Climate Change in Oregon: Myth or Reality?

Is climate change caused by humans a hoax, as some say, or reality? Will it change the way
we live here in Oregon? These are the questions that this presentation addresses. In addition, it
addresses not only the evidence for climate change but also some of the popular myths, all of
which have been used to misrepresent the evidence for climate change in Oregon at one time or
other. Most of the information that follows comes from the Intergovernmental Panel on Climate
Change 2007 assessment (IPCC 2007) and the recent Oregon Climate Change Research
Institute’s assessment for Oregon (OCCRI 2010). Websites for these reports and others are
given at the end of the presentation. In addition, information obtained from sources not in the
IPCC and OCCRI assessments are specifically mentioned.
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What did we do?

Since the start of the industrial revolution in the late 1700s, when steam engines began
powering factories, we’ve been increasing the concentration of greenhouse gases in the
atmosphere. The inserts to the figures show the rise in the atmospheric concentration of carbon
dioxide, methane, and nitrous oxide since 1750. The larger plots show the rise over the last
10,000 years, when ice from the last ice age had melted and permanent ice cover was about the
same as that in the 1950’s. The red points on the plots are measurements of concentrations made
directly from air samples. Accurate measurements began in the 1950’s when Dave Keeling
devised a highly precise scheme for measuring the amount of carbon dioxide in the atmosphere.
When he started those measurements, the concentration was 315 ppm. “ppm” stands for parts
per million, meaning that for every million molecules of air there are only 315 molecules of
carbon dioxide. Now the concentration is 390 ppm. Keeling’s son, Ralph Keeling, now carries
on the measurements that his father started. Ralph and teams of scientists around the world are
measuring not just carbon dioxide, but also methane and nitrous oxide, among other greenhouse
gases.
About twenty years ago or so, scientists discovered that air trapped in bubbles frozen in ice
retains its composition at the time the water froze. By digging into the ice sheets of Antarctica
and Greenland, digging ever deeper to reach the oldest ice, scientists have collected samples of
air tens of thousands, hundreds of thousands, and even over a million years old. The non-red
colored points in the above plots show the concentrations of the air samples derived from air
bubbles locked in the Greenland and Antarctic ice sheets.
The long-term observations reveal that the concentration of carbon dioxide rose at the start
of the industrial revolution as a result of burning coal to fuel the steam engines. With the
engines, workers in factories became more productive. The economy grew. Wages increased,
making it easier for people to support families. As do all biological systems, faced with an
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environment favorable for sustaining life, people reproduced. Population grew rapidly. Steam
engines and later oil and gas fueled engines made it even easier to sustain human life by greatly
increasing food production. Population increased even more rapidly. The concentration of
methane in the atmosphere began to rise in part because of the need to feed the population.
Cattle, sheep, and rice paddies, are major sources of methane. Methane is also a byproduct of
mining for coal and drilling for oil. In the latter half of the last century, methane was rapidly
developed as a source of energy. The rise in the concentration of nitrous oxide, for which the
primary source is biological activity in soils, is also probably linked to food production through
increased fertilization.
Since the melting of the ice from the last ice age 10,000 years ago, up to the start of the
industrial revolution in 1750, the composition of the atmosphere held fairly steady. During this
period human societies evolved from prehistoric tribes to modern day civilizations. Since the
start of the industrial revolution, we have increased the concentration of carbon dioxide in the
atmosphere by 30%. We have more than doubled the concentration of methane, and we have
increased the concentration of nitrous oxide by 15%. It wasn’t until the start of the 20th century
that scientists began to consider the possibility that industrialization was changing the
composition of the atmosphere. It wasn’t until Dave Keeling first accurately measured the
concentration of carbon dioxide in the atmosphere in the 1950’s that we had a means for
monitoring the changes in composition.
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Why am I hot?

We’ve been increasing the concentrations of carbon dioxide, methane, and nitrous oxide to
the atmosphere for over 250 years. These gases are known as “greenhouse gases.” Here’s how
they work to trap the Earth’s heat and make the Earth warmer.
The Earth’s atmosphere is amazingly transparent to incident sunlight. Half the sunlight that
is incident on the Earth is absorbed by the Earth’s surface. What happens when sunlight is
absorbed by an object? Imagine turning your face toward direct sunlight on a sunny day. You
feel the heat. The Earth’s surface absorbs much of the incident sunlight and gets hot. As the
temperature of the Earth’s surface rises, the amount of infrared radiation that the surface emits
increases. Our eyes can’t see infrared radiation. We use infrared cameras or night vision
goggles to “see” it. We can, however, feel the radiation. Ever stick your hand near black asphalt
on a hot summer day? The heat you felt is the infrared radiation emitted by the surface. Unlike
sunlight, the infrared radiation emitted by the surface is blocked by clouds, water vapor, carbon
dioxide, and the other greenhouse gases in the atmosphere. Whereas half the incident sunlight
makes it through the atmosphere to be absorbed by the surface only 10% of the infrared radiation
emitted by the surface passes through the atmosphere and escapes to outer space. Clouds and the
greenhouse gases absorb infrared radiation thereby increasing the temperature of the atmosphere.
They also emit infrared radiation. Unlike the Earth’s surface, however, which can only emit
upwards into the atmosphere, clouds and the greenhouse gases can emit the radiation both
upwards to higher levels in the atmosphere and outer space and downwards toward lower levels
of the atmosphere and the Earth’s surface. By absorbing and emitting infrared radiation, clouds
and greenhouse gases trap the energy of the sunlight absorbed by the surface. In blocking the
surface heat from escaping to outer space, clouds and the greenhouse gases work much like the
blankets you add to your bed at night during the winter. The blankets trap your body heat,
allowing you to stay warm while insulating you from the cold air in the bedroom. It’s good that
the greenhouse gases trap the heat. If the clouds and the greenhouse gases did not absorb
infrared radiation, the Earth would be a white snowball. Life as we know it would not exist.
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Since the start of the industrial revolution, we’ve increased the concentrations of greenhouse
gases in the atmosphere substantially. We’ve thrown extra blankets on the Earth and the Earth is
getting warmer.
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The Earth’s temperature has risen.

