Some solar radiation
is reflected by the earth
and the atmosphere
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FIGURE 6.3

Energy balance for the earth. The earth receives about 50% of the incident
solar radiation: 21% is from direct radiation and 29% is scattered through
the clouds.The energy leaving the earth’s surface comes from evaporation
and conduction to the atmosphere (33%), and infrared radiation (noted here
as terrestrial radiation). Most of the infrared radiation (113%) is absorbed by
the atmosphere and reradiated back to the surface {the “greenhouse
effect”}. In order 1o have temperature equilibrium at the earth’s surface, the
energy input must equal the energy output. For this figure, 50% lincident
radiation) = 3% (reflected) + 33% (evaporation) + 14% (net terrestrial
radiation: 113% + 6% ~ 105%].



Table 9.1 GREENHOUSE GASES
u.s. Atmospheric 1995
Emissions Lifetime Concentration
Gas Sources (MT/y) GWP* {y) {(ppM)
CO, Fossil fuels, 5500 1 100 360
deforestation
Methane Rice fields, 300400 21 10 1.7
cattle, landfills
Nitrogen | Fertilizers, 15 310 170 0.31
oxides deforestation
CFCs Aerosol sprays, 1 1300-12,000 70-100 0.003 (CI atoms)
refrigerants

*GWP = Global Warming Potential, which is related to a molecule’s ability to absorb thermal radiation relative to

that of CO..
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Figure 3.1 The global carbon cycle, showing the carbon stocks in reservoirs (in
Gt) and carbon flows (in Gt year™') relevant to the anthropogenic perturbation
as annual averages over the decade from 1989 to 1998. Net ocean uptake of the
anthropogenic perturbation equals the net air/sea input plus run-off minus
sediment. The units are thousand millions of tonnes or gigatonnes (Gt).
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Past and future CO; atmospheric concentrations
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Figure SP-1la: Atmospheric CO, concentration from year 1000 to year 2000 from ice core data and from o 2 Figurs 3-13
direct atmospheric measurements over the past few decades. Projections of CO, concentraticns for the period
2000 fo 2100 are based on the six illustratve SRES scenarios and 1582a (for companson with the SAR)L



Emissions

re 3.5 lllustrating the possible effects of climate feedbacks on the cazt

. Results are shown of the changing budgets of carbon (in gigatefines of

) in -t_he atmuosphere, land and ocean in an ocean—atmosphere model

Ied to an ocean carbon cycle model (which includes the transfer of carbon
xide to depth through both the solubility pump and the biological pump)
dynamic global vegetation model (which includes the exchange of carbon
the scil and with five different types of plant). The model was run with the
fuel carbon dioxide emissions from 1860 to the present and then projected
100 assuming the 15 92a scenario shown in Figure 6.1. Note that because of
mate feedbacks, the terrestrial biosphere changes from being a net sink of
{;arbnn to being a net source around the middle of the twenty-first century. Note
lso as this source becomes stronger, by 2100 the atmospheric carbon content is
r:reasmg at about the same rate as the total emissions (i.e. the ‘airborne
@?h‘g!cﬂon’ or the fraction of fossil fuel emissions that remains in the atmosphere,
changed from being about a half in the year 2000 to being about unity in
'100). Mote also that an atmospheric carbon content of 1500 Gt more than it
jas in 1860 is equivalent to a concentration of nearly 1000 ppm.




Variations of the Earth’s surface temperature: years 1000 to 2100
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Figure SPM-10b: Variations of the Earth’s surface temperature: years 1000 to 2100. From year 1000 to O Q2 Figure 210
year 1860 vanations in average surface temperature of te Morfern Hermisphers are shown (correspondng
data from the Southern Hemisphers not ava’able) reconstructed from proxy data (tree rings, corals, ice cores,
and historcal records). The Ine shows the S0-year average, the grey region the 85% confidence limit in the
annual data. From years 18280 to 2000 are shown varatons in observations of globally and annualy averaged
surface termperature from the mstrumental record; the line shows the decadal average. From years 2000 to
2100 projections of globally averaged surface temperature are shown for the six ifustrative SRES scenarios
ana 1392a using a model with average dimate sensitivry. The grey region marked “severa’ models all SRES
enwelope” shows the range of results from the full rangs of 35 SRES scenarios in addiion to those from a
range of models with different cimate sensitvties. The temperature scale is departure from the 1820 value;
the scale is different from that used n Figure SPM-2.



Multi-model Averages and Assessed Ranges for Surface Warming
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FIGURE SPM-5. Solid lwes are mult-model global averages of surface warming (relatve to 1980-097 for the scenarios
A2, AlR and B, shown as contfinuztdons of the 20" cepmry simulstions. Shading derotss the plus'mires one standard
deviation range of mdividnal model anmazl averages. The orange line is for the experinent where concepfrations wars
hald constant at year 2000 valnes. The gray bars at nght mdicate the best esomats (solid line within eachk bar) and the
Itkely range asseszed for the six SEES marker scenarios. The assessment of the best estimare and fikedy ranges in the gray
bars includes the ACQGIM: m the laft pam of the figare, as well as resals from a hietarchy of independent models and
obsarvatonal conswaints. {Figares 104 and 10.20}

From IPCC 4 executive summary



Climate “sensitivity” = global average surface warming
following a doubling of carbon dioxide concentrations

range Is 2-4.5 C, best estimate is 3 C.
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Figure &. More vapor or more clouds? This schemalic illustrales just tao out of the dozers of climabe feedbacks idenli-
fied by scienlists. The waming created by gresnhouse gases leads 1o additional evaporation of water inlo the atroe-
phe=re. But waber wapor itself is a greenhous= gas and can case even mone warming (steps 24 are repeatsd). Scientists
call this the " posilive waber-wvapor feedback.” On the other hard, if the waler vapor leads bo the formation of more
clouds, some warming may be counteracted becauss clouds reflect solar radiation (seps 5-0). Clouds akso trap heal in
thee alrmosphere. A& major research question is bow mary ard what type of clouds will form—Ilow clouds terd 1o cool
ir=flect more erergy than they trap) and high clouds end toecarm (irap more energy than they reflect).



