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Figure 2 
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METHODS FOR ENVIRONMENTAL 
MODIFICATION WITH CLIMATE CONTROL 

MATERIALS AND COVERINGS 

CROSS-REFERENCE 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/998,404, ?led Oct. 9, 2007, and 
US. Provisional No. 61/044,453, ?led Apr. 11, 2008, Which 
applications are incorporated herein by reference in their 
entirety. 

FIELD OF THE INVENTION 

[0002] This invention is directed to systems, materials, and 
methods of environmental modi?cation With climate control 
materials and coverings. The invention may include materials 
Which may cause a localiZed change in albedo and evapora 
tion rate. In addition, the invention may be reversible and may 
include different materials, designs, deployments, and sens 
ing apparatus and techniques. 

BACKGROUND OF THE INVENTION 

[0003] The international scienti?c community has reached 
consensus that ongoing climate change has raised the earth’s 
global average temperature, has had an effect on the earth’s 
ecosystems, and that larger impacts are likely in the future 
(IPCC AR4 2007). Current and future effects may include an 
increase in sea level, a reduction in the percentage of the 
earth’s surface covered by the polar ice caps, changes in 
rainfall distribution and increases in the severity of storms. 
These changes may in future lead to effects on the oceanic 
currents and further changes in Weather patterns, that could in 
turn lead to effects as diverse and profound as changes in the 
distribution of habitable land areas for various species, as Well 
as in the distribution of areas suited to agriculture, and 
changes in locations of usable coastal ports and shipping 
routes. A positive feedback loop knoWn as the Ice-Albedo 
Feedback Effect is involved in the reduction of icecap area, 
Whereby the more the ice melts, the faster the remaining ice 
melts. This occurs because for a given area, the open ocean 
absorbs more solar energy (has a loWer albedo) than does ice. 
[0004] Weather patterns may be shifting as a result of cli 
mate change. Such changes may include changes in droughts, 
tropical storm strength and intensity, ocean currents, and 
Wild?res. 
[0005] Various solutions and geoengineering approaches to 
mitigate to some climate change effects have been proposed. 
The most commonly proposed long-term solution is to sloW 
doWn the effects of global Warming by addressing one appar 
ent cause of global Warming via a reduction in the generation 
of anthropogenic greenhouse gases such as carbon dioxide 
(C02). The international scienti?c community agrees that the 
concentration of CO2 in the atmosphere has increased as a 
result of human activity and that this has caused an increase of 
the earth’s global average temperature over the past several 
decades (IPCC AR4 2007). 
[0006] Many proposals for reduction of the generation of 
greenhouse gases include proposals to reduce the rate of CO2 
generation. For example, CO2 generation may be sloWed 
doWn by providing for energy and transportation needs 
through the use of alternative poWer generation such as solar, 
Wind, hydroelectric and nuclear poWer, and the use of alter 
native transportation fuels, such as electricity and various 
forms of bio-derived liquid fuels. These proposals and others 
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like them are likely an important part of the long-term solu 
tion to reducing a man-made increase in CO2, but they could 
take decades to implement Widely, and there are substantial 
technological, sociological, political and economic hurdles to 
be overcome before Widespread adoption is likely to occur. 
[0007] Another type of proposed solution is aimed at con 
ducting geoengineering directed toWard mitigating some of 
the effects of global Warming. One example of such a pro 
posal is the addition of speci?c gases to the atmosphere to 
produce an “anti-greenhouse” effect. Some sulfur-containing 
industrial pollutants have been shoWn to have a negative 
greenhouse effect, leading this idea’s proponents to advocate 
a deliberate increase in these pollutants. 
[0008] Another proposal to reduce the effects of global 
Warming is to use orbiting solar re?ectors. For example, it is 
proposed that trillions of mirrors be sent up into earth orbit to 
re?ect some percentage of incoming sunshine. 
[0009] Some parties have suggested carbon sequestration 
to reduce global Warming. Various plans include burying 
carbon compounds in the ground, and seeding the oceans With 
iron to increase phytoplankton colonies, With the hope that as 
the plankton die, the carbon they’ve incorporated Will sink to 
the ocean bottom. 

[0010] In another proposal, ?oating plastic islands may be 
used to limit global Warming. The idea includes covering part 
of the ocean With a material that has reduced absorption of 
solar energy and has a higher albedo. 
[0011] Some di?iculties With the methods listed above 
include their cost, irreversibility (for instance, if the solution 
overcorrects), the massive public Works nature of the solu 
tions, unintended Weapons potential, and possible severe sec 
ondary problems (such as acid rain or health effects from 
added atmospheric sulfur compounds). Some negative effects 
of these proposals may include uncontrolled change in oce 
anic evaporation rate and change to the local ecosystem, 
ecological effects (such as a change in the plankton species 
selection), and unintended reverses of the solutions (such as 
sudden release of CO2 from sequestration schemes). It is 
thought this could occur if the temperature of the earth (and/or 
ocean) increases su?iciently over time to cause a release of 
sequestered C02. 
[0012] There is a need for improved systems and methods 
of environmental modi?cation that may be applied locally 
and that may be fully reversible or may be used to correct 
environmental effects in the opposite direction until the 
desired stabiliZation is achieved. 

