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Novel strategies to slow climate change
and fight global warming

New ideas (4) on how to cool Gaïa
Modification of cirrus clouds to reduce greenhouse
effect and increase outgoing long wave radiation
Read the open source paper: http://dx.doi.org/10.1016/j.rser.2013.12.032
MING Tingzhen, de_RICHTER Renaud, LIU Wei, and CAILLOL Sylvain. Fighting global warming by climate
engineering: Is the Earth radiation management and the solar radiation management any option for fighting
climate change? Renewable and Sustainable Energy Reviews, 2014, vol. 31, p. 792-834.

SRM-based methods address a problem of reduced

heat long wave output (GHGs trapping IR) by reducing
short wave radiation input (reflecting sunlight to space)
In the absence of tangible progress in reducing greenhouse gas emissions, the implementation
of solar radiation management has been suggested as a measure to buy time and cool the
planet, but it does not reduce CO2 emissions.
Because of the possible drawbacks with sulfate aerosols, Mitchell and Finnegan (2009)
proposed modifying cirrus cloud coverage by increasing ice crystal sizes in these high clouds
by cloud seeding agents such as silver iodide.
Mitchell D.L. and Finnegan W. Modification of cirrus clouds to reduce global warming. (2009) Environ. Res. Lett. 4, 1-8.
www.researchgate.net/publication/228365460_Modification_of_cirrus_clouds_to_reduce_global_warming/file/3deec525d50f428433.pdf

Compared to other suggested climate engineering methods, the one explored by Mitchel et al
has the advantage of addressing the long wave radiation directly, which is the part of the
spectrum that is being perturbed by anthropogenic greenhouse gases, meanwhile SRM
strategies address the incoming short wave radiation by a parasol effect.
A conceptual shortcoming of SRM-based methods is that they implicitly address a problem of
reduced heat output (GHGs trapping thermal radiation) by reducing radiation input (reflecting
sunlight to space).
Two types of climate engineering have been recognized: carbon dioxide removal (CDR)
strategies and solar radiation management (SRM).
A third climate engineering approach proposed in 2009 by Mitchell and Finnegan, is to directly
address the problem of increased troposphere heat content by increasing its heat output (i.e.
shifting its thermal equilibrium in favor of cooler temperatures).
If it were possible to modify the troposphere’s heat balance to reduce surface temperatures,
this would offset the effect of heat-trapping GHGs in a more direct fashion.
This third approach might be called earth radiation management (ERM).
Under this definition, reducing GHG emissions and CDR are in effect ERM methods.

Reducing the global coverage

of cirrus clouds can cool the Earth
The international consensus about limiting the average temperature increase to 2°C was
confirmed once again at the meeting of the parties to the United Nations Framework
Convention (UNFCCC) in Cancun. But GHGs emission trends and the corresponding
reduction announcements challenge the credibility of this target.
Estimates in the World Energy Outlook (2010) show that while it is indeed still possible to meet
this target via conventional emission control measures, dramatic emission cuts will be
imperative in the near future. A postponement of these emission reductions would involve a
drastic increase in mitigation costs and would seriously undermine the probability of staying
within the 2°C target.
Discouraged by the lack of progress in international negotiations to limit greenhouse gas
emissions, some scientists have proposed climate engineering or geoengineering has a « plan
b » to cool down the Earth.
Geoengineering can be implemented rapidly, and at projected costs much lower than the
alternatives. However, research shows that it is not possible to simultaneously bring about
present temperature and precipitation conditions. Also climate engineering solutions would be
very difficult to implement, politically, because costs and benefits would be unevenly
distributed across countries.
However Mitchell et al (2009 and 2011) suggested that regional or global surface temperature
could also be lowered by reducing the global coverage of cirrus clouds, thereby
increasing emission of outgoing long wave radiation to space rather than reducing
incoming solar radiation... That was confirmed in 2013 by Storelvmo et al.
Muri H. Kristjánsson J.E. Storelvmo T. Mitchell D.L. and Pfeffer M.A. Model results of cirrus cloud modifications in a climate engineering framework. 2012 European Aerosol Conference,
Granada, Spain. http://www.eac2012.com/EAC2012Book/files/1079.pdf
Storelvmo T. Kristjansson J.E. Muri H. Pfeffer M. Barahona D. & Nenes A. Cirrus cloud seeding has potential to cool climate. Geophysical Research Letters, 2013, 40(1), 178-182.
http://folk.uio.no/jegill/papers/Storelvmo_etal_2013_GRL.pdf
Cirisan A. Spichtinger P. Luo B.P. Weisenstein D.K. Wernli H. Lohmann U. & Peter T. Microphysical and radiative changes in cirrus clouds by geoengineering the stratosphere. Journal of
Geophysical Research: Atmospheres, 2013, 118(10), 4533-4548. http://onlinelibrary.wiley.com/doi/10.1002/jgrd.50388/abstract

