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Figure 1.  The global energy balance showing the path of solar 
energy through the atmosphere (red arrows) and the impact of the 
green house effect on the Earth surface (thick purple arrows), and 
the role of other energy transport mechanisms such as evaporation 
of water (latent heat flux) and atmospheric heating by the surface 
(sensible heat flux).  (Source: numbers from the IPCC, 2007) 
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1. What is climate and what causes climate change? 
 
Climate can be considered our average weather conditions over a long period of years.  
The distinction between weather and climate - while weather changes over a day or week, 
climate is the underlying set of conditions that defines the parameters for weather.  
 
On global and local scales, a number of factors change the climate.  Some of these factors 
(such as the power of the sun) change very slowly over billions of years. Other factors  
(such as the number of sunspots) affect solar output over about an eleven year cycle. The 
total power from the sun clearly influences the energy received by the planet, and thus the 
climate.  Gravitational forces from the large planets in our solar system have also 
changed the tilt of the Earth and the path of the Earth around the sun in such a way that 
they alter the distribution of solar energy over longer periods of time.  These solar energy 
cycles (Milankovitch cycles) are thought to have triggered the onset and ends of a 
number of ice ages over the last few million years.  These solar output changes can 
initiate cold and warm periods across the Earth, but they alone are not enough to trigger 
full blown ice age conditions. Other feedback processes in Earth’s system have to be 
triggered to allow for the more dramatic changes observed during ice ages in the past. 
 
Other natural factors that affect climate 
include the composition of the 
atmosphere, in particular greenhouse 
gases. These gases absorb energy leaving 
the earth’s surface and then radiate a large 
portion of that energy back to the surface.  
This “greenhouse effect” is vital to life 
forms as they exist on the planet today. 
Greenhouse gases help keep the Earth’s 
surface about 60°F warmer compared to 
what the planet would be without them.  
Interestingly, the major greenhouse gases 
(water vapor, carbon dioxide and 
methane) only make up a few percent of 
the total atmospheric mass.  However, 
much like one drop of food coloring can 
change the transmission of light through a 
fish tank, these gases have a major impact 
on the path of radiant energy through the atmosphere.   
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Figure 2.  Changes in carbon dioxide concentrations over the last five ice ages and through today.  
Note that positive feedbacks reduce CO2 during cold periods and that in previous warm periods 
CO2 remained below 300 parts per million (ppm) in the atmosphere.  The red line at the end of the 
graph represents the time period where fossil fuel burning has increased CO2 concentrations 
significantly.  (modified from www.globalwarmingart.com) 
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Small changes in these gas concentrations have also had significant impacts on past 
climates.  The ice ages triggered by changes in solar output were further exacerbated by 
concurrent changes in greenhouse gases. The gases amplified the small solar energy 
changes, leading to major climate upheaval during past ice ages.   
 
On longer time scales (40-100 million years ago), greenhouse gases have been known to 
cause warm and cold periods over millions of years. For example, during the last part of 
the age of the dinosaurs, Earth warmed up and became ice free. Carbon dioxide built up 
to concentrations about four times those in the pre-industrial period (about three times 
concentrations today, and double those expected by 2050).   
 
A number of other natural factors affect the climate, including the planet’s reflectivity, 
concentration of ozone in the atmosphere, volcanic activity associated with continental 
drift and the building and weathering of mountain ranges, and the types and amounts of 
life forms.  The planet’s reflectivity (also known as albedo) plays a very important role in 
the climate process. For example, areas covered by snow or ice reflect 80-90% of 
incoming solar energy. Dark areas such as oceans or forests absorb 90+% of incoming 
solar energy.  Thus when ice sheets form, they create a positive feedback - as more ice is 
created, the surface absorbs less energy and the region cools, ultimately creating more ice 
(a similar process occurs with melting ice, leading to more and more warming in the 
region). Another critical factor is the presence and absence of clouds, as they also reflect 
much of the solar energy when they are present.  Other changes can occur when forests 
are replaced by grasslands or other land cover. Vegetation is important, because it is a 
major factor in determining oxygen and carbon dioxide (greenhouse gas) concentrations 
in the atmosphere.   