Temperatures measured with thermometers date to the early 1700’s, but it wasn’t until the
end of the 1800’s that a sufficient number of surface air temperature measurements were made
and recorded so that scientists could determine with some certainty the average surface
temperature of the Earth. The record of the Earth’s temperature shown above was constructed by
scientists at the NASA Goddard Institute for Space Studies (NASA GISS) in New York city.
This record was started by Jim Hansen in the 1980’s. He was curious to know how well one
could measure the global average temperature and how much the temperature had changed with
time.
Since the end of the 1800’s, the global average temperature has risen about 1°C, or about
1.8°F. Of course, just as there are warm years and cold years wherever you live, the Earth also
has warm and cold years. But unlike the several degree swings in temperatures from year to year
experienced by most people, the global average temperature of the Earth swings at most only
about 0.4°C or about 0.7°F from one year to the next. The much smaller swing, of course, comes
from one part of the Earth being hotter than normal averaging out another part that is colder than
normal.
The 1°C or 1.8°F change over the last century or so and the maximum of 0.4°C or 0.7°F for
the year-to-year change are numbers to keep in mind. Climate change requires an appreciation
of the magnitude of the change. Later, the change for this century and the year-to-year change
will be compared with past changes and future projections.
Source: NASA GISS: http://data.giss.nasa.gov/gistemp/
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Myth #1

Global warming is a hoax!
Surely, you’ve heard this before. James Imhoff, a U.S. Senator from Oklahoma, keeps
repeating it on the Senate floor every chance he gets.
Underlying this claim are a number of serious questions. One of the questions is how can
we possibly know the Earth’s surface temperature? We don’t have thermometers everywhere!
Such questions are valid and require answers.

When scientists construct the Earth’s globally averaged surface temperature, they follow
several steps. First, they screen the data. Is it good data? Often within a given region, such as
the U.S. or Europe, the distance between thermometers used to collect climate data is small
sometimes less than 50 miles. Such dense measurements aren’t really needed but they’re good to
have in order to assess the quality of the surrounding observations. Technically, they’re not
needed because every time it’s hot in Portland, it’s likely to be hot in Corvallis. Comparing
records for such densely spaced thermometers reveals that as long as the thermometers are within
about 700 miles of each other, their records track. So, if it’s hot in Portland it will probably also
be hot in Seattle and even in Vancouver, B.C., but it may be cold in L.A. or San Diego. By
comparing records among thermometers within a few hundred miles of each other, scientists spot
abnormal jumps or trends in some of the thermometers. When such jumps or strange behavior is
found, the records for errant thermometers are scrutinized for possible causes. In some cases, the
behavior of an errant thermometer may be so outlandish, that the readings from the particular
observing station are removed from the analysis, as the record seems to be untrustworthy. Of the
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thousands of climate stations used to construct the temperature record for the Earth, less than
approximately 10% are judged untrustworthy.
Second, scientists group thermometer records to construct regional average temperature
records, such as that for Oregon. A typical region size is about 300 miles on a side. Monthly
average regional temperatures are first constructed from the daily average temperatures and then
the monthly average temperatures are used to calculate the global average annual mean
temperatures shown above.
Finally, the scientists verify that there are sufficient thermometer records to construct a
global average temperature. The Southern Hemisphere poses a problem because only 20% of its
surface is land, where people live who are likely to maintain records of temperatures from
thermometers. The rest is ocean. Island stations fill in much of the record for the oceans. In the
1800’s, few such stations existed. Nonetheless, by throwing away thermometer records in the
Northern Hemisphere, where there are plenty of records, so that the remaining thermometers
approximately match the locations and climates of their counterparts in the Southern
Hemisphere, scientists can determine the effects of having only a small number of records on the
accuracy of average hemispheric surface temperature for the Northern Hemisphere. In so doing,
among other tests, scientists concluded that by the end of the 1800’s there were sufficient
thermometers dispersed around the Southern Hemisphere to obtain a reliable hemispheric mean
temperature to combine with that of the Northern Hemisphere to determine the global average
temperature.
Through such procedures, and some others to be discussed later, scientists determined that
estimates of the global average surface temperature for the Earth had an error of about ± 0.1°C or
± 0.2°F, about the size of the green lines in the above temperature record. Of course, at the end
of the 1800’s and the early part of the 20th century when there were fewer thermometers, the
errors are larger. Still, the errors are much smaller than the 1°C or 1.8°F warming that has
occurred since the end of the 1800’s. The warming is real, no doubt about it.
In addition, there are three groups around the world on which the IPCC relies for
maintaining global records of the Earth’s temperature, NASA GISS in N.Y. (the record shown
above), the Hadley Center in the U.K., which is the center for climate research in the U.K., and
the National Climate Data Center in Ashville, N.C. The three groups of scientists have
developed different methods for screening the data to ensure that it’s good data, grouping the
data to form the regional and monthly means, and verifying the accuracy of the final global
average temperature record. The global average temperature records from the three groups
differ, of course, but the differences are less than the estimates of the errors shown in the above
figure.
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Another myth that has been used to explain why the warming in Oregon is not caused by the
rise in the atmospheric concentration of greenhouse gases is the urban heat island myth. The
myth goes as follows: Weather stations around the country were often collocated with airports.
In the early days of aviation, the airports were relegated to large fields away from cities. Of
course, with time, cities grew, ultimately engulfing these airports. Portland International was
once a field far from the city. Now it’s part of the urban environment. Thermometers that were
once surrounded by nothing but fields or sparsely populated areas are now surrounded by
buildings, roadways, and densely populated urban areas. According to the myth, the rise in
temperature recorded at these stations is caused by the growth of the surrounding urban
environments, not by buildup of the greenhouse gases in the atmosphere.
I’ve seen glossy magazines with picture after picture showing weather station-like
installations with the thermometer housing placed next to the exhaust of air conditioners.
Clearly, a thermometer placed in such a location would measure an elevated temperature. The
claim is that the thermometer record used to construct the global average surface temperature of
the Earth is no good because the thermometer data has been corrupted by urbanization.
Those who make such claims, however, fail to mention, as was noted earlier, that the records
of temperatures from thermometers are first screened for strange behavior. Elevated
temperatures, when compared with surrounding rural records are noted. They also fail to
mention that the urban heat island effect has been measured. Temperatures from thermometers
residing in cities are compared with those in surrounding rural areas. The higher temperatures in
cities are revealed. The three groups who construct records of the global average temperatures
determine the heat island effects for the major cities (populations > 50,000) and towns
(populations > 10,000) around the world. They then correct for these effects when constructing
the global average temperature. They have also calculated the global average surface
temperature in which no corrections for the heat island effects were made. The differences
proved tiny, less than 0.03°C or 0.06°F, much smaller than the estimated uncertainty of ±0.1°C
or 0.2°F in the global average temperature. Urban environments occupy only a tiny fraction of
9

