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Disdaimer

2025is a study designed to comply with a direcive from the chef of staff of the Air Force b exanine he
concepts, capabilities, and technologies the United States will require to ramain the doninant air and space
force in the future. Presented on17 lne 1996, his report was prodwced in the Department of Defense school
ervironmert of acaemnic freedmard in the interest of advancing concepts related to natioral defense. The
views expressed in this report are those of the authors and do not reflect the official policy or podtion ofthe
United States Air Force, Department of Defense, or the United States government.

This report cotains fictioral represeretions d future situatons/scerarios. Any similaritiesto real people or
events, other than those specifically cited, are unintentional and are for purposes of illustration only.

This puwblicaionhas beenreviewed bysecuity ard policy review authorities, is unclassffied, ard is cleaed
for public release.
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Executive Summary

In 2025, & aeogace brcescan“own the weaher” by captalizing on energing technologes ard
focusing development of those technologies to war-fighting applications. Such a capability offers the war
fighter tools to shape be batiegpace n ways never bebre possible. It provides oppotunities to impact
opeations across the full spectrum of corflict and is petinent to dl possible futures. The pupose of this
paper is to ouline a srategy for the use of a future weather-modification system to achieve military
objectives rather than to provide a detailed technical road map.

A high-risk, highreward endeavor, weather-modification dfers a dilemma nat unlike the splitting o the
atom While some segments of sodety will always be reluctant to examine cortroversial issues such as
weather-modification, the tremendous milit ary capabilities that coud result fromthis field are ignored at our
own peil. From enhancing friendly opeations or disrupting those of the enemy via small-scale tailoring of
natural weaber paterns to complete dominarce d gobd communicaions ard caunterspace catrol,
weaber-modificaion offers the war fighter a widerange of possble gtiors to deeat or coerce an
adversary. Some of the poential capabilities a weather-modification system coud provide to a war-fighting
commander in chie{CINC) are listed in table 1.

Techology advancenerts in five major areas ae recessar for anintegrated weaher-modificaion
capability: (1) advanced norlinear modding techniques, (2) compuational capability, (3) informetion
gathering ard trarsnission, (4) a dobd semor aray, ard (5) weabher intervertion techmiques. Some

intervention tools exist today and others may be developed and refined in the future.
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Table 1

Operational Capabilities Matrix

DEGRADE ENEMY FORCES ENHANCE FRIENDLY FORCES

Precipitation Enhancement Precipitation Avoidance

- Flood Lines of Communication - Maintain/Improve LOC

- Reduce PGM/Recce Effectiveness - Maintain Visibility

- Decrease Comfort Level/Morale - Maintain Comfort Level/Morale
Storm Enhancement Storm Modification

- Deny Operations - Choose Battlespace Environment
Precipitation Denial SpaceWeather

- Deny Fresh Water - Improve Communication Reliability
- InduceDrought - Intercept Enemy Transmissions

Space Weather - Revitalize Space Assets

- Disrupt Communications/Radar

- Disable/Destroy Space Assets Fog and Cloud Generation

- Increase Concealment

Fog and Cloud Removal Fog and Cloud Removal

- Deny Concealment - Maintain Airfield Operations

- Increase Vulnerability to PGM/Recce - Enhance PGM Effectiveness
Detect Hostile Weather Activities Defend against Enemy Capabilities

Current technologies that will mature over the next 30 years will offer anyore who has the necessar
resources the ability to modify weather patterns and their correspording effects, at least on the local scale.
Current demographic, ecoronic, and environmental trends will create gobd stresses that provide the
impetus necessary for many countries or groups to turn this weather-modification ability into a capability.

In the United States, weather-modification will lik ely become a part of natioral security policy with
both donestic and international applications. Our government will pursue such a policy, dgoending on its
interests, a various levels. These levels codd include unilateral actions, participation in a security
frammework sitchasNATO, memberstip in aninternatioral organization sich as be WN, or paticipaionin a
codition Assuming that in 2025 ouw natioral security strategy includes weather-modification its use in our
natioral military strategy will naturally follow. Besides the significant benefits an opeational capability
woud provide another nmotivation to pusue weather-modification is to deer and couter potential

adversaries.
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In this paper we show that appropriate application of weather-modification can provide battlespace

dominance to a degree never before imagined. In the future, such opeations will enhance air and space
sueriority ard provide new opions for batles@mce shpng ard batlespace avareress} “The techndogy is

there, waiting for us to pull it all togethezr;ih 2025 we can “Own the Weather.”