 
2.  How can humans 
change climate?  

 
Humans can change local 
and global climate through 
a number of different 
processes.  In fact, humans 
have changed local climate 
for thousands of years, 
simply by changing the 
reflectivity of the surface in 
an area. Today, asphalt 
roads, parking lots and 
rooftops lead to warmer 
climates because the dark 
surfaces absorb most of the 
solar radiation, and these 
surfaces do not retain water 
to allow evaporative 
cooling.  Overall, this leads 
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to warmer temperatures in cities, a phenomenon known as the urban heat island.  
Similarly, by altering water flows and irrigation, humans can artificially (intentionally or 
unintentionally) heat or cool climate on local to regional scales. Another way humans 
affect the climate is through deforestation, which changes the reflectively of the surface, 
surface water availability, and releases greenhouse gases into the atmosphere.   
 
However, the most significant way humans are changing the climate is by changing the 
composition of the atmosphere, primarily by altering the concentration of greenhouse 
gases (primarily carbon dioxide and methane). Many people believe that humans cannot 
possibly change the climate on a global scale, yet there is much evidence that humans do 
have immense power to alter the environment.  For example, in the late 1970s and 1980s, 
it became evident that human-made chemicals (chlorofluorocarbons, or CFCs – 
refrigerants) were interfering with the natural cycle that produces ozone from oxygen in 
the upper atmosphere.  These chemicals were produced in the northern hemisphere, but 
since they remained in the atmosphere for long periods of time they made an impact in 
the very cold areas over Antarctica, where there is almost no human activity.   
 
In the same way, by burning carbon-rich fossil fuels that release carbon dioxide, humans 
have begun to significantly change the amount of greenhouse gases in the atmosphere.  
These changes have intensified the greenhouse effect - allowing less radiation to be 
emitted directly from the earth’s surface back out to space, and increasing atmospheric 
absorption and re-emission of radiation back down to the surface.  This leads to a small 
warming of the atmosphere and the Earth’s surface.  In yet another positive feedback, this 
small warming by greenhouse gases allows the atmosphere to maintain higher 
concentrations of water vapor (the main greenhouse gas) which in turn amplifies the 
warming due to human-generated greenhouse gases, like carbon dioxide and methane. 

 
It is well known that in the last two hundred years the amount of greenhouses gases has 
increased significantly. We know that most of this change can be attributed to burning 
fossil fuels.  Think of this as calculating how much carbon dioxide is produced from a 
gallon of burned oil, and multiplying this by total global oil/gas/coal consumption.  
About 40% of the burned carbon ends up in the atmosphere and the rest is presently 
absorbed by the ocean and land surfaces. By contrast, over the same time period volcanic 
emissions and other natural sources made 
insignificant changes to atmospheric carbon 
dioxide concentrations.  The result: Carbon 
dioxide concentrations have risen by one-third 
of pre-industrial concentrations, and methane 
has risen about 300% above pre-industrial 
levels.   
 
3.  What is the evidence the climate is 
changing? 

 
Several observations suggest the global 
climate is changing.  The primary piece of 

Figure 3.  Different estimates of global surface 
temperature trends over the last century.  (Source: 
IPCC 2007, figure 3.1) 
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evidence comes from the tens of thousands of temperature stations scattered across the 
globe.  This record shows a clear warming of the Earth’s surface over the last century, 
about 1°F globally.  The rate of change is also accelerating - most of that change occurred 
in the last 20 years of that time period.  
 
Many other variables indicate that the Earth is warming in recent times.  For example, 
numerous species of insects and plants have expanded their ranges into areas that were 
traditionally colder.  Phenological records show plants flowering earlier in the spring, and 
in many places freezing conditions have reduced in intensity and frequency. In Kansas, 
some farmers are now delaying winter wheat planting by as much as three weeks 
compared to 30 years ago.  
 