SUMMARY OF THE INVENTION 

[0013] This invention provides systems and methods of 
environmental modi?cation With climate control materials 
and coverings by causing a local adjustment of tWo param 
eters that may affect the local climate. The invention may 
affect (l) the absorption and/or re?ection of incident solar 
energy (albedo), and (2) the rate and amount of evaporation of 
Water. The invention may also contain buoyancy or added 
?oating features, Which may aid in the invention’s effective 
ness. The invention may also be designed to minimize eco 
logical harm. It may also enhance ice nucleation, provide 
habitat and breeding ground, and intentionally provide open 
pore-like areas to enhance cooling by evaporative heat trans 
fer. 
[0014] The invention may include using materials capable 
of affecting the local environment by having the desired 
albedo and desired characteristics to affect evaporation, 
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Which may affect overall local albedo and evaporation rate. 
These materials may have varying properties, such as optical 
properties, Wettability, porosity, buoyancy, thermal conduc 
tivity, imperviousness, strength, breakability characteristics, 
and may include or be made from recycled or biodegradable 
materials. Climate control materials may have different 
designs or forms Which may affect or enhance the effects of 
material properties. Pores or surfaces of the materials may 
provide an increased surface area over Which evaporation 
may occur. Controlling or changing these material properties 
may result in affecting local albedo and evaporation, Which 
may result in environmental modi?cation. 
[0015] There may be various methods of manufacturing or 
assembling the climate control materials. These methods may 
provide ef?cient or cost-saving means of producing the cli 
mate control materials. 

[0016] Another aspect of the invention may provide for 
deployment of the climate control materials and coverings. 
The climate control materials and coverings may be deployed 
in different locations and environments for various applica 
tions, and may be deployed by different means. The climate 
control materials may also be reversible. A party may be able 
to remove the materials, may deploy additional materials With 
reversing effects, or the materials themselves may eventually 
self-remove or self-reverse. For example, materials may self 
remove or self-reverse by breaking doWn or sinking, or from 
changes in their characteristics from eventual biofouling from 
the surrounding environment. 
[0017] The climate control materials may also have sen 
sors, communication, or poWer devices deployed near or on 
them in different manners. These sensors may provide feed 
back on desired characteristics of the materials and their 
environmental and ecological impact. The sensors may also 
provide for control applications. 
[0018] Other goals and advantages of the invention Will be 
further appreciated and understood When considered in con 
junction With the folloWing description and accompanying 
draWings. While the folloWing description may contain spe 
ci?c details describing particular embodiments of the inven 
tion, this shouldnot be construed as limitations to the scope of 
the invention but rather as an exempli?cation of preferable 
embodiments. For each aspect of the invention, many varia 
tions are possible as suggested herein that are knoWn to those 
of ordinary skill in the art. A variety of changes and modi? 
cations can be made Within the scope of the invention Without 
departing from the spirit thereof. 

INCORPORATION BY REFERENCE 

[0019] All publications, patents, and patent applications 
mentioned in this speci?cation are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application Was speci?cally and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The novel features of the invention are set forth With 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention Will be 
obtained by reference to the folloWing detailed description 
that sets forth illustrative embodiments, in Which the prin 
ciples of the invention are utiliZed, and the accompanying 
draWings of Which: 
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[0021] FIG. 1A illustrates one embodiment of the inven 
tion, Which may incorporate a ?oating material that may 
re?ect sunlight and enhance Water evaporation. 
[0022] FIG. 1B illustrates an example of a heat transfer 
model. 
[0023] FIG. 2 illustrates hoW the materials may also be 
deployed by unrolling. 
[0024] FIG. 3. shoWs hoW materials may be corralled into a 
unit. 
[0025] FIG. 4 shoWs one example of a closely packed build 
ing cluster for ?oatable climate control materials. 
[0026] FIG. 5A shoWs one example of a building cluster for 
?oatable climate control materials comprising building 
blocks made up of plates. 
[0027] FIG. 5B shoWs hoW building blocks may be cor 
ralled to control location. 
[0028] FIG. 6A shoWs an embodiment of the invention 
Where the building blocks may be corralled but so that they 
are closely packed. 
[0029] FIG. 6B shoWs an alternate embodiment of the 
invention Where the building blocks may be corralled but in a 
looser arrangement so that they there may be more open areas. 
[0030] FIG. 7 shoWs one embodiment of the invention 
Where corralled building blocks may be distributed individu 
ally. 
[0031] FIG. 8 shoWs an example ofa pullout. 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] While preferred embodiments of the present inven 
tion have been shoWn and described herein, it Will be obvious 
to those skilled in the art that such embodiments are provided 
by Way of example only. Numerous variations, changes, and 
substitutions Will noW occur to those skilled in the art Without 
departing from the invention. It should be understood that 
various alternatives to the embodiments of the invention 
described herein may be employed in practicing the inven 
tion. 
[0033] This invention provides systems and methods of 
environmental modi?cation With climate control materials 
and coverings by causing a local adjustment of tWo param 
eters that may affect the local climate. The invention may 
affect (l) the absorption and/or re?ection of incident solar 
energy (albedo), and (2) the rate and amount of evaporation of 
Water. Added buoyancy or ?oating features of the invention 
may aid in the invention’s effectiveness. Having pores or 
various surface designs of the invention may provide 
increased or decreased surface area, Which may affect the 
evaporation rate of surrounding Water. The invention may 
also be designed to minimiZe ecological harm. As an example 
of potential ecological harm, materials such as plastic used 
over Wide areas, such as in the ?oating plastic island proposal 
of the prior art or the unintentional pollution of the Paci?c 
Gyre With plastic Waste, can result in the plastic breaking 
doWn over time into smaller pieces and enter the food chain 
directly, and such materials can also carry other pollutants 
into the food chain on due to a plastic surface’s general 
a?inity for hydrocarbon- and oil-based pollutants. The inven 
tion may also enhance ice nucleation, provide habitat and 
breeding ground, and intentionally provide open pore-like 
areas to enhance cooling by evaporative heat transfer and by 
providing an increased effective surface area. 
[0034] The albedo of areas may be adjusted in order to sloW 
doWn the melting rate, enhance retention, and/ or increase the 
formation of ice and/ or snoW. The albedo of areas may also be 
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adjusted to provide general cooling effects, even in areas and 
seasons Where ice is not formed. This may include adjusting 
the albedo to increase the re?ection of sunlight. For example, 
this may involve increasing the albedo of an area above the 
albedo of open seaWater, to at least 0.15. This may also 
include increasing the albedo further to a level greater than 
the global average of the earth, or to at least 0.35. Some 
embodiments may include increasing the albedo to above 0.5, 
or further to be above 0.7. 

