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By David Auty using (Met Office Hadley Centre dabgta from their website
http://lwww.metoffice.gov.uk/hadobs/hadcet/data/download.html. | then made the graph using ROOT (https://root.cern.ch), CC
BY:SA 3.0, https://commons.wikimedia.org/w/index.php?curid=44418110
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Period Record Mean
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May 15.1 *C (59.2 °F)
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July 19.7 °*C (67.5 °F)
August 19.2 °C (66.6 °F)
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October 13.3 °C (55.9 °F)
November 10.1 °C (50.2 °F)
December 9.7 "C (495 °F)

Year
2014 M
2017
1976
2006
1868/1869
1916
1779
1957
2011
1833
1846
2006
1995
2006
2001
1994
2015

Period Record Mean
6.86°C (4435 °F

(
563 °C (4213 °F
(
(

Year
Spring (March—-May)
13.10 °C (55.58 °F

)

)

Summer (June—-August) )
7.50 °C (45.50 °F)
)

)

)

Autumn (September—November)

Winter (December—February) -1.17 °C (29.89 °F

January -3.1°C(26.4 °F
February -1.9°C(28.6 °F
March 1.0°C (33.5 °F)
April 4.7 °C (40.5 °F)
May 8.5°C (47.3 °F)
June 11.5°C (52.7 °F)
July 13.4°C(56.1 °F)
August 12.9°C (55.2 °F)
September 10.5°C (50.9 °F)
October 53°C{(M5°F)
November 23°C(36.1°F)
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By David Auty using (Met Office Hadley Centre dabgta from their website
http://lwww.metoffice.gov.uk/hadobs/hadcet/data/download.html. | then made the graph using ROOT (https://root.cern.ch), CC
BY:SA 3.0, https://commons.wikimedia.org/w/index.php?curid=44418110
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Global mean surface temperature change from 1880 to 2016, relative to theg1980 mean. The black line is the global annuahme
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http://data.giss.nasa.gov/gistemp/graphs_v3/Fig.A2.txt
http://data.giss.nasa.gov/gistemp/graphs_v3/
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By Giorgiogp2 Own work, CC BSA 3.0, https://commons.wikimedia.org/w/index.php?curid=13283666
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https://en.wikipedia.org/wiki/National_Oceanic_and_Atmospheric_Administration
https://en.wikipedia.org/wiki/El_Ni%C3%B1o_Southern_Oscillation
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+ CSIRO (Commenwealth Scientific and Industrial Research Organisation). 2015 update to data criginally published in: Church,
LA, and N.J. White. 2011. Sea-level rise from the late 19th to the early 21st century. Surv. Geophys. 32:585-602.
www.cmar.csiro.au/sealevel/sl_data_cmarhtml.

» NOAA (National Oceanic and Atmospheric Administration). 201 5. Laboratory for Satellite Altimetry: Sea level rise. Accessed
June 201 5. httpy/fibis.grdl.noaa.gov/SAT/SealevelRise/LSA_SLR_timeseries_global.php.

For maore information, visit U.S. EPA's “Climate Change Indicators in the United States” at www.epa.gowclimatechange/indicators.
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Weiss- Figure 10, in: "4. Global Mean Sea Level Rise Scenarios,” in: "Main Report,” in: Global Sea Level Rise Scendi$os for the
National Climate Assessment. NOAA Tech Memo OARRE®lational Oceanic and Atmospheric Administration Climate Program
Office, 6 December 2012, p.12., Public Domain, https://commons.wikimedia.org/w/index.php?curid=27749602
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between 1880 and 1985 is
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Shorter-wavelength visible light passes through
Earth's atmosphere, where it interacts with gases, If re-radiated heat does not leave Farth,

clouds, and dust before striking Farth's surface. it causes the planet to warm.
2 e A

Incoming e
solar

radiation

(100 units)

Outer space

.Absorbed by . > : _ Bl ; = ; -

H20, O3, dust 8 Emission Absorption

: ' by H0, CO,, O; - by clouds, H0,
COs, O3

)

Atmosphere
Energywre'-'radi‘at.e j

as heat

Absorbed by
ocean and land :

Earth

7t r gty R

Of all solar radiation able to penetrate Earth's atmosphere, Longer-wavelength infrared radiation either radiates back
only 47% is absorbed by the ocean and land. into space or is trapped in Earth's atmosphere.