Notes

! The weather-modification capabilities described in this pge are corsistent with the operating
ervironmerts ard rnissions relevart for aeogace brcesin 2025 adeined by AF/LR, a long-range plaming
office reporting to the CSAF [basedon AF/LR PowerPoint briefing “Air ard Space Bwer Franework for
Strategy Development (jda-2Ir.ppt)].”

General Gordon R. Sullivan, “Moving into the 21g Century: America’s Army and Modernization,”
Military Review (July 1993) quoted in Mary Ann Seagraves and Richard Szymber, “Wesather a Force
Multiplier,” Military Review November/December 1995, 75.
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Chapter 1

Introduction

Scenario: Imagine that in 2025 te US is fighting a rich, but now consolidated, poitically powerful
drug cartel in South America. The cartel has purchased hundeds of Russian-and Chinese-built fighters that
have successfully thwarted our attempts to attack their prodiction facilities. With their local numerical
superiority and interior lines, the cartel is launching more than 10aircraft for every ore of ours. In addition,
the catel is using the Frerch system probabire d' observation dela terre (SPOT) postioning and tracking
imagery systems, which in 2025 ae capable of transmitting near-reattime, multispectal imagery with 1
meter resdution The US wishes b emgage the eremy onanuneven playing field in order to exploit the full
potential of our aircraft and munitions.

Meteorologcal analysis reveals that equaorial South America typically has afternoonthuncerstorms on
a ddly basis throughaut the year. Our intelligence has corfirmed that cartel pilots are reluctant to fly in or
near thunderstorms. Therefore, our weather force suppott element (WFSE), which is a pat of the
commanderin chief’s (CINC) air opeations certer (AOC), is tasked b forecastsiorm pahs aml trigger or
intensfy thunderstorm cells ove critical target areas that the enemy must defend with their aircraft. Since
our arcraft in 2025 fave dl-weather capability, the thunderstormthreat is minimal to our forces, and we can
effectively and decisively control the sky over the target.

The WFSE has the necessary sensor and conmunication capabilities to observe, detect, and act on
weather-modification requirements to suppoit US military objectives. These capabilities are pat of an
advanced batle area system that suppotts the war-fighting CINC. In ou scenario, the CINC tasks the WFSE

to canduct sorm intensificaion ard cancealent opeations. The WFSE modds the atmospheric caditions



to forecas, with 90 percert corfiderce, the likelihood of succesful modificaion using airbome cloud
generation and seeding.

In 2025, minhabited aeogpace vetcles(UAV) are routinely used for weaher-modificaion opeatiors.
By cross-referencing desired attack times with wind and thunderstorm forecass ard the SPOT satllite’s
projeced obit, the WFSE generates mssion profiles for eachUAV. The WFSE guides eachUAV using
near-real-time information from a networked sensor array.

Prior to the atack which is coordinated with forecastd weaber conditiors, the UAVs begin clowd
generation ard seethg opeaations. UAVs disperse a dirus shield to deny ereny viswal ard infrared (IR)
surveillance. Smultaneouwsly, microwave heaters create localized scintillation to disrupt active sensing via
synthetic aperture radar (SAR) systens sich as he canmercially available Canadian seach ard rescie
satellite-aided tracking (SARSAT) that will be widdy available in 2025. Other cloud seeding opeaations
cause a developing thuncerstorm to intensify over the target, severely limiting the enemy’s capability to
defend. The WFSE noritors the ertire opeaation in reaktime ard notes the successifl completion of arother
very important but routine weather-modification mission.

This scenario may seem far-fetched, bu by 2025 t is within the realm of possibility. The next chapter
explores the reasors for weather-modification, defines the scope and examines trends that will make it

possible in the next 30 years.



