orange one.	With the warming climate, this butterfly can't live everywhere it used to.



Movie of a butterfly looking for food in a dried field.

The movie shown here in the lecture is 
not available for public distribution.
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Changes in climate change the timing of the butterfly and its 	host plants	The caterpillars of Edith’s Checkerspot have to eat a lot of their host plant in order to get big enough to hibernate for the winter.  At lower elevations, higher temperatures cause the host plants to dry up sooner, and the caterpillars starve before they are big enough to survive the winter in sleep.  On the mountaintops, the plants don’t dry up, but often summer is too short, and the temperatures too cold, for the caterpillars to develop fully before the winter snows start again.  Higher summer temperatures for them means they grow faster and are sound asleep when snow starts to fall again (in September).	In summary Higher temperatures are a problem for butterflies at their very southern range edge, and at the lowest elevations, where the species is limited by its heat tolerance (and how heat interacts with its host plant).  At the northern range edge and at the highest elevations, where the species’ is limited by it’s cold tolerance, higher temperatures have a positive effect.The overall effect of increasing temperatures is to favor populations at the northern and upper range limits, and be detrimental to populations at the southern and lower range limits.  This process ultimately causes the range of the species to shift northward and upward.



From 1860 to 1996.  Each colored area represents multiple populations.  Shades of red represent the proportion of populations
extinct in a given area during the period 1992-1996 that were previously recorded as present during the period 1860-1983.

Many extinctions
~75%

Few extinctions
~20%

Some extinctions
~40%

Patterns of population extinctions of Edith’s Checkerspot Butterfly
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Map of Edith’s Checkerspot showing the current status of populations	 Due to recent warming, the plant that Edith’s Checkerspot butterfly eats is drying up earlier in the year than it previously did.  Now in many places the plant dries before the Checkerspot catterpillars have a chance to fully develop.  As a result, Edith's Checkerspot butterfly is disappearing in places where the plant is drying up too soon (ie  along its southern edge in Mexico and at lower elevations).  In contrast, it's doing really well at it's northern range boundary, in Canada, and at the highest elevations (in the Sierra Nevada Mountains).	The process of this range movement is not that individual butterflies actually move, but that populations at the southern end of the range and at lower elevations have been going extinct much faster than populations at the northern end of its range and at high elevations. 



More populations of Edith’s Checkerspot butterfly 
have gone extinct at low elevations than at high 

elevations.

Few extinctions (~15%)

Many extinctions (~40%)

Presenter
Presentation Notes
Edith’s Checkerspot is disappearing from lower elevations 	Edith’s Checkerspot has many more population extinctions at lower elevations than it does at high elevations.  In fact, it’s doing really well on the mountain tops.  Climate (temperature) bands have shown a northward and upward shift that is nearly identical to the shift in range shown by the butterfly.  Both temperatures and the average location of a butterfly population have moved about 72 miles to the north and 190 feet up the mountain slopes.Species are shifting their ranges in response to climate warming 	Ten years ago, scientists had predicted that global warming would cause the normal range of a species to shift northwards and to higher elevations in order to stay in the appropriate climatic zone.  Now, scientists have observed that, in response to 20th century warming, many plants and animals  have, indeed, shifted their ranges poleward and to higher altitudes.



Other insects, such as this mosquito, will have range 
changes that will effect you more directly.
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Other insects, such as this mosquito, will have range changes that will effect you 	more directly.	Does it matter whether species change where they live?  You may not care  about Edith's Checkerspot butterfly, but here's an animal you  might be more interested in.  This species of mosquito  is one of the hosts for a deadly parasite.  When an infected mosquito bites a human, this parasite enters the human which it uses as a second host.  The result is the disease  known as malaria, which often results in death.   	Malara is is very rare  in Texas now, partly because Texas is at the extreme northern limit of the range for this species of mosquito, and so the mosquitos are never very abundant.   Another reason for its rarity is that the parasite cannot develop within the mosquito in low temperatures.  With slight warming, however, not only will the host species of mosquito become more abundant, but the temperatures will pass beyond the threshold for the parasite, allowing it to thrive in the wild mosquito populations.By 2050, populations of this species of mosquito are expected to increase, and conditions for transmission of malaria (mosquito + warmer temperatures) will extend up to Houston.World-wide, there is expected to be a net increase in the number of people exposed to vector-borne diseases that thrive in tropical climates such as malaria and dengue fever, due to expanded ranges of mosquitoes. Water-borne diseases such as cholera and some food-borne diseases are also expected to expand their range and/or increase.



