Global Climate Change Student Handout
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Key Concepts

A key concept of climate science is the distinction between weather and climate.
By weather , we mean changes or single events of temperature, wind velocity
and precipitation that take place in a few hours or as long as a season in a
geographically defined area. By climate , we mean the measurement of weather
as temperature, wind velocity and precipitation ranging over time from one year
to millions of years. Changes in climate are typically measured in decades or 30
year periods *

Key concepts from earth science are the carbon cycle 'and the hydrological cycle "
which are more fully described in the footnotes on the bottom of this page in other parts
of the handbook, and in the glossary at the end.. Carbon cycles and hydrological cycles
are basic environmental processes that explain how carbon and water move through the

earth’s atmosphere and its land masses.

Carbon Cycle: The flow of carbon (in various forms, e.g. as carbon dioxide) through the
atmosphere, ocean, terrestrial biosphere and lithosphere. Appendix Il, SPM, 77.

" Hydrological cycle:  Water in different forms moving through the earth’s atmosphere and its
surface in one complete cycle. For hydro cycle animation see:
http://www.earthportal.org/forum/wp-content/uploads/2007/06/epa-hydrologic-cycle.qgif (cntrl
+click), US EPA Hydrologic Cycle. 9-16-09.




Climate Science

Climate science considers hundreds of studies about the climate system based on data
gathered over many years using different scientific methods. Measuring air and ground
temperature variation, hurricane activity, the level of oceans and ocean acidity, the
passage of time through the study of tree rings, determining the timescales of changes
through carbon dating and ice core analysis, are a few examples of scientific methods
employed in climate science. Climate science measures long term changes in climate at
local, national, and regional scales, while natural science studies the affects of climate
change in the natural world. Climate scientists pose hypothesis about what and how
changes in climate occur, and then test them by gathering and analyzing data. Any such
study is susceptible to error in measurement, a miscalculation of data, or wrong
conclusions on results. However, the process of weighing multiple studies by many
scientists according to accepted professional norms reduces that possibility to a

minimum.

If their conclusions better explain a specific aspect of climate they seek to understand,
their results can add to a more general theory for climate change. When hundreds, or
indeed thousands, of climate studies are accepted by other climate scientists who are
able to replicate similar results, a general theory of climate change is constructed.

A general theory is often better at explaining climate changes at a continental or global
scale. Global climate change is based on a general theory about greenhouse gases and

their affects.

How Certain Are Scientists About Climate Change?

Through this scientific process climate scientists are constantly weighing evidence.
Climate studies continue to expand on the foundations of previous climate scientists.
The United Nation’s Intergovernmental Panel on Climate Change (IPCC) organized

panels of independent scientists who by 2007 produced four major studies over the

previous 20 years; each collection established the
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statistical probability. Table | lists the relative

levels of assurance, or confidence that IPCC Table 2. Range on IPCC Quantitative
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Though statistics often indicate the degree of probability that something would not occur
on its own without an intervening reason, IPCC scientists in their 2007 Summary for
Policymakers use the terms certain and likely to describe the relative levels that such
occurrence is due to a particular intervening reason in terms of a percentage of 100, as
listed in Table Il. This handbook follows the descriptive qualitative and quantitative

uses the IPCC’s terms: confidence , certain, and likely.

Student Handbook

The material in this student handbook describes basic facts about observed changes in
climate, the causes of changes in climate, approaches for humans to adapt to climate
change, and the options for humans to reduce climate change. Collective human
actions taken to reduce greenhouse gases are know as climate mitigation. Finally, a
long term perspective on mitigation examines the 50 year — 100 year trends for climate
change if corrective actions are not taken and conversely, the prospects for successful
actions to slow global climate change