[0035] In other applications of environmental modi?ca 
tion, the albedo may be decreased. Decreasing albedo may 
reduce the re?ection of sunlight and/or increase the absorp 
tion of solar energy. For example, this may be bene?cial in 
applications Where increased local evaporation rates may be 
desirable. This may also be bene?cial in applications Where 
increased Warming may be desirable. 
[0036] The ability to control evaporation may be important 
because blocking or suppressing evaporation by the presence 
of a material (such as in the ?oating plastic island proposal of 
the prior art) could unintentionally cause the temperature of 
the underlying ocean Water to be higher than if evaporation 
Were alloWed to occur. The thermodynamic latent heat of 
vaporization of Water is signi?cant, and as the Water is vapor 
iZed, the liquid Water that remains behind may be cooled by 
providing at least part of the energy of vaporiZation to the 
vaporiZed Water. Additionally, if evaporation Were to be 
blocked over large areas of ocean, an unintended climate and 
Weather change could undesirably occur, and rainfall patterns 
could be altered from these unintended potentially large 
effects on the earth’s Water cycle. HoWever, in some other 
applications of environmental modi?cation besides global 
Warming, the evaporation rate may intentionally be reduced 
locally and reversibly. One application Where evaporation 
rate may be reduced may be to reduce the severity of tropical 
storms. 

[0037] FIG. 1A illustrates one embodiment of the inven 
tion, Which may incorporate a ?oating material that may 
re?ect sunlight and enhance Water evaporation, Which may 
alloW the temperature to drop su?iciently in the exposed 
Water to alloW freeZing and initial ice formation. The inven 
tion may help substantially in ice retention and formation, 
even if deployed at a time of year When ice formation may not 
be expected to occur, by enhancing ice retention (sloWing the 
melt) or reducing the heating over the summer, as Well as 
being used at the onset of the hoped-for freeZing season. 
[0038] Sunlight may hit a climate control material and the 
surrounding Water, snoW, ice, permafrost, land, or man-made 
structures. In some embodiments of the invention, the sur 
rounding Water may include ocean Water, sea Water, lakes, 
rivers, bays, or any other natural or unnatural body of Water, 
or may include any Water of any form, such as deW or ground 
Water, melt Water, and so forth. Also Within the scope of the 
invention is use of the climate control material on or in con 

junction With underlying or surrounding glaciers, ice, snoW, 
land areas or man-made structures. 

[0039] The re?ective properties of the climate control 
material may cause some of the sunlight to re?ect aWay from 
the Water surface, While part of the sunlight may be absorbed, 
and the energy transmitted to the surface beloW. The energy 
from the sunlight hitting the Water directly may also be 
absorbed into the Water. Part of the energy in the Water, 
including in the Water on top of, or absorbed or adsorbed on 
the surfaces or in the pores or openings of the climate control 
material, may result in evaporation of underlying and sur 
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rounding Water, or of accumulated Water from rainfall. Also, 
as Water sloshes on top of climate control materials, the 
materials may provide a place of possible enhanced evapora 
tion and freeZing. Water may saturate some of the materials in 
accordance With some embodiments of the invention, and 
may cause different rates of evaporation. Evaporation may 
lead to increased cloud cover, Which may affect the climate 
locally and globally. For instance, cloud cover may reduce the 
amount of sunlight that may Warm the underlying area. 
[0040] Several systems that may adjust the local albedo and 
evaporation rate may be encompassed in this invention, and 
may be used separately or together. Speci?c embodiments are 
not meant to limit the scope of the invention, but rather to 
illustrate some particularly useful embodiments of the current 
invention. 
[0041] A. Use of Materials for Environmental Modi?cation 
[0042] 1. Material Properties 
[0043] This invention provides methods of environmental 
modi?cation With climate control materials and coverings by 
causing a local adjustment of (l) the absorption and/ or re?ec 
tion of incident solar energy (albedo), and (2) the rate and 
amount of evaporation of Water. Materials may include buoy 
ancy or ?oating features of the invention Which may aid in the 
invention’s effectiveness. Materials may also have various 
surface designs and features that may provide increased or 
decreased surface area, Which may affect the evaporation rate 
of surrounding Water. Heat transfer through ?uids on the 
material surface may affect evaporation and local environ 
ment. The invention may also be designed to minimiZe eco 
logical harm. The materials may also enhance ice nucleation, 
provide habitat and breeding ground, and may enhance cool 
ing by evaporative heat transfer and by providing an increased 
area over Which evaporation and over Which heat transfer can 
occur. 