Chapter 2

Required Capability

Why Would We Want to Mess with the Weather?

According to Gen Gordon Sulliv an, former Army chief of staff, “As we leap technology into the 214

century, we will be able to see the enemy day or night, in any weather— and go after him relentlessly."1 A
globd, precise, real-time, robust, systematic weather-modification capability woud provide war-fighting
CINCs with a powerful force multiplier to achieve military objectives. Since weather will be commonto all
possible futures, a weather-modification capability woud be universally applicable and have utility across
the entire spectrum of corflict. The capability of influencing the weather even ona small scale coudd change
it from a force degrader to a force multiplier.

People have always wanted to be able to do ®mething abou the weather. Inthe US, as early as 1839,
newspaper archives €ll of people with seious am creatve ideason how to make rain.2 In 1957, be
president’s advisory committee on weather cortrol explicitly recognized the military potential of weather-
modification, warning in their report that it could become a more important weapon than the ato?n bomb.

However, cortroversy since 1947 orncerning the posible legal corsequences arising from the
ddiberate ateration of large sbrm systens neart that little future experimentaton could be conducted on
storms which had the potertial to reachland.4 In 1977, be UN General Assembly adoped a resolution
prohibiting the hodtile use of enviromrmental modification techniques. The resulting “Cornvention on he

Prohbition of Military or Any Other Hodtile Use of Environmental Modification Technique (ENMOD)”



conmitted the signatories to refrain from any military or other hogtile use of weather-modification which

coud result in widespread, long-lasting, or severe effects.5 While these wo ewerts have not halted the
pusuit of weaher-modificaion reseach they have significanly inhibited its pace ad the developnert of
associated technologies, while producing a primary focus on suppressive versus intensification activities.
The influence of the weather on military opeations has long been recognized. During World War I,

Eisenhower said,

[i1n Europe bad weather is the worst enemy of the air [opeaatiors]. Some soldier orce

said, “The weather is always neutral.” Nothing could be more unrue. Bad weather is

obviously the enemy of the sidethat seeks to launch projects requiring good weather, or of

the sde possessing great assets, such as strong air forces, which dgoend upon god
weaher for effecive meratiors. If realy bad weather stoud erdure permarerly, the

Nazi would need nothing else to defend the Normandy csoast!

The impactof weather has ako beenmportant in more recet military opeatiors. A significant number
of the ar sorties into Tuzla duing the initial depbyment suppotting the Bosnian peaceopeiation aboted due
to weather. During Qperation Desert Storm, Gen Buster C. Glosson asked his weather officer to tell him
which targets would be clear in 48 haurs for incluson in the air tasking order (ATO).7 But current
forecasiing camhility is orly 85 percent accuate for no more than 24 hous, which doesrit adequately meet
the needs of the ATO planning cycle. Over 50 pecent of the F-117 sorties weather aborted over their targets
and A-10sory flew 75 of 200 £hedued dose air suppott (CAS) missions due to low cloud cover during
the first two days of the carrpaign.8 The applicafon of weabher-modificaion technology to cleara hole over
the targets long evoughfor F-117sto atack ard place borhs on target or clear the fog from the unway at
Tuzla woud have beena \ery effecive force mitiplier. Weater-modificaion cleaty has potertial for
military use a the opeaatioral level to reduce the e ements of fog and friction for friendly operations and to

significantly increase them for the enemy.

What Do We Mean by “Weather-modification™?

Today, weaher-modificaionis the alteration of weaber pheromera over a limited areafor a limited
period ofti rne.9 Within the next three aecacs, be caxcep of weater-modificaion could expand to include

the ability to shape weather patterns by influencing their determining factors.™® Achieving sich a highly



accuate ard reasmaly precise weaher-modificaion camhility in the next 30 years will requre
overcoming some challenging but not insurmountable technological and legal hurdles.

Techologcally, we nmust have a sdid understarding of the variables that afectweater. We must be
able to modd the dynamics d their relationships, nap the possble resuts of their interacions, measue their
actual real-time values, and influence their values to achieve a desired oucone. Sodety will have to
provide the resources and legal basis for amature capability to develop. How coud dl of this happen? The
following notional scemrio podulates tow weaher-modificaion might becane both techically feasble ard
socially desirable by 2025.