the Earth’s surface, and evidently, they fail to influence the surface temperature in much of the
region that surrounds them. Ever walked from the asphalt jungle of an urban environment during
summer and crossed a street to walk in a large grass covered, tree-lined park, one that covered
several city blocks? The drop in temperature hits you almost immediately.
Finally, those who claim that the Earth’s warming is all due to heat islands fail to mention
that the largest warming is in the high latitudes of the Northern Hemisphere, in the desert regions
of Africa, and in the tropical and subtropical oceans as shown in the figure above. Can you name
a major city in any of these regions?
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Myth #2

The Earth has been cooling since 2000!
When the Oregon Climate Change Research Institute released its assessment of climate
change in Oregon at the end of 2010, the naysayers, as we call them, pounced on it immediately,
claiming that the Earth was not warming. It was actually cooling!

When giving public talks on global warming, I’ve been confronted by folks who claim that
the Earth has been cooling since 2000. I ask them where they get the data that shows the Earth
has been cooling. I’ve yet to receive an answer that I could either track down or that showed that
the Earth was cooling.
Yes, 1998 had a record high temperature, thanks largely to a massive El Niño event in the
tropical Pacific. 1999 and 2000 were colder by comparison. 2005 and now 2010 appear as
though to have set new records. Clearly, as it has in the past, the global average temperature
fluctuates up and down from year to year. It will continue to do so as the Earth continues to
warm.
Nonetheless, among the e-mails that received considerable attention in the “Climategate
scandal” was a lament by some of my colleagues about the seemingly large number of relatively
cold years in this decade. What was putting the brakes on global warming? Such questions
made the naysayers gloat, “Ah ha! We told you that global warming was a conspiracy hatched
by climate scientists!” Nonetheless, the scientists’ questions focused on the adequacy of the
current observing system to truly measure the heating of the Earth by the sun and where that heat
was going, warming the atmosphere, melting ice, warming the oceans, etc. The questions have
led to new insights into where problems exist in the observing system, primarily in the oceans
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where despite recent advances, too few measurements are made. Furthermore, the concern of the
scientists was little more than what’s happened? Had they taken into account the typical year-toyear changes in the global average temperature, they would have noted that there was no
immediate reason for concern. Had the temperature failed to rise for say another five years, out
to say 2015, then we would have had to question our understanding of climate change. But the
Earth appears to be warming just as expected.
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At least three independent panels of experts investigated the “Climategate” e-mails and the
scientists involved. All three panels found no evidence for data being fudged or misrepresented,
or hidden from the public. Nonetheless, we seem to be living in an era in which the concept has
been accepted that, as in TV commercials, if you say something simply enough and repeat it
often enough, people will believe that it is true, whether or not it bears any resemblance to
reality. Saying that global warming is a hoax, or that it is a conspiracy among climate scientists,
or that the Earth has been cooling doesn’t change the evidence. The evidence won’t go away.
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Where are we headed?

