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8. Summary of Results for Stabilisation Calculations

Model | S350 | S450 | S550 | S650 | S750 | DS450 | DS550
Ay -141| 6.75| 738 | 955 11.68 7.26 8.05
2105 | 2001 | 2033 | 2076 | 2075 2011| 2020
Bs 038 | 637 | 7.74| 9.66| 11.53 6.90 7.76
2098 | 2002 | 2075 | 2077 | 2075 2011| 2066
E -1.26 | 692 | 842 | 10.71 | 1294 7.57 8.69
2111 | 2007 | 2075 | 2075 | 2075 2013 | 2039
Fo -0.54 | 7.40 | 1045 | 1343 | 16.35 8.08 | 10.66
2116 | 2021 | 2078 | 2092 | 2094 2018 2075
H 6.57 9.04
2000 2075
J -1.12 | 6.66 | 827 | 1059 | 12.85 7.31 8.43
2109 | 2005 | 2075 | 2075 | 2075 2011 2039
L -148 | 6.82| 8.02| 10.35| 12.64 7.45 8.43
2108 | 2005 | 2075 | 2075 | 2075 2012 2033
M 6.26 9.43
2000 2076
Q -106 | 789 | 917 | 11.54 | 13.86 8.59 9.72
2112 | 2010 | 2071 | 2075 | 2075 2013 | 2024
R -0.26 | 7.15| 899 | 10.77 | 12.69 7.38 9.37
2100 | 2040 | 2056 | 2058 | 2059 2037 | 2043
w 003 | 678 | 9.16| 11.44 | 13.68 7.41 9.26
2112 | 2012 | 2075 | 2079 | 2077 2013 | 2073
T -143 | 6.82| 813 | 10.62 | 13.13 7.45 8.40
2106 | 2005 | 2075 | 2079 | 2081 2012 | 2029
O 4.77 8.51
2007 2079
P 6.10 7.83
1990 2075
z 1.05| 790 | 11.29 | 13.66 | 16.04 840 | 11.45
2125 | 2030 | 2080 | 2100 | 2085 2025 | 2075
B -012 | 565| 7.99| 998 | 11.70 6.03 7.62
2076 | 1998 | 2104 | 2104 | 2104 2008 | 2104
B2 052 | 547 | 834 1033 | 11.99 5.89 8.01
2074 | 2001 | 2104 | 2104 | 2104 2011 | 2104
C 7.10 16.15
2000 2075
G 0.00| 7.10 13.70
2020 | 2000 2050
V4 6.90 16.93
2002 2047
Vg 7.48
2010

Table 8.1. Stabilisation cases. Maximum fossil emissions (minimum for S350), in Gt Cy !,
and year. The horizontal lines separate groups that are not directly comparable with the top
group: the feedback case (T), ocean-only (O, P, Z), and those that fail to fit the specifications
(see Section 5). Thefossil (industrial) curves can be converted to total anthropogenic emissions
by adding the land-use flux specified in Figure B.4. Thiswill shift the positions of the maxima.
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Figure 8.1. Prescribed CO, concentrationsfor stabilisation studies. The
dashed curves are the ‘delayed’ cases DS450 and DS550.

This section describes the results of ‘inverse’ calculations which calculated the emissions re-
quired to achieve stabilisation of atmospheric CO, concentrations via specified concentration
profiles. Seven sets of stabilisation profiles were prescribed, with stabilisation at 350, 450, 550,
650 and 750 ppmv. For the 450 and 550 stabilisation cases two concentration pathways were
defined: a standard case, and a delayed case in which the concentrations initially followed a
higher pathway and were subsequently modified to produce the lower stabilisation level. Fig-
ure 8.1 shows the seven prescribed concentration functions. The ‘delayed’ cases are shown as
dashed.