Long-term responses to climate 
change have been found all over 

the world.

Observed Changes in Physical and Ecological Systems
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Observed Changes in Physical and Ecological SystemsLong-term responses to climate change have been found all over the world.These changes are happening in all kinds of plants & animals all over the world	 	This slide shows the locations of long-term studies documenting changes in physical and biological systems that are correlated with recent regional increases in temperature.		 This is a summary of 44 published studies of over 400 plants and animals which varied in length from about 20-100 years, mainly from North America, Europe, and the southern polar regions. There are 16 published studies covering about 100 physical processes (e.g., hydrology, glacial retreat and sea-ice data) over most regions of the world, which varied in length from about 20-150 years.	 Examples of observed changes in response to 20th century warming include shrinking glaciers, thawing permafrost, later freezing and earlier break-up of ice on rivers and lakes, lengthening of mid- to high-latitude growing seasons, poleward and altitudinal shifts of plant and animal ranges, declines of some plant and animal populations, earlier tree flowering, insect emergence and egg-laying in birds.   [some of these observed changes are described in more detail in the following slides]



Hydrology
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The red fox has shifted its range north, threatening 
the artic fox.

Presenter
Presentation Notes
The red fox has shifted its range north, threatening the artic fox.	The red fox occupies much of North America and Eurasia whereas the Arctic fox is generally confined to the Arctic regions. 	The red fox has physical attributes which make it less well-adapted to cold conditions than the Arctic fox (e.g. longer ears and limbs).   When  you put the two species together, the red fox is competitively dominant to the Arctic fox.  That is, the red fox is more aggressive, much larger in body size, and wins in direct fights with the Arctic fox.  Putting this information together with various data from historical records, it appears that these two species cannot co-exist.  The Arctic fox is thought to be unable to live further south than it does because of the presence of the agressive red fox.   On the other hand, the red fox has been unable to live further northward because it is too cold. The distributions of the red and arctic foxes have changed in the 20th centuryDuring 20th century warming, the red fox has expanded northward.  As the red fox advanced northward, the Arctic fox retreated towards the pole.  If this continues, the arctic fox will be pushed into the Arctic ocean.



The toucan and other lowland tropical birds have moved 
uphill, threatening high elevation birds.
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More Range Shifts  -  The toucan and other lowland tropical 	birds have moved uphill, threatening high elevation birds.	 In the cloudforests of Costa Rica, Keel-billed Toucans (and many other birds), that normally live in the valleys, have extended their ranges up the mountain slopes as conditions have become warmer and drier.This movement is believed to be due to the lifting of the 'cloudforest' climate.  The cloudforest is so named because it occurs at the highest elevations where clouds are almost constantly present, creating a cool, misty climate which the valley birds do not like to live in.  There is a large community of plants and animals that is adapted to the cloudforest.   One such bird is the famed Quetzal - highly revered in ancient mayan legend.  With the invasion of the Keel-billed toucan into its mountain habitat, the quetzal now competes with the toucan for nesting sites.  The much larger, agressive toucan is likely to win in any competition with the delicate quetzal.Many of cloudforest species have already declined or become extinct (like the golden toad),, and many more are expected to go extinct as their cloudforest disappears.



Snow cover and ice extent have decreased all 
around the world.
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Snow cover and ice extent have decreased all around the world.	There has been a widespread retreat of mountain glaciers in North America, South America, Europe, Africa, New Zealand and Central Asia during the 20th century.In Glacier National Park (Montana), more than 70% of the glaciers have already melted and they will probably disappear completely by 2030 if warming continues.Since 1850, the glaciers of the European Alps have lost about 30 to 40% of their surface area and about half of their volume.  Glaciers on Mt. Kenya and Kilimanjaro in  Africa have lost over 60% of their area in the last century.  The melting of mountain glaciers contributes to sea-level rise. It is estimated that about 30% of the projected change in sea level by 2100 will likely come from melting glaciers. The shrinking of glaciers will have also have significant socioeconomic impacts (e.g., declinces in water to fill resevoirs, increased erosion, rock and ice falls, loss of scenic beauty).