One of the most dramatic changes in recent time (2007 and 2008) is the decrease in ice 
cover over the Arctic Ocean (http://nsidc.org/arcticseaicenews/). Most climatologists see 
this as a sign that the Arctic has entered a positive feedback loop of melting and warming 
- something that was not expected to happen for another 30 years in most global warming 
studies.  
 
Many people also ask why global temperature trends don’t follow the greenhouse gas 
trends more closely (e.g., while greenhouse gases raised steadily over the last half 
century, there have been fluctuations in temperature, see Figures 2 and 3).  There are 

several reasons why we would not expect the 
climate to respond directly or immediately to 
greenhouse gas concentrations.  First and 
foremost - like a pot on a stove, it takes time for 
the heating effects to be felt in the system. Your 
pot does not instantly boil, it must build up heat. 
The Earth also takes time to respond to changes 
that increases energy at its surface. Other 
factors also affect the rate at which the planet 
will respond to changes in the energy balance.  
For example, the oceans can absorb tremendous 
amounts of heat that then circulates down to the 
deep ocean before it is released again as the 
water resurfaces.  This creates a strong lag in 

the system. It has also contributed to the present climate by responding to events that may 
have altered ocean temperatures hundreds to thousands of years ago.  Our climate is a net 
response to all these factors. Such events as El Niño (warming) or La Niña (cooling) 
conditions over the central Pacific Ocean also have influences from year to year. 
 
4.  What is causing the present climate changes? 
 
Based on what we know about our present climate system, the most likely cause of recent 
observed trends in the climate system is human modification of greenhouse gas 
concentrations in the atmosphere. From considering observed impacts of all the effects 
mentioned to this point, comparing their potential effects side by side in models, and 

Figure 4.  Different estimates of global precipitation trends 
over the last century. (Source:  IPCC, 2007 figure 3.12 
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studying past climates, scientists cannot explain the earth’s recent changes except as a 
consequence of increases in human-generated greenhouse gases.  The other effects are all 
negligible in comparison.  
 
Some people suggest that solar radiation is the likely 
cause of climate change. This was indeed true in the 
past, but it has not held true for the last few decades. 
Satellite observations show that since the middle of 
the twentieth century the solar cycle has slowly begun 
to decrease the amount of energy from the sun. 
However, during this same time period temperatures 
have risen significantly.  These trends are counter-
intuitive and cannot be explained without considering 
human influences (see Figure 5).   
 
In addition, most model predictions of climate change 
suggest that the long-term effects of greenhouse gas 
increases will result in warming over almost all areas 
of the world, but with significantly greater warming 
in the polar regions.  Recent spatial trends show that 
indeed this is happening and that the rate of polar 
warming is likely to increase significantly in the near 
future, especially if the melting of the Arctic Ocean 
ice cap continues at the present pace.  At the same 
time there are still a number of uncertainties in the 
climate system that could cause unexpected changes 
in the future.  For example, although the process is 
understood reasonably well, it is very difficult to 
simulate cloud cover changes in response to greenhouse gas-induced climate change.  
However, the relative insignificant change in global precipitation rates suggest that for 
now there have not been significant enough changes in cloud cover to affect the Earth’s 
energy balance.  In addition, the ice sheets over Greenland and Antarctica could set off 
significant feedbacks that at this point are still poorly understood. 
 
5.  So why am I not seeing signs of global warming right now? 
 
Many people find it difficult to detect climate changes.  Since climate is really an average 
of weather conditions over a long period (usually thirty years), it is very difficult to relate 
any given set of weather observations today to weather events that happened long before 
you were paying attention.  Also many people don’t work outside, or interact enough 
with the climate to notice - your air conditioned/heated office or house does not represent 
the outside climate.   
 