Figures 8.2 and 8.3 show the calcul ated industrial emissionsfor various modelsfor the $450 and
S650 scenarios. Selected values for these cases are tabulated in Appendix D. The results from
the two models that included climatic feedbacks are shown with short dashes. The results for
the other scenarios are plotted in Appendix E. Tables 8.1 and 8.2 list some key characteristics
of the results for all seven scenarios and for all models. These tables include (in their lower
sections) results that are not strictly comparable in terms of the specification in Appendix A.
Three models are * ocean-only’, two include climatic feedbacks, two produced poor fits to the
specified concentration histories and one did not ‘balance the current carbon budget’, i.e., an
unidentified residual sink was required for balance.
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Model | S350 | $450 | S550 | S650 | S750 | DS450 | DS550

A 040 | 136 | 214 | 3.03| 471 1.35 2.10
Bs 180 | 281 | 359 | 435| 594 2.80 3.57
E 025| 153 | 257 | 3.68 | 546 1.51 251
F, 046 | 2.73| 496 | 7.49 | 10.68 2.70 4.87
H 1.89 3.16

J 034 | 164 | 273 | 3.88| 581 1.63 2.67
L 031 1.39| 227 | 333 | 520 1.37 2.22
M 1.55 2.88

Q 060| 214 | 328 | 449 | 6.39 212 3.22
w 102 | 273 | 416 | 558 | 7.57 2.71 4.10
T 021| 153| 285 | 451 | 7.01 1.51 2.80
O 1.95

P 1.32 2.65

Z 120 | 421 | 628 | 7.92| 991 4.18 5.66
B, 250 | 354 | 440 | 518 | 6.83 3.53 4.37
B, 307 | 408 | 487 | 562 | 7.22 4.07 4.84
C 2.03 2.94

G 0.00 | 1.49 1.50

Va 2.82 0.37

Vg 5.55

Table 8.2. Anthropogenic emissions, in Gt C y—!, for 2200 (equa to calculated
fossil, since prescribed land-use flux is zero) for stabilisation cases. The horizontal
lines separate groups that are not directly comparable with the top group: the feed-
back case (T), ocean-only (O, P, Z), and those that fail to fit the specifications (see
Section 5).
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Figure 8.2. Calculated industria (i.e., fossil) emissions for S450. Model T (short

dashes) had temperature feedbacks included. Model G (longer dashes) used a dif-

ferent concentration profile.
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Figure 8.3. Calculated industria (i.e., fossil) emissions for S650. Model T (short
dashes) had temperature feedbacks included. Model G (longer dashes) used a dif-
ferent concentration profile.

For the S650 case, fluxes between the atmosphere and oceans are given in Table 8.3 and fertili-
sation fluxes are given in Table 8.4.

Model | 1990 | 2000 | 2050 | 2100 | 2200 | 2300
A 225 | 259 | 354 | 365| 253 | 1.89
B 274 | 315| 426 | 439 | 3.07 | 230
E 230 | 270 | 3.70| 3.80| 2.60 | 2.00
F, 227 | 274 | 476 | 6.02| 503 | 3.70
H 163 | 1.87| 255| 272 | 218 | 1.85
J 241 | 275| 368 | 3.76| 252 | 1.84
L 238 | 265 | 327 | 322| 190 | 135
M 190 | 218 | 316 | 346 | 270 | 212
O 236 | 276 | 418 | 471

P 243 | 278 | 3.73| 382 | 263 | 1.96
Q 298 | 346 | 419 | 385 | 213 | 130
R 163 | 169 | 257 | 285

w 224 | 259 | 398 | 452 | 355 257
Z 420 | 509 | 8.65|1056 | 7.92 | 4.89
T 198 | 230 | 320 | 395 | 354 | 2.80
Va 422 | 535]10.26 | 7.08| 2.80

Table 8.3. Air-seafluxes, in Gt Cy !, for S650. All
versionsof Model B have the same ocean and thusthe
same air-sea flux in inverse calcul ations.
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Model | 1990 | 2000 | 2050 | 2100 | 2200 | 2300
A 204 | 225| 219 | 166 | 047 | 0.15
J 197 | 274 | 274 | 1.36 | 0.47
T 221 | 263 | 331 | 3.01| 1.20 | 0.50
w 185 | 212 | 298 | 3.07| 203 | 117

Table 8.4. Fertilisation fluxes for S650.

Figures 8.4 and 8.5 show the effect (in emission terms) of delaying reductions in CO, emis-
sions, or more specifically, choosing a higher target and then revising the target downwards.
The higher emissions that are alowed in the ‘pre-revision’ period are largely offset by the
requirements for greater reductions later. However the integrated emissions allowed in the de-
layed cases remain dlightly higher (by lessthan 1 years current releases) for an indefinite future
period. The rea penalty for delay is that the future reductions, implied when the curves in
Figures 8.4 and 8.5 go negative, are relative to the reduced emissions shown after 2050 and
2100 in Figures 8.2 and 8.3. In these cases, the marginal cost of achieving greater reductions
may be greater. It appears that the result from Model G, which suggests a large penalty in total
emissions if reductions are delayed (see dashed curve in Figure 8.6 @), is not representative of
the set of model calculations.