Less heat is trapped if
cirrus clouds are reduced

Larger ice crystals would reduce cirrus optical thickness and shorten
cloud lifetimes through increased ice crystal sedimentation velocities.
This mechanism would yield a smaller greenhouse effect.

The earth radiation management approach
In 2011 Mitchell described an ERM approach pertaining to cirrus clouds
and to test this hypothesis against new, more reliable cirrus cloud
measurements.
David L. Mitchell, Subhashree Mishra and R. Paul Lawson (2011). Cirrus Clouds and Climate Engineering: New Findings on
Ice Nucleation and Theoretical Basis, Planet Earth 2011 - Global Warming Challenges and Opportunities for Policy and
Practice, Prof. Elias Carayannis (Ed.), ISBN: 978-953-307-733-8, InTech, DOI: 10.5772/24664. Available from:
http://www.intechopen.com/books/planet-earth-2011-global-warming-challenges-and-opportunities-for-policy-andpractice/cirrus-clouds-and-climate-engineering-new-findings-on-ice-nucleation-and-theoretical-basis

Like the SRM methods, this ERM method does not address ocean
acidification, and effective GHG mitigation strategies along with possibly
CDR methods would be needed to responsibly address the problem of
global warming.
In this 2011 paper, Mitchell provides in Section 2 an overview of the cirrus
cloud climate engineering idea, which is described in greater detail in
MF2009. Section 3 presents new research findings that test the conceptual
foundation of this ERM approach. These findings are not only relevant to
climate engineering, but are relevant to basic research on cloud-aerosolclimate interactions as well. Section 4 addresses the potential of overcooling the planet and the need for climate monitoring. Some possible
social, political and economic ramifications of climate engineering are
discussed in Section 5, a summary with conclusions is given in Section 6.

Cirrus clouds are similar to GHGs in that
they trap outgoing long wave radiation OLR
Sanderson et al. (2008) identified physical processes responsible for changing climate sensitivity (i.e. the
equilibrium response of global-mean surface temperature to CO2 doubling). The most important process
affecting climate sensitivity was entrainment associated with deep convection, which strongly affects
water vapor amounts in the upper troposphere. The second most important process was the ice fall speed
from cirrus clouds, which affects the cirrus cloud life cycle and cloud coverage, the cirrus cloud optical
depth and the upper troposphere water vapor. These findings imply that upper troposphere water vapor
and cirrus clouds are having the greatest impact on climate sensitivity. Thus, an effective ERM strategy
might target these components of the climate system which regulate outgoing longwave radiation, or OLR.
…/…
Cirrus clouds are similar to GHGs in that they trap OLR by absorbing/emitting upwelling thermal radiation
back towards the surface, which has a warming effect on climate. This GHG effect of cirrus clouds
becomes stronger the higher they get since the effective temperature at which the Earth radiates thermal
energy to space depends on the temperature of the overlying clouds. An abundance of cirrus will cause
this effective temperature to be relatively low (similar to the temperature of the cold cirrus clouds). This
reduces the OLR and traps thermal radiation below the cirrus clouds that would otherwise escape to
space. In addition, cirrus clouds also reflect sunlight back to space (a cooling effect on climate), but this
albedo effect is less efficient than their GHG effect. Thus, cirrus clouds have a net warming effect on the
earth’s climate (Hartmann et al., 1992; Chen et al., 2000). It follows then that the most effective way to
increase OLR may be to reduce the cloud cover of the highest, coldest cirrus clouds.
…/…
While lower in concentration than the natural ice nuclei, the concentration of the cloud seeding aerosol
should be sufficient to prevent the ice super saturation from rising significantly as an air parcel ascends.
This will insure that primarily only the seeded ice nuclei will produce ice crystals and that these crystals
will grow to larger sizes than ice crystals produced by the more numerous natural ice nuclei. That is, a
given amount of cloud condensate distributed among fewer ice crystals results in larger ice crystals.
These larger, more massive ice crystals will have larger fall velocities than the natural ice crystals.

