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Fully Fluorinated Species
NF3 500 0,21 3,26E-10 13069 1,51E-09 16434 9,61E-12 14023 1,04E-11 16885 1,01E-11 18517
SF6 3200 0,575 4,42E-10 17678 2,18E-09 23744 1,31E-11 19080 1,48E-11 24044 1,56E-11 28480
SF5CF3 800 0,603 3,42E-10 13694 1,63E-09 17727 1,01E-11 14732 1,12E-11 18101 1,136-11 20540
SO2F2 36 0,2 1,69E-10 6774 3,72E-10 4054 4,54E-12 6624 2,53E-12 4098 8,93E-13 1630
PFC-14 CF4 50000 0,1 1,28E-10 5121 6,39E-10 6959 3,79E-12 5533 4,34E-12 7028 4,62E-12 8438
PFC-116 C2F6 10000 0,25 2,12E-10 8484 1,06E-09 11492 6,28E-12 9164 7,176-12 11615 7,61E-12 13892
PFC-c2156 c-C3F6 3000 0,42 3,14E-10 12579 1,55E-09 16881 9,31E-12 13576 1,06E-11 17098 1,11E-11 20233
PFC-218 C3F8 2600 0,282 1,68E-10 6733 8,28E-10 9018 4,98E-12 7266 5,64E-12 9138 5,91E-12 10788
PFC-318 c-C4F8 3200 0,32 1,80E-10 7189 8,87E-10 9656 5,32E-12 7760 6,04E-12 9778 6,35E-12 11582
PFC-31-10 C4F10 2500 0,369 1,74E-10 6964 8,56E-10 9327 5,15E-12 7515 5,83E-12 9451 6,11E-12 11158
PFC-41-12 C5F12 4100 0,41 1,60E-10 6401 7,92E-10 8621 4,74E-12 6911 5,38E-12 8725 5,68E-12 10367
PFC-51-14 C6F14 3100 0,449 1,49E-10 5970 7,36E-10 8016 4,42E-12 6444 5,01E-12 8118 5,27E-12 9611
PFC-51-16 C7F16 3000 0,51 1,47E-10 5904 7,28E-10 7924 4,37E-12 6372 4,95E-12 8025 5,20E-12 9497
C8F18 3000 0,561 1,44E-10 5752 7,09E-10 7720 4,26E-12 6208 4,83E-12 7819 5,07E-12 9253
C10F18 2000 0,524 1,27E-10 5087 6,23E-10 6783 3,76E-12 5488 4,25E-12 6880 4,43E-12 8080
cis-C10F18 2000 0,566 1,37E-10 5495 6,73E-10 7325 4,06E-12 5927 4,59E-12 7431 4,78E-12 8726
trans-C10F18 2000 0,492 1,19E-10 4778 5,85E-10 6371 3,53E-12 5154 3,99E-12 6462 4,16E-12 7589
PFC-1114 CF2=CF2 0,003 0,003  5,45E-16 0 546E16 0  4,34E-18 0 513E-19 0 44819 0
PFC-1215 CF3CF=CF2 0,0134 0,02 1,01E-14 0 1,01E-14 0 8,04E-17 0 1,14E-17 ) 8,30E-18 0
CF2=CFCF=CF2 0,003 0,005 6,71E-15 0 6,71E-15 0 5,33E-18 0 7,53E-19 0 5,51E-19 0
CF3CF2CF=CF2 0,0164 0,028 1,27E-14 1 1,27E-14 0 1,01E-16 0 1,43E-17 0 1,05E-17 0
CF3CF=CFCF3 0,0849 0,078  1,87E-13 7 1,87E-13 2 1,50E-15 2  2,10E-16 0 1,53E-16 0
Notes:

The GTP values are calculated with a temperature impulse response function taken from Boucher and Reddy (2008).

See also Supplementary Material.

RE values for CO,, CH4 and N,O are taken from Table 8.5. AGWPs and AGTPs for the other components are taken
from Hodnebrog et al. (2012).
* For emissions of fossil CO, we have used the impulse response function from Joos et al. (2012). See also
Supplementary Material.
Adjustment times for N,O and CH,4 based on Prather et al. (2012) and Prather and Hsu (2010).