The above graph shows the change to be expected in the global average Earth’s surface
temperature during this century. Scientists around the world have developed climate models to
predict the changes that will occur if the concentrations of greenhouse gases and haze in the
atmosphere change over time as a result of human activity. Some twenty to thirty such models
exist. These models have been developed independently by different groups working in the U.S.,
Europe, Asia, and Australia.
There is no single answer for what to expect. Two factors create sizable uncertainties in
projections for the future. First is human behavior. When assessing the impact of human
activities on climate change, the IPCC turns to sociologists, economists, technology exports, and
policy experts to explore what the future will be like. What will people do? These experts
generate what are known as scenarios, which based on technology, economic development,
cultures, population trends, etc., suggest the rates of greenhouse gas emissions over the coming
century. The rates of emission are the product of considering the energy needed to carry on the
expected economies given the likely technologies in the different countries throughout the world.
The effects of the different emission rates are shown as the blue, green, and red curves on the
plot. Over thirty such scenarios were considered. Only a few of these, those that gave close to
the extreme high and low greenhouse gas emission rates are shown. The yellow curve was
added by climate scientists who asked the question, how much would the Earth warm if the
composition of the atmosphere was somehow held fixed to be the same as that for the year 2000?
The yellow curve shows the rise in temperature already built into the system due to the changes
in atmospheric composition over the last couple of centuries. The Earth will continue to warm
because the ocean has absorbed a lot of heat due to the buildup of greenhouse gases in the
atmosphere. The ocean responds to the heat like a pot of water placed on a stove. It takes time
for the temperature of the water to rise even though during that time, the rate at which the stove
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is adding heat to the water remains constant. The ocean has been absorbing the heat for decades
and its temperature is slowly rising. Its temperature will continue to rise beyond 2100. As the
ocean temperature rises, so does the Earth’s temperature.
Returning to the above figure, the red curve for scenario A2, green curve for scenario A1B,
and blue curve for scenario B1 are due to three different courses of human behavior. The red
curve is near the highest of the green house gas emission rates considered. It is not the highest
rate. Not shown is a black curve, labeled as scenario A1FI that sits above the red curve. The
temperature at 2100 for the A1FI scenario is indicated by the gray bar with the black line
imbedded at the right of the plot. In the A1FI scenario, everyone works together to build the
global economy, advancing technological development everywhere. The growth, however, is
fossil fuel intensive. It’s the, “drill baby drill” scenario for the whole Earth. It can be done. The
IPCC has determined from resource experts that there are sufficient deposits of fossil fuels on
Earth to fuel the A1FI scenario.
At close to the lowest greenhouse gas emission rate is the blue curve. In this scenario
everyone works together to protect the global environment while developing economies and
technologies that will lead to a sustainable environment while reducing emissions of greenhouse
gases. The goal is for all people to take part so that in the end, living healthy, productive lives
will be accessible to all.
Of course, predicting the future, no matter how well informed the experts might be, is a
humbling experience. No one, not even the experts, can foresee what humans are capable of
doing. As it turns out, up until the economic meltdown in 2008, the greenhouse gas emission
rate for the Earth was larger than even the most extreme A1FI scenario considered. No one had
anticipated the rapid economic development in China and India.
The second factor that makes predictions of the future uncertain is due to the inadequacy of
climate models. The gray bars on the right of the plot show the range of possible temperature
changes as predicted by different models. Nearly all of this range is caused by the inability of
the models to predict how clouds will change as the climate changes. Clouds reflect sunlight,
thereby cooling the Earth. Much like greenhouse gases, clouds trap infrared radiation, thereby
warming the Earth. Even small changes in the properties of clouds around the Earth could have
profound effects on the climate. Predicting how clouds will change is exceedingly difficult. I’ve
devoted the bulk of my career to learning about clouds and how they might change. We’ve made
amazing progress in the last 35 years but we’re still a decade or two from having even a crude
understanding of how clouds might change as the greenhouse gases in the atmosphere increase.
Nonetheless, the models are what we have to go on. Our best estimates are shown in the
plot. The Earth’s temperature will rise 2°C to 4°C or 4°F to 7°F during this century, more than
twice and possibly more than four times the rise for the last 100 years.
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Myth #3

Climate model predictions are no good!
Of course, the naysayers claim that the models are no good. In fact, didn’t I just note that
because the models do a poor job of predicting how clouds will change, they’re not to be trusted?
We all know that weather forecasts are often lousy. How can we possibly predict the climate?
All of these questions deserve answers.

