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• It is surely real

• It will continue

• It will impact Texas

• Our choices

Man-made climate change



Temperature Anomaly: deviation from average 
temperature over a period of time. If anomaly 
is positive, temperature is higher than average. 
If the anomaly is negative, temperature is 
lower than average. 

It is important to know over what period of time 
is the average being taken. The anomaly could 
be different if the average is taken over 100 
years versus 1000 years.

Presenter
Presentation Notes
The term anomaly is frequently used in climatology. It means the departure from some base line. This practice is very useful in describing a data set of numbers over a set period when we are interested in these departures from either a flat line (usually the average over the period) or a trend line (usually a theoretical curve).



It is surely real

Global Annual Mean Temperature

Presenter
Presentation Notes
Undisputed observations tell us that the Earth has been warming as a whole for the last 100 years at a rate of about 0.20 degrees Fahrenheit per decade. The rate of increase of Carbon Dioxide over the last two centuries has been exponential like compound interest at 0.5% per year. Other greenhouse gases have been increasing as well making the equivalent of a total of 1% per year. Before the beginning of the industrial revolutions in the early 1800s these gases had essentially steady concentrations for thousands of years. Most graphs will be shown in degrees Celsius. To get Fahrenheit degrees for an anomaly multiply by 1.8. Fortunately, the response to CO2 increases is logarithmic. This means that the increase in temperature to the exponential increase in CO2 is linear as shown schematically by the yellow trend line



It will continue
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Presenter
Presentation Notes
Our models of climate have been subject of intense study for the last 35 years. This has resulted in computer models that can be used to project climate into the future much like a weather forecast, only instead of an extrapolation of the atmospheric state into the next few days,  it is based on the excess of energy reaching the planetary surface over that going out from the surface and into space. Currently this excess is about 1 Watt/meter2. The projection into the future depends on how much greenhouse gases are expected to increase. The Intergovernmental Panel on Climate Change (IPCC) has compiled a series of future scenarios for future energy use and emission of greenhouse gases and atmospheric aerosols. This graphic shows the projected increase of global average temperature for a range of different scenarios. The curve from 1900 is based on simulations from about 20 climate models over the last century. The shaded swath indicates the uncertainty across the various models. The colored lines and swaths indicate model projections over the next century. The orange curve indicates what would happen if the CO2 is held fixed beginning in 2000. Note that there is a continued increase after this happens of about 0.2 deg. C.



drier west wetter east

It will impact Texas 

© geology.com km

Presenter
Presentation Notes
The same models that were used in the IPCC simulations were queried for regional forecasts of temperature and precipitation. These show that the Greater Texas region is likely to get several degrees C warmer and at least the West Texas Region will be drier. In fact, this region may have its average climate similar to some of the catastrophic droughts of the past century (1930s and 1950s). Superimposed on this drier average climate will be floods and droughts. This will lead to serious impacts for Texas such our great rivers being dry during some years. Remember power plants need water as well as crops and people. Agriculture will be adversely affected in the west as water will become more expensive. Map from Geology.com, arroyo, flood from Wikipedia, 



Or take responsibility.
It may be cheaper.

Our Choices

We could sit back 
and adapt to it:

Presenter
Presentation Notes
Texans have choices that will affect our future. The big picture is that greenhouse gases should be curbed to prevent the secular trend of warming. Adaptation to climate change is expensive just as prevention is. Remember that our neighbors (countries and states) might be worse off than we in Texas. If the warming and drying are as severe as predicted there could be increases in migration pressures as well as other consequences. 



Many climate records show 
temperatures increasing

National Research Council Report (2006)

Presenter
Presentation Notes
This graph from the 2006 Report by the National Academy of Sciences on “Reconstruction of Surface Temperatures for the Last 2000 Years” shows seven reconstructions of large scale Northern Hemisphere estimates of past temperatures based upon various techniques. The cool period centered on the year 1600 CE is called the Little Ice Age and the warm period at about 1000 CE is called the Medieval Warm Period. The graying of the background is to remind us that the estimates become murkier as we go back in time due to a multiplicity of errors. Many curves are shown on the graph as indicated in the legend. The longest records are dominated by tree ring information. The most important aspect is the sharp increase in temperatures over the last 150 years since the onset of the industrial revolution.