Higher fall speeds will result in shorter cloud lifetimes, less cloud
coverage, lower ice water paths and lower cloud optical depths. This
would allow more OLR to escape to space.

ERM by cloud cirrus modification might cool the
planet only for a limited period of time

According to Mitchell et al, while cirrus cloud climate engineering
approach may appear promising, it is absolutely critical to understand
that this is not a “silver bullet” for the global warming problem.
To think in these terms would be a prescription for sudden, catastrophic
climate change, since there is only so much “wiggle room” in the climate
system.
That is, a successful modification of cirrus clouds at temperatures below
-40°C might cool the planet for a limited period of time, but not
indefinitely, and at current GHG emission rates it would not take long for
any cirrus OLR (outgoing long wave radiation) benefit to be neutralized.
A “business as usual” GHG emission scenario would result in a sudden
and dramatic increase in global temperatures once any cirrus OLR
benefit was exhausted, and such a temperature increase might make
human life on Earth unbearable.
Therefore this cirrus cloud geoengineering method may “buy time” for
societies to transition to renewable non-carbon fuels and to implement
carbon sequestration methods that address ocean acidification, but it
should never be viewed as a solution to global warming.

The greenhouse effect is due to long wave IR radiation

Image from http://ozclimatesense.com/category/green-house-effect-on-your-health/

Image from http://www.realscience.org.uk/sciencediscussion-climate-change-clouds.html

Greenhouse gases (GHGs) are good at
absorbing long wave length heat radiation
and so the GHGs heat up.
Warm GHGs in the sky re-emit heat radiation
in all directions, so some go up to the outer
space and some go down back to the Earth's
surface. So, not all the heat (Infra-Red
radiation) leaves the planet. This is how the
Earth gets warmer by greenhouse effect.

Earth radiation management (ERM) aims to increase outgoing long wave radiation (IR release to the outer space).

Targets for ERM and SRM
Image from
http://geoengineering.weebly.com/pivotal-article.html

Outgoing EARTH LONG wave
radiation is targeted by ERM

Incoming Solar SHORT wave
radiation targeted by SRM
also called Sunlight Reflection Methods

Reducing back radiation from cirrus clouds
will allow more long wave heat radiation
energy to escape to the outer space.

A way to cool the Earth, is to favor technologies that
increase the outgoing long wave radiation, thus
reducing cirrus clouds cover will reduce back heat radiation

The basis of Earth Radiation Management
and Atmospheric Convection Management

GHGs act as very good insulators that prevent heat to escape
from the planet atmosphere to the outer space.
Taking the example of a house/building: to have a good
insulation, a thick insulator layer is indeed needed, but it is
mandatory to prevent thermal bridges (conduction process).
It is the contrary in the case of the Earth!
Gaïa experiences global warming because the insulation
provided by GHGs is too good and too powerful.
A solution to cool down the planet can be to create
“IR thermal shortcuts” or “radiative thermal bridges”, and
“convection bridges or shortcuts” between the surface and
altitude in order to allow the heat to be evacuated to space.
Atmospheric convection enhancement (i.e. increasing natural
convection by atmospheric vortex engines, solar chimneys,
energy towers, …) transfers heat from surface to outer space