First the models, despite their zits do an amazing job of predicting how the Earth has
changed. In its last assessment, the IPCC asked the climate modeling groups to calculate the
changes in the Earth’s temperature for the 20th century. They were asked to predict the changes
for two cases. In the first case, only natural forcings of the climate were included. The results
are shown by the blue swaths in the above figure. It’s a swath, as opposed to a line, just like the
gray bars in the previous figure, to show the range of predictions obtained from different models.
In the second case, the models included both the natural forcings and the forcings caused by
human activity, the buildup of greenhouse gases and haze in the atmosphere. These results are
shown by the pink swaths. The black lines show the record of observed temperatures obtained
from thermometers.
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The natural forcings include the changes in the amount of sunlight reaching the Earth caused
by changes in solar activity and the changes caused by volcanic eruptions. During major
eruptions, volcanoes pump millions of tons of sulfur dioxide into the stratosphere some 12 miles
above the earth’s surface. After a period of a week or two, the sulfur dioxide is converted
through chemical reactions to tiny droplets of sulfuric acid. Stratospheric winds spread these
droplets until ultimately, they blanket the Earth. The droplets reflect a fraction of the incident
sunlight thereby cooling the Earth. They remain in the stratosphere for approximately two years
after the eruption. During this period, the droplets slowly migrate downwards and ultimately
enter the lower atmosphere where they are rapidly removed by clouds and precipitation.
Changes caused by natural forcings explain the observed temperatures for the early part of
the 20th century. They fail to capture the changes that have occurred during the last couple of
decades. When the buildup of greenhouse gas concentrations and haze in the atmosphere caused
by human activity are included, the model predictions and the observations come into agreement,
not just for the global average temperature, or even the continental and ocean temperatures, but
also for the major continents of the Northern and Southern Hemispheres. The models get it right.
But we can’t predict the weather! Correct. But predicting the weather and predicting
climate change are fundamentally different problems. To predict the weather we need good
observations everywhere and good models. We know that we have neither. Furthermore, we
also know that even if we had perfect models, but we had errors in the observations, even
seemingly tiny, insignificant errors, the types of calculations needed in the models to predict the
weather causes those tiny errors in the observations to literally blow up after just a matter of
days, making forecasts useless. Ed Lorentz, at the time a professor at MIT, was the first to
identify this problem some 50 years ago. He likened the problem to butterflies in South America
flapping their wings thereby creating a hurricane in the subtropical Atlantic a week later.
For climate, on the other hand, the problem is much like predicting the change in the
temperature that occurs during the seasons. In winter, the Northern Hemisphere is tilted away
from the sun and Oregon receives little sunlight—it’s not just the clouds that block the sunlight
during winter; it’s the tilt of the Earth’s axis of rotation. In winter it’s cold. During summer, the
Northern Hemisphere is tilted towards the sun. Oregon receives a lot of sunlight. It’s warm.
This change in temperature caused by the change in the amount of sunlight that the Earth
receives, climate models get right. Climate models cannot predict any better than the weather
forecast models when storms will occur, but they can predict the frequency and intensity of the
storms, the temperatures, the rainfall, etc., the factors the averages of which describe the climate.
What about the clouds? At the global and continental scales shown in the above plots, the
models do OK. At regional scales such as the Pacific Northwest and Oregon, there’s reason for
concern. Planners and policy makers want details and they want them where people live, on
regional and seasonal scales. The models are not up to such predictions, but work during this
decade and the next aims to improve the models so that such predictions will become useful.
Finally, yet another myth told here in Oregon, is that even though the Earth is warming, any
effect caused by greenhouse gases will be small compared with the natural changes that the
climate has always undergone. The changes caused by the greenhouse gases will be too small
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for people to notice. Not so. We’re already noticing the changes. Permafrost in the Arctic,
which has been around for the past 20,000 years and possibly the past 100,000 years, is thawing
and causing massive disruptions to the infrastructure for people living there. Species which can
migrate are moving poleward in both hemispheres. Summertime sea ice in the Arctic is
disappearing at an alarming rate. Glaciers are disappearing. Springtime snow cover in the
Northern Hemisphere is decreasing. Sea level is rising. The departures of the pink and blue
swaths in the above figure demonstrate that the changes are noticeable. These changes are not
caused by the forces of nature.
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How do the future changes compare with those of the past?

Reconstructions of climates for the Northern Hemisphere and the Earth help to put the
changes projected for this century in perspective. The plot above shows the reconstruction of the
average surface temperature for the Northern Hemisphere for the last 1,000 years, going back to
the era of kings, knights, and the Crusades. The many squiggly lines on the plot are
reconstructions performed by different groups of scientists around the world, mostly in the U.S.
and Europe.
Thermometers existed in the Northern Hemisphere back to the 1700’s and sufficient
numbers were available to extend the thermometer record back to the start of the 1800’s, the
black curve in the figure. Prior to the 1800, proxy data is used to reconstruct the temperature
records. The proxy data comes from the thickness of the annual growth rings in different species
of trees, from the different pollen species found at different depths in bogs and in mud at the
bottom of lakes, from the isotopic makeup of water frozen in large glaciers, from the change of
temperature with depth in bore holes, and from the different species of zooplankton shells in the
mud at the bottom of the oceans, among others. Temperatures inferred from all of these methods
are matched to those of the thermometer record for the periods in which the records overlap. As
a result, all of the squiggly curves begin to agree for the period in which thermometers were
available. The overlap allows scientists to calibrate their analysis methods in order to
confidently infer past temperatures from the proxy data.
The remarkable finding of the various reconstructions is that the temperature of the Northern
Hemisphere, where most of the Earth’s people lived, was remarkably stable as people advanced
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from the era of the Crusades, to the era of modern civilization. The largest change that appears
to have occurred for any of the past centuries is about 0.6°C or 1.1°F, little more than half the
change that occurred during the last century, and three to six times smaller than the change
expected for this century. Thus, for the past 1,000 years, while we were learning to build and
support large human populations, there were no changes in the climate that come close to the
changes that we’re expecting for this century.
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Going back even further in time…