A factor 1.63 is applied for methane to account for effects on tropospheric ozone (48% of the direct effect of methane)

and stratospheric water vapour (15%; see Sections 8.3.3 and 8.5.1).

§ Preliminary adjustments of metric values for fossil fuel methane are based on Boucher et al. (2009).

Uncertainties in metric values for all non-CO, gases are estimated to be of the order of 20—40% for GWP100
and 60—75% for GTP100 based on uncertainty in the IRF of CO, and the RE and lifetime of the gases, and in
addition climate sensitivity and ocean heat uptake for GTP. Inclusion of additional effects that are less well-
quantified increases the range of potential metric values further, though in most cases causing systematic
changes (i.e., the sign is known but uncertainty in magnitude is large). There is an estimated 20% increase in
the GWPs of CH4 and N,O when carbon-cycle responses to the temperature changes they induce are
included (analogous to the treatment of CO,), and a 100% increase for the GTP100 of methane. GWPs and
GTPs for methane increase by roughly a factor of two when ozone-CO, impacts are included. Oxidant-
sulfate interactions may also increase the GWP100 of methane by up to 30%.

Table 8.A.2. Halocarbon indirect GWPs from ozone depletion using the EESC-based method described in WMO
(2010), adapted from Daniel et al. (1995). A radiative forcing of ~0.22 W m” relative to preindustrial times is used (see
Section 8.3.3). The stated uncertainties in the indirect GWPs reflect the uncertainty in stratospheric ozone
radiative forcing of 0.05 W m? (Section 8.3.3).

Gas Indirect GWP (100)
CFC-11 -3475 + 789
CFC-12 2773 + 630
CFC-113 -2842 + 645
CFC-114 -1216 + 276
CFC-115 -298 &+ 68
HCFC-22 -125 + 28
HCFC-123 =50 =+ 11
HCFC-124 -61 =+ 14
HCFC-141b -328 &+ 75
HCFC-142b -206 + 47
HCFC-225ca -54 =+ 12
HCFC-225c¢cb -79 =+ 18
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CH;CCl; —428 + 97
CCly 2761 + 627
CH;Br -1703 + 387
Halon-1211 -24691 £ 5605
Halon-1301 -58709 =+ 13327
Halon-2402 -41774 £+ 9483

Table 8.A.3: GWP and GTP for NOx from surface sources for time horizons of 20 and 100 years from the literature.

All values are on a per kg N basis. Uncertainty for numbers from Fry et al. (2012) and Collins et al. (2012) refer to
1SD. For the reference gas CO2, RE and IRF from AR4 are used in the calculations. [PLACEHOLDER FOR FINAL
DRAFT: Scaling factor for updating to AR5 values will be given in the final draft].

GWP GTP
H=20 H =100 H=20 H =100

NOx East Asia * 3.4 (£41.5) —6.3 (£13.7) ~55.6 (£23.8) ~1.3 (#2.1)
NOx EU+N-Africa * —41.3 (£17.8) ~16.2 (£6.7) —48.0 (£14.9) —2.5(£1.3)
NOx North America * ~5.6 (+30.7) 9.3 (x11.7) —61.9 (+27.8) ~1.7 (22.1)
NOx South Asia * ~46.6 (£79.7) —27.4 (£27.8) —124.6 (+67.4) —4.6 (£5.1)
NOx 4 above regions * —18.9 (£33.2) —12.6 (£12.0) —62.1 (£26.2) 2.2 (£2.1)
Mid-Latitude NOx ° —43 to +23 —-18to +1.6 —55to 37 —29 to —0.02
Tropical NOx © 43 to 130 —28to—10 —260 to —220 —6.6to —5.4
NOx global 19 -11 -87 29
NOx global ¢ ~108 + 35 —31+10

—-335+110 -95 +£31

—560 £ 279 -159+79

Notes:

(a) Fry et al. (2012) and Collins et al. (2012)
(b) Fuglestvedt et al. (2010); based on Wild et al. (2001)

(c) Fuglestvedt et al. (2010)

(d) Shindell et al. (2009). Three values are given: First, without aerosols, second, direct aerosol effect included (sulfate
and nitrate), third, direct and indirect aerosol effects included. Uncertainty ranges from Shindell et al. (2009) are given

for 95% confidence levels.

