Global Climate Change

Earth, 1972, Apollo 17,
29,000 km into space.



Natural Variation in Climate
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Natural Variation in Climate
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Precession - change in the orientation of the rotational axis of a rotating body.
Obliquity — change in the Earth's axial tilt.
Eccentricity — variation in earth’s orbit around the sun.


http://upload.wikimedia.org/wikipedia/commons/7/7e/Milankovitch_Variations.png
http://upload.wikimedia.org/wikipedia/commons/7/7e/Milankovitch_Variations.png
http://upload.wikimedia.org/wikipedia/commons/0/00/Earth_obliquity_range.jpg
http://upload.wikimedia.org/wikipedia/commons/0/00/Earth_obliquity_range.jpg
http://upload.wikimedia.org/wikipedia/commons/8/8c/Eccentricity_half.gif
http://upload.wikimedia.org/wikipedia/commons/8/8c/Eccentricity_half.gif

Natural Variation in Climate
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Figure 5. (left) Location of tree-ring-based precipitation and drought reconstruc-
tions used in comparison of moisture conditions along a north-south
Rocky Mountain transect. (right) Tree-ring-based reconstructions of mois-
ture anomalies. Each series has been normalized and smoothed using a
25-yr cubic spline to highlight the prominent 20-30-yr frequencies identi-
fied by MM spectral analysis (Mann and Lees 1996).

Pederson et al. 2005



Human Impacts on Climate

Irish chemist Sir John Tyndall discovered in 1859 that CO, absorbs infrared energy as a
radiatively active constituent in Earth’s atmosphere.

Svante Arrhenius, a Swedish chemist born, speculated in 1890 that fossil fuel burning
would elevate CO2 in the atmosphere and result in climatic warming.

The Greenhouse effect
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Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovernmental panel on climate change,
UNEP and WMO, Cambridge university press, 1996.



Human Impacts on Climate
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Fig. 1. Keeling curve for atmospheric CO,. Monthly mean
atmospheric CO, at Mauna Loa Observatory, Hawaii.

McCarthy 2009.



Human Impacts on Climate

A test of GHE comes from the paleo record of the earth.

The CO, concentration in the
atmosphere has varied substantially
over time, and temperature has
varied directly with changing CO,.
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Human Impacts on Climate

A test of GHE comes from the paleo record of the earth.

The CO, concentration in the
atmosphere has varied substantially
over time, and temperature has
varied directly with changing CO,.
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Analysis of air bubbles trapped in an Antarctic ice core extending back 800,000 years
documents the Earth's changing carbon dioxide concentration. Cver this long period,
natural factors have caused the atmospheric carbon dioxide concentration to vary
within a range of about 170 to 300 parts per million (ppm). Temperature-related data
make clear that these variations have played a central role in determining the global
climate. As a result of human activities, the present carbon dioxide concentration of
about 385 ppm is about 30 percent above its highest level over at least the last 800,000
years. In the absence of strong control measures, emissions projected for this century
would result in the carbon dioxide concentration increasing to a level that is roughly

2 to 3 times the highest level occurring over the glacial-interglacial era that spans the
last 800,000 or more years.

Global Change Impacts 2009.



Human Impacts on Climate

Greenhouse effect easily tested in a classroom experiment.

~— Temperature Probes




Has Climate Changed as Predicted?
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Has Climate Changed as Predicted?
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Fig. 6. Global surface temperature. Global ranked surface temperatures for the warmest 50 years.
The inset shows global ranked surface temperatures from 1850. The size of the bars indicates the 95%
confidence limits associated with each year. The source data are blended land-surface air temperature
and sea surface tem perature from the HadCRUT3 series. Values are simple area-weighted averages for
the whole year (28).



Has Climate Changed as Predicted?
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Has Climate Changed as Predicted?
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Is this Warming Due to Human Activities?

089 p
0.6

0.4 - |

Anomaly (K)

0.2 H t' ' |_. |.. . \J A i
0.0 1 i “ :

—0.21 —— Model: r = 0.87

1 1
1980 1965 1950 1995 2000 2005

Anomaly (K)

Volcanic aerosols

0.2 7 Anthropoge nic effects

Anomaly (K)
=
=

T T T T T
1280 1985 1990 1995 2000 2005
Year

Fig. 7. Reconstructing Earth’s recent climate. (A) Observed monthly mean global temperatures
(black) and an empirical model (orange) that combines four different influences. (B) Individual con-
tributions of these influences, namely El Nifio—Southern Osdillation (purple), volcanic aerosols (blue),
solar irradiance (green), and anthropogenic effects (red). Together the four influences explain 76% ()
of the variance in the global temperature observations.



IPCC WGI AR5S. 2013

Is this Warming Due to Human Activities?
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Human Induced Warming?

Mean global temperature has risen 0.6 deg C over past 130 years and is highest in 1000
years.

TEMPERATURE ANOMALY (°C)
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The globally averaged combined land and ocean surface temperature data as calculated by a

linear trend, show a warming of 0.85 [0.65 to 1.06] °C 3, over the period 1880-2012.
IPCC WGI AR5. 2013



Human-Induced Global Warming?
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It’s Official: First Glimmer of
Greenhouse Warming Seen

A war of words mnong scientists and pold
biciard waarteed the air in MMacknicl Bt wesl,
bt the final wonds from an intemational
parvel of screntists aesessing the state of cli-
rate sederwee were ool and messured, Many

newly poresived fingerprine of human-in-
duced climate chanpe.