By 2008, The Nobel Prize Winning IPCC has issued reports for more than 20 years and
each report is a basis for new assessments of scientific evidence. Each new report
refers to previously assessed conclusions, and acronyms are used to refer to those
reports. “SPM”, for example, is the Summary for Policy Makers document signed by
government representatives around the world in 2007, including the U.S. representative.
SR means Synthesis Report, the report from which the more brief SPM was drawn. The
notation 1.1 refers to the Section 1, and point # 1 of that document. WG means
“working group”, of which there have been four by 2008: WG |, WG II, WG IlI, WG IV.
You can retrace the steps of scientific reports using this notation system to dig into the
scientific details of broadly stated conclusions. In 2009, the WG: V is scheduled to
report. All IPCC reports can be seen at: http://www.ipcc.ch/ipccreports/supporting-
material.htm




II. Changes in Climate and Its Effects

What is Global Climate Change?

Warming of the climate system " is unequivocal, as is now evident
from observations of *:

increases in global average air and ocean
temperature

widespread melting of snow and ice
rising global average sea level

There are now consistent climate records of unprecedented rises in temperatures;
temperatures of surfaces over land and oceans on a global scale. The temperature
increases are widespread over the globe and are greater at higher northern latitudes, for

example, in North America and Europe. Land regions have warmed faster than the oceans®.

Land and Ocean Temperatures
In the graph below, the Global Average Surface Temperature combines land and ocean

surface temperatures for the period of 1850-2005. Temperature is depicted by a linear trend of
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the average of global average temperatures of 0.74°C or 1.3 °F. This increase took place over

100 years and is a higher increase than the corresponding trend of 0.6 C over the same time

" Climate system - The climate system is the highly complex system consisting of five major
components: the atmosphere, the hydrosphere, the cryosphere, the land surface and the
biosphere, and the interactions between them. The climate system evolves in time under the
influence of its own internal dynamics and because of external forcings such as volcanic
eruptions, solar variations and anthropogenic forcings such as the changing composition of the
atmosphere and land-use change.



scale (1901-2000) previously reported in IPCC’s Third Assessment Report shown in the Map of
Global and Continental Temperature Change of 100 ye  ars on the next page.

Map of Global and Continental Temperature Change o f 100 years below. *
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Eleven out of the twelve years from 1995-2006 rank among the warmest in the instrumental
record of global surface temperature since 1850. More recent data in UNEP’s 2006 Annual

Outlook for Ice and Snow depict an even more accelerated rate of average temperature

increase for the five-year period, 2001- 2005, relative to an average baseline of temperature
covering 1951-1980 °. The accelerated warming trend is shown in the Map of Temperature

Anomalies on page 6 as warmer colors representing rises in temperature while cooler colors
signify decreases in temperature.

The Map of Temperature Anomalies also shows that in North America’s Sonoran Desert
region, the average rise in temperature from 2001- 2005 was 1 degree Celsius or 1.8

degrees farenheight. Generally this shorter time scale registers a greatly increased pace of



rising temperature compared to the 100 year timescale shown in the Map of Global and
Continental Temperature Change of 100 years. Climate scientists report that this increased

pace of warming is unprecedented.

Map of Global Temperature Anomalies

Rising Sea Level

The rising sea level seen in the graph below, Global Average Sea Level, is consistent with

surface warming depicted in the global average surface temperature. Both melting ice and increases
in the

temperature of
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Anthropogenic - Human caused

Artic versus Antarctic - The Artic Region in the Northern Hemisphere is an ice covered ocean, whereas
the Antarctic in the Southern Hemisphere is a continental land mass covered by an ice sheet.

Assurance - The IPCC generally describes scientific consensus on climate change research as “levels of
certainty”. This handbook describes the same consensus based on qualitative evidence as assurance.

Carbon Cycle: The flow of carbon (in various forms, e.g. as carbon dioxide) through the atmosphere,
ocean, terrestrial biosphere and lithosphere (the earth’s outer crust and upper mantle, approximately 100 km
thick).

Climate: see Weather vs climate.

