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Approach for the Day

1) Summarize some of the
key scientific findings, with
discussion of time & space scales.

2) Provide some reference materials
for further inquiry.

3) Give Virginia examples of climate
concerns.



Terms to Know

* Science

* Climate

* Greenhouse Effect
* Milankovitch Cycles



What is Science?

The systematic observation of natural events and conditions in
order to discover facts about them and to formulate laws and
principles based on these facts.

- Academic Press Dictionary of Science & Technology

Science is a way of learning about the natural world and the
knowledge gained through that process.

- Prentice Hall, Science Explorer Grade 6

To do science is to search for repeated patterns, not simply to
accumulate facts.
- Robert H. MacArthur, Geographical Ecology
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* Milankovitch Cycles



What is Climate?

Climate is the average, year-after-year conditions of
temperature, precipitation, winds, and clouds in an area.

- Prentice Hall, Science Explorer, Grade 6

Climate is determined by the long-term pattern of temperature
and precipitation averages and extremes at a location.

- Climate Literacy, U.S. Global Change Research Program



Is the planet’s climate changing in
significant ways?

Scientists agree that warming of the climate
system is occurring due observations of:

* |Increases in global average air and ocean temperatures
« Widespread melting of snow and ice

* Rising global average sea level

Source: Climate Change 2007: The Physical Science Basis, Contribution of Working Group | to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change, Solomon, S., et al., (eds).
[hereafter IPCC 2007 WG1-AR4 ]

http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth _assessment_report_wgl report_
the_physical_science_basis.htm
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Why is the Greenhouse Effect important?

The greenhouse effect helps maintain a consistent temperature
on the planet Earth which makes our planet livable.




Greenhouse Effect

e 1824 — Discovery is attributed to
Joseph Fourier

e 1858 - Reliably experimented on by
John Tyndall

— Water Vapor (H,0), Carbon Dioxide
(CO,), Ozone (O,), and Methane (CH,)

* 1896 - Reported quantitatively by
Svante Arrhenius



What is the Greenhouse Effect?

The greenhouse effect is a process by which radiative energy
leaving a planetary surface is absorbed by some atmospheric
gases, called greenhouse gases. They transfer this energy to
other components of the atmosphere, and it is re-radiated in
all directions, including back down towards the surface.

This transfers energy to the surface and lower atmosphere, so
the temperature there is higher than it would be if direct
heating by solar radiation were the only warming mechanism.
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What are the Milankovitch Cycles?

e Named after the Serbian astronomer Milutin
Milankovitch

* Theorized effects of changes in the Earth’s
movements upon its climate
— Eccentricity
— Obliquity
— Precession (Wobble)

http://www.wwnorton.com/college/geo/egeo/flash/18 2.swf



http://www.wwnorton.com/college/geo/egeo/flash/18_2.swf

Eccentricity — Orbital shape

~ 100,000 year cycle


http://upload.wikimedia.org/wikipedia/commons/d/da/Eccentricity_zero.svg
http://upload.wikimedia.org/wikipedia/commons/d/da/Eccentricity_zero.svg
http://upload.wikimedia.org/wikipedia/commons/1/13/Eccentricity_half.svg
http://upload.wikimedia.org/wikipedia/commons/1/13/Eccentricity_half.svg

Obliquity — Axial tilt

e

~ 41,000 year cycle


http://upload.wikimedia.org/wikipedia/commons/a/ae/Earth_obliquity_range.svg
http://upload.wikimedia.org/wikipedia/commons/a/ae/Earth_obliquity_range.svg

Precession - Wobble
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~ 25,000 year cycle


http://upload.wikimedia.org/wikipedia/commons/4/43/Earth_precession.svg
http://upload.wikimedia.org/wikipedia/commons/4/43/Earth_precession.svg
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http://upload.wikimedia.org/wikipedia/commons/7/77/Vostok_420ky_4curves_insolation.jpg
http://upload.wikimedia.org/wikipedia/commons/7/77/Vostok_420ky_4curves_insolation.jpg
http://en.wikipedia.org/wiki/File:Vostok_420ky_4curves_insolation.jpg

Climate Change Responses Are Not Geographically Uniform

NOAA GFDL CM2.1 Cllmate Model

-20 -16 -13 -1{ -9 -7 -5-36-28 -2-12-0404 12 2 28 36 5 7 9 11 13 16 20°F

'nm' Surface Air Temperature Change [°F]