Between now and 2005, échnologcal advances in meteorology and the demand for more precise
weather informetion by gobd businesses will lead to the succesdtl iderificaion ard parameterization of
the mgjor variables that affect weather. By 2015, alvances in computatioral capability, modding techniques,
and atmospheric information tracking will prodwe a highly accuate ard reliable weaher predction
capability, validated against real-world weather. In the following decade, pogdation dersities pu pressure
on the worldwide availability and cogt of food axd wsable water. Massive life and propety losses
assaiated with natural weabher disasérs becare increasngly unaccepable. These pessues ponpt
governments ard/or other organizatiors who are able to captalize o the echologcal advances d the
previous 20 years D pusue a hghly accuate ard reasmally precise weaher-modificaion capahlity. The
increasing urgency to realize the benefits of this capability stimulates laws and treaties, and sonme unilateral
acfons, meking the risks required b validae aml refine it accepdble. By 2025,the world, or patts of it, are
able to shape localweater paterns by influencing the facbrs that affect climate, pecipitation, sbrms ard
their effecs, fog ard near space. These Ighly accuate ard reasmally precise cvil applicaions of
weather-modifi cation technology have obvious military implications. This is paticularly true for eerogpace
forces, for while weather may affect all mediums of operation, it operates in ours.

The term weather-modification may have negative comotations for many people, civilians and military

members dike. It isthusimportant to define the scopeto be corsidered in this paper so that potertial critics
or proponents of further research have a common basis for discussion.
In the broadest sense, weather-modification can bedivided into two mgjor categories: suppression ad

intensificaion of weaher pdterns. In exrene casestimight involve the creaton of campletely new weater



patterns, atenuation or control of sewere sorns, or evenalteration of global climate on a far-reaching ard/or
lorg-lasting scak. In the nmildestard leastcotroversial casestimay consist of inducing or suppressig
precipitation, douds, or fogfor short times over a small-scale region Other low-intensity applications might
include te ateration ard/or use d near space as a aglium to erhance communicatons, disrupt acive or
passive sensing, or other puposs. In corducting the research for this study, the broadest possible
interpretation of weather-modification was initially embraced, © that the widest range of oppotunities
available for our military in 2025 were thoughfully conddered. However, for severa reasons described
bdow, this pgoe focuses primarily on localized and short-term forms of weather-modification and how
these coud beincorporated into war-fighting capability. The primary areas discussed include generation and
dissipation of precipitation, douds and fog modification of localized gorm systems; and the use of the
ionosphere ard near space br space caotrol ard canmunicaions doninarce. These applicaiors are
consistent with CJCSI 3810.0Meteorological and Oceanographic Operation%?”

Extreme and cortroversial examples of weather modification—creation of made-to-order weather,

large-scak climat modificaion creaton ard/or control (or “steeing’) of sewre sbrms, et.—were

reseached as m@rt of this suudy bu receve only brief mention here becasge, in the authors’ judgment, the

tecmical obdacles peverting their applicaionappearinsumountalde within 30yea|s.12 If this were not the
case, such applications woud have been included in this report as poential military options, despite their
controversial ard poertially malevolert nature ard their inconsistency with starding UN ageenerts to
which the US is a signatory.

On the other hand, the weather-modifi cation applications proposed in this report range from technically
proven to poertially feasble. Theyare similar, however, in that nore are curently enployed or ervisioned
for employment by our opeatiorel forces. They are also Smilar intheir poential value for the war fighter of
the future, as we hopeto cawey in the following chapters. A notioral integrated systemthat incorporates
weather-modification tools will be described in the next chapter; how those tools might be applied are then

discussed within the framework of the Concept of Operations in chapter 4.
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! CJCSI 3810.01, Mteorological and teanographic Operations 10 Anuary 95. This CIJCS
Instruction establishes policy and assigns resporsibilities for conducting meteorologcal and oceamgaphic
opeatiors. It aso ddines the terms widespread, long-lasting, and severe, in order to identify those activities
that US forces ae prohibited fom conducting under the erms o the UN Environmertal Modificaion
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d|sru?t|on or harm to human life, natural and economic resources, or other assets.