[0044] Local albedo and evaporation rate may be affected 
by material properties of the climate control materials and 
coverings. A method of environmental modi?cation may 
include using climate control materials With varying optical 
properties, Wettability, buoyancy, thermal conductivity, 
imperviousness, strength/breaking, source of materials, and 
biodegradability. Climate control materials may have differ 
ent designs or forms Which may affect material properties. 
Affecting these material properties may result in affecting 
local albedo and evaporation characteristics, Which may 
result in environmental modi?cation. 
[0045] For example, adjusting buoyancy or suspension 
height of a material may affect the local albedo or the evapo 
ration rate of Water, may enhance ice nucleation or delay ice 
melt, or may provide for a Wildlife pullout (temporary resting 
place for Wildlife during migration), temporary habitat, or 
breeding ground. The interaction of the material With the 
Water may act to locally increase the temperature of a ?lm of 
Water on the materials Which may affect the heat transfer for 
and from evaporation. 
[0046] FIG. 1B shoWs a layered model for heat transfer and 
evaporation as an example of a heat transfer model. For 
example, limited heat transfer through coatings or pores (as 
opposed through just Water alone) may lead to greater tem 
perature, and therefore greater evaporation in a top layer of 
Water. This may increase the evaporation rate in the top layer 
of Water, increasing overall evaporation. 
[0047] 2. Material SourceiRecycled Materials 
[0048] In one embodiment of the invention, the climate 
control materials may include previously used or recycled 



US 2012/0024971 A1 

materials. For example, the materials may comprise recycled 
ceramic materials, plastic bottles, or scrap plastic. Another 
example of a previously used material may be a ?shing ?oat, 
such as holloW glass ?shing balls (also known colloquially as 
Japanese ?shing ?oats), used traditionally to support ?shing 
nets. 

[0049] A bene?t to using previously used material may be 
that the material cost could be loW, and the environmental 
bene?ts to reusing materials. For example, if using plastic 
bottles, it could be of particular advantage to paint the bottles 
or select bottles of a required color in order to enhance their 
albedo. Additionally, selecting bottles that have Wettable sur 
faces, or coating them With a thin layer of material to make 
them Wettable, may increase the evaporation rate of surround 
ing or underlying Water and prove to be advantageous. The 
previously used materials may be treated in any Way to adjust 
the material factors discussed previously, Which may affect 
local albedo and evaporation rate. 

[0050] 3. Material SourceiBiodegradable Materials 
[0051] In an alternate embodiment of the invention, the 
climate control materials may include biological materials, 
such as hay or daisies. Other examples of biological materials 
may include straW, saWdust, paper, or Wood. Such biological 
materials may be biodegradable. The biological material may 
have a coating, such as a spray plastic coating or paint, to 
enhance the lifetime of the material in Water, maintaining its 
buoyancy and albedo. 
[0052] In another embodiment of the invention, climate 
control materials may also comprise non-biological materials 
that may be biodegradable. For example, a sheet-like struc 
ture may be used With a biodegradable fabric. 

[0053] A bene?t to using biological materials may be that 
the materials could be inexpensive, and may have a high 
albedo, Which may reduce the absorption of solar energy. This 
embodiment may be an inexpensive option available to place 
a high albedo material over large areas of ocean, ice, snoW or 
glaciers. 
[0054] For the successful implementation of this embodi 
ment, a light spray coating of plastic, a suspension of the 
materials on netting or rafts, and the like, may assist With 
controlling degradation, darkening, or sink rate of the mate 
rials. Additionally, biologically active residues of these mate 
rials (such as seeds, Which could possibly displace other crops 
if they come to shore intact) may be removed from the mate 
rials before deployment, or inactivated through sterilization 
or coating. Additional treatment may be necessary to prevent 
biological materials from having a detrimental environmental 
impact. 
[0055] Alternatively, biological and biodegradable materi 
als could be alloWed to darken or degrade, Which may alloW 
them to be self-removable or self-reversing. Biodegradable 
materials may be self-removing through biodegradation or 
sinking, and materials Whose properties (such as color) may 
change over time, may be self-neutralizing or self-reversing 
through biodegradation or other effects such biofouling or 
pore plugging. 
[0056] Embodiments of materials, designs, and other sys 
tems for environmental climate control materials are 
described in PCT Application No. , entitled “Systems 
for Environmental Modi?cation With Climate Control Mate 
rials and Coverings” by Leslie A. Field, ?led Oct. 9, 2008 
(WSGR Docket No. 36574-701601), Which is hereby incor 
porated by reference herein in its entirety. 
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[0057] B. Deployment 
[0058] 1. Where 
[0059] Climate control materials and coverings may be 
deployed in different locations and may have different cli 
mate control applications. The albedo in a location may be 
increased or decreased by addition of climate control mate 
rials to areas of ocean or other bodies of Water (Whether 
?oating free or tethered to shore), thin ice, glaciers, snoW, or 
land, using materials, methods and/ or systems as described in 
this application. 
[0060] In one application, applying climate control mate 
rials to a body of Water may increase the areas of ice or snoW 
by use of some or all of the folloWing: preventing overheating, 
providing cooling, providing a platform for re-formation of 
an ice pack, catching and retaining snoW and/ or precipitation, 
providing booms to sequester and maintain ice Where Wanted, 
de?ning open areas With booms, and using booms or other 
features to provide a platform for instrumentation, poWering 
and communication. Deployment into a body of Water can 
also provide a platform for pullouts to provide a temporary 
rebuild of habitat for various species. 
[0061] Applying climate control materials tethered to a 
shore may provide a platform for ice formation that may 
connect With the shore, and may alloW the materials to act as 
a connected pullout for various living creatures. 
[0062] A slightly different implementation of applying cli 
mate controls may be used for sloWing doWn the melt of 
glaciers or other icy and/or snoWy regions. For this purpose, 
the material may not be ?oated on the surface, but can simply 
be distributed or scattered on, placed on or positioned near a 
surface Whose albedo and/or evaporation rate, is to be raised. 
Additionally, the materials can be placed on meltWater glacial 
lakes to cool them and help prevent their eventual breaking 
through underlying ice, Which could, if unchecked, result in 
increased risk of lubricating the sliding off of areas of ice 
sheet into the ocean. In one embodiment, materials used on 
glaciers may be Wetted on surfaces or Within any pores, Which 
may have an evaporative cooling effect. It may be bene?cial 
to provide containment for the materials so they are not 
Washed aWay or bloWn aWay, but the containment boom in 
such case Will likely not need to be as strong or buoyant as 
those required in an ocean environment. Sensors, poWering 
and communication may be very useful to track the perfor 
mance of the systems so deployed. 