Some insects are being affected by climate change because the plants 
they feed on are flowering or leafing out earlier than they emerge.
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The timing of spring and fall events is changing 	Another observed change believed to be a response to warming is that trees and shrubs are  leafing out  earlier, and many plants are flowering earlier in the spring.  Many birds, frogs, and insects are emerging and breeding up to three weeks earlier in the spring.Migratory birds and butterflies are arriving to their nesting/breeding grounds earlier in the spring.Many plants in Europe and North America are flowering two - four weeks earlier in the spring. Long-term records for a number of tree species in Europe and North America show that trees, such as oaks, are not only coming into leaf earlier in the spring, but they're dropping their leaves later in the fall.  spring is earlier and fall is later, which makes a longer growing season.In general, observations from agriculture, wild plants, and even from satellites that measure the 'greeness' of the land, indicate that the growing season has lengthened.  The growing season has increased by 2-4 weeks in northern latitudes, such as North American and Europe.



Prairies may decline in a high CO2 environment
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Prairies may decline in a high CO2 environment.	Grasslands and prairies did not evolve until global CO2 levels dropped considerably.  Experiments with artificially increasing atmospheric CO2 indicate that grasses do not compete well with trees and shrubs in high CO2 (double today’s levels).    It is though that grasslands may be overtaken by forests in a high CO2 world, and that we risk losing native praries we have left if CO2 levels continue to rise.
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Projected temperature increases for the USA over 
the next century.

Today
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Projected temperature increases for the USA in the next 100  years	This figure shows the projected temperature increases from several different models used by independent research groups around the world.  The different lines are the different models.  Each line shows the annual average changes in US average surface air temperature (°F).  The temperature change given by the model for that year is with respect to the observed temperature in the year 2000.  In other words, it shows how different temperatures have been, and will be in the future, compared to average temperature in the year 2000.  Note thatFor much of the 20th c., temperatures were cooler than in 2000.All of the models predict warmer temperatures for the next 100 yearsWhen you read in the newspaper that scientists are ‘uncertain’ about what is going to happen to temperatures in the future, it is the differences between these models that they are talking about.  Scientists are uncertain about whether the temperature increase will be as little as 2° or as much as 8° F.  But they ALL predict some level of higher temperatures.The different models are: the Canadian model scenario, the Hadley model scenario (both of these were used in the US National Assessment),  and from the simulations of other modeling groups, including the Hadley Center model version 3, Germany’s Max Planck Institute/German Climate Computing Center (DKRZ), NOAA’s Geophysical Fluid Dynamics Laboratory, and from the Parallel Climate and the Climate System models from the National Center for Atmospheric Research. 



Galveston hurricane
Movie for PC: Double click here

Movie for Mac: click once with cursor on image

A warning may come Up about viruses.
Just click OK.

QuickTime™ and a
Sorenson Video decompressor
are needed to see this picture.
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Galveston Hurricane	Our health, agriculture, forests, water resources, coastal areas,  wildlife and natural areas are all vulnerable to the projected climate changes.  One problem with coping with climate change is that some of the most vulnerable areas, like coastal beaches, are the very ones that people have chosen to build their homes and businesses on.  In other words, we have increased the harmful impacts of climate change by building towns and residential areas in places  already known to be at high risk of flooding and storm damage (even without climate change).The frequencies of extreme weather events has increased	No one expects the whole of Texas to be taken over by the sea, but many low-lying areas in Texas are at risk from both sea level rise and increased frequencies and magnitudes of floods.The rate of sea level rise during the 20th century was about 10 times larger than the average rate over the last 3,000 years.   Sea level is projected to continue to rise with warming temperatures, as little as 4 inches, but it could be up to 35 inches. Even with only a little sea level rise, storm surges (i.e., the large waves and high tides associated with major tropical storms and hurricanes) become much more severe.Heavy rainfall events (ones NOT associated with hurricanes) have increased in magnitude and frequency.  This trend is expected to continue.Rising sea level can erode beaches and coastal wetlands, inundate low-lying areas, and increase the vulnerability of coastal areas to flooding from storm surges and heavy rains.