Corcem alou the winterded cansequences é atempting to “control” the weater is well justfied.
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Teller calculations are cited in Reference 49 of this source.




Chapter 3

System Description

Our vision is that by 2025 he military coud influence the weather on a mesoscale (<200 ki) or
microscale (immediate local ared) to achieve operational capabilities such as those listed in Table 1. The
capability woudd be the synergistic result of a system corsisting of (1) highly trained weather force
specilists (WFS) who are members of the ANC's weater force sippott elerert (WFSE); (2) acces ports
to the dobd weaher network (GWN), where worldwide weaher obsrvations aml forecass are obfained
near-real-time fromcivilian and military sources; (3) adense, highly accuate localarea weaher sersing ard
communicaion system (4) anadvanced computer local area weabher-modificaion modding ard predction
capability within the area of resporsibility (AOR); (5) proven weather-modification intervention

technologies; and (6) a feedback capability.

The Global Weather Network

The GWN is envisioned to be an evolutionary expansion of the current military and civilian worldwide
weather daa network. By 2025, t will bea super high-speed, expanded bandwidth, communication network
filled with near-real-time weather observatiors taken from a denser and more accuate worldwide
observation network resuting from highly improved ground, ar, meritime, ard space sesors. The network
will also provideaccessd forecastcerers around the world where sophisticaed, tailored forecastard data
prodicts, generated fromweather prediction nodds (globd, regiorel, local, specialized, etc.) based on the

latest nonlinear mathematical techniques are made available to GWN customers for near-real-time use.



By 2025, we envision that weather prediction modds, in general, and nmesoscal e weather-modification
models, in particular, will be able to emulate al-w eather producing variables, along with their interrelated
dynamics,ard prove to be highly accuate in stringent measuernert trials agpinst enpirical data. The brains
of these models will be advanced software and hardware capabilities which can rapidly ingest trillio ns of
environmental data points, merge them into usable data bases, process the data through he weather prediction
models, ard dissenmate he weater informaton over the GAN in nea|=real-time.l This network is depicted

schematically in figure 3-1.
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Source Microsoft Clipart Gallerydd 1995 with courtesy from Microsoft.

Figure 3-1. Global Weather Network

Evidence of the evolving future weather modeling and prediction capahility as well as the GWN can be
seenin the retional ocearc ard atmospheric administration's (NOAA) 1995-2005 sategic plan. It includes
program elemrerts to "advance slort-term warning ard forecastsewices,implenert seasoal to inter-annud
climate forecass, ard predct ard assesslecadl to certennial charge;"2 it does not, however, include plans
for weather-modification modeling or nodification technology development. NOAA's plans include
extensive dda gathering progams such as Next Generation Radar (NEXRAD) and Doppler weather
surveillance systems deployed throughaut the US. Data from these sensng g/stems feed into over 100
forecastceners for processng by the Advanced Weaher Interacive Rocessng Sysem (AWIPS), which

will provide data communication, processing, and display capabilities for extensive forecasing. In addition,



NOAA has leased a Cray C90 superconputer capable of performing over 1.5x10'° operations per second that

. - 3
has already been used to run a Hurricane Prediction System.

Applying Weather-modification to Military Operations

How will the military, in general, and the USAF, in paticular, manage and employ a weather-
modification capability? We envision this will be dore by the weather force support eement (WFSE),
whose primary mission woud beto suppott the war-fighting CINCs with weather-modification opfors, in
addtionto curent forecading suppott. Although he WFSE could opeate anywhere as long & it has access
to the GWN and the system conporents aready discussed, it will more than likely be a cormporent within the
AOC or its 2025€equvalent. With the CINC's intent as gquidance, the WFSE formulates weather-
modification opions using information provided by the GWN, local weather daa network, and weather-
modificaion forecastmodd. The gtiors include range of effect probability of success, @ésaurces 6 be
expended, the enemy’ s vulnerability, and risks involved. The CINC chooses an effect based on these inputs,
ard the WFSE thenimplenerts the closen course, sekcing the right modificaion tools am enploying them
to achieve the desired effect Sensors cetect the ctarge ard feed déa on the rew weaher pdtern to the
modding systemwhich updéaes its forecastaccadingly. The WFSE checls the efeciveressof its efforts by
puling down the ydaed curent conditions ard new forecasts) from the GWN ard local weabher daa