Another reason why we are probably not yet seeing the full effects of greenhouse gas-
related climate change in Kansas: Over the last 20-30 years the state has seen a 
significant expansion of irrigation agriculture, particularly in the west.  Irrigation water 

Figure 5.  Diagram illustrating recent trends in 
solar output (bottom figure) and the observed 
temperature changes during the same period.  The 
top diagram also illustrates that El Niño years tend 
to increase global temperatures when they occur, 
while la Niña events cool the planet on an annual 
basis.  Large volcanic events, as indicated in the 
top figure, are also known to cool the planet for 
about a three year period.  (Source: graphs 
modified from www.globalwarmingart.com) 
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not only waters plants, but it also absorbs energy from the surface and atmosphere during 
the process of evaporating water (latent heat flux).  The energy used to evaporate the 
artificially added water acts to cool surface temperatures.  In a similar process, many 
human activities that change land cover can lead to cooling conditions, such as the 
increase in reflectivity when snow falls on agricultural field instead of forests or other 
natural vegetation in an area.  Thus in Kansas, it is likely that the climate change due to 
changes in greenhouse gases on a global scale have been partly offset by cooling brought 
on by local climate changes due to human land management practices.   

 
6. How will climate change impact our future? 
 
Because we can project global fossil fuel consumption into the future, it is also possible 
to estimate the amount of future greenhouse gas emissions.  Climate models can 
incorporate this information plus all the known components of the climate system (land 
use changes, volcanic activity, human aerosol emissions, etc.) to simulate the potential 
impacts of human greenhouse gas emissions on future climates.  Although there is more 
certainty about some processes than others, in aggregate these models simulate energy 

flows, wind and ocean 
circulation, and, in the near 
future, impacts on the carbon 
cycle that help us understand 
vegetation feedbacks that might 
affect concentrations of 
greenhouse gases as climates 
change.  By changing the 
concentrations of greenhouse 
gases or human land use, it is 
possible for these models to 
provide us with some idea of the 
average climate we can expect 
under future greenhouse gas 
scenarios.   

 
On a global scale, increased 
concentrations of greenhouse 
gases will intensify the 
greenhouse effect, as illustrated 

in Figure 1.  This will increase the energy receipt at the Earth’s surface, leading to 
warmer temperatures.  However, because of the positive snow and ice albedo feedbacks, 
polar areas are projected to warm significantly more compared to tropical regions.  This 
in turn changes the energy gradient, or the temperature difference between the tropics and 
the poles.  Weaker energy gradients between the equator and poles will result in weaker 
circulation systems in the atmosphere and ocean (less need for flow), although there will 
be more overall energy to perform heating or work.  

 

Figure 6.  Model simulations 
of the 20th century climate 
show that with only solar 
output changes and volcanic 
activity global temperatures 
would be expected to have 
cooled near the end of the 
last century (lower figure, 
multiple blue lines).  In the 
same model temperature 
simulations when 
greenhouse gas 
concentration changes and 
aerosol changes are included 
(upper figure, multiple 
yellow lines).  The solid 
black line in both figures 
represents the observed 
temperature changes during 
the same period.  This 
diagram suggests strongly 
that green house gases are 
responsible for the observed 
temperature changes in the 
20th century.  (Source: IPCC 
2007, figure TS 23) 



 7 

In mid-latitudes these weaker winds mean that local convective systems (e.g. 
thunderstorms) can develop more easily (large scale winds are weaker and will not 
disrupt their development) and will reach higher intensity.  However, at the same time 
they are likely to develop less frequently.  The result is that Kansas can expect to have 
less frequent, but more intense storms, with longer dry periods between more intense 
rainfall events.  Higher intensity rainfall will mean more runoff and less water storage in 
the soil during the extended dry periods. 

 
These general observations are expressed well 
in average decadal climate projections for three 
models that best simulate the 1950 through 2000 
climate conditions across Kansas, as illustrated 
in Figure 7.  Merging the historical record and 
future climate projections from the average 
simulated change by the three models shows 
that temperatures are expected to increase 
across the state (Figure 8; the models used were 
from the National Center for Atmospheric 
Research (CCSM), the Canadian Climate Center 
model, and UK Hadley Centre model).  