[0063] 2. HoW 
[0064] The climate control materials and coverings may be 
deployed in different manners for different applications. For 
example, in an embodiment Where materials may be deployed 
in a body of Water, the materials may be deployed from a 
shore and may be taken to their desired location by currents. 
In such embodiments, the materials may be connected to a 
buoy of some type. Similarly, materials may be deployed by 
being set a?oat from a river or from some sort of platform 
adjacent to the Water (i.e. oil rig type structures). In these 
types of deployments, materials may or may not be enclosed 
in corrals. 
[0065] Deployment of the climate control materials by heli 
copter, airplane, or ship or submarine may also be possible for 
this system. If the materials are also to be corralled and/or 
controlled by a containment boom, Which may have sensing/ 
poWering/ communication systems inplace, the objects can be 
dropped in to pre-placed containment booms in the required 
amount. The material may be dropped in a random manner 
spatially, and may achieve their oWn packing form under the 
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in?uence of oceanic Waves and Wind. The material may end 
up probably hexagonally close packed (or a distribution of 
sizes even more closely or densely packed if a bimodal or 
multimodal siZe distribution is used). Open areas may be 
de?ned by interaction of amount of material used and siZe of 
containment areas. 

[0066] In some embodiments, such as if the materials are 
more plate-like in structure, they may be dropped into place, 
and in some embodiments may require some on-site assem 
bly. If the dropped materials are to be corralled, they may be 
dropped into pre-placed corrals. Otherwise, they might sim 
ply be dropped in the appropriate location. 
[0067] FIG. 2 illustrates hoW the materials may also be 
deployed by unrolling. For example, rather than dropping 
materials in the ocean, the materials may arrive in a large 
cylinder or roll, and may be unrolled to cover the desired area. 
This may be applicable When the materials are comprised of 
a sheet-like structure. 

[0068] In one embodiment of the invention, the materials 
may be deployed Without anchoring, With judicious place 
ment of the device, material and/or system Within suitable 
current patterns that Will maintain it Within potentially active 
ice formation for months to years. The invention may be 
reusable, serving to seed neighboring areas of ice similar to 
the action of polynyas (areas of open Water surrounded by 
ice), or may be incorporated into groWing ice. It may also 
serve as a platform to enhance retention Without melting of 
snoW as it falls, enhancing albedo and snoW and/or ice cov 
erage in this Way as Well. Ice may also be formed or enhanced 
from seaWater sloshing up onto the surface, Which may itself 
provide another evaporation surface. 
[0069] 3. Arrangement 
[0070] In one embodiment of the invention, the compo 
nents of the climate control materials may be relatively small 
?oatable materials, such as materials in roughly spherical 
shapes, bottles, or ?bers or any other ?oatable material that 
may be relatively loose. Such ?oatable materials may be 
arranged in such a Way so that they form a unit. For example, 
?oatable materials may be corralled into a unit, as shoWn in 
FIG. 3. In accordance With one embodiment of the invention, 
materials may be corralled Within an enclosed or partially 
enclosed unit. Such units may be arranged or distributed in 
different manners to form a cluster. 

[0071] FIG. 4 shoWs one example of a unit cluster for 
?oatable climate control materials. Climate control materials 
may be corralled into building blocks Which may be clustered 
in a roughly hexagonal close packed arrangement, Which may 
alloW the effects of the deployment to be enhanced through 
coverage of a larger area, and through de?nition of accompa 
nying open areas. The hexagonal close packed array can, 
Within the scope of the invention, be further extended out to 
include more elements. 

[0072] In accordance With another embodiment of the 
invention, FIG. 5A shoWs another example of a unit cluster 
for ?oatable climate control materials comprising building 
blocks made up of plates. The building blocks may be rela 
tively close packed or may be more loosely packed. In some 
embodiments, as shoWn in FIG. 5B, the building blocks may 
be corralled also to control location, While in other embodi 
ments they may be free. 
[0073] FIG. 6A shoWs an embodiment of the invention 
Where the building blocks may be corralled but so that they 
are closely packed. FIG. 6B shoWs an alternate embodiment 
of the invention Where the building blocks may be corralled 
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but in a looser arrangement so that they there may be more 
open areas. The building blocks may be corralled so that they 
are loosely packed but connected to keep them Within some 
distance from one another, or may be corralled but kept sepa 
rate from other corralled building blocks so that they may 
have the ability to break apart and roam free. FIG. 7 shoWs 
one embodiment of the invention Where corralled building 
blocks may be distributed individually and may go their oWn 
Way. For example, this may result in the corralled building 
blocks integrating With existing ice. 
[0074] The percentage of open area is designed and main 
tained through the combination of amount and siZe of the 
?oatable objects used in a given area, and the siZe of the 
containment corral or boom. It can be advantageous to inten 
tionally maintain such an open area to mimic the behavior of 
polynyas and to have open ocean areas adjacent to areas of ice 
formation. Such areas may enable higher evaporation and 
heat transfer in the polar oceans, or any other bodies of Water, 
such as bays, lakes, rivers, and so forth. Thus the percentage 
and design of open area can be varied for different applica 
tions. It can also be an advantage to maintain open areas to 
help maintain the under-ice ecology normally present, and to 
alloW sea creatures to surface and dive folloWing their usual 
habits. 
[0075] As in several of the embodiments described above, a 
corral or containment boom can be used to constrain the 
elements of the system before, as or after they self-assemble 
or otherWise move into position. Corrals may use submerged 
and/or above-Water netting, that could catch the balls or any 
other climate control materials While alloWing ice crystals to 
be bloWn out of the area. This can also serve to keep the 
materials, devices and system removed from shipping lanes 
and the like. And as in the embodiment above, sensing, poW 
ering, and communication functions can be placed in the 
containment boomior in this embodiment, in or on the 
sheet, or in the optional central support. Signatures for sens 
ing may be placed on the materials themselves in case they 
break free, such as radio-frequency identi?cation or small 
sensors, such as smartdust sensors, to be discussed further 
beloW. 