(2050s average minus modeled 1971-2000 average)  SRES A1B scenario



Visitors passing through

Audubon Society study bird migration shift to climate change

By MATTHEW TRESAUGUE
Copyrlght 2009 Houston Chronicle

Feb 2009, 2:18Al

There was a time when the American goldfinch, a gregarious nesting
bird, could be found in backyard feeders throughout Houston. But
now, as climate change seems to be leaving its first footprints here
the bird is slowly moving its territory to the north

The goldfinch’s subtle shift is hardly unique. Of 305 species tracked
by the Audubm Sometv more than half are spendlng the ;|nter

prgts are responding to climate change
# resear hegs said The average

H ) 0s. ranging from urban
if! b Ugy covers a variety of
*orth America, prompting researchers to suspect

that larger forces are at work in their changing migration habits

‘This is as close as science at this scale gets to proof " said Greg
Butcher. the lead scientist on the study and the director of bird

conservation at the Audubon Society “It is not what each of these
individual birds did. It is the wide diversity of birds that suggests it

DAVE CRUZ Arizona Republic has something to do with temperature, rather than ecology
The changes in migration coincide with temperature . i . i
variations over time. researchers ‘_a,d Terry Root, a Stanford University biclogist who worked on the study

said the researchers “don't know for a fact that it is warming. But
1 when one keeps finding the same thing over and over ... we know it is

.. . not just a figment of our imagination.”
Del icio.us 2 Di . .
99 The research is based on data collected during the Audubon
Twitter b/ Yahoo! Buzz  Sgciety’s annual bird count in early winter. when temperature is the
El Facebook Q@ StumbleUpon primary driver for birds’ migration and survival
& Email In some cases. species’ ranges have shifted 100 miles or more in

recent decades. according to the study

http:lfwww.chron.com/disp/story.mplination/6255181.html



Avian migration phenology and global climate change

Peter A. Cotton*
School of Biological Sciences, University of Plymouth, Plymouth PL4 8AA, United Kingdom

Edited by Stephen H. Schneider, Stanford University, Stanford, CA, and approved July 24, 2003 (received for review January 29, 2003)
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30 years in Oxfordshire, U.K., the average arrival and departure
dates of 20 migrant bird species have both advanced by 8 days;
consequently, the overall residence time in Oxfordshire has re-
mained unchanged. The timing of arrival has advanced in relation
to increasing winter temperatures in sub-Saharan Africa, whereas
the timing of departure has advanced after elevated summer
temperatures in Oxfordshire. This finding demonstrates that mi-
gratory phenology is quite likely to be affected by global climate
change and links events in tropical winter quarters with those in
temperate breeding areas.

lobal warming (1) has altered the phenology and distribu-

tion of many plant and animal species, resulting in marked
changes from the level of individuals to whole communities
(2-7). Elevated temperatures have affected population dynamics
(8) and have advanced events such as leaf unfolding (9), flow-
ering (10), emergence (11), and breeding (12-15), whereas leaf
fall has become delayed, leading to an extended growing season
(9). In some cases there is evidence that the timing of avian
migration is affected by climatic variation (2, 16-20). Climate

selection may have altered the trigger for initiating mlgratlon

Here, I show that the U.K. arrival date of 17 of 20 species of
birds has advanced over the past 30 years, responding to in-
creased temperature trends in their African over-wintering
grounds. The departure date of migrant birds has also advanced
in parallel with the change in arrival date. The timing of
departure of migrant birds from the U.K. is correlated with
increased summer minimum temperatures. Overall, the duration
of stay of migrant birds in the U.K. has remained unchanged over
time, but the whole period has shifted earlier by an average of
8 days over the last 30 years.

Methods

Data for SOI and NAOI were obtained from the Climate
Analysis Section of the National Center for Atmospheric Re-
search (www.cgd.ucar.edu/cas/catalog/climind/soi.html). The
winter (December, January, and February) SOI is computed by
using the difference between monthly mean sea level pressure
anomalies (mb) at Tahiti and Darwin (32). The winter and
summer (June, July, and August) NAOI used are based on the
difference of normalized sea level pressures (mb) between Ponta

Proceedings of the National Academy of the Sciences

ECOLOGY




What about Virginia?

e Historic month-to-month
temperature averages from NOAA

* Frost date and growing season
length changes

e Sewell’s Point tide gauge



What we see in observations
is a trend superimposed onto the
natural variability.