Solar radiation management
From Wikipedia, the f ree ency clopedia http://en.wikipedia.org/wiki/Solar_radiation_management
Remov ing trees f rom snowy landscapes can help reflect more sunlight into space[1]
Solar radiation management[2] (SRM) projects are a largely theoretical type of geoengineering which seek to ref lect sunlight and thus reduce global warming.[3] Proposed examples include the creation of stratospheric sulfur aerosols. They would not reduce greenhouse gas concentrations in the atmosphere, and thus do not address problems such as ocean acidif ication caused by these gases. Their principal advantages as an approach to geoengineering is the speed with which they can be deploy ed and become fully active, as well as their low f inancial cost. By comparison, other geoengineering techniques based on greenhouse gas remediation, such as ocean iron fertilization, need to sequester the anthropogenic carbon excess before they can arrest global warming. Solar radiation management projects can therefore be used as a geoengineering 'quick f ix' while levels of greenhouse gases can be brought under control by greenhouse gas remediation techniques.
A study by Lenton and Vaughan suggest that marine cloud brightening and stratospheric sulf ur aerosols are each capable of reversing the warming effect of a doubling of the level of CO2 in the atmosphere (when compared to pre-industrial levels).[4]
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Background
The phenomenon of global dimming is widely known, and is not necessarily a geoengineering technique. It occurs in normal conditions, due to aerosols caused by pollution, or caused naturally as a result of volcanoes and major forest fires. Howev er, its deliberate manipulation is a tool of the geoengineer. The majority of recent global dimming has been in the troposphere, except that resulting f rom volcanos, which affect mainly the stratosphere.
By intentionally changing the Earth's albedo, or ref lectiv ity, scientists propose that we could ref lect more heat back out into space, or intercept sunlight before it reaches the Earth through a literal shade built in space. A 0.5% albedo increase would roughly halve the effect of CO2 doubling.[5]
These geoengineering projects have been proposed in order to reduce global warming. The effect of rising greenhouse gas concentrations in the atmosphere on global climate is a warming effect on the planet. By modify ing the albedo (whiteness) of the Earth's surface, or by preventing sunlight reaching the Earth by using a solar shade, this warming effect can be cancelled out — although the cancellation is imperf ect, with regional discrepancies remaining.[6]
The applicability of many techniques listed here has not been comprehensiv ely tested. Ev en if the effects in computer simulation models or of small-scale interventions are known, there may be cumulativ e problems such as ozone depletion, which only become apparent f rom large scale experiments.[7]
Various small-scale experiments have been carried out on techniques such as cloud seeding, increasing the volume of stratospheric sulfur aerosols and implementing cool roof technology.
As early as 1974, Russian expert Mikhail Budyko suggested that if global warming became a problem, we could cool down the planet by burning sulf ur in the stratosphere, which would create a haze. Paul Crutzen suggests that this would cost 25 to 50 billion dollars per y ear. It would, howev er, increase the env ironmental problem of acid rain.[8][9][10] However, this is now believed to be a minor side effect.[11]
A preliminary study by Edward Teller and others in 1997 presented the pros and cons of various relatively "low-tech" proposals to mitigate global warming through scattering/reflecting sunlight away from the Earth v ia insertion of various materials in the upper stratosphere, low earth orbit, and L1 locations.[12]
Limitations
As well as the imperfect cancellation of the effect of greenhouse gases on global warming, there are other signif icant problems with solar radiation management as a form of geoengineering not least of these are effects on the global hydrological cy cle[13][14] and the inability of such techniques to reduce ocean acidif ication.
Particular to solar radiation management, a risk of abrupt cessation exists. If SRM were to abruptly stop, the climate would rapidly warm.[15] This would cause a sudden rise in global temperatures towards levels which would have existed without the use of the geoengineering technique. The rapid rise in temperature may lead to more severe consequences than a gradual rise of the same magnitude.[15]