Since the prescribed ‘land-use’ flux isthe same in al cases, these curves represent the penalty
in terms of both total anthropogenic emissions and in terms of calculated fossil emissions.
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Figure 8.4. Effect of initial delay in moving to stabilisation at 450 ppmv: differ-
ence in emissions (D450 minus $450). Model T was calculated with temperature
feedbacks included.

35



CS RO Division of Atmospheric Research Technical Paper no. 31

1.0 T T T [ T T T T [ T T T T T
08 L Penalty for Delay ]
0.6
0.4
0.2 -
0.0

-0.2 -

-04

—-0.6 T T \\\\\\\\ T I
1950 2000 2050 2100 2150 2200 2250

Year

Indus. Emissions: DS550 — S550 (GtC/yr)

Figure 8.5. Effect of initial delay in moving to stabilisation at 550 ppmv: difference
in emissions (DS550 minus S550). The curve with short dashes Model T was
calculated with temperature feedbacks included.

An alternative way of characterising the results of these calculations is in terms of cumulative
emissions. Table 8.5 shows the cumulative emissions from 1990 to the respective times of
stabilisation for the 7 stabilisation profiles.

The two parts of Figure 8.6 present this information over the full time history for the S650
case. Part a shows the integrated emissions from 1990 onwards. Part b (with a factor of 2
change in scale) shows the integrated oceanic uptake from 1990 onwards. Also shown in part
b (as the dashed curve) is the atmospheric increase (the prescribed profile, converted to GtC
above the 1990 level). For the other stabilisation profiles, the corresponding pairs of plots are
included in Appendix E. These are presented as fossil/industrial emissions. The conversion to
total anthropogenic emissions involves a small change (82 GtC after 2100, less earlier) that is
less than the spread of the results.

A common feature of these results is that, while CO, is increasing, the amount of extra CO,
in the atmosphere, N, (t) — N,(1990) = 2.123[C(t) — C(1990)] in GtC, is about half of the
integrated anthropogenic emissions. (The land-use component is a small addition to the fossil
component shown in the figures). Thistype of result is often described in terms of an ‘airborne
fraction’, r, of CO,. Thisisusually expressed in terms of rates:

r=Na(t)/Q(t) (8.1)
but it can also be expressed in integral form as

F=any [ Qi =1N) - Nl [ ew 8:2)
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Thetwo expressionswill be equivalentif N (t) and Q(t) increase exponentially, in which case r
will be constant in time. Assuming a constant airborne fraction, r, can be a reasonable approxi-
mation so long as emissions are increasing, but it starts to break down as emissions decline. As
shown in the figures, the integral form, 7 is more nearly constant until stabilisation is reached,
at which point » = 0.

S350 | S450 | S550 | S650 | S750 | DSAS0 | DS550
2150 | 2100 | 2150 | 2200 | 2250 | 2100 | 2150
165.1 | 551.5 | 1052.6 | 1566.2 | 2078.6 | 558.3 | 1063.6
561.9 1484.7
210.9 | 599.8 | 1158.3 | 1743.4 | 2331.5 | 607.0 | 1171.0
182.8 | 588.9 | 1128.7 | 1686.7 | 2243.1 | 595.7 | 1139.9
301.5 | 711.9 | 1309.6 | 1931.6 | 2552.3 | 720.3 | 1323.3
623.8 631.2
192.4 | 593.7 | 1159.6 | 1799.1 | 2503.4 | 601.4 | 1173.9
345.7 | 666.2 | 1277.6 | 1937.4 | 2618.7 | 674.8 | 1293.3

S4300rF o I

Table 8.5. Cumulative fossil emissions from 1990 to the time of
stabilisation, ¢,. Cumulative anthropogenic emissions are greater
by 82 GtC.
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Figure 8.6a. Cumulative fossil emissions after 1990, for S650. L ong-dashed curve
is from Model G using aternative stabilisation profile (Appendix F). Integrated
anthropogenic emissions are higher by 82 GtC after 2100 and by smaller amounts
between 1990 and 2100.
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Figure 8.6b. Cumulative oceanic uptake after 1990 for S650. Long-dashed curveis
atmospheric increase from 1990, from S650 curvein Figure 8.1.
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