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SUMMARY

* Description of revised carbon cycle model

* Production of new stabilization profiles accounting for
climate feedbacks

* Emissions requirements to follow new profiles

* Quantification of the effect of climate feedbacks on
these requirements

* Alternative pathways to concentration stabilization



BACKGROUND:

(1) The first CO, stabilization profiles that attempted to account

realistically for economic constraints were the WRE profiles (wigley,
Richels and Edmonds, Nature 379, 240-243, 1996).

(2) These profiles assumed that concentrations could, initially, only
depart slowly from a baseline, no-climate-policy scenario.

(3) They also assumed that the date for the beginning of a
significant departure was later for higher stabilization targets.

(4) Emissions requirements were determined using an inverse
carbon cycle model.

(5) The original carbon cycle was calibrated to reflect the state of
the science in 1995/6, and did not account for climate-related
feedbacks on the carbon cycle.
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REVISED CARBON-CYCLE MODEL

QUESTION: How does the revised MAGICC carbon
cycle model compare with the other two models used In
the IPCC TAR?



Table 1: Comparison of climate feedbacks: 2100
concentrations (ppm) for the 1IS92a emissions scenario.

MODEL No climate With climate | Increase due
feedbacks feedbacks to climate

feedbacks
Bern 651 706 55
ISAM 682 723 41

MAGICC | 675 715 40




CONSTRUCTING NEW STABILIZATION PROFILES

Changes are required because .....

 there are new baseline no-policy scenarios,

* there are improved carbon cycle models, and

* these models now account for climate feedbacks on the
carbon cycle.



SUMMARY OF NEW CONCENTRATION PROFILES
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REVISED EMISSIONS REQUIREMENTS FOR STABILIZATION
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QUANTIFYING THE CLIMATE FEEDBACK
INFLUENCE

P50 SCENARIO: WITH (FB) AND WITHOUT (NFB) CLIMATE FEEDBACKS

750

Climate feedbacks lead
to higher concentrations
for any given emissions
scenario >
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For a given concentration profile, climate feedbacks
lead to lower emissions requirements



EFFECT
OF CLIM
ATE F
EEDBACKS ON EMISS
IONS (W
RE450)

T
, T
e | | |
o , | | |
o , | | | ,
5 | | , , | T
Lo | , , | , ,
3 , , | | , 3
| , , | | ! | ™
g , | | ! | N
,\\\\\\,\ , | , ,
| ,\\\\\\, | , ,
| | ,\\\\\\,\ , | | %
| | , ,\\\\\\ 1 , :
| | , , | o :
| | , , | -
| | , , | , :
| | , , | , |
1 , , , , | , N
B , | | ! | N
[ i , | , ,
| ,\\\\\\\, , | , :
| | o , | | |
| | , b - , m
| | , , | T :
| | , , | -
| | , , | , :
| , , | , ,
| , , | , ! | 4
N | | | ! | N
,\\\\\\,\ , | , ,
| ,\\\\\\,\ , , ,
| | | =====r , | | m
B | | , C ] , :
\\\\\L | , | , L [qV]
,\\\\\\,\ , i , -
| | ===oq , | , |
Wu_ | | ,\\\\\\,\ , | i m
| — | | , C ] , :
s | , ! | —=—===1 o~
Ll e , , , -
0 B | , , \
<< o , , t w
20 ,\ , :
o , o n/_ R
Lo , - A
o , , |
, , lg ¥
| , .
| , -
, |
| , 3
| , |3
| , :
| , -
, |
| , 3
| , |3
Il , i
e , :
= ,
, |
a8 %
e} i
, N
|
, o
, O
| o
, N
|
o
<
o
N
o
AN
o
N
0 _
o
o
N

—~
~—

1K1019
SNOISS
IN3 209D
11SS04




EFFECT OF CLIMATE FEEDBACKS ON EMISSIONS (WRES50)
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SUMMARY OF FEEDBACK EFFECT

NFB EMISSIONS minus FB EMISSIONS FOR DIFFERENT STABILIZATION TARGETS
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EFFECT OF CLIMATE FEEDBACKS ON

CUMULATIVE CO2 EMISSIONS




EFFECT OF CLIMATE FEEDBACKS ON CUMULATIVE EMISSIONS (550ppm)
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RATIO NFB/FB CUMULATIVE EMISSIONS : DIFFERENT STABILIZATION TARGETS
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ALTERNATIVE PATHWAYS TO STABILIZATION :

OVERSHOOT POSSIBILITIES

® Except for the 350 ppm stabilization case, all WRE
profiles assume monotonic increases in concentration.

® What if we allow the profile to go above the stabilization
level and then decline?



550 AND 650 ppm STABILIZATION PLUS 550 ppm OVERSHOOT CASES
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550 AND 650 ppm STABILIZATION PLUS 550 ppm OVERSHOOT CASES
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CUMULATIVE FOSSIL CO2 EMISSIONS (GtC
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Overshoot cases allow more emissions for 100+ years, but have very similar
asymptotic cumulative emissions. In general, total allowed emissions
depends on the stabilization level, but not on the path to stabilization.



TEMPERATURE AND SEA LEVEL

ONSEQUENCES OF OVERSHOOT
PROFILES
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SUMMARY OF OVERSHOOT RESULTS FOR

DIFFERENT STABILIZATION LEVELS

350, 450, 550 & 650 ppm

CONCENTRATION PROFILES, FOSSIL CO2
EMISSIONS, CUMULATIVE FOSSIL CO2 EMISSIONS,
GLOBAL-MEAN TEMPERATURE & SEA LEVEL RISE

(out to 2400)



CONCENTRATION PROJECTIONS FOR STABILIZATION PROFILES
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FOSSIL EMISSIONS FOR STABILIZATION PROFILES
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CUMULATIVE FOSSIL EMISSIONS FOR STABILIZATION PROFILES
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RATE OF CHANGE OF EMISSIONS FOR STABILIZATION PROFILES
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TEMPERATURE PROJECTIONS FOR STABILIZATION PROFILES
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RATE OF CHANGE OF TEMPERATURE FOR STABILIZATION PROFILES
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SEA LEVEL PROJECTIONS FOR STABILIZATION PROFILES
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CONCLUSIONS

* [or a given emissions scenario, climate feedbacks lead to concentration
increases 10-20% larger than without feedbacks (even larger with some models!)

* Climate feedbacks lead to substantially lower emissions requirements to
meet any given stabilization target

* The percentage reduction in cumulative emissions is larger for lower
stabilization targets

* Qvershoot pathways .....

* delay the time when emissions must begin to decrease by about 10 years
 can be constructed to both delay and not increase (dE/dt)ay
o allow much larger near-term (100+ years) cumulative emissions
* lead to small increases in the magnitude of future climate and
sea-level change, and small increases in the rates of change

* |t seems likely that overshoot pathways would reduce mitigation costs much

more than they would increase climate-change damages — unless there are
nonlinearities that lead to much larger damages if thresholds are passed



ADDITIONAL MATERIAL ON CHOOSING A

STBILIZATION TARGET
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WHAT SHOULD THE
STABILIZATION TARGET BE?

(What does ‘dangerous
Interference’ mean?)
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CONCLUSION

e The CO, stabilization target depends on what is
judged to be ‘dangerous interference’, the climate
sensitivity, and forcing from non-CO, sources.

e There is a probability of around 10% that the
target could be below the current level.
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