Figure 16.14 Earth’s heat budget. In this example, 100 units

of solar radiation from the Sun (mostly shorter-wavelength visible
light) are reflected, scattered, and absorbed by various compo-
nents of the Earth-atmosphere system. The absorbed energy is re-
radiated back into space from Earth as longer-wavelength infrared
radiation (heat). If this infrared radiation does not leave Earth, global
warming will occur.
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Table 7.1 Concentrations of selected fixed gases in
A | f | @ y‘ N 2’@ A, (\E):(B &]é‘ Hd;) the atmosphere (sea level). Data are from Spiro and
Stigliani (2006) and the Global Monitoring Division of
CHl’ Kr, Ij’ NZO A . - g the National Oceanic and Atmospheric Administration
A Y 2 y C) S y l] NJ OS 2@2<R% N O (USA) data on greenhouse gases. Data from Earth
cr) I NR Ii y- N I'IE:E o) (b K & NJP\ S K ( System Research Laboratory of US National Oceanic

and Atmospheric Administration (http://www.esrl.

ObIaSti) A S T S 1 lj nj é Iv? é y N z noaa.gov/gmd/ccgg/trends/).
A 02 0 LJnj A 20)\/?:20,95 %; ZC@ LJnj A M. Gas Concentration

H,O) = 20,11 % Nitrogen (N.) 78.09%
Oxygen (Oy) 20.94%
Argon (Ar) 0.93%
Carbon Dioxide (CO») 395 ppmv @
Neon (Ne) 18.2 ppmv
Helium (He) 5.2 ppmv
Methane (CH,) 1.8 ppmv @
Krypton (Kr) 1.1 ppmv
Hydrogen (H,) 0.55 ppmv
Nitrous oxide (N,O) 0.32 ppmv @

“The concentrations of these gases are increasing due
to anthropogenic emissions.
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ig. 7.3a 420000 year Vostok, Antarctica ice core record ol atmospheric CO, and CH, concentrations

neasured Irom bubbles trapped in ice) as well as changes in atmospheric temperature derived from D/H

iios (expressed as 8D) of H,0 molecules. Oxygen isotope data are also shown, as is insolation for the

onth ol June at 65 7S latitude. Note that the pre-industrial range of CO, concentrations was

90 ppmv, and
S ppmv. Value

¢ cores; rather

180 to

that CHy ranged from =04 1o O8 ppbv. In June 2011, CO, was 395 ppmv and CH,; was

s ncitalics i the scales for CO L and CH concentrations represent values not seen in the

these alicized concentrations, Vostok data are from Petit ef al, (1999) and rel

¢crences
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Fig. 7.3b Trends for carbon dioxide and methane during the Holocene epoch (plotted here as ~11 400 to
400 years before the present) derived from air bubbles in glacial ice and firn (from the EPICA Dome C project).
Dark black curves are fitted trends and the light gray lines depict estimated uncertainty. Data are available
from the USA NOAA National Climate Data Center (http://www.ncdc.noaa.gov/paleo/data.html) and were
presented in a similar manner by Fliickiger et al. (2002).
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At B (high latitudes) the same sunlight is spread
over a larger area; lots of light is reflected because

of the low angle of incoming sunlight and higher albedo.

Two identical | H"dﬂ 7 — o — ——30°N—
X A = = x " I
i OAlYe R2LI R &f dzy S6YNOK
& radiation. 1
LI LINE { & .
i tNﬁyM LInjSa aAfySa2ON QNﬁ;u@dz |
a Flashlight A D) : -
i ON FtoSR2 | e
Beam A passes At A (low latitudes) sunlight is concentr md/n a
1/”0(.1_{,"‘,3 thinner small area; little light is reflected because of the
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sure 6.3 Solar radiation received on Earth varies with
Iatltude Two identical beams of sunlight (schematically shown by
flashlights, /eft) strike Earth. Various factors cause lower latitudes
to receive a large amount of solar energy, while at the same time

the higher latitudes receive much less solar energy.
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