Table 8.A.4: GWP and GTP for CO for time horizons of 20 and 100 years from the literature. Uncertainty for numbers
from Fry et al. (2012) and Collins et al. (2012) refer to 1SD. For the reference gas CO,, RE and IRF from AR4 are used
in the calculations. [PLACEHOLDER FOR FINAL DRAFT: Scaling factor for updating to AR5 values will be given in
the final draft].

GWP GTP
H=20 H=100 H=20 H=100

CO East Asia * 5.5 (¢1.8) 1.8 (£0.6) 3.5(£1.3) 0.26(£0.12)
CO EU+N-Africa® 5.0 (x1.3) 1.6 (£0.4) 3.2(x1.2) 0.24(x0.11)
CO North America * 5.7 (£1.8) 1.9 (£0.6) 3.7(=1.3) 0.27(=0.12)
CO South Asia* 5.8 (£1.1) 1.8 (£0.4) 3.4(=1.0) 0.27(x0.10)
CO 4 regions above * 5.5 (x1.5) 1.8 (£0.5) 3.5(x1.2) 0.26(%0.11)
CO global 6109.3 2t03.3 3.7t06.1 0.29 to 0.55
CO global ¢ 7.8+2.0 22+0.6

11.4+£29 33+0.8

18.6 £ 8.3 53+23
Notes:

(a)Fry et al. (2012) and Collins et al. (2012)

(b) Fuglestvedt et al. (2010)

(c) Shindell et al. (2009). Three values are given: First, without aerosols, second, direct aerosol effect included, third,
direct and indirect aerosol effects included. Uncertainty ranges from Shindell et al. (2009) are given for 95% confidence
levels.
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Table 8.A.5: GWP and GTP for VOC for time horizons of 20 and 100 years from the literature. Uncertainty for
numbers from Fry et al. (2012) and Collins et al. (2012) refer to 1SD. For the reference gas CO,, RE and IRF from AR4
are used in the calculations. [PLACEHOLDER FOR FINAL DRAFT: Scaling factor for updating to ARS values will be
given in the final draft].

GWP GTP

H=20 H=100 H=20 H=100
VOC East Asia * 16.5 (£6.8) 5.1 (2.3) 8.4 (+4.6) 0.7 (+0.4)
VOC EU+N-Africa * 18.2 (+8.0) 5.7 (£2.7) 9.5 (£6.5) 0.8 (£0.5)
VOC North America * 16.4 (£8.1) 5.1 (£2.6) 8.6 (£6.4) 0.7 (£0.5)
VOC South Asia * 28.2 (£9.3) 8.9 (£3.3) 15.7 (£5.0) 1.3 (£0.5)
VOC 4 regions above 18.9 (£7.7) 5.9 (£2.6) 10.0 (£5.7) 0.9 (£0.5)
VOC global ® 14 45 7.5 0.66
Notes:

(a)Fry et al. (2012) and Collins et al. (2012)
(b) Fuglestvedt et al. (2010) based on Collins et al. (2002)

Table 8.A.6: GWP and GTP from the literature for BC and OC for time horizons of 20 and 100 years. For the reference
gas CO,, RE and IRF from AR4 are used in the calculations. [PLACEHOLDER FOR FINAL DRAFT: Scaling factor
for updating to ARS values will be given in the final draft].

GWP GTP

H=20 H =100 H=20 H=100
BC global © 3600 (280-7200) 1000 (80-2000) 1000 (—50-2500) 140 (=7-340)
BC (4 regions) ¢ 1255 + 688 360 + 196 420 + 190 56 £25
BC global * 1,600 460 470 64
BC dir+albedo Global ® 2,900 = 1,500 830 + 440
OC global —240 —69 -71 ~10
OC global ~160 (—60, —320) —46 (-18,-92)
Notes:

(a) Fuglestvedt et al. (2010)

(b) Bond et al. (2011). Uncertainties for OC are asymmetric and are presented as ranges.

(c) Bond et al. (2012)

(d) Collins et al. (2012). The 4 regions are East Asia, EU + North Africa, North America and South Asia (as also given

in Fry et al., 2012). Only direct effect is included.