However, temperature changes can be difficult to 
interpret in terms of what impacts these climate 
changes might actually have on economic 
activities.  One way to interpret these temperature 
changes is to convert the temperature values into 
numbers that relate directly to energy demand or 
need.  Two such variables are heating degree 
days and cooling degree days.  Heating degree 
days are 

directly 
correlated 

with the 
amount of 

energy 
needed to 
heat a house 

or business over the period of a year.  Heating 
degree days are calculated as the total number of 
degrees temperatures fall below 65°F or 18°C for 
each day and then summed for the year.  Similarly, 
cooling degree days reflect the need for cooling 
living spaces when temperatures are above 65°F.  
Statewide heating degree days are expected to 
decrease significantly, potentially reducing fuel for 
heat by up to 25% by 2100.  However, these energy 
savings are offset by a significant increase in energy 

Figure 7.  Location of the six GCM grid cells used to 
analyze past and potential future climate conditions 
over Kansas. 

Figure 8.  Historical observations (left of the vertical 
line) and projected temperature changes based on 
future climate simulations from three global climate 
models that best simulated the Kansas Climate 
conditions over the 20th Century.  Projections are 
based on middle of the road (IPCC A1B) greenhouse 
gas emissions scenarios, and are given for 6 regions 
in the state. 

Figure 9:  Relative changes in heating degree 
days, with energy savings for heating (about 25%) 
offset by a doubling of energy needs for cooling, a 
less efficient process. 
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needs for cooling (doubling in some areas).  Because heaters are more efficient devices 
compared to air conditioners, this is likely to lead to higher energy demands in the 
summer in particular, while energy requirements in winter should decrease. 

 
From a farming perspective, crop maturation is typically linked to growing degree days. 
In most of Kansas growing degree days are expected to increase significantly, suggesting 
that it will be possible to increase crop productivity, and perhaps allow for different crop 
varieties to be grown in the future.   

 
However, this statistic comes with a caveat. Plants 
can only take advantage of the increased growing 
season length and intensity if their water needs are 
met over this period.  For this reason, it is important 
to consider what will happen to Kansas water 
resources as temperatures increase. Growing degree 
days also signal the water need of crops, a variable 
that can also be estimated as potential 
evapotranspiration.  Based on model projections, 
both of these variables show a significant increase in 
the future (Figure 10). 
 
Given the greater need for water, precipitation 
changes will be a key to determining future climate 
conditions and climate impacts on agricultural and 
other water resource intensive activities.  Although 

models have much more difficulty projecting changes in precipitation, the three models 
that best simulated the precipitation gradients across Kansas during the 1950-2000 period 
all project that there will be relatively little change in the state’s total precipitation 
(Figure 11).  At the same time, most models do show that the distribution of precipitation 
will potentially change to more extreme, less frequent events.   
 
Not considering the impacts of the change in precipitation distribution, total water input 
in the form of precipitation is expected to change very little, with some potential 
increases in winter offset by decreases in summer precipitation in most model 
simulations.  In addition, simulations of water 
deficit, or irrigation water need, are projected 
to increase significantly by 2-8 inches 
depending on the location (Figure 12).  This 
large increase in summer water need occurs 
because most of the potential evaporation 
increase is projected to occur in summer, while 
precipitation is expected to decline at the same 
time.  Soil moisture surplus, which typically 
occurs in winter when precipitation exceeds 
potential evapotranspiration, is projected to 
decrease slightly depending on the location.  

Figure 10.  Projected increases in growing 
degree days (top) also mean an even greater 
relative increases in water need/demand during 
the growing season in all areas of Kansas 

Figure 11.  Past and projected future precipitation 
changes for the six regions in Kansas.  Unlike the 
increase in water demand (Figure 9), the water supply 
from precipitation is unlikely to change much in the 
future. 
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Figure 12.  Indicators to show how increased water 
demands outpace water supply from precipitation 
in the future.  Moisture deficit, the difference 
between potential and actual evapotranspiration, is 
projected to increase by an equivalent of 2-8 
inches for different locations (top).  Moisture 
surplus, representing water that is available for 
stream flow, ground water recharge, and reservoir 
inflows is projected to decrease slightly on average 
(middle) and soil moisture values are projected to 
decline also on average (bottom). 