[007 6] 4. Timing 
[0077] Materials may be deployed at any time. In one 
implementation, spring could be a favorable time to deploy 
materials to alloW them to help defer thaW, Which may 
increase the amount of ice retained during the Warm months 
of the year. In another implementation, deploying materials in 
the fall may aid in the freeZing and creation of neW ice into the 
cold season, and may furthermore help by increasing the 
albedo of neW ice so formed. This may alloW them to defer 
thaW, Which may increase freeZing. Deploying materials in 
the spring or fall may also enhance or provide habitats for 
Wildlife during breeding season. 
[0078] In another implementation, materials may be added 
at a time so that in the summer, the materials may have a 
cooling effect to limit oceanic temperature rise. In the Winter, 
or as the temperature cools, the materials may providing a 
cooling effect even if the materials are removed by that time, 
regardless of Whether ice forms or not. 

[0079] C. Reversibility 
[0080] A feature of the invention is that adjustments can be 
made locally and reversibly. Thus, for example, the adjust 
ment may alloW increased ice and/or snoW coverage to be 
made Within the arctic, antarctic or glacial regions desired, 
placing the effects Where most needed. In another example, 
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the adjustment may provide cooling in effects in any region. 
In the event that a correction of the adjustment is desired, the 
implementation of the invention can be modi?ed to reverse 
the correction, or it can simply be removed. For example, With 
removal or reversal of the implementation, a greater solar 
energy-absorptive area may again be available. For reversal, 
placement of materials at locations other than at the polar 
regions may be even more effective. 

[0081] It may be possible to remove the systems if it is 
desired to return to the original climatic state or at least 
partially return to the original state (for instance, if the system 
overcorrects, or for some other purpose). In some implemen 
tations, a seasonal removal of the invention may be desired. 
For instance, climate control materials may be collected (and 
disassembled or rolled up if necessary) and taken back to 
shore. Climate control materials that have been collected may 
be reusable for the next season. In some implementations, 
climate control materials may also be removed in order to 
Weather storms and may be replaced When safe to do so. 

[0082] In some implementations, the ability to remove the 
climate control materials may not be available over the 
extremely long term, if an aspect of the invention is that over 
time it Will eventually be incorporated into naturally groWing 
areas of ice and/or snoW. In fact, this invention may possibly 
help return the earth’s ice past the “tipping point”, Wherein the 
natural albedo of the earth’s surface may be again high 
enough, on average, that the polar icecap and glacial melt is 
sloWed, or even reversed. 

[0083] In some instances, the material properties of climate 
control materials may enable the invention to self-remove. 
For instance, as discussed earlier, materials may be designed 
to sink after a given period of time or set of circumstances. 
Materials could also crumble or break apart over time. Cli 
mate control materials may also include biodegradable mate 
rials. For example, fabrics may be made of a biodegradable 
material, Which may biodegrade over time, reducing initial 
costs and providing a built-in timed removal of the system. In 
another example, the materials could break after a thermal 
cycle such as freeZing into ice, ensuring that they may sink 
after helping to form a season’s Worth of ice. For instance, 
freeZing materials may enter an opening in the material, and 
cause the material to crack. In another implementation, delib 
erately providing a very sloW leakage pathWay for liquids, 
such as Water, into a chamber that has initially provided 
buoyancy, such as the gas-?lled core of a holloW sphere, can 
eventually make the material sink, removing it from the sur 
face ecosystem after a speci?ed period of time. In some 
embodiments, materials may self-remove from carbon 
uptake, Which may have carbon sequestration applications. A 
material may also break apart from Wear. Breaking in certain 
modes may be useful in rendering ?oating materials more 
likely to sink, as for instance if a pathWay to the buoyant, 
gas-?lled chamber is breached as an outer layer of material is 
eroded or broken aWay, eventually making the material sink 
to remove it from the surface ecosystem after a speci?ed 
period of time. Furthermore, materials can also be enclosed in 
a container or bag designed to sink over a period of time and 
drag the materials doWn. 
[0084] In some situations, instead of or in addition to 
removing climate control materials, it may be possible to use 
an additional implementation for reversal. For instance, after 
using climate control materials to increase ice or snoW cov 
erage, one may use climate control materials of loW albedo 
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and/or of Wettability and other characteristics that enhance 
heating and suppress evaporation to reverse that effect. 
[0085] In addition to making the invention reversible, one 
embodiment of the invention may be to include climate con 
trol materials that may self reverse after a period of time. For 
example, rather than having to collect the materials, the mate 
rials may undergo a change that changes the local albedo or 
evaporation rate after a period of time. For example, the 
material may be designed so that the albedo and/ or evapora 
tive characteristics may re?ect the characteristics of the sur 
rounding environment after a set amount of time, so that they 
may exert a neutral environmental in?uence. Alternatively, 
the material may be designed so that the albedo and/or evapo 
rative characteristics have a reversing effect that is an effect 
much less than, or opposite to, the initial implementation, so 
that they may exert a reversing environmental in?uence. 
[0086] In one implementation of the invention, the climate 
control materials may change properties such as albedo or 
evaporation over a period of time due to environmental fac 
tors such as biofouling or pore clogging. For example, a 
fabric-like material may change color over time due to bio 
fouling, Which may result in self-neutralizing or reversing 
effects. 
[0087] The local and reversible nature of the invention may 
be essential in a control system that is a small part of a 
complicated, interacting planetary climate system about 
Which much is not yet knoWn, alloWing the possibility for 
control and prevention of overcorrection in either direction. 
[0088] D. Environmental Modi?cation and Other Applica 
tions 
[0089] The ability to engineer some limited local environ 
mental climate control may be useful in scenarios relating to 
global Warming, and even in situations Where another means 
of control for global Warming have been instituted or in the 
absence of global Warming. Possessing the capability to tailor 
climate locally and globally using the techniques of the cur 
rent invention may have advantageous applications. 
[0090] In one application of the invention, the systems may 
be used to rebuild polar ice. In such an application, it may be 
preferable for climate control materials and coverings to have 
high local albedo and increase local evaporation rates, as 
discussed previously. Other material properties and designs 
may be optimiZed for polar ice rebuild. 
[0091] In another application of the invention, the systems 
may be used as an interim habitat for various species, for 
instance While the polar ice rebuilds. One example of this may 
include the pullout for polar bears, Walruses, or other species, 
as mentioned previously. FIG. 8 illustrates an example of a 
pullout. A pullout may be a place for various Wildlife to rest 
While migrating. The systems may also be used as a tempo 
rary habitat or breeding ground. Climate control materials 
may provide a pullout Without affecting local albedo and 
evaporation rates. In some embodiments, in addition to caus 
ing high local albedo and evaporation rates, the climate con 
trol materials used in these applications may have a high 
buoyancy and other factors to render the habitat hospitable to 
the Wildlife being hosted. 
[0092] The systems may be used for glacier retention or 
rebuilding in accordance With another application of the 
invention. Climate control materials may be scattered on 
glacier surfaces or open Water. Such materials may have a 
high albedo and/ or may increase local evaporation rate. Simi 
larly, the systems can be used for snoW retention and building 
in sensitive climate and recreational areas. 