Table8.A.7: GWPs and GTPs for NOyx, BC, OC and SO, from various sectors (metrics for SO, are given on SO, basis,

while for NOx they are given on N basis). For the reference gas CO,, RE and IRF from AR4 are used in the
calculations. [PLACEHOLDER FOR FINAL DRAFT: Scaling factor for updating to ARS values will be given in the

final draft].

GWP GTP

H=20 H=100 H=20 H=100
Aviation
NOx * 92 to 338 —21to 67 —396 to —121 -58t07.9
NOy° 120 to 470 -2.1t071 —590 to —200 -9.5t07.6
NOy " 415 75 -239 8.6
Shipping
NOy° —76 to -31 —36 to 25 —-190 to —130 —6.1 to —42
NOx shipping ° -107 -73 -135 =30
Shipping SO, (direct) ® —150 to —37 —43to—11 —44to—11 -6.1t0—-1.5
Shipping SO, (indirect) ° —-1,600 to —760 —440 to —220 —450 to —220 —63 to -31
SO,, Arctic shipping ° -65 -18
Arctic shipping SO, (indirect) ° -283 -80
Do Not Cite, Quote or Distribute 8-86 Total pages: 124
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OC (Shipping, Arctic) © -209 -39

BC direct (shipping, Arctic) 2,816 801

BC snow (shipping, Arctic) © 1,056 300
Energy Related

BC direct + albedo & 2,800 + 1,800 790 + 530
OC Energy related & —100 (—40,-210) =30 (-12,-60)
Industrial/Power BC, Asia ' 3,260 910
Household BC, Asia ' 2,680 750
Transport BC, Asia © 2,640 740
Transport BC, N America ' 3,900 1,090
Household OC, Asia ' ~260 -72
Transport OC, Asia —-180 =50
Ind/Power SO,, Asia’ —106 (direct) —-30 (direct)
Ind./Power SO,, N-America —215 (direct) —60 (direct)

Global coalfired power, NOx d 20

Global coalfired power, SO, ¢ —189 (direct) —53 (direct)
—377 (dir+ind) —106 (dir + ind)

Petroleum Production

BC direct (Arctic emissions) ° 2,369 673

BC snow (Arctic emissions) © 4,104 1,166

SO,, Arctic petroleum ° —64 -18

Arctic petroleum SO, ° (indir) 48 -14

OC (Arctic emissions) ° -152 -13

Open Biomass

BC dir + albedo ® 3,100 £+ 1,300 880 + 370

OC Open biomass & —180 (=70, -360) -53 (=20, -100)

Notes:

(a) Myhre et al. (2011)

(b) Fuglestvedt et al. (2010)

(c) Collins et al. (2010)

(d) Shindell & Faluvegi (2010)

(e) Odemark et al. (2011)

(f) Shindell et al. (2008)

(g) Bond et al. (2011)

(h) Kohler et al. (2012)
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Calculation Methodology

Online or offline pair of
radiative transfer
calculations within one
simulation

Difference between
two offline radiative
transfer calculations
with prescribed surface
and tropospheric
conditions allowing
stratospheric
temperature to adjust

Difference between
two full atmospheric
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Figure 8.1: Cartoon comparing (a) instantaneous RF, (b) RF, which allows stratospheric temperature to adjust, (c) flux
change when the surface temperature is fixed over the whole Earth, (d) AF, the adjusted forcing which allows
atmospheric and land temperature to adjust while ocean conditions are fixed, and (e) the equilibrium response to the
climate forcing agent. The methodology for calculation of each type of forcing is also outlined. dT, represents the land
temperature response, while dT; is the full surface temperature response. Updated from Hansen et al. (2005).
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2000 2100