Climate is constantly changing: some 
fluctuations are natural, some “forced”

Global Annual Mean Temperature

Natural Variability

Presenter
Presentation Notes
The straight green line is the trend roughly drawn in by eye. The trend indicates a gradual but persistent warming over the period. This is thought to be forced by changes in the Earth’s radiation balance, likely to be brought about by a combination of ‘forcings’ such as greenhouse gas increases. Also shown on the graph are the red bars that indicate annual averages of the global average temperature. The ‘I beams’ represent random statistical errors in the estimates. Some errors could be biases rather than random errors, but these are thought to be smaller than ‘sampling errors’ (lack of coverage). The blue line is a smoothed version of the annual averages and may average out some of the random errors in the estimation. The departures from the trend line are the ‘unpredictable’ natural variability due to internal irregularities in climate such as El Nino, volcanic eruptions, etc.



Presenter
Presentation Notes
This slide is a schematic explanation of the greenhouse effect. The Earth’s climate is based on a balance of the rate of  incoming absorbed radiation from the sun with the rate of radiation sent back to space by the planetary radiation. All bodies radiate electromagnetic waves. The sun is very hot (about 5700 degs Kelvin) and its radiation is in the visible group of wavelengths. The Earth radiates at a temperature of about 255 deg Kelvin. Its radiation is primarily in the infrared band of waves. Cooler bodies radiate less per unit area of emitter and their wavelengths are longer. Of the radiation from the sun about 70% is absorbed by the Earth system. The rest is reflected directly back to space. Measurements show that the absorbed energy is at a rate of 235 Watts per meter squared. Most radiation from the Earth’s surface is absorbed by gases (the so-called greenhouse gases such as water vapor and carbon dioxide) and clouds in the atmosphere. These same absorbers in the air and clouds are also emitters  and they emit up and down. The process continues like a trickle from the surface until the radiation is emitted to space. The surface where the emission is finally delivering to space is much cooler than that at the surface, This means that the emission to space is much less that what it would be if there were no atmosphere. The next slide continues this discussion.



Solar 
absorbed

atmo effect

Increase 
CO2

Presenter
Presentation Notes
This graph shows the outgoing radiation as a function of the surface temperature. The dashed curve is the outgoing radiation that would occur if there were no atmosphere – just bare ground.The blotchy curve shows the amount actually emitted for different surface temperatures for the real Earth as measured by satellites from a paper by Graves, Lee and North, about 1991.  The next step shows a yellow line indicating the rate of solar radiation absorbed by the Earth system. The crossing of the yellow line and the dashed line indicates the balance between absorbed and emitted radiation from the bare Earth. The blue arrow shows the temperature at which this balance is struck (about -19 deg C). Note that I fudged a bit here, I ignored the fact that the amount absorbed on the bare planet is the same as that measured today. The fudge lowers the temperature a bit, but does not make much difference. This is a very cold, uninhabitable planet. Now turn to the actual outgoing radiation. The red arrow shows the new root at about 18 deg C (actually this is about 4 deg too warm due to our very simplified model). The shift in equilibrium temperatures is called the atmosphere effect. Finally we can show what happens when we add more carbon dioxide. The present atmosphere curve should come down by a few Watts per square meter as shown by the purple line



There are many greenhouse gases

Water vapor acts as a ‘feedback’ in the climate system.
As the planet warms, more water vapor goes into the atmosphere, increasing warming.

Radiative Forcing (Watts / m2)

From IPCC (2007)

Presenter
Presentation Notes
This bar graph shows the reduction in outgoing radiation since preindustrial times due to greenhouse gases. Between CO2 and the other greenhouse gases the total is close to 3 Watts per square meter (something like a Christmas tree light over every square meter. It doesn’t seem like much but returned to the previous slide we see that it might be a degree C  or so.



Carbon dioxide has been increasing 
since the Industrial Revolution

From IPCC (2007)
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Presenter
Presentation Notes
This graph shows the change in CO2 concentration in the atmosphere over the last 10,000 years. The inset shows the exponential increase since the beginning of the industrial revolution (about 1750). 



The Intergovernmental Panel on Climate 
Change (IPCC) agrees that the main cause of 

recent warming is humans

Ask the experts

Presenter
Presentation Notes
Image 1: IPPC Report, 2007Image 2: Former vice president Al Gore and R. K. Pachauri, Chairman of the Intergovernmental Panel on Climate Change (IPCC) recipients of the 2007 Nobel Peace PrizeImage 3: paragraph from IPPC report General Circulation Models are like weather forecast models but they run for centuries instead of days. AOGCM’s in the slide notes the most complicated models to date: the Atmosphere-Ocean General Circulation Model. These latter models not only include the circulation of the atmosphere, its winds, temperature, radiation, moisture, etc., but they include ocean currents and the global circulation of the oceans as well including its local temperature, salinity, sea level, etc.The IPCC is an organized under the auspices of the United Nations Environment Programme. Approximately 120 countries participate, by having meetings approximately every five years to assess the status of climate research. The IPPC published reports  in 1990, 1995, 2001 and 2007 (the last known as Assessment Report Four or AR4). In each of these reporting sessions three separate working groups report: Working Group I is science, WG II is impacts. WGIII is adaptation and mitigation. Each report is a comprehensive review of its area, consisting of a book of about 12 chapters totaling some1000 pages. Executive summaries are available for each and finally an synthesis report shown on the slide. All of these are downloadable chapter by chapter at www.ipcc.ch . Several hundred active scientists are picked from thousands nominated by the participating countries. They are each assigned to chapters with leaders. The chapters are written and subjected to anonymous reviewers. Finally draft chapters are open for public viewing and comments are solicited. Thousands of these are received and monitors see to it that each comment is discussed and action is or is not taken, but accounted for.