US 2012/0024971 A1 

[0093] Another environmental modi?cation application 
may include crop environmental modi?cation. Climate con 
trol materials may be used for temperature and moisture 
control. The albedo of the materials may affect hoW much 
sunlight is re?ected, Which may affect local temperature. 
Furthermore, the local evaporation rate can be adjusted as 
desired. 

[0094] In another application, by properly controlling the 
rate of evaporation over bodies of Water, the invention can be 
used at the proper time of the year to diminish the intensity of 
tropical storms, and removed following the storm season to 
alloW normal evaporation levels. In this application, a device, 
system or method may be used to adjust the albedo and the 
evaporation characteristics of areas in order to decrease 
evaporation, to in turn decrease rainfall and/ or storm severity. 
In addition, the invention may be used for adjustment of the 
relative humidity of areas surrounding the adjusted areas in 
order to decrease evaporation to decrease rainfall and/or 
storm severity. Aspects of the invention may be adjusted as 
discussed previously, With characteristics tailored to reduce 
evaporation. 
[0095] One preferable embodiment of the invention that 
may be applied to the storm control aspect of the invention 
may be to use a monolayer coating of a liquid (akin to “pour 
ing oil on troubled Waters”) that may reduce the evaporation 
rate of the Water in the storm path. The effect of the ?uid 
coating may be temporary, and it may be removed, either by 
dispersal, biodegradation, or by being consumed by Wildlife 
or other environmental actions or agents. Such a ?uid coating 
may be chosen to have a small or Zero ecological impact, and 
may advantageously include materials such as mineral oils or 
vegetable oils (including corn oil, given current high produc 
tion levels of com). 
[0096] A plastic sheet, preferably Without pores, or rafts of 
plastic bottles as described previously, but chosen or treated 
so as to be largely unWettable may also be examples of advan 
tageous embodiments of this invention for a storm control 
application. Such materials may also provide a form of cover 
that may reduce evaporation, thereby diminishing the inten 
sity of storms. Materials such as plastic sheets may be par 
ticularly effective since they may be deployed easily, through 
means such as unrolling, and undeployed easily, through 
means such as rolling them back up When a storm is over. 

[0097] This invention may be applied to rainfall pattern 
modi?cation as Well. By properly controlling the rate of 
evaporation over bodies of Water, the invention can be used to 
enhance evaporation to increase rainfall and/ or alleviate con 
ditions of drought. In this application of the invention, a 
climate control material may adjust the albedo or relative 
humidity of areas in order to enhance evaporation to increase 
rainfall and/ or alleviate drought. The system may be remov 
able When no longer needed, to alloW the area to return to its 
normal Weather pattern. 
[0098] This invention may also be used in applications 
requiring increased ef?ciency of cooling, such as for indus 
trial applications such as poWer plants and large data centers, 
especially in regions Where excess heat has an adverse envi 
ronmental impact. 
[0099] Furthermore, this invention can be used to stabiliZe 
permafrost, With a possible side bene?t of preventing release 
of methane (a poWerful greenhouse gas) and a bene?t of 
stabiliZing infrastructure used for housing, roads, pipelines, 
utilities and the like. 
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[0100] The techniques of this invention can be further used 
to contribute environmental control to man-made structures 
and buildings, introducing a cooling element to such facili 
ties. 
[0101] In a further application, the techniques of this inven 
tion can be used in conjunction With judicious choices of 
composition and structure to enhance carbon sequestration 
from the atmosphere and the ocean by incorporating more 
stable reactants, such as calcium and magnesium carbonate 
compounds, into the environmental modi?cation materials 
over time. 