Surplus water is directly correlated to the amount of water available to supply river flows, 
reservoir supplies, and ground water recharge.  Another way to assess climate impacts is 
to consider average annual soil moisture conditions, which are an indication of water 
availability for crops, vegetation, and water available to percolate to the ground water 
table.  Soil moisture conditions are expected to decrease over time affecting all these 
systems adversely.  Most of this decrease will occur in summer, with some of this change 
offset by slight increases in winter. 
 
7.  How good are climate change projections? 
 
Climate projections are based on computer models.  These models represent the current 
state of knowledge in significant detail, and they include most known climate processes.  
Because they include so many processes, and because they simulate the entire earth 
atmosphere and ocean systems, they are some of the 
most sophisticated computer code ever developed 
and require some of the fastest computers to run their 
simulations.  However it is also important not to 
think of the model projections as forecasts.  This is 
for three major reasons.  First, climate models are 
designed to simulate the general climate, but not 
necessarily actual annual climate related events.  For 
example, while the models simulate El Niño events, 
model simulations might not place them at the exact 
times they occurred in the real world.  This is 
intentional since scientists want the models to 
simulate the processes leading to El Niño events and 
want to be able to assess how greenhouse gases affect 
these processes, potentially resulting in changes in 
the frequency and intensity of such events in the 
future.  Second, model simulations are based on 
projections of future human greenhouse gas 
emissions - but these may or may not reflect what 
will actually happen.  Third, at present we are unable 
to simulate future volcanic events that may play a 
significant role in future climate outcomes, hence 
they are not included in these simulations.   
 
Since climate models are fairly comprehensive, their 
projections have a high probability of being 
reasonable. Actually, it is now also evident that 
climate model simulations underestimate present 
greenhouse gas emissions.  Given recent 
observations, particularly in Arctic regions, it is 
likely that climate change is happening more rapidly than previous model simulations 
suggested.  The rate of summer ice melt over the Arctic Ocean is currently reaching 
levels that models generally had not simulated to occur for another 20-30 years.  Because 
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this melt involves one of the strongest positive feedback cycles in the climate system, and 
because most scenarios of future emissions are low compared to recent observations, 
many scientist consider the model projections as relatively conservative estimates of 
climate change.  In addition, most scientists have concluded that even if we stop 
producing greenhouse gases today, there will still be some amount of climate change that 
society will experience. 

 
8.  What can we do about climate change? 

 
There are two main ways that society can deal with climate change, both of which we 
will have to implement if we want to reduce the impacts.  First are mitigation actions. 
These reduce the amount of greenhouse gas emissions into the atmosphere.  Mitigation 
includes reducing carbon dioxide emissions from fossil fuel combustion, finding 
alternative energy resources, slowing processes like deforestation, and changing 
agricultural practices so that crops and soil processes can accelerate the removal of 
carbon dioxide from the atmosphere.  Some people have suggested that more drastic 
mitigation is needed, proposing so-called “geo-engineering solutions” that will alter the 
amount of sunlight reaching the earth surface (e.g. by spreading sulfate particles high up 
in the atmosphere to replicate natural volcanic cooling effects on climate. There are even 
proposals to put up huge solar shields in space).   
 
The second way to deal with climate change is through adaptation.  This approach 
accepts that to some extent, climate change will happen, and begins to prepare society for 
the new climate conditions.  Adaptation activities can include building sea walls to 
protect against projected sea level increases, planning to increase efficiencies in water 
consumption for irrigation agriculture and large scale water management projects, 
considering the specific crop types that might make better economic sense in new climate 
conditions, planning alternative energy development policies depending on projected 
energy needs, and adjusting activities (such as pest management strategies) that will be 
affected by a new climate regime.   
 
In order to effectively adopt mitigation and adaptation policies it is critical that society 
create a realistic assessment of the vulnerability of various economic sectors to climate 
change - and that we prioritize our approach based on these assessments.   
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Additional information can be obtained from some of the following web sites: 

www.climateandenergy.org/     www.cresis.ku.edu 
www.ipcc.ch       www.ncar.ucar.edu   
http://www.acia.uaf.edu    www.globalwarmingart.com 
www.tyndall.ac.uk/publications/briefing_notes/ADAM_interimresults.pdf  