Using the Vostok ice core from Antactica, atmospheric composition and temperature for the
past million years has been reconstructed. Atmospheric composition comes from air trapped in
bubbles that formed when the ice froze. The temperature comes from the fraction of the heavy
water found in the ice. More energy is needed to evaporate heavy water than normal water.
Consequently, the fraction of heavy water found in the ice increases as the Earth’s surface
temperature increases.
The curves above show the record for changes in the global average surface temperature as
deduced from the ice and concentrations of methane and carbon dioxide for the past 450,000
years. While all the temperature changes shown in the figure are derived from the Vostok ice
core, they match the temperature records derived from the different species of zooplankton shells
dug from mud at the bottom of the ocean for different sites around the world. This consistency
leads to the conclusion that the changes derived from the ice core represent those that occurred
everywhere around the world.
The lowest temperatures are associated with ice ages. Four such periods spaced by
approximately 100,000 years occurred in the last 400,000 years. The most recent ice age
occurred about 20,000 years ago. The peaks in the temperature are associated with warm
periods, like the current warm period. The difference in the global average temperature between
the last ice age and the present climate is only 6°C or 11°F. In addition, it took approximately
5,000 years for the temperature to rise from that of an ice age to that of the present day. The
temperature rose at a rate that was only about 0.1°C or 0.2°F per century. During the last
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century, the rise was almost ten times as large, 1°C or 1.8°F. The current estimate for global
warming is 0.2°C to 0.4°C or 0.4°F to 0.7°F per decade, 20 to 40 times the rate of change as the
Earth thawed from the last ice age.
In addition, the curves above show that the level of carbon dioxide in the atmosphere was
never greater than about 300 ppm for the last 450,000 years. The extension of the ice core record
shows that the concentration of carbon dioxide was never greater than about 300 ppm during the
last million years. Now the concentration is 390 ppm. Similarly, the concentration of methane
was never greater than about 800 ppb (ppb means part per billion, 800 molecules of methane in
every billion molecules of air). Now its concentration is 1700 ppb. With regard to the how rapid
the changes in atmospheric composition occurred in the past, the best estimates of the rates are
restricted to 16,000 years ago. The limitation is caused by the sparse measurements available for
nitrous oxide. At no period in the last 16,000 years have the changes in the atmospheric
concentrations of carbon dioxide, methane, and nitrous oxide exceeded the changes since the
start of the industrial revolution, the last 250 years. The most accurate measurements of the past
rates date back 2,000 years ago, the era of the Roman Empire. The rise in the concentration of
carbon dioxide measured for the 40-year period from 1960 − 1999 was four times greater, that
for methane five times, and that for nitrous oxide twice as large as found in any 40-year period of
the past 2,000 years.
In summary, while the Earth might have been warmer some hundreds of thousands of years
ago, few people were around to notice, let alone leave us chronicles about what the weather and
environment were like. Of even greater concern, however, nowhere in the past record is
evidence for the global average temperature suddenly rising 2°C to 4°C or 1.8°F to 7°F as it is
expected to rise this century. Nowhere in the record for the last million years is there evidence
for the current high concentration of greenhouse gases, nor for the rapid rise in these
concentrations. We are changing the environment in ways that the Earth has not experienced
during the period that homo sapiens walked the Earth.
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So, what can we expect?

First, the changes which are now becoming noticeable will continue and the change will be
rapid. I ask the students that I teach at OSU to imagine the changes they will have seen by the
time they reach retirement age, some time in midcentury. During their lifetime they can expect
the Earth’s temperature to increase between 1.5°C and 2°C or 3° to 4°F. Nothing like such a
change has ever occurred in human history. Such a change represents a sizable fraction of the
6°C or 11°F temperature rise from the last ice age to the current climate. Clearly, with such a
change, weather patterns will change. Students living today will certainly notice these changes.
These are global average temperatures, not Oregon’s temperature. What will the changes be
for Oregon? They will be about the same. Oregon, because of its position half way between the
equator and the North Pole and being adjacent the Pacific Ocean, has an average temperature that
is only slightly less than the global average temperature, between the low temperature of the
Arctic and the high temperature at the Equator. Similarly, the changes projected for Oregon and
the Pacific Northwest are much like those of the global average temperature change, between the
large changes expected for the Arctic, and the smaller changes expected for the equatorial
tropics.
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What can we expect in Oregon?

In Oregon, temperatures will be higher. Expect longer summers (hooray!). By midcentury,
the summers will seem to last about four weeks longer. Growing seasons will be longer, which
might prove to be a benefit. Summers will be hotter. Summers will also be drier. As
temperature rises, the area covered by snow in spring will decrease. Water that once fell as snow
will fall as rain, further reducing the size of the spring snow pack. Spring runoff will come
earlier and rivers that now survive the summer will be more likely to run dry by the end of the
longer summers. In addition, since the rate of evaporation increases as temperature rises, more
water will be lost through evaporation during the summers. Oregonians can expect more
frequent water shortages during summers.
It should be noted, that Oregon, thanks to the forward thinking of western governors like
Schwarzenegger, Kulongoski, and Gregoire, has started preparing for such changes. Those
involved in water management are already exploring ways to better manage water usage,
investigate ways that water might be retained, improve the efficiency with which water is used,
and reduce losses due to runoff and evaporation.
Forests, like other biological systems, tend to use all the resources available to grow.
Growth is rapid until the limit of the resources is reached. Scientists studying isolated forest
stands, those not affected by humans, disease, and fire in the west, including the Pacific
Northwest, have found signs of what they consider to be resource limitation. Trees for no
apparent reason die. This dieback for the last several decades is nearly twice what it was during
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the first half of the 20th century. Scientists think that climate change has somehow limited the
resources needed for these trees to grow.
Also of concern is the poleward migration of various species, including pests and diseases.
Trees and crops that have gone largely unaffected by such agents of disease will now become
vulnerable as Oregon’s climate changes so that it becomes habitable to these agents. We
ourselves will need to watch for diseases which were common to people living in subtropics and
tropics but have rarely occurred in Oregon.
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Consider how climate change might affect Oregon’s
wineries.

Climate-maturity groupings based on relationships between phenological requirements and growing season average
temperatures for high to premium quality wine production in the world's benchmark regions for many of the most
common cultivars. The dashed line at the end of the bars indicates that some adjustments may occur as more data
and information become available for the different varieties and regions, but changes of more than ± 0.4-0.8°F are
highly unlikely (Jones, 2006).

To drive home how rapidly climate change is expected to occur, consider the wineries here
in Oregon. Greg Jones, Southern Oregon University has mapped the conditions for popular
wines based on the climates in which they grow around the world. The findings are shown in the
above figure.

Jones, G.V. (2006). Climate and Terroir: Impacts of Climate Variability and Change on Wine.
In Fine Wine and Terroir - The Geoscience Perspective. Macqueen, R. W., and L. D.
Meinert, (eds.), Geoscience Canada Reprint Series Number 9, Geological Association of
Canada, St. John's, Newfoundland, 247 pages.
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The changes will come quickly.