2000 2100

2000 2100

1900

2000 2100

CMIP5/ACCMIP following each RCP; blue (RCP2.6), light blue (RCP4.5), orange (RCP6.0) and red (RCP8.5). BC
stands for black carbon (in Tg(C) yr ), OC for organic carbon (in Tg(C) yr*), NMVOC for non-methane volatile
organic compounds (in Tg(C) yr %) and NOy for nitrogen oxides (in Tg(NO,) yr ). Other panels are in Tg(species) yr .
Historical (1850-2000) values are from (Lamarque et al., 2010). RCP values are from (van Vuuren et al., 2011).
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4 Figure 8.2: Time evolution of global anthropogenic and biomass burning emissions 1850—-2100 used in
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9 Regional estimates for Africa, China, India, North America, South America and Western Europe are shown in
10 Supplementary Material.
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Figure 8.3: Comparisons between observations and simulations for the monthly mean ozone for ACCMIP results
(Young et al., 2012). ACCENT refers to the model results in (Stevenson et al., 2006).
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Figure 8.4: (a) Time evolution of global tropospheric ozone burden (in Tg(O3)) from 1850 to 2100 from ACCMIP
results. In bottom panel (b), time evolution of global tropospheric 0zone burden (in Tg(O3)) differenced to 1850. The
box, whiskers, line and dot show the interquartile range, full range, median and mean burdens and differences,
respectively. The green line indicates the range of observational estimates (Table 8.2). Adapted from Young et al.
(2012).
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Figure 8.5: Time evolution of global-averaged mixing ratio of long-lived species1850-2100 following each RCP; blue
(RCP2.6), light blue (RCP4.5), orange (RCP6.0) and red (RCP8.5). Based on Meinshausen et al. (2011b).
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Figure 8.6: (a) Radiative forcing from the major well-mixed greenhouse gases and groups of halocarbons from 1850 to
2011 (data currently from NASA GISS http://data.giss.nasa.gov/modelforce/ghgases/). (b) Radiative forcing from the
minor well-mixed greenhouse gases from 1850 to 2011. (c) Rate of change in forcing from the major well-mixed

greenhouse gases and groups of halocarbons from 1850 to 2011.

1950

2000

Do Not Cite, Quote or Distribute 8-94

Total pages: 124



0 N O O WN

Second Order Draft Chapter 8 IPCC WGI Fifth Assessment Report

=)
CJ35__ . S
S—
A X B

: s {7
ESD_ S * ° —
E
— © o e g

i
825_ « x X B . ° L
o s 408 5 02 ¢
- : 3
® v
N 20 4 o -
C

I I I I I I I
1850 75 1900 20 1950 7O 2000

Year
e Kawase et al., 2011 Other symbols: ACCMIP
Ziemke et al., 2011 e Osterman et al., 2008

¢ Stevenson et al,, 2006

Figure 8.7: Time evolution of tropospheric 0zone column (in DU) from 1850 to 2005 from ACCMIP results and
(Kawase et al., 2011). The OMI-MLS (Ziemke et al., 2011) and TES (Osterman et al., 2008) satellite-based
climatologies are also shown, along with the ACCENT-ARA4 results.
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Figure 8.8: Time evolution of the radiative forcing from tropospheric and stratospheric ozone from 1850 to 2010.
Tropospheric ozone data are from Skeie et al. (2011a) scaled to give 0.40 W m 2 at 2010, stratospheric 0zone RF follow
Effective Equivalent Stratospheric Chlorine (Daniel et al., 2010) scaled to give —0.10 W m 2 at 2010.
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Figure 8.9: Time evolution of RF of the aerosol-radiation interaction (total as well as by components). Multi-model
results for 1930, 1980, and 2000 from ACCMIP are combined with higher temporal results from the GISS-E2 and Oslo-
CTM2 models. Solid lines show the mean of individual model results and one standard deviation among the ACCMIP
models are shown for 1930, 1980 and 2000. The 2010 values have been scaled to the best estimates given in Table 8.7.
Note that time evolution for mineral dust is not included and the total is estimated based on the total of the six other
aerosol components.
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Figure 8.10: Time evolution of RF due to BC on snow and ice. The simulations are mainly based on the ACCMIP
multi-model study by Lee et al. for the years 1850, 1930, 1980, and 2000. Additional simulations with one model were
performed for the years 1750, 1950, 1970, 1990 and 2010. The 2010 value is scaled to the AR5 best estimate (from Lee
etal., 2012).
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Figure 8.11: Change in TOA SW flux [W m?] following the change in albedo as a result of anthropogenic Land Use
Change for three periods (1750, 1900 and 1992 from top to bottom). By definition, the RF is with respect to 1750. The
lower right inset shows the globally averaged impact of the surface albedo change to the TOA SW flux (left scale) as
well as the corresponding RF (right scale) after normalization to the 1750 value. Based on simulations by Pongratz et al.