SRM has been suggested to control regional climate,[16] but precise control over the geographical boundaries of the effect is not possible.
Atmospheric projects
These projects seek to modify the atmosphere, either by enhancing natural processes such as the sulfur cycle, or by using artif icial techniques such as reflective balloons.
Stratospheric aerosols
Stratospheric Particle Injection for Climate Engineering
Main article: Stratospheric sulfate aerosols (geoengineering)
See also: Stratospheric Particle Injection for Climate Engineering
Methods based on increasing the aerosol content in the lower stratosphere for climate modif ication were proposed by a Russian scientist, Budyko.[17]
Stratospheric sulfur aerosols: proposed by Paul Crutzen,[9] with the purpose to modify the Earth's albedo with ref lectiv e or absorptiv e materials spread over portions of its surf ace. This would ty pically be achieved using hydrogen sulf ide or sulfur dioxide, deliv ered using artillery , aircraft (such as the high-f ly ing F15-C) or balloons.[9][18][19][20] [21] (Alternativ e approaches using photophoretic particles have been proposed.[22]) Ozone depletion is a risk of such techniques,[23] but only if high enough quantities of aerosols drift to, or are deposited in, polar stratospheric clouds before the levels of CFCs and other ozone destroy ing gases fall naturally to safe levels because CFCs can settle on larger sulfate particles, increasing their ozone destroy ing potential.[24] This proposal, not unlike the others, carries with it considerable risks, including increased drought[25] or acid rain.[26]
Broadly speaking, this technique is seen as a credible geoengineering scheme, although not one without major risks, and challenges for its implementation. This technique can give >3.7W/m2 of globally averaged negative forcing,[4] which is sufficient to entirely offset the warming caused by a doubling of CO2.
Sulf ate is the most commonly proposed aerosol for geoengineering, since there is a good natural analogue with volcanic eruptions. Explosive eruptions inject large amounts of sulfur dioxide gas into the stratosphere, which form sulfate aerosol. Studies of the Earth's climate have shown that such aerosol can achiev e signif icant cooling. Sulfate aerosols have been shown to enhance ozone depletion. However, other aerosol types may be more eff icient at cooling the climate or less damaging to the ozone layer. Such aerosols include the highly ref lectiv e titanium dioxide.
United States Patent 5003186 suggested that tiny metal f lakes could be "added to the fuel of jet airliners, so that the particles would be emitted from the jet engine exhaust while the airliner was at its cruising altitude." Alternativ e proposals, not known to hav e been published in peer-rev iewed journals, include the addition of silicon compounds to jet fuel to make silicon dioxide particles in the exhaust.[27]
A more sophisticated approach, using multi-lay ered nanoparticles (consisting of aluminum and barium titanate), was published by Dav id Keith in 2010. He suggests utilizing the effects of photophoresis to increase the amount of time the aerosols stay airborne.[28]
Dav id Keith has also developed an experiment involv ing the release of sun-ref lecting sulphate f rom a balloon more than 80,000 feet abov e Fort Sumner in New Mexico to replicate the cooling effects of volcanoes.[29]
Alleged secret experiments with aircraft exhaust modif ication are one version of the Chemtrail conspiracy theory.[30]
In 1992, a report by the US National Academy of Sciences (NAS)[31] on geoengineering noted that dust is a better choice compared to sulphur, because dust is from natural soil and so should have no noticeable effect on the ground as it gradually falls into the troposphere and rains out. It estimated that about 1010 kg dust would be required to mitigate the warming f rom a doubling of atmospheric CO2 or about 1 kg dust per 100 t of carbon emissions. [32]
An example of the effects of the imposition of aerosol particles in the atmosphere can be found in history. Comets have been blamed for the dramatic but brief cooling period which commenced in 1159 BCE, and resulted in widespread disruption to civ ilisations at the time.[33] However, this mechanism, and ev en the involv ement of a comet, is not univ ersally accepted. If a comet was indeed to blame, the action of its aerosols could also have been by the mechanism of cloud condensation nuclei. Other examples of climate change events linked to comets include the famines around 536 CE.[34]
Cloud whitening / marine cloud brightening / cloud ref lectiv ity enhancement