network, and plans follow-on missions as needdus concept is illustrated in figure 3-2.
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Source Microsoft Clipart Galleryd 1995 with courtesy from Microsoft.

Figure 3-2. The Military System for Weather-Modification Operations.
WEFSE personnel will need to be experts in information systems and well schooled in the arts of both
offensive aml defensive informaton warfare. They would also have anin-depth understarding of the GWN

and an appreciation for how weather-modification could be employed to meet a CINC's needs.

Becawse d the rodal web nature of the GAN, this concepg would be very flexible. For instarce, a

WFSE coudd be asigned to eachtheaker to provide drectsuppott to the CINC. The systemwould also be

survivable, with multiple nodes connected to the GWN.

A product of the informaton age, this systemwould be most vulneralde to informaton warfare. Each

WFSE would need the most current defensive and offensive information capabilities available. Defensive
abilities would be necessary for survival. Offensive abilities could provide spoofing opiors to create
virtud weather in the enemy's sensory and information systems, making it nore likely for them to make
decisions producing results of our choosing rether than theirs. 1t would also allow for the capability to mask

or disguise our weather-modification activities.
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Two key technologes ae recessar to meld anintegrated comprehensive, resporsive, precise, ard
effecive weabher-modificaionsystem Advances n the science of chacs are critical to this erdeavor. Also
key to the feasibility of such a system is the ability to modd the extremely conplex norinear system of
oobd weater in ways that can accuately predct the atcome d charges in the influencing varialdes.
Reseachers have alread/ siwccesdilly controlled single variabde norlinear systens in the lab ard
hypothesize that curent mathenatical techiques ad canpuer capacity could handle systens with up to five
variabes. Advances nthese wo aras voud meke it feasble to affectregional weaher paterns by making
small, continuaus nudyes to ore or nore influencing factors. Conceivably, with enoughlead time and the
right conditions, you could get “made-to-order” weat‘her.

Developing a true weather-modification capability will require various intervention tools to adjust the
appropriate meteorologcal parameters in predictable ways. It is this area that must be developed by the
military based on specific required capabilities such as those listed in table 1, table 1 is located in the
Execudive Summary. Such a swtem woud catain a sesor aray ard locaized bdtle aea dita net to
provide the fine level of resolution required to deect intervention effects and provide feedback. This net
woud include ground, air, maritime, ard spacesersors as vell as imanobservations in order to ersue the
reliability and resporsiveness of the system, even in the event of enemy countermeasures. It woud aso
include specific intervertiontools ard techmologes,some of which alread/ exst ard others which nust be
developad. Sonme of these proposed tools are described in the following chapter titled Corcept of
Operatiors. The total weather-modification process woud be a real-time loop of cortinuous, appropriate,

measured interventions, and feedback capable of producing desired weather behavior.

Notes

! SPACECAST 2020, Spae Weather Suppot for Conmunications white pgper G (Maxwell AFB,
Ala.: Air War College/2020, 1994).

2 Rear Adm Sigmund Petersen, “NOAA Moves Toward The 21¢ Century,” The Military Engineer 20,
no. 571 (June-July 1995): 44.

® Ibid
4 William Brown, “Mathematicians Learn How to Tame Chadgv Scientis(30 May 1992): 16.
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Chapter 4

Concept of Operations

The essetal ingredent of the weaher-modificaion systemis the setof intervertion techiquesusedto
modify the weather. The number of specific intervention methodologes is limited oy by the imagination,
bu with few excegiors tey involve infusing either erergy or chericals into the meteorologcal processin
the right way, atthe right place ad time. The intervertion could be designed to modify the weater in a

number of ways, such as influencing clouds and precipitation, storm intensity, climate, space, or fog.