Sea Level Rise in the Next 100 Years
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Sea Level Rise in next 100 yearsGlobally, average sea level has risen between 4 and 8 inches (10–20 cm) over the past century.	Recent sea level rise has primarily been caused by thermal expansion of the oceans as they warm (water expands as it warms), but soon the actual amount of water in the ocean will increase as the melting of glaciers and ice caps continues.  It is predicted that sea level will rise by another 4-35 inches in the next 100 years.A big worry for Texas, with its long coast (over 1,400 miles long), is sea level rise. Galveston -  At Galveston, sea level has risen even more - a 25 inch rise over the past century.  This is due to a combination of actual rise of the ocean, as well as sinking of the land as ground water is pumped out to service the community.  With the expected sea level rise in the next 100 years, we'd lose Galveston, as well as many other coastal towns.	 Padre island -  We could  lose treasured recreaction areas like the barrier islands, including Padre Island National Seashore. Whooping crane breeding habitat    If we lose the barrier islands and coastal marshes, we also lose the plants and animals that live in those areas.   Many coastal marsh plants, wetland birds, reptiles and amphibians live or breed only in coastal marshes and tidal flats, like those in the Aransas Pass National Wildlife Refuge.  APNWR was set aside primarily to protect the breeding grounds of the Whooping Crane . The salt marshes also provide a home for oysters and clams, and are nursery grounds for young shrimp, crab and fish.   Marshes protect the shoreline from erosion and act as purification systems to filter out pollutants brought in from inland streams before the water reaches the open ocean.  If these lands get flooded by rising sea levels, there will be no new land to take it's place- much of the surrounding area has been developed, and sea level rise may occur too fast for the marsh ecosystem to migrate inland.



Where in the United States will it get the hottest?

Much Hotter

A Little Hotter Change in the July Heat Index over the next 100 years
(Hadley Model, VEMAP).
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Presentation Notes
Map of heat index prediction for 2100source - National Assessment of the Potential Consequences of Climate Variability and Change for the United States, Office of the US Global Change Research Program, Executive Office of the PresidentExtreme Events are expected to increaseThis map shows the predictions for the change in heat index over the next 100 years .  The heat Index is a combination of temperature and humidity that measures effects on human comfort. Large parts of the USA are expected to experience increased heat stress in over the next 100 years, particularly the elderly, sick, and urban poor (which have no access to air-conditioning). For example, in July 1995, 465 deaths in Chicago were attributed to a heat wave where temperature exceeded 90°F both day and night. These kinds of heat waves could become 6 times more frequent by 2100.The recent IPCC report concluded that higher maximum temperatures, higher minimum temperatures, an increase in the heat index, and more intense precipitation events are estimated to be very likely; i.e., meaning that there is a 90–99% chance that the result is true.Increased summer drying and associated drought and an increase in tropical cyclone peak wind and precipitation intensities are judged to be likely; i.e., meaning that there is a 66–90% chance that the result is true.One benefit of increased temperatures is reduced deaths from harsh winters in mid- and high-latitudes.Summers in Texas are expected to get a lot more uncomfortable - hotter and more humid.  



The Hill Country will still be the 
best place to live in Texas.
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Presentation Notes
Tubing in the Texas Hill Country It looks like in another 100 years, the Hill Country, with all its cold spring-fed rivers, is going to be the best spot to live in TexasKool Websites for Kids and teachers:  For more information and learning aids, see:"Global Change Instruction Program", by UCAR (University Corporation for Atmospheric Research).  Geared towards undergraduate non-science majors.  You can order 'modules' on selected ecological topics which include exercises as well as text information.	http://www.ucar.edu/communications/gcip/"Curriculum Guide for climate impacts map", by several NGOs (UCS, WWF, etc.).  Has a map of the world showing changes in animal, plant and physical systems that are linked to climate change.  Map can be purchased as a poster.  Has downloadable files of 'activities' for high school level students.	http://www.climatehotmap.org/curriculum/index.html"Kids and Educators", by EPA.  Set of visuals and explanations of climate change and its impacts, with links to other sites.  For young children, (ages 8-12).	http://www.epa.gov/globalwarming/kids/index.html
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