Temperature 
changes at all 
levels of the 
atmosphere 
agree with 
the models

Observed Air Temperatures

Lower Stratosphere

Mid to Upper Troposphere

Lower Troposphere

Surface

After IPCC (2007)

1960 1970 20001980 1990

1960 1970 20001980 1990

1960 1970 20001980 1990

1960 1970 20001980 1990

http://www.cec.org/

Presenter
Presentation Notes
This graphic shows the observed temperature as a function of time from 1960 to the present for different levels in the atmosphere. Some of the peaks are due to strong volcanic eruptions as indicted by the vertical dashed lines. These tend to warm the upper atmosphere and cool the lower atmosphere. This is in accord with theory and model simulations. Other bumps and dips are accounted for by El Nino cycle, etc. The downward trend in the stratosphere and the upward trend at the surface are due to the greenhouse effect.



Model experiments point 
the finger

with human
activity  

without human
activity 

Global Mean Surface Temperature Anomalies

Presenter
Presentation Notes
Global average temperature change (anomaly) as a function of time from 1900 to the present. The black line in each graph is the observed temperature. On the left the model simulations are shown along with the data. The red line indicates an average over many model simulations (about 20) with individual yellow lines showing individual runs. In this suite of runs all human influences are included (greenhouse gases, human produced tiny particles (so-called aerosols), volcanoes (indicated by the vertical lines. On the right are shown the observations again, but this time the blue lines indicate simulations when the greenhouse gases and aerosols are not changed. Conclusion: The human activities at least in the model simulations are clearly distinguishable from those without humans beginning about 1980. 



not this

The past and 
present can 
give us clues,
but to look into 
the future… 

It will continue

we need a 
physics-based 
climate model.

Presenter
Presentation Notes
Prediction of future climates is a scientific or engineering effort. It has to be based on the laws of physics. These laws are cast onto a grid over the planet and calculations proceed. These models challenge the world’s largest and most powerful computers.



Climate models help us 
forecast

• Future global and regional temperatures

• Future sea levels

• Future global ice patterns

• Future moisture distributions

• Future changes in natural variability

Presenter
Presentation Notes
In principle the models can be used to compute all of these quantities. We cannot predict what is called natural variability event by event, but we can perhaps give guidance as to whether there will be more El Ninos or whether they should be stronger.



business 
as usual

Business as Usual

Year 2000 Constant composition 
commitment

Low CO2 emissions
Medium CO2 emissions

20th Century observed

Predicted warming for different 
scenarios
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Presenter
Presentation Notes
The future climate depends on what humans decide to do. We have simulated future climates by assuming different scenarios as different colors as shown in the figure. The graph shows Global average temperature increases from the last century and for the next. These are based on the 20 or so models used in the last IPCC Report. Many scientists believe that a 2.0 degree warming from 1900 would be disastrous. 



Resolution

about 

75 km

Presenter
Presentation Notes
This is a ten day simulation of a climate model over 10 days. This is the resolution we can expect in the next IPCC Report. Notice the weather patterns proceeding across the middle latitudes and the waves in the equatorial tropics.



Higher spatial resolution 
usually translates to better 

simulations.

Presenter
Presentation Notes
The model simulations are on a grid of a few hundred kilometers. The aim is to faithfully simulate features down to that level of detail. But influences smaller than a grid box can affect larger scale motions and this leads to error. Generally speaking the finer the grid in this kind of problem the better.



Progress in model resolution: 
1990 to 2007

From IPCC, 2007

Presenter
Presentation Notes
Simulations are more difficult at smaller scales: far more computer capacity, more complicated interactions between features, etc. Nevertheless, we proceed with what we have. This graphic shows a schematic of the improvements of grid scales from the first IPCC Report to the most recent.