Source:

Greg Jones, Sourthern Oregon University.

The Willamette Valley is currently ideal for pinot noirs. By midcentury, pinots in the
Willamette Valley would appear to be on they’re way out. Southern Oregon is favorable for
sauvignon blancs. By midcentury, it looks like, goodbye sauvignon blancs. Eastern Oregon is
habitable for merlots. By midcentury, the merlots will be threatened. The coming changes will
be a challenge for Oregon wineries. Consider the changes the California wineries will face.
Clearly, wineries will need to adapt to this century’s ever changing climate.
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Yes, winters will be warmer, and they will be shorter (hooray!). As was mentioned earlier,
however, along with the higher temperatures, some precipitation which used to fall as snow,
thereby contributing to mountain snow packs, will now fall as rain. Also, with the higher
temperatures the air can hold more water vapor. It takes energy to evaporate water, a sizable
amount of energy. Hair dryers are typically rated at 1500 W, about the limit that household
outlets can supply without tripping a circuit breaker. After hair has been washed, the driers need
such power to quickly evaporate the water. When water vapor condenses to form precipitation,
it gives back this energy to the atmosphere. It’s this release of energy from the condensation of
water that powers large storms such as hurricanes and some of the huge, damaging storms that
we sometimes see during winter in the Pacific Northwest. Because of the increased
concentration of water vapor in the atmosphere, such storms will have more energy at their
disposal. They are expected to intensify. As such, more rain will fall during the massive storms.
These storms will cause more flooding. The winds kicked up by the release of energy will be
stronger, last longer, and probably be more damaging. While the intensities of storms in the
Pacific Northwest show no clear indication that they are intensifying, those in other parts of the
world have.
Sea-level can be expected rise along the Oregon coast during this century. Perhaps a bigger
problem, however, will be an increase in wave height and wave run-up which leads to coastal
damage. Wave heights along the Oregon coast have been increasing, perhaps spawned by the
intensification of storms over the Northern Pacific Ocean, which in turn can be expected from
the increases in ocean temperatures and amounts of water vapor in the atmosphere.
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Climate change will also affect marine life in Oregon’s
coastal waters.

In 2006 we had a scare. Dead zones were migrating up the continental shelf towards the
Oregon coast. The size of the 2006 dead zone was unprecedented. Dead zones occur when
oxygen in the water becomes depleted. Fish avoid such waters as they sense the lack of oxygen
and swim away. Creatures that crawl or live along the ocean floor can’t move so rapidly, and
when caught in a dead zone, they die. When the dead zone occurred in 2006, questions naturally
arose concerning the possible role of global warming. Global warming may be involved, but its
role, if any, is unclear.
Oxygen depletion is found in pockets of deep waters that sit off the continental shelves of
most continents. For reasons yet unknown, these pools of oxygen poor water are losing what
oxygen they have. In addition, though making up less than 10% of the area covered by the
oceans, these oxygen depleted waters appear to be expanding. In regions subject to upwelling,
such as Oregon during the summers, the upwelling of ocean bottom water on the continental
shelf draws the oxygen poor water onto the shelf. Upwellings bring to the surface nutrient rich
water from the bottom which promotes phytoplankton blumes. Such blumes are beneficial to
fisheries as zooplankton harvest the phytoplankton and fish harvest the zooplankton. Most
upwellings last a short period, a week or two. In 2006, steady northerly winds along the Oregon
coast gave rise to an extended upwelling. The upwelling pulled oxygen poor water from the
edge of the continental shelf towards the coast. After a period, the phytoplankton that grew as a
result of the upwelling died and fell to the bottom. There they decayed, using up whatever
oxygen was left in the water. Ultimately, oxygen in the whole column of water above the shelf
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was depleted creating a patch of dead water nearly 40 miles in diameter. While the winds along
the Oregon coast can be expected to change as the Earth warms, the models currently show no
evidence for changes that would increase the frequency or the intensity of upwellings. More
disturbing, however, is the expansion of oxygen depleted waters that sit at the edges of
continental shelves around the world, Oregon’s continental shelf included, and the loss of
oxygen from these already oxygen poor waters.
As the concentration of carbon dioxide in the atmosphere increases, however, more will be
dissolved in the ocean. Mixed in water, carbon dioxide becomes carbonic acid. Increasing the
concentration of carbon dioxide in the atmosphere increases the acidity of oceans. As the acidity
of the ocean increases, animals which rely on calcium carbonate to form shells, as do some
zooplankton, will be unable to do so. If the water becomes sufficiently acidic it will dissolve the
shells of some zooplankton. Oregon coastal waters, as are most coastal waters, are more acidic
than most of the ocean, and with the continued rise in the atmospheric concentration of carbon
dioxide, some of the zooplankton in our coastal waters will become vulnerable.
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What’s to be done?

Reduce emissions of greenhouse gases.
We got into this mess because we increased the concentrations of the greenhouse gases in
the atmosphere. The only way to curtail the problem and avoid an ever changing climate is to
stabilize the composition of the atmosphere, and if possible, reduce the concentrations of the
greenhouse gases that we’ve added, carbon dioxide, methane, nitrous oxide, and others.
It is possible to reduce emissions to levels at which the concentration of a greenhouse gas
declines. We’re doing this now in the case of the chlorofluorocarbons. As part of the Montreal
Protocols to protect the Earth’s ozone layer, the manufacture of chlorofluorocarbons was banned,
worldwide at the end of the 20th century. Chlorofluorocarbons are strong greenhouse gases, but
fortunately, only a relatively small concentration entered the atmosphere after their invention in
the 1920’s and their ban before the start of this century. Consequently, their effect on climate is
not large. Nonetheless, because of the ban, the concentration of chlorofluorocarbons in the
atmosphere is decreasing. The concentrations should reach their 1980 levels, when the ozone
hole first occurred, by midcentury. Similarly, methane has a relatively short lifespan in the
atmosphere. If we reduce emissions of methane, which seems feasible to do, we could stabilize
its concentration in the atmosphere and even reduce its concentration in a matter of decades. The
same goes for carbon dioxide and nitrous oxide, but it will take centuries of continued reductions
in emissions to bring the concentrations of these gases back to the levels of the 1950’s.
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Just say NO…to using fossil fuels!

