Atmos. Chem. Lecture 21, 12/2/13:
Chemistry and climate 1

Short intro to climate change

Warming by greenhouse species

Role of emissions: “Indirect effects”

Final presentations Monday 12/9
Final projects due Wednesday 12/11

Climate change
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Blackbody radiation
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Global energy balance
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From Trenberth, Kevin E., John T. Fasullo, Jeffrey Kiehl. Earth's Global Energy Budget. Bull. Amer.
Meteor. Soc., 90 (2009): 311-23. © American Meteorological Society. Used with permission.

Trenberth et al (BAMS 2009)
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Absorbers/scatterers
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Changes in GHGs
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Radiative Forcing, Effective Radiative Forcing
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Radiative forcing

Radiative forcing of climate between 1750 and 2011
Forcing agent
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Defining/quantifying greenhouse gases
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Radiative  AGWP . -
Acronym, Common i ERE s AGTP : AGTP 3 AG -
Name or Chemical  Chemicsl Formuls ]E;F’“"'; Efr"‘f"‘.'? ;\'“'v’"' “;‘:" 20-year z;.\" S0-year ﬂ:"" 100-year m‘d"
Maie ‘can) m m -vear [K*f!] Lvear [Klfl"] Lvenr (K kg |] vear
Casban dioxide ) = 1 9074 1 68l 1 61716 1 AT
Methane CHy 124° 84 6lell 28 46214 67 B6%15 14
Fossil methane & CHa 1247 363ed 201e12 85 30 68 95515 15
Nitrous Oxide BO 1217 300c3 65812 264 243c11 268 LoD ]
Chlorafluorocarbons
CFC-11 450 026 17210 42810 4660 471e-12 680 30le-12 4,590
CFC-12 1000 032 26910 03910 10,200 77le12 11300 67512 11,000
CFC-13 6400 025 27110 12709 13900 78912 1,700 E77e-12 14,200
CFC-113 CCLFCCIF £5.0 030 16210 S34c-10 S8 46012 6730 3ESe12 6,280
CFC-114 CCIFCCIF; 1900 031 18210 7E8e-10  BS90 56012 BAM  556e12 9020
cFC-11s 10200 La610 8860 TON0 TET0 4313 6310 4Siel 7810
Hydrochiorafluoro-
carbens
HCFC-21 CHCLF 17 13511 543 13511 148 13113 192 18914 26 Llleld 20
HCFC-22 CHCIF; 1.9 13210 5280 16210 1760 25Te-12 4200 51313 832 l4de-ld 262
HCFC-122 CHCLCFACl Lo §43-11 218 54312 8 4Bleld T0 62515 10 44TelS 8
HCFC-1224 CHFCICFCl 34 236611 945 237ell 258 291el3 426 29914 48 19614 36
HCFC-123 CHCLCFs 13 72812 292 Tl T8 6Tleld 98 BdSelS 14 £00e13 11
HCFC-123a CHCIFCFAL 40 023 33%-11 1350 3301l AT 451el3 659 44dedd4 T2 2Eledd 81
HCFC-124 CHCIFCEs 59 020 46711 1870 4831l 527 Tedeld L1200  T4bel4 121 40314 T4
HCFC-132¢ CHyFCFCh 43 017 30711 1,230 31011 338 42713 624 414e-18 67 25814 47
HCFC-141b CHCCLF 2 016 63611 2550 TATe-ll 782 1271l 1580 16Te-13 271 60914 111
HCFC-142b CHyCCIF, 172 019 12510 5020 182e-10 1980  300e-12 4390  B4fel3 1370 19513 356
HCFC-225¢a CHCLCFLCE, 19 022 L1711 469 L17ell 127 L1Teld 170 L3814 22 96515 18
HCFC-225b CHCIFCF,CCIF, 59 029 46511 1860 48lell 525 TEleld LI T4deld 120 40lel4 TR
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Role of emissions, chemistry

Components of Radiative Forcing
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Emissions-based GWPs (100 yr; AR4)

Organic Compound/Study GWPCHy GWP9% GWP
Ethane (C,Hq) 29 26 55
Propane (C,Hg) 2.7 0.6 3.3
Butane (C4H,o) 2.3 1T 4.0
Ethylene (C,H,) 1.5 2.2 3.7
Propylene (G;Hg) -2.0 38 1.8
Toluene (CHg) 0.2 25 27
Isoprene (CsHg) 2 B | 1.6 27
Methanol (CH,OH) 186 12 2.8
Acetaldehyde (CH,CHO) -0.4 1 1.3
Acetone (CH,COCH,) 0.3 0.2 0.5
Derwent et al. NH surface NO,ab -24 11 -12
Derwent et al. SH surface NO,ab 64 33 =at
Wild et al., industrial NO, —44 32 -12
Berntsen et al., surface NO, Asia -31to —42c 55 to 70¢ 25to 29¢
Berntsen et al., surface NO, Europe -8.6to-11c 8.1to12.7 -2.7 to +4.1¢
Derwent et al., Aircraft NO,2P -145 246 100
Wild et al., Aircraft NO, -210 340 130
Stevenson et al. Aircraft NO, -159 155 -3
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AR5:NO,: -11 to -31; CO: 3-5, VOC: 4.5

not including aerosol effects
IPCC AR4 WG1, 2007
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