[0102] It should be understood from the foregoing that, 
While particular implementations have been illustrated and 
described, various modi?cations can be made thereto and are 
contemplated herein. It is also not intended that the invention 
be limited by the speci?c examples provided Within the speci 
?cation. While the invention has been described With refer 
ence to the aforementioned speci?cation, the descriptions and 
illustrations of the preferable embodiments herein are not 
meant to be construed in a limiting sense. Furthermore, it 
shall be understood that all aspects of the invention are not 
limited to the speci?c depictions, con?gurations or relative 
proportions set forth herein Which depend upon a variety of 
conditions and variables. Various modi?cations in form and 
detail of the embodiments of the invention Will be apparent to 
a person skilled in the art. It is therefore contemplated that the 
invention shall also cover any such modi?cations, variations 
and equivalents. 

What is claimed is: 
1. A method for modifying environmental conditions com 

prising: 
deploying a climate control material to a local area, 

Wherein the climate control material affects a local 
evaporation rate. 

2. The method of claim 1 Wherein the climate control 
material also affects a local albedo rate. 

3. The method of claim 1 further comprising monitoring 
the effects of the climate control material on the environmen 
tal conditions of the local area. 

4. The method of claim 1 further comprising monitoring 
the position of the climate control material and controlling the 
position of the climate control material. 

5. The method of claim 1 Wherein the local area is at least 
one of the folloWing: a body of Water, a glacier, a desert, a 
region of land, snoW, melt lake, permafrost, or a man-made 
structure. 

6. The method of claim 1 Wherein deploying a climate 
control material includes using at least one of the folloWing 
methods: deploying from a shore; deploying from a platform; 
deploying by helicopter or airplane; or deploying by ship or 
submarine. 

7. The method of claim 1 further comprising arranging 
and/or placing a climate control material, Wherein the climate 
control material may be arranged and/ or placed by any of the 
folloWing methods: alloWing the climate control material to 
achieve its oWn form under environmental conditions; con 
necting climate control material components; placing the cli 
mate control material into prepared corrals; unrolling the 
climate control material; unfolding the climate control mate 
rial; pouring the climate control material onto a local surface; 
or tethering the climate control material in place on or near a 
surface. 
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8. The method of claim 7 further comprising providing one 
or more booms to sequester and maintain ice Where desired 
and to de?ne open areas Where desired. 

9. The method of claim Error! Reference source not found. 
Wherein the climate control material raises the local albedo or 
evaporation rate and increases, maintains, or increases the 
longevity of ice formation. 

10. The method of claim 9 Wherein the climate control 
material causes glacier stabilization or melt pond cooling. 

11. The method of claim 1 Wherein the climate control 
material decreases the local evaporation rate and provide 
storm control. 

12. The method of claim 1 Wherein the climate control 
material comprises at least one of the following: recycled 
materials; reused materials; biological materials; or biode 
gradable materials. 

13. The method of claim 12 Wherein the climate control 
material includes at least one of the folloWing: plastic bottles, 
scrap plastic, glass, ceramic, composites of fabric and/or 
glass, ?shing ?oats, hay, straW, ?owers, paper, Wood, or saW 
dust. 

14. The method of claim 12 further comprising treating the 
climate control material With a coating to modify at least one 
of the folloWing: the climate control material’s albedo, the 
climate control material’s buoyancy, the climate control 
material’s degradation rate, or the evaporation rate of the area 
surrounding the climate control material. 

15. The method of claim 1 Wherein one or more properties 
of the climate control material changes over time to reverse or 
remove the climate control material’s effect on at least one of 
the local albedo or local evaporation rate. 

16. A method for providing a temporary habitat compris 
ing: 

deploying a climate control material to a local area, 
Wherein the climate control material has a su?icient buoy 

ancy to support the Weight of supported Wildlife, and 
Wherein the climate control material affects a local albedo. 
17. The method of claim 16 Wherein the climate control 

material is deployed to form at least one open area. 

18. The method of claim 16 Wherein the climate control 
material increases a local evaporation rate and increases local 
ice formation. 

19. The method of claim 16 Wherein the climate control 
material is tethered to a shore. 

20. The method of claim 16 Wherein the climate control 
material increases a local albedo and reduces the ice albedo 
feedback effect. 
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21. The method of claim 16 Wherein the climate control 
materials are incorporated into environmental features of the 
local area. 

22. A method for modifying environmental conditions 
comprising: 

deploying climate control materials to a local area; and 
arranging the climate control materials into cluster con 

?gurations; 
Wherein the climate control materials affect at least one of 

a local albedo or local evaporation rate, and 
Wherein the cluster con?gurations include instrumentation 

to monitor or control the positioning of the cluster con 
?gurations. 

23. The method of claim 22 Wherein cluster con?gurations 
comprise units that enclose climate control materials and that 
are connected to one another. 

24. The method of claim 23 Wherein the units are closely 
packed to form a cluster con?guration. 

25. The method of claim 24 Wherein the units form a 
hexagonal close packed array. 

26. The method of claim 23 Wherein the units are loosely 
packed to form a cluster con?guration. 

27. The method of claim 22 further comprising determin 
ing a time to deploy the climate control materials to affect the 
local area as desired, and deploying the climate control mate 
rials accordingly. 

28. The method of claim 22 further comprising determin 
ing a location to deploy the climate control materials to affect 
the local area as desired, and deploying the climate control 
materials accordingly. 

29. A method for modifying environmental conditions 
comprising: 

deploying climate control materials to a local area for at 
least a period of a season, Wherein the climate control 
materials affect at least one of a local albedo or local 
evaporation rate; and 

removing the climate control materials from the local area. 
30. The method of claim 29 Wherein the climate control 

materials are removed seasonally. 
31. The method of claim 29 Wherein the climate control 

materials self-remove Without intervention. 
32. The method of claim 31 Wherein the climate control 

materials self-remove in at least one of the folloWing Ways: 
sinking, biodegrading, breaking apart, crumbling, or dispers 
mg. 

33. The method of claim 29 further comprising collecting 
the climate control materials from the local area and reusing 
the climate control materials at a later time. 

* * * * * 