The first salid evidence char acrosol:
conld be altering the signal of greenhouse
warming came earlier this year when re-
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Cirralad Meehl of the MNationa] Cener for
Mmospheric Besearch: "8 really encourap-
ing that when we add aemsols Jeo medel
simalations] we Jdo start to see better apree-
ment witk: the {climate] pattemns we've al.
ready observed.”

Orher runs of the same computer meadels,
done withour increases in greenhouse gses
of actosols, supgest that this greenlouse fin-
gorprint 15 ot lkely w be a chance Tuetea-
cion of the climate system. As predicted by
the models, the patural vasiabiliey of an -
disturbed climate sysgem looks different, wa-

Intergovernmental Panel on Climate Change -

"...the balance of evidence suggests that there is a
discernible human influence on global climate."

December 1995.



Human-Induced Global Warming?
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Greenhouse Warming Seen

A war of words mnong scientists and pold
biciard waarteed the air in MMacknicl Bt wesl,
bt the final wonds from an intemational
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The first solid evidence rchar aeroscl:
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Cirralad Meehl of the MNationa] Cener for
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ing that when we add aemsols Jeo medel
simalations] we Jdo start to see better apree-
ment witk: the {climate] pattemns we've al.
ready observed.”

Orher runs of the same computer meadels,
done withour increases in greenhouse gses
of actosols, supgest that this greenlouse fin-
gorprint 15 ot lkely w be a chance Tuetea-
cion of the climate system. As predicted by
the models, the patural vasiabiliey of an -
disturbed climate sysgem looks different, wa-

"...the balance of evidence suggests that there is a discernible
human influence on global climate." December 1995.

This evidence for human influence has grown since ARA4. It is extremely
likely that human influence has been the dominant cause of the observed
warming since the mid-20th century.

IPCC WGI ARS. 2013



Does Flattening in Temperature Increase Since 2000 Counter this
Conclusion?

IPCC WGI AR5. 2013

“Due to natural variability, trends based on short records are very sensitive to the
beginning and end dates and do not in general reflect long-term climate trends. As
one example, the rate of warming over the past 15 years (1998-2012; 0.05 [-0.05 to
+0.15] °C per decade), which begins with a strong El Niio, is smaller than the rate
calculated since 1951 (1951-2012; 0.12 [0.08 to 0.14] °C per decade)5.”



Spatial Variability in Rates of Climate Change

Observed change in average surface temperature 1901-2012

] |
-06 -04 -02 0 02 04 06 08 10 125 15 175 25

Trend (°C over period)

IPCC WGI ARS. 2013

Chang. 2013 *“|




Aprll 1 SWE (cm)

Ecological Consequences of Past Change

Spring bud-burst dates:
Forest area burned: Canada

Aspen in Edmonton -
3 30 T T T 5 T T T T .0 -
§ 20 -. (b) . . . - Q (C) Area bumed anomaly §
. = 0.51 405
R ? £
s of 0.0 400 ®
2 ﬁ’ -\9 l g
o -10F 2
\ 0.5t 4-0.5
¥ |20} * e § ¥ s
5 E Temgperature anomaly 3
w '30 1 1 1 1 1 . g 1 1 1 1 1 '.0 S R la'. I l'
1900 1920 1940 1960 1980 2000 < 1960 1980 2000 elalive sea level

. 3 Year North American coasts
April 1 snow water equivalent: sa e e A TR
Westemn North America % 75 (d) ChurchB. M8 1
U Ll Ll 1 Ll
. _(a) : ... .: 32 Ponte=au=Pere, QC
P F 3
sol: on 7.0t ;
X c
e & - - 2 New Yark, NY
50 ‘ P .. g
=
40k ‘ ... e 0, . 6,5} Galeston, TX -
. . 1 v 1 L 1
- " @ ® oo 1880 1920 1960 2000
20k ° . Year
1820 1840 1960 1880 2000 ' . Huricane energy, deaths &
Year ! "nomm damages u.s.
NPP Trend: North America - B T b st -
T T T w
0 = b (e) {25000 5
6.5t o - 420000 %
= e -
= 9 =5 g
G @ o .‘.. 2 415000 §
o - 3
Egsli o= 9 e {10000 &
& oe® 't
. 45000
Deaths 2
551 1 0 : 3 ——t_lp @&
: 2 . 1900 1820 1840 1960 1980 2000
1980 1885 1990 1985 2000 Year

Year

i

-1 0 1 2 3
Change in annual mean temperature (°C): 1955 to 2005

Global Change Impacts 2009.



Ecological Consequences of Past Change

Figure 7. Changes from 1982 to 1999 in Terrestrial NPP

Change in NPP (Percent / Year)

Source: Nemani et al. 2003.
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Ecological Consequences of Past Change

Figure 9. Timing and Affected Area of Major Forest Insect Epidemics in the Western

United States from 1998 to 2002
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Projected Future Climate IPCC WGI ARS. 2013

(a) Global average surface temperature change
6.0 _— Mean over
2081-2100
| === historical
e RCP2.6
40 I rores
€ 20 | B
I 5
Bl
0.0 - E'_. o
e
&£
20 " . . L 1 " . . L 1 N . . .
1950 2000 2050 2100
RCP 2.6 RCP 8.5

(a) Change in average surface temperature (1986-2005 to 2081-2100)

'A-;:}W(‘{. - . 32




Projected Future Precipitation

* Increase in global average

e More ppt in high latitudes
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Projected Future Climate

(b) Northern Hemisphere September sea ice extent
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Projected Future Climate

Global mean sea level rise
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