(2009).
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Figure 8.12: Annual average composites of measured Total Solar Irradiance: The Active Cavity Radiometer Irradiance
Monitor (ACRIM) (Willson and Mordvinov, 2003), the Physikalisch-Meteorologisches Observatorium Davos (PMOD)
(Frohlich, 2006) and the Royal Meteorological Institute of Belgium (RMIB) (Dewitte et al., 2004). These composites
are matched at the year 2003 to the annual average of the Total Solar Irradiance Monitor (TIM) (Kopp and Lean, 2011)
measurements that are also shown.
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Figure 8.13: Reconstructions of Total Solar Irradiance between 1750 and 1975: Wang et al. (2005) with and without an
independent change in the background level of irradiance (annual resolution series), Steinhilber et al. (2009; 5-year time
resolution series), Vieira et al. (2011; annual resolution series), Delaygue and Bard (2011; 5-year time resolution series)
and Velasco-Herrera et al. (2012; annual resolution series). The series are set to match PMOD at the year 1976 (PMOD
is already matched to TIM at the year 2003).
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Figure 8.14: Two volcanic reconstructions of aerosol optical depth (at 550 um) as developed for the Paleoclimate
Model Intercomparison Project (top), with a comparison to the updated estimates of Sato et al. (1993). Updated from
Schmidt et al. (2011).
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Figure 8.15: (a) Monthly mean extinction ratio (525 nm) profile evolution in the tropics [20°N—20°S] from January
1985 to June 2010 derived from (left) SAGE Il extinction in 19852005 and (right) CALIOP scattering ratio in 2006—
2011, after removing clouds below 18 km based on their wavelength dependence (SAGE I1) and depolarization
properties (CALIOP) compared to aerosols. Black contours represent the extinction ratio in log-scale from 0.1 to 100.
The position of each volcanic eruption occurring during the period is displayed with its first two letters on the
horizontal axis, where tropical eruptions are noted in red. The eruptions were Nevado del Ruiz (Ne), Augustine (Au),
Chikurachki (Ch), Kliuchevskoi (KI), Kelut (Ke), Pinatubo (Pi), Cerro Hudson (Ce), Spur (Sp), Lascar (La), Rabaul
(Ra), Ulawun (UI), Shiveluch (Sh), Ruang (Ru), Reventador (Ra), Manam (Ma), Soufriere Hills (So), Tavurvur (Ta),
Chaiten (Ch), Okmok (Ok), Kasatochi (Ka), Fire/Victoria (Vi*), Sarychev (Sa), Merapi (Me), Nabro (Na). Updated
from Figure 1 from Vernier et al. (2011). (b) Mean stratospheric Aerosol Optical Depth in the tropics [20°N—20°S]
between 20 and 30 km since 1985 from the Stratospheric Aerosol and Gas Experiment (SAGE) |1 (black line), the
Global Ozone Monitoring by Occultation of Stars (GOMOS) (red line), and CALIOP (blue line). Updated from Figure
5, Vernier et al. (2011).
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Figure 8.16: Level of scientific understanding (LOSU) of the RF mechanisms in the 4 last IPCC assessments. The
LOSU terminology is not regularly used in AR5, but for comparison with previous IPCC assessments the confidence
level is converted approximately to LOSU. The thickness of the bars represents the relative magnitude of the current RF
(with a minimum value for clarity of presentation). LOSU for the RF mechanisms was not available in the first IPCC
Assessment (Houghton et al., 1990).
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Figure 8.17: (a) Bar chart for RF (solid) and AF (hatched) for the period 1750-2011, where the total anthropogenic RF
and AF are derived from panel b. (b) Probability density function (PDF) of total GHG RF, aerosol forcing, and total
anthropogenic forcing. The GHG consists of WMGHG and ozone, and stratospheric water vapour. The PDFs are
generated based on uncertainties provided in Table 8.7. The combination of the individual RF agents to derive total
anthropogenic forcing are done by Monte Carlo simulations and based on the method in Boucher and Haywood (2001).
PDF of the RF from surface albedo changes is included in the total anthropogenic forcing, but not shown as a separate
PDF. The AF for GHG other than CO, and surface albedo change from land use change are assumed to be equal to their
best estimate RF values, but with larger uncertainties. (c) RF bar chart based on emitted compounds (gases, aerosols or
aerosol precursors) or other changes. Note that in this figure nitrate aerosols is only associated with NOy emissions but
ammonia (NHj) is also important for the formation of this aerosol type. SOA has not been included since the formation