Precipitation

For centuries man has desired the ability to influence precipitation at the time and placeof his ctoodng.
Until recently, succes in acheving this goal has beenminimal; however, a rew window of oppotunity may
exist resulting from development of new technologies and an increasing world interest in relieving water
shortages through pecipitation enhancement.  Conquently, we advocate that the DOD explore the many
oppotunities (and dso the ramifications) resulting from development of a capability to influence
precipitation or conducting “selective precipitation modification” Although he capability to influence
precipitation over the long term (i.e., for nore than severa days) is ill not fully understood. By 2025 we
will certainly be capable of increasing or decreasing precipitation over the short term in a localized area.
Before discussing research in this arega, it is important to describe the benefits of such a capability.
While many military opeations may be influenced by precipitation, ground nobility is mog affected.

Influencing precipitation coud prove useful in two ways. First, enhancing precipitation coud decrease the
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enemy’s trafficability by muddying terrain, while aso affecting their morde. Secord, suppressing
precipitation could increase friendly trafficability by drying out an otherwise muddied area.

What is the possibility of developing this capability and applying it to tactical opeatiors by 2025?
Closerthanore mght think. Reseach has beenconducted in precipitation modificaton for many yeass, ard
an aspect of the resdting technology was applied to opeations during the Vietham War.1 These initial
attempts provide a foundation for further development of a true capability for selective precipitation
modification.

Interestingly enough, be US government made a constious decision to stop bulding upn this
foundafon As mertiored ealtier, internatioral ageenerts have preverted the US from investigaing
weather-modification opeations that coud have widespread, long-lasting, or severe effects. However,
possibilities do exist (within the boundaries of established treaties) for wing localized precipitation
modification over the short term, with limited and potentially positive results.

These possibilities date back to our own previous experimentation with precipitation modification. As
stated in an article appearing in tfmurnal of Applied Meteorology

[n]eaty all the weaber-modificaion efforts over the last quarter century have beenaimed
at prodwing changes on the cloud scale through eploitation of the saturated vapor

pressue difference betweenice aml water. This is not to be criticized bu it is time we
also corsider the feasibility of weather-modification on other time-space scas ad with

other physical hypothese€s.

This study by William M. Gray, et d., investigated the hypothesis that “significant beneficial influences
can be derived through pudicious exploitation of the solar absorption potential of carbon black dust."3 The
study ultimately found hat this technd ogy muld be used to enhance rainfall onthe mesoscale, generate cirrus
clouds, and enhance cumulonimbus (thunderstorm) clouds in otherwise dry areas.

The chmology canbe described as bllows. Jiwst asa blacktar roof easly absarbs sdar erergy ard
subsequently radiates heat duing a sunny day, carbon black also readily absorbs solar energy. When
dispersed in microscopic or “dust” formin the air over alarge body ofwater, the carbon beomes hot and
heats the surrounding air, thereby increasing the amount of evaporation fromthe bodyof water bdow. As the
surrounding air heats up, parcels of air will rise and the water vapor cortained in the rising air parcel will
evertually conderse b form clouds. Over time the cloud droplets increase i size as more ard more water

vapor condenses, and eventually they become too large and heavy to stay suspended and will fall as rain or
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other forms of precipitation4 The study points ou that this precipitation enhancement techndogy would
work best “upwind from coastlines with orshore flow.” Lake-effect snow along the southern edge of the
Great Lakes is a naturally occurring phenomenon based on similar dynamics.

Can this type of precipitation enhancement technology have military applications? Yes, if the right
condtionsexist. For example, if we are fortunae enough b have a fairly large body of water available
upwind from the trgeted batlefield, cabon dust cauld be placed n the atmosphere ove that water.
Assuming the dynamics are suppottive in the atmosphere, the rising saturated air will eventually form clouds
and rainshowers downwind over the land.” While the likelihood ofhaving a body of water located upwind
of the battlefield is unpredictable, the technd ogy could prove enormoudy useful uncer the right condtions
Only further experimentation will determine to what degree precipitation enhancement can be controlled.

