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Chapter 7 Clouds and Aerosols

FAQ 7.3 (continued)

the diurnal cycle of surface temperature, even if the average surface temperature is unchanged. As another exam-
ple, model calculations suggest that a uniform decrease in sunlight reaching the surface might offset global mean
CO,-induced warming, but some regions will cool less than others. Models suggest that if anthropogenic green-
house warming were completely compensated by stratospheric aerosols, then polar regions would be left with a
small residual warming, while tropical regions would become a little cooler than in pre-industrial times.

SRM could theoretically counteract anthropogenic climate change rapidly, cooling the Earth to pre-industrial levels
within one or two decades. This is known from climate models but also from the climate records of large volcanic
eruptions. The well-observed eruption of Mt Pinatubo in 1991 caused a temporary increase in stratospheric aerosols
and a rapid decrease in surface temperature of about 0.5°C.

Climate consists of many factors besides surface temperature. Consequences for other climate features, such as
rainfall, soil moisture, river flow, snowpack and sea ice, and ecosystems may also be important. Both models and
theory show that compensating an increased greenhouse effect with SRM to stabilize surface temperature would
somewhat lower the globally averaged rainfall (see FAQ 7.3, Figure 2 for an idealized model result), and there
also could be regional changes. Such imprecise compensation in

regional and global climate patterns makes it improbable that SRM ) 3 (a)
will produce a future climate that is ‘just like’ the one we experi- < o5
ence today, or have experienced in the past. However, available g
climate models indicate that a geoengineered climate with SRM  ® 2
and high atmospheric CO, levels would be generally closer to 20th 215
century climate than a future climate with elevated CO, concentra- % ]
tions and no SRM. E o= 4
: ) © 0.5
SRM techniques would probably have other side effects. For exam- 2 | = -
ple, theory, observation and models suggest that stratospheric & O B e
sulphate aerosols from volcanic eruptions and natural emissions © 05
deplete stratospheric ozone, especially while chlorine from chlo- 0 10 20 30 40 50 60 70

rofluorocarbon emissions resides in the atmosphere. Stratospheric
aerosols introduced for SRM are expected to have the same effect.
Ozone depletion would increase the amount of ultraviolet light
reaching the surface damaging terrestrial and marine ecosystems.
Stratospheric aerosols would also increase the ratio of direct to dif-
fuse sunlight reaching the surface, which generally increases plant
productivity. There has also been some concern that sulphate aero-
sol SRM would increase acid rain, but model studies suggest that
acid rain is probably not a major concern since the rate of acid rain
production from stratospheric aerosol SRM would be much smaller
than values currently produced by pollution sources. SRM will also

Change in precipitation (%)

not address the ocean acidification associated with increasing atmo- 0 10 20 30 40 50 60 70
spheric CO, concentrations and its impacts on marine ecosystems. Year

Without conventional mitigation efforts or potential CDR meth- FAQ 7.3, Figure 2 | Change in globally averaged (a) sur-
ods, high CO, concentrations from anthropogenic emissions will ~ face temperature (°C) and (b) precipitation (%) in two ideal-

— ized experiments. Solid lines are for simulations using Solar
persist in the atmosphere for as long as a thousand years, and SRM Radiation Management (SRM) to balance a 1% yr- increase in

would have to be maintained as long as CO, concentrations were €O, concentration until year 50, after which SRM is stopped.
high. Stopping SRM while CO, concentrations are still high would Dashed lines are for simulations with a 1% yr' increase in
lead to a very rapid warming over one or two decades (see FAQ7.3, €0, concentration and no SRM. The yellow and grey envelopes
Figure 2), severely stressing ecosystem and human adaptation. show the 25th to 75th percentiles from eight different models.

If SRM were used to avoid some consequences of increasing CO, concentrations, the risks, side effects and short-
comings would clearly increase as the scale of SRM increase. Approaches have been proposed to use a time-limited
amount of SRM along with aggressive strategies for reducing CO, concentrations to help avoid transitions across
climate thresholds or tipping points that would be unavoidable otherwise; assessment of such approaches would
require a very careful risk benefit analysis that goes much beyond this Report.
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and a warmer North Pacific adjacent to a cooler northwestern Canada,
produced a SST response with a La Nifia-like pattern. One study has
noted regional shifts in the potential hurricane intensity and hurricane
genesis potential index in the Atlantic Ocean and South China Sea in
response to cloud brightening (Baughman et al., 2012), due primarily
to decreases in vertical wind shear, but overall the investigation and
identification of robust side effects has not been extensively explored.

Irvine et al. (2011) tested the impact of increasing desert albedo up
t0 0.80 in a climate model. This cooled surface temperature by —1.1°C
(versus —0.22°C and —0.11°C for their largest crop and urban albedo
change) and produced very significant changes in regional precipita-
tion patterns.

7.7.4  Synthesis on Solar Radiation Management Methods
Theory, model studies and observations suggest that some SRM meth-
ods may be able to counteract a portion of global warming effects (on
temperature, sea ice and precipitation) due to high concentrations of
anthropogenic GHGs (high confidence). But the level of understanding
about SRM is low, and it is difficult to assess feasibility and efficacy
because of remaining uncertainties in important climate processes and
the interactions among those processes. Although SRM research is still
in its infancy, enough is known to identify some potential benefits,
which must be weighed against known side effects (there could also
be side effects that have not yet been identified). All studies suggest
there would be a small but measurable decrease in global precipita-
tion from SRM. Other side effects are specific to specific methods, and
a number of research areas remain largely unexplored. There are also
features that develop as a consequence of the combination of high CO,
and SRM (e.g., effects on evapotranspiration and precipitation). SRM
counters only some consequences of elevated CO, concentrations; it
does not in particular address ocean acidification.

Many model studies indicate that stratospheric aerosol SRM could
counteract some changes resulting from GHG increases that produce
a RF as strong as 4 W m=2 (medium confidence), but they disagree on
details. Marine cloud brightening SRM has received less attention, and
there is no consensus on its efficacy, in large part due to the high level
of uncertainty about cloud radiative responses to aerosol changes.
There have been fewer studies and much less attention focused on
all other SRM methods, and it is not currently possible to provide a
general assessment of their specific efficacy, scalability, side effects
and risks.

There is robust agreement among models and high confidence that
the compensation between GHG warming and SRM cooling is impre-
cise. SRM would not produce a future climate identical to the present
(or pre-industrial) climate. Nonetheless, although models disagree on
details, they consistently suggest that a climate with SRM and high
atmospheric CO, levels would be closer to that of the last century than
aworld with elevated CO, concentrations and no SRM (Lunt et al., 2008;
Ricke et al., 2010; Moreno-Cruz et al., 2011), as long as the SRM could
be continuously sustained and calibrated to offset the forcing by GHGs.
Aerosol-based methods would, however, require a continuous program
of replenishment to achieve this. If CO, concentrations and SRM were
increased in concert, the risks and residual climate change produced
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by the imprecise compensation between SRM and CO, forcing would
also increase. If SRM were terminated for any reason, a rapid increase
in surface temperatures (within a decade or two) to values consistent
with the high GHG forcing would result (high confidence). This rate of
climate change would far exceed what would have occurred without
geoengineering, causing any impacts related to the rate of change to
be correspondingly greater than they would have been without geoen-
gineering. In contrast, SRM in concert with aggressive CO, mitigation
might conceivably help avoid transitions across climate thresholds or
tipping points that would be unavoidable otherwise.
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