Wouldn’t it be nice? The first approach to reducing emissions is to avoid using energy
generated by burning fossil fuels. Walk or ride a bike instead of driving a car. Easier said than
done in today’s society. But consider some of the other things that we do. How many electronic
gizmos, chargers, pda’s, computers, etc., are left on 24/7 because they don’t use much energy?
Interestingly, the poster child of energy efficient appliances is the household refrigerator. In the
1950’s when they first became available in many households, refrigerators were energy hogs.
Today’s refrigerators store far more food than those of the 50’s and use less energy to do so. But
now, the gain from the improved efficiency of refrigerators is used up by the myriad of
electronic gizmos that permeate today’s households. Surely, we can do better.
When one considers today’s lifestyles, the needed changes won’t be easy. Europeans,
Japanese, and South Koreans all consider themselves as having relatively high standards of
living, comparable to ours. On average, however, citizens in these countries use half the energy
that is used by citizens in the U.S. They’re able to get by with less because 1) most live in multifamily dwellings thereby reducing energy consumption by living in smaller, more compact
homes, 2) society is geographically localized so that people need not commute large distances to
work, recreation, shopping, schools, etc., and 3) most rely on public transportation which is far
more energy efficient than everyone driving cars. We need to rethink the design and
construction of our society so that such lifestyles become attractive to us.
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We also need to improve the efficiency with which we use energy. Estimates suggest that
we can cut the greenhouse gas emissions by the U.S. and other economically developed countries
in half if we adopt currently known technologies to improve the efficiency with which we use
energy and continue to develop and use renewable and alternate energy sources, sources that do
not emit greenhouse gases. Efficiency can be improved by better insulating homes and
buildings, improving appliance and lighting efficiency, improving transportation efficiency, and
adopting novel approaches such as the cogeneration of heat and electricity in communities where
doing so makes sense. The new campus power plant at OSU is now cogenerating electricity and
heat and using about half the energy that was once used for these purposes. Alternate energy
sources such as nuclear power need to be considered. Renewable energy sources such as solar
power, wind, biofuels, etc., can be developed and used. There’s no telling what might be
possible. We are just now beginning to explore these technologies even though some have been
around for decades. We need to start now because 1) there’s a lot to do, 2) we do not know what
will or will not work, 3) it will take time to bring about the social changes needed to reduce the
emissions of greenhouse gases, and 4) making such changes can actually lead to long term cost
savings and health benefits.
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…a dose of reality.

Looking back at the projections for this century, one notes that the students that I teach at
OSU today will witness a change in climate that dwarfs any change that humans have seen in
recorded history, even beyond the times of Noah and his ark. And there’s nothing they can do to
avoid the change. By midcentury there is little difference between the red, green, and blue
curves shown above. They all give about the same temperature change. The change is already
in the system from the centuries of increasing the greenhouse gases in the atmosphere, the heat
gained by the oceans, and the difficulty of getting the world’s population, some 7 billion now but
9 billion by midcentury, to change their lifestyles. All of these factors were taken into account
when the IPCC developed the greenhouse gas emission scenarios. I tell today’s students, that
they will be living in exciting times. They will see the Earth’s climate change. They will note
the changes in weather patterns. Nonetheless, I tell them that they need to start working today to
help society reduce emissions of greenhouse gases. If they succeed, and if they teach their
children to build a society and live in a way that the will continue to reduce emissions, then they
will be HEROS! If they do all that, and if their children teach their offspring, the grandchildren
of today’s college students, to continue making improvements in energy use efficiency and
changes to alternate and renewable energy sources, then maybe by the end of the century, the
grandchildren of today’s college students will begin to live in a world in which the climate is no
longer rapidly changing. It will become stable as it was for the 1,000 years during which
humans went from being Crusaders in the Holy lands to city dwellers in modern society. The
climate will be different from today’s, but it will change slowly and ultimately it will become
stable. Let’s hope that the new climate will allow our descendants to live happy, productive, and
sustainable lives from generation to generation.
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For further information…
An informative website on climate science and what we need to do to limit climate change is the
website sponsored by the Union of Concerned Scientists. The information is accurate and is
written for nonscientists.
Union of Concerned Scientists: www.ucsusa.org
The IPCC makes available all of its reports. The scientists involved in assessing the scientific
basis for climate change went a step further and created a special site for “Frequently Asked
Questions” or FAQs. These questions and answers are intended to provide in depth information
on the science of climate of concern to most policy makers. They are written for nonscientists.
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faqs.html
Skeptical Science tracks the myths concerning climate change and for each myth, the site
explains why the claim is a myth and not supported by evidence. Most of the myths shared in
this presentation rank in the ten most common myths being spread concerning climate change.
http://www.skepticalscience.com/argument.php
The Oregon Climate Change Research Institute maintains a website dealing with climate change.
The 2010 assessment of climate change in Oregon is available from this site.
http://occri.net/
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