Rotor ship Buckau - modern versions of such ships could spray seawater into the air to create clouds, shielding the earth f rom the sun.
Main article: cloud ref lectiv ity enhancement
Various schemes have been suggested,[35][36][37] such as that proposed by John Latham and Stephen Salter,[38][39] which works by spray ing seawater in the atmosphere to increase the ref lectiv eness of clouds.[19] The extra condensation nuclei created by the spray wil l change the size distribution of the drops in existing clouds to make them whiter.[40] The sprayers would use f leets of unmanned Rotor ships known as Flettner vessels to spray mist created f rom seawater into the air to thicken clouds and thus ref lect more radiation f rom the Earth.[35][41] The whitening effect is created by using very small cloud condensation nuclei, which whiten the clouds due to the Twomey effect.
This technique can giv e >3.7W/m2 of globally av eraged negativ e forcing,[4][41] which is suff icient to rev erse the warming effect of a doubling of CO2.
Ocean sulfur cycle enhancement
Main articles: cloud ref lectiv ity enhancement and sulfur cycle
Enhancing the natural sulfur cycle in the Southern Ocean[42] ocean by fertilizing a small portion with iron in order to enhance dimethy l sulf ide production and cloud ref lectiv ity. The goal is to slow Antarctic ice f rom melting and raising sea level.[43][44] Such techniques also tend to sequester carbon, but in this specif ic project the enhancement of cloud albedo was both the desired outcome and measured result.[21] An alternativ e technique proposes the vertical mixing of ocean water, to bring deep-water nutrients to surface plankton.[45][46] This technique can giv e only 0.016W/m2 of globally averaged negativ e forcing, which is essentially insignif icant for geoengineering purposes.[4]
Ref lective balloons
Placing billions of aluminized, hydrogen-f illed balloons in the stratosphere has been suggested to prov ide a reflective screen.[12][40][47][48]
These ref lectors would be placed at a high enough altitude so that they do not interfere with air traff ic. The cost estimate is about 20 times as much as the distribution of dust in the stratosphere,[31] making these schemes economically nonv iable. The large number of ref lectors and the trash problem posed by their fall make the system unattractive.
Cloud seeding
Main article: Cloud Seeding
Cloud seeding has been proposed using various methods to distribute the cloud-seeding materials, including airliners[49] and ships or power plants.[50] Reck (1978) studied the effect of increases in cloud cover and, using a radiativ e-convectiv e atmospheric model, found that a 4 to 5 percent increase in low-lev el cloud cover would be sufficient to offset the warming predicted from a doubling of preindustrial CO2. This value is in reasonable agreement with Randall et al. (1984), who estimated that a 4 percent increase was required in the amount of marine stratocumulus, which comprises the bulk of the low clouds on a global basis."[40]
Terrestrial albedo modif ication
Cool roof
The albedo of several types of roofs
Main article: cool roof
Painting roof materials in white or pale colours to ref lect solar radiation, known as 'cool roof' technology, and encouraged by legislation in some areas (notably California).[51] This is a benign technique,[52] although limited in its ultimate effectiveness by the costrained surf ace area av ailable for treatment. This technique can give between 0.01-0.19W/m2 of globally averaged negative forcing, depending on whether cities or all settlements are so treated.[4] This is generally insignif icant when compared to the 3.7W/m2 of positiv e forcing f rom a doubling of CO2. Howev er, in many cases it can be achiev ed at little or no cost by simply selecting different materials. Further, it can reduce the need for air conditioning, which causes CO2 emissions which worsen global warming.
Ref lective sheeting
Adding reflective plastic sheets covering 67,000 square miles (170,000 km2) of desert every year between 2010 and 2070 to ref lect the Sun’s energy.[53][54] This technique can giv e globally averaged 1.74W/m2 of negativ e forcing,[4] which is insuff icient to offset the 3.7W/m2 of positive forcing f rom a doubling of CO2, but is still a very significant contribution and is sufficient to offset the current lev el of warming (approx. 1.7W/m2). However, the effect would be strongly regional, and would not be ideal for controlling Arctic shrinkage, which is one of the most significant problems resulting f rom global warming. Furthermore, the total area required during 2010-70 is larger than all non-polar deserts combined.
Ocean changes