It will impact Texas

• Texas will warm approximately as the global 
average

• Mid-latitude Storm Tracks are likely to move 
Polewards

• West TX will very likely be drier than it is now

• The US Southeast will receive more rain

• In both cases the incidence of long extremes may 
increase



A warmer future for Texas

After Banner et al. (in review 2009) 

Surface temperature anomaly over Texas
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Presenter
Presentation Notes
IPCC simulations focused on area-average temperatures for Texas. Data are shown for the last century while the IPCC runs are shown for the next. Three scenarios are indicated by red, black and blue. 



A warmer future for Texas

After Banner et al. (in review 2009) 

Tree Ring Palmer Drought Severity Index 
(PDSI) for Texas
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Presenter
Presentation Notes
The Palmer Drought Severity Index is a measure of drought that includes rainfall and soil moisture. Early data come from estimates based on tree rings.



A warmer future for Texas

100 days of 100 ˚F 
Are you ready?

Recent Past, 1961-1979

Business as Usual Scenario, 2080-2099

Presenter
Presentation Notes
Fig 6. Recent (1961-1979) and projected future (2080-2099) temperature changes in the US for two emissions scenarios (B1 and A1). Temperature changes expressed as the number of days per year with temperatures above 100°F. In the higher emissions scenario A1, some regions of Texas will shift from 10-20 days in the recent past to more than 100 days per year in which the temperature exceeds 100°F. From U.S. Global Change Research Program (2009), following approach of Hayhoe et al. (2004, 2008). Emissions scenarios described in IPCC (2000).



Present precipitation 

Average of all available 
rainfall from 1998-2008

Presenter
Presentation Notes
This is a climatology of precipitation based on TRMM Satellite Data. Note the heavy rain along the equator (or just above it). The subtropical areas are white (no rain). This is the zone of deserts (ocean and land). Much of the Southwestern US is included. The question is: how will these dry regions adjust to the forced climate change? 



Focusing in on North America

Winter Summer

winter storm tracks

summer storm tracks

Models suggest that tracks 
will move Northwards

Presenter
Presentation Notes
Model simulations suggest that the normal winter storm tracks will move polewards in both hemispheres. This is good news for some areas, bad for others.



A drier US Southwest

Projected change in winter precipitation
for last decade of this century 

Winter

Winter

Presenter
Presentation Notes
On the left is the projected winter precipitation. Next is the temperature change projected for the end of the century.



A drier US Southwest

Summer

Summer

Projected change in summer precipitation
for last decade of this century 

Presenter
Presentation Notes
Same as before but for summer. It does not look good for Texas precipitation, especially in the west.



Concerns for Texas in 2100

• Hotter with longer summers

• drier winters especially in the West

• Sea level rises of about one foot, but maybe . . .

• Hurricanes: more of them or more intense (???)
• Too soon to tell

• Water in TX may get very costly (drying rivers, 
etc.)



Our choices:
1. The do-nothing strategy

• Sit tight, our grandkids can always move away

• Don’t listen to scientists, instead smear and vilify 
them, they created a hoax

• Whine: All this will cost too much and will mean 
higher taxes

• Cash in on quick profits, 2100 will find its own way



2. Agree, but still do nothing
• Delay action and blame the 

rest of the world

• Future technology will save 
us (geo-engineering)

• Hope that we run out of 
fossil fuels before its too 
late

www.flickr.com/photos/royal65/2844019610/



3. Do the 
right thing

• Be realistic about the science
• Take prudent actions, there is time to act
• Educate friends about how science works
• All science is tentative, but here there is enough evidence 

to act sensibly

• Be careful of the sources of your information 
• For example, what is ‘Clean Coal’?

• Don’t just rely on the past In long term planning (water 
resources, harbor updating, etc.)

www.ec.gc.ca



Often doing the right thing 
has other virtues

• Saving energy and water saves money

• Saving energy enhances our national security

• Public transportation saves energy

• Texas can continue to be the world leader in 
Energy
• 100’s of GigaWatts of power await us in 

wind and solar

www.flickr.com/photos/ninjawil/2638973424/in/set-72157604790818134/



Finally

• If you are a student, consider a career in 
science.  It is a marvelous profession. It is 
competitive, exciting, and there is no feeling 
quite like discovery. 

• It really does beat Wall Street.

• We need you.

• Thanks



Dr. Gerald R. North

Professor Gerald R. North is the Distinguished 
Professor of Atmospheric Sciences and 
Oceanography, and holder of the Harold J. 
Haynes Endowed Chair in Geosciences at Texas 
A&M University. North and his research group 
study climate change and its origins. They work 
with simplified climate models which lend 
themselves to analytical study, estimation 
theory as applied to observing systems, and 
the testing of all climate models through 
statistical approaches.
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