depends on a variety of factors not currently sufficiently quantified.
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Figure 8.18: Time evolution of RF for anthropogenic and natural RF mechanisms. Bar with the RF estimate at present
associated with uncertainty ranges are given to the right part of the figure. For aerosol the RF of aerosol-radiation
interaction and total aerosol AF are shown.
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Figure 8.19: Bar chart for RF (solid) and AF (hatched) for the period 19802011, where the total anthropogenic AF are
derived from Monte-Carlo simulations similar to Figure 17b. Total aerosol AF (ari + aci) is shown.
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Figure 8.20: Radiative forcing relative to 2000 due to anthropogenic composition changes based on ACCMIP models
for aerosols (with aerosol AF scaled to match the best estimate of present-day forcing) and total ozone and RCP
WMGHG forcings. Ranges are one standard deviation in the ACCMIP models and assessed relative uncertainty for
WMGHGs and stratospheric water vapor. Carbonaceous aerosols refers to primary carbonaceous, while SOA are
secondary organic aerosols. Note that 2030 AF for RCP2.6 was not available, and hence the total shown for that
scenario is not perfectly comparable to the other total values.

Do Not Cite, Quote or Distribute

8-108

Total pages: 124



© 00 N O o~ WN

=
o

Second Order Draft Chapter 8 IPCC WGI Fifth Assessment Report

&L ]
E B -
= | ]
¢ L rcp |
S 4p RCP-25 i
° ]
(' - i
o L ]
L oF _
m = =
’3

_5‘ B .
<C R i

0f —

_—

-~
I Aerosol TTo—

1850 1300 1950 2000 2050 2100

Figure 8.21: Global mean forcing with symbols indicating the times at which ACCMIP simulations were performed
(solid lines with circles are net, long dashes with squares are ozone, short dashes with diamonds are aerosol, dash-dot
are WMGHG, colors indicate the RCPs with red for RCP8.5, orange RCP6.0, light blue RCP4.5, and dark blue
RCP2.6). RCPs 2.6, 4.5 and 6.0 net forcings at 2100 are approximate values using aerosol AF projected for RCP8.5
(modified from Shindell et al., 2012d).
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Figure 8.22: Spatial pattern of ACCMIP models preindustrial to present-day forcings, mean values (left) and standard
deviation (right) for aerosols and ozone. Values above are the average of the model area-weighted global means, with
the area weighted mean of the standard deviation of models at each point provided in parenthesis. Shown are net
aerosol RF (top, 10 models), carbonaceous aerosol RF (2nd row, 7 models), net AF (3rd row, 8 models), ozone (4th
row, 11 models), atmospheric absorption (bottom, 5 models). Note that RF and AF means are shown with different
color scales, and standard deviation color scales vary among rows.
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Figure 8.23: Spatial pattern of ACCMIP and 15 AeroCom models preindustrial to present-day RF, mean values (left)
and standard deviation (right). Values above are the average of the model area-weighted global means, with the area
weighted mean of the standard deviation of models at each point provided in parenthesis.
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Figure 8.24: Multi-model mean direct effect (RFari) of all aerosols, carbonaceous aerosols, ozone, and aerosol AF (W
m2) for the indicated times based on the ACCMIP simulations. Global area-weighted means are given in the upper
right.
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Figure 8.25: Multi-model mean RF (W m?) by the direct effect of all anthropogenic aerosols (first and second rows)
and anthropogenic carbonaceous (BC+OC) aerosols (third and fourth rows), and total ozone (fifth and sixth rows) in
2030 (left) and 2100 (right) relative to 2000 for RCP2.6 (top each) and RCP8.5 (bottom each) based on the ACCMIP
simulation. The seventh row shows multi-model mean AF (W m) by all anthropogenic aerosols in 2030 (left) and
2100 (right) relative to 2000 for RCP8.5. Global area-weighted means are given in the upper right of each panel.