An early geoengineering idea was to use pale coloured f loating litter within certain stable oceanic gy res.[55] This litter would tend to group into large and stable areas, such as the Great Pacif ic Garbage Patch.[56]
Oceanic foams have also been suggested,[57] using microscopic bubbles suspended in the upper layers of the photic zone.
Farming, forestry, and land management
Forestry
Reforestation in tropical areas has a cooling effect. Deforestation of high-latitude and high-altitude forests exposes snow and this increases albedo.[1]
Grassland management
Changes to grassland have been proposed to increase albedo.[58] This technique can give 0.64W/m2 of globally averaged negative forcing,[4] which is insufficient to offset the 3.7W/m2 of positiv e forcing from a doubling of CO2, but could make a minor contribution towards it.
High-albedo crop varieties
Selecting or genetically modifying commercial crops with high albedo has been suggested.[59] This has the advantage of being relatively simple to implement, with farmers simply switching from one variety to another. Temperate areas may experience a 1°C cooling as a result of this technique.[ 60] This technique is an example of bio-geoengineering. This technique can give 0.44W/m2 of globally averaged negative forcing,[4] which is insufficient to offset the 3.7W/m2 of positiv e forcing from a doubling of CO2, but could make a minor contribution towards it.
Space projects
Main article: Space sunshade
Space-based geoengineering projects are seen by many commentators and scientists as being far-f etched at present.[55]
Space mirrors
Mi rrors in space: proposed by Roger Angel with the purpose to def lect a percentage of solar sunlight into space, using mirrors orbiting around the Earth.[19][61]
Moon dust
Mining moon dust to create a shielding cloud was proposed by Curtis Struck at Iowa State Univ ersity in Ames [62][63][64]
Dispersive solutions
The basic function of a space lens to mitigate global warming. In reality, a 1000 kilometre diameter lens is enough, much smaller than what is shown in the simplif ied image. In addition, as a Fresnel lens it would only be a few millimeters thick.
Sev eral authors have proposed dispersing light before it reaches the Earth by putting a very large diff raction grating (thin wire mesh) or lens in space, perhaps at the L1 point between the Earth and the Sun. Using a Fresnel lens in this manner was proposed in 1989 by J. T. Early.[65] Using a diff raction grating was proposed in 1997 by Edward Teller, Lowell Wood, and Roderick Hyde.[12] In 2004, physicist and science fiction author Gregory Benford calculated that a concave rotating Fresnel lens 1000 kilometres across, y et only a few millimeters thick, f loating in space at the L1 point, would reduce the solar energy reaching the Earth by approximately 0.5% to 1%. He estimated that this would cost around US$10 billion up f ront, and another $10 billion in supportiv e cost during its lif espan.[66] One issue with implementing such a solution is the need to counteract the effects of the solar wind mov ing such megastructures out of position. Side-effects include that, if this lens were built and global warming were avoided, there would be less incentive to reduce greenhouse gases, and humans might continue to produce too much carbon dioxide until it caused some other environmental catastrophe, such as an chemical change in ocean water that could be disastrous to
ocean lif e.[67]
Public attitudes
There hav e been a limited number of studies into attitudes to SRM. Notable examples include Mercer et al.[68]
See references at http://en.wikipedia.org/wiki/Solar_radiation_management

SRM Targets

ACM Targets

ERM Targets

CDR & GHGR
Targets / CCS

Solar radiation management SRM and Carbon dioxide removal CDR are considered Geoengineering.
CDR is complementary from Carbon capture and sequestration CCS. Greenhouse gas removal GHGR targets the
other GHGs (CH4, N2O, CFCs, etc.). SRM targets short wave radiation. Earth radiation management ERM targets
long wave radiation. Atmospheric convection management ACM targets to enhance all natural atmospheric
convection processes… Like ERM, as a result, ACM increases heat release to the outer space and cools the Earth

SRM
increases the
albedo
and sunlight
reflection

ERM and ACM
increase infrared
radiation escape to
the outer space

Image from http://www.eco-carb.com/greenhouse_gas.htm

Read the open source review that can be accessed at:
http://dx.doi.org/10.1016/j.rser.2013.12.032
Or listen to a 5 minute audio slide show by the authors
http://audioslides.elsevier.com//ViewerLarge.aspx?sour
ce=1&doi=10.1016/j.rser.2013.12.032