Climate system - The climate system is the highly complex system consisting of five major components: the
atmosphere, the hydrosphere, the cryosphere, the land surface and the biosphere, and the interactions
between them. The climate system evolves in time under the influence of its own internal dynamics and
because of external forcings such as volcanic eruptions, solar variations and anthropogenic forcings such as
the changing composition of the atmosphere and land-use change.

Cryosphere - The component of the climate system consisting of all snow, ice and frozen ground (including
permafrost) on and beneath the surface of the Earth and ocean.

Data — Information gathered by a predetermined method for a specific purpose with standard units of
measurement.

Diurnal - period of time elapsed during daylight.

F — gases- Several classes of gases including - sulphur hexafluoride (SF6), hydrofluorocarbons (HFCs) and
perfluorocarbons (PFCs).

forcings - Climate forcing is the alteration of the balance between the earth’s thermal release and incoming
sun energy, now caused partly by increased green house gases in the atmosphere due to human activity.

Frequency - the number of repeating events in a given period of time.

Greenhouse Effect - The cause of global warming. It is the actual process of greenhouse gases absorbing
heat in the atmosphere. There is a natural greenhouse effect which the planet needs to support life. We
amplify or enhance the natural greenhouse effect when we load the atmosphere with an excess of
greenhouse gases. Usually, the term "greenhouse effect" is used to refer only to the amplified greenhouse
effect and not to the natural greenhouse effect.

Greenhouse Gases - Water vapour (H20), carbon dioxide (COZ2), nitrous oxide (N20), methane
(CH4) and ozone (O3) are the primary greenhouse gases in the Earth’s atmosphere. Beside CO2,
N20 and CH4, the Kyoto Protocol deals with the greenhouse gases sulphur hexafl uoride (SF6),
hydrofl uorocarbons (HFCs) and perfluorocarbons (PFCs). Greenhouse gases are released into the
atmosphere by burning fossil fuels and by manufacturing. These gases trap additional heat in the
earth's atmosphere. Greenhouse gases are both natural and anthropogenic. GHG’s absorb and
emit radiation at specific wavelengths within the spectrum of thermal infrared radiation emitted by the
Earth’s surface, the atmosphere itself, and by clouds.



Hydrological cycle - Water moving through the atmosphere and the surface of the earth.

Lithosphere - The upper layer of the solid Earth, both continental and oceanic, which comprises all crustal
rocks and the cold, mainly elastic, part of the uppermost mantle.

Mitigation - Human intervention to reduce the sources of greenhouse gases through technological change
and substitution of policies that would produce an emission reduction with respect to Climate Change.

PPM & PPB - Parts per million and parts per billion are ratios describing the volume of Greenhouse gases
in the atmosphere.

Scientific findings - conclusions based on scientific investigations and or examination of collected and
analyzed data.

Sahel - The Sahel or Sahel Belt (from Arabic , sahil, shore, border or coast of the
Sahara) is a semi-arid tropical savanna ecological region in Africa, which forms the natural
transition zone between the Sahara to the north and the more fertile region to the south, known
as the Sudan (not to be confused with the country of the same name.

sinks - Any process, activity or mechanism that removes a greenhouse gas, an aerosol, or a
precursor of a greenhouse gas or aerosol from the atmosphere.

weather v climate - Meteorologists measure and report on the weather daily. They measure and record
daily weather information which helps determine the climate in any particular geographic area. Climate is
the average of weather measured in a given location typically over decades, centuries, or a millennium.

Solar Radiation - sunlight

SPM — Summary for Policy Makers; i.e. the condensed version of the IPCC’s 2007 Synthesis Report
Temperature Anomalies —

Troposphere - The lowest part of the atmosphere where clouds and weather phenomena occur from the
surface to about 10 km in altitude in mid-latitudes in high latitudes ranging to 16 km in the tropics on

average.

UNEP - United Nations Environment Program, one of two UN agencies that formed the IPCC. UNEP
headquarters is in Nairobi, Kenya.
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