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Figure 8.27: (a) The GWP is calculated by integrating the RF due to pulses over chosen time horizons; e.g., 20 and 100
years. The blue hatched field represents the integrated RF from a pulse of CO,, while the green and red fields represent
gases with 1.5 and 13 years lifetimes, respectively. (b) The GTP is based on the temperature response for selected years
after emission; e.g., 20 or 100 years. See Supplementary Material for equations for calculations of GWP and GTP.
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Figure 8.28: a) Development of AGWP-CO,, AGWP-CH, and GWP-CH, with time horizon. b) Same but for SF.
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Figure 8.29: Global temperature change potential (GTP(t)) for methane, nitrous oxide and BC for each year from 2010
to the time at which the temperature change target is reached (2110). GTP(t) for CH4 and N,O on left axis; GTP(t) for
BC on right axis. The (time-invariant) GWPq, is also shown for N,O and CH, for comparison.
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Figure 8.30: Changes in the radiative efficiency (RE), integrated IRF and AGWP for CO, from earlier IPCC
Assessment Reports normalised relative to the values given in ARS5. The ‘original’ values are calculated based on the
methods explained in each IPCC Assessment Report. The ‘updated’ values are calculated based on the methods used in
ARS. The difference is primarily in the RE, which has been updated in TAR and again in AR4. The different integrated
IRF in TAR relates to a different parameterisation of the same IRF (WMO, 1999) . Changes represent both changes in
scientific understanding and a changing background atmospheric CO, concentration (note that y-axis starts from 0.6).
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Figure 8.31: Global anthropogenic emissions weighted by GWP and GTP for chosen time horizons (aerosol cloud
interactions are not included.) Emission data for 2008 are taken from the Edgar database and for BC and OC from
Shindell et al. (2012b).
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Figure 8.32: Temperature response by component for total man-made emissions for (a) a one-year pulse (year 2000)
(upper) and (b) for emissions kept constant at 2000 level (lower). ‘Synthetic’ includes PFCs, HCFs, HCFCs, NF3and
SFs. Aerosol cloud interactions (AIE) are included. From Aamaas et al. (2012).

Do Not Cite, Quote or Distribute 8-120 Total pages: 124



Second Order Draft Chapter 8 IPCC WGI Fifth Assessment Report

0 N O O WN

AT for pulse emissions from the World

[ ]Waste/landfill (6)
[ IBiomass burning (4E,5)
Il Agr. Waste burning (4F)

AT (mK)

[ ]Agriculture (4C,4D)
60 1 1 1 1 [ Animal Husbandry (4A,4B)
0 20 40 60 80 100 |[_]Household fossil fuel (1A4)
Time (yrs) [_IShipping (1C)
AT for sustained emissions from the World -Off-road land

[1On-road (1A3b)
B Aviation (1A3a)
[industry (1A2,2,3)
B Power (1A)

0 20 40 60 80 100
Time (yrs)

Figure 8.33: (a) Net global mean temperature change by sector from total man-made emissions (one year pulse); (b)
Net global mean temperature change by sector from total man-made emissions kept constant. Aerosol cloud interactions
(AIE) are included. From Aamaas et al. (2012).
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Figure 8.34: Net global mean temperature change by sector after 20 years (for one year pulse emissions). ‘Synthetic’
includes PFCs, HCFs, HCFCs, NFz and SF¢. Aerosol cloud interactions (AIE) are included. From Aamaas et al. (2012).
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FAQ 8.1, Figure 1: Illustration of the water cycle and its interaction with the greenhouse effect. The upper-left insert
indicates the increase of potential water vapour content in the air with an increase of temperature.
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FAQ 8.2, Figure 1: Schematic diagram of the impact of pollution controls on specific emissions and climate impact.
Solid black line indicates known impact, dashed line indicates uncertain impact.
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