Degrees (F)

90 -

80

Virginia Temperature 1895 - 2010

60 A

&
X

$ A o * o 0
Yo ¥ 80 0 B0 3ahe 18y, % :“ e 4ead >?
| et e e S T T
. > 206 ¢ o < v
,:“}’”. o e, o, 280 o33 ,,0:.: 3%, 3 00::.00“.‘ o

‘0

o
R IR XA 0‘8.““0

* L 2
000:000 .‘0“ ,00"0’ 00’ . o0

* @, *»
AT TR YR o o o0
LA : 0, AR N 00“{ % o
Ces ¢ 3 o %0 00 * 0 o 0 & 0. o * \/ o®

ALY LRI ST IR I, SR NS ‘0 ’0”“00“

0: *» 00

0
50 +—*"¢ o S0, %! 00’0“%'00;" %e P ;’ o 0%
K LA
. 3 0003 ¢ a0 Sy 0 0870y S0 % 00

o o %0 O 0t Mo ¢ * 08! *
*e® 0 %% ,.00,“? o a ! o ,:‘. $ . ’0.’. oo $ he o 8 %o # Series1
AN ‘e :. AR ’30%, ’o: (I IR QA 030’: LRI 4 &
40 -
b ¢ X DXL S NAAG * % o . *
® > o 0.‘:.00’,’:» .0‘:.’,0“ $ & :8 .,0“ . : ,.0.000.00.’ .0:3’“
RS SN ATl ey I A Rt >0 M
X3 \ 4 $ * *
o o e o R o * . o o
30 -—Q—&’ Wt * * ’i_. * o vs v ¢
, * o o . *» .
& o
o
20
10
O T T T T T T
1890 1910 1930 1950 1970 1990 2010

Year
http://www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp#



Virginia Temperature 1895 - 2010

¢ Seriesl
— Linear (Series1)

n
~
0
(0]
[}
—
(@]
[}
0




Virginia Temperature 1895 - 2010

Average
change
over time

—~
L
-
[%2]
o
o
bt
(@]
O]

@)




Degrees (F)

Virginia Temperature 1895 - 2010

56.5 -
*
* o *
56
Average
—  change
over time
55.5
10-Year
— Temp
Averages
55
* * L 4 L 4
* L 4
545 l 1t I
ul * * 2
L 4 L 4 * * o
¢ *
*
54 ; —e l l l l
1890 1910 1930 1950 1970 1990 2010



What about Frost Dates?



Last Frost of Spring for Richmond, VA

¢ Last Frost of Spring

Feb. 24
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year




Last Frost of Spring for Richmond, VA

¢ Last Frost of Spring

— Linear (Last Frost of Spring)

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year




Last Frost of Spring for Richmond, VA
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First Frost of Fall for Richmond, VA

¢ First Frost of Fall
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First Frost of Fall for Richmond, VA
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First Frost of Fall for Richmond, VA
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It is difficult to attribute any individual event to a
change in the climate.
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Source: IPCC 2007 WG1-AR4, Box TS.5, Fig 1
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Mean Sea Level Trend
8638610 Sewells Point, Virginia

Sewells Point, VA 0.17 +/-0.01 incheslyr
2.0

. Data with the average seasonal
cycle removed

1.5 4- — [ Higher 95% confidence interval
- Linear mean sea level trend
— Lower 95% confidence interval

- - - — - — - — —— -]

Feet

20 1 1 J 1 1 1 1 1 1 1 I
1900.0 1910.0 1920.0 1930.0 1940.0 19500 1960.0 1970.0 1980.0 19900 2000.0 20100

The mean sea level trend is 4.44 millimeters/year with a 95% confidence
interval of +/- 0.27 mml/yr based on monthly mean sea level data from
1927 to 2006 which is equivalent to a change of 1.46 feet in 100 years.



Sea Level Rise

e Coastal Erosion
e Coastal Inundation

eStorm Surge



Coastal Erosion




@ Current sea level
Area at risk of @ Low estimate
C/l(.’Sll[)(’(lk(’ inu ndation from @ Central estimate

¢ DHigh esti
1-meter (3.3 ft. D High estimate




Storm Surge

17# Storm tide

2+ Normal high tide

Mean sea level




What does this mean for Virginia?

eRising Temperature
*Rising Sea Level

eLonger growing season from the shifting frosts



How will the Earth’s climate change?

Scientists agree globally that:

e\Wet areas will get wetter and dry areas will get drier

eFrequency of extreme weather events may increase
eSea level will rise
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| ﬂ" Climate Change - Windows Internet Explorer provided by Vi ia IT Partnership
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Recap

* Science

* Climate

* Greenhouse Effect

* Milankovitch Cycles

* Virginia examples

~* Next Steps to Do Something
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