If precipitation erhancenert tecmiques ae sucesdlily developed ard the right natural conditiors also
exist, we must aso beable to disperse carbondust into the desired location Transporting it in aconpletely
controlled, safe, cog-effective, and reliable manner requires innovation Numerouws dispersal techniques
have alread/ beenstudied, but the nost converient, sag, ard costeffecive method discissed § the se o
afterbumer-type jet engines to generate carbonparticles while flying troughthe targeted ar. This method is
based oninjection of liquid hydrocarbonfuel into the afterburner’ s combustion gases. This direct generation
method was found to bemore desirable than another plausible method (i.e., the transport of large quantities of
previously produced and properly sized carbon dust to the desired altitude).

The cabonduwst sudy demorstrated hat simall-scak precipitation erhancenert is possble am has been
successfully verified under certain amospheic condtions Snce the study was conducted, no known
military applications of this technology have been realized. However, we can podulate how this technology
might be used in the future by exanining sarme of the delivery plaforms conceivably available for effecive
dispersal of carbon dust or other effective modification agents in the year 2025.

One method we propos woud further meximize the technology’s safety and reliability, by virtualy
elimnaing the luman elerrert. To dae, much work has beendore on UAVs which can closely (if not
conpletely) match the capabilities of piloted aircraft. If this UAV technology were conbined with stealth and
caibondusttechnologes, he resdt could bea UAV aircraft invisible b radar while enroue b the trgeted

area,which could spontaneously creae catbondust in ary locaton However, mnimizing the rumber of
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UAVsrequred to conplete the mission woud depend wpon the developrrent of a new and nore efficient
system to prodwce cabon dust by a follow-on techhology to the aterburner-type jet ergines previowsly
mentioned. In order to effectively use stealth technology, this system must aso have the ability to disperse
carbon dust while minimizing (or eliminating) the UAV’s infrared heat source.

In addition to using sieath UAV ard cabondust absarption technology for precipitation erhancenert,
this ddivery method could also be used for precipitation suppression  Although be previoudy mentioned
study did not significantly explore the possibility of cloud seeding for precipitation suppression this
possibility does exist. If cloudswere seeded (wsing chemical nuclei similar to those used today or perhaps a
more effective agent discovered through ontinued research) before their downwind arival to a desired
location, the result coud bea suppression of precipitation In other words, precipitation coud be*forced”
to fall beforeits arrival in the desired territory, thereby making the desired territory “dry.” The strategic and

operational benefits of doing this have previously been discussed.

Fog

In general, successful fog dissipation requires some type of heating or seeding process. Which
technique works best dgpends onthe type of fog encountered. In smplest terms, there are two basic types of
fog—cold ard warm. Cold fog occus at temperatures b ow 32°F.  The best-known dissipation technique
for cold fog is to seed it from the air with agents that promote the growth of ice c?ystals.

Warm fog occurs at temperatures above 32°F ard accaints for 90 percent of the fogrelated problens
ercountered by flight operatiorts.7 The bestknown disspaion techmique is heathg becase a snall
temperature increase $ usually suficiert to evaporate he fog Since keatng usually isn't pracical, the rext
mogt effective technique is hygroscopic seeding.8 Hygroscopic seeding usesagerts that absarb water vapor.
This tecmique is most effecive when accarplished from the ar bu canalso beaccamplished from the

9 . . . . - 10 .
ground. Optimal results require advance information on fog depth, liquid water content, anoowmd.

Decacs d reseach stow that fog disspaion is aneffecive applicaion of weaher-modificaion

techndogy with demondrated savings of huge propottiors for boh military and civil aviation11 Local
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municipdities have aso shown an interest in applying these techniques to improve the safety of high-speed
highways transiting areas of frequently occurrifgnse fogl.2

There are some emerging tchndogies which nmay have important applications for fog dispersal. As
discissedeatier, heatng is the nosteffecive dspersal method for the nostcommony occuring type of fog
Unfortunately, it has proved impractical for mog situations and woud be difficult a best for cortingency
opeations. However, the developrrent of direced radiart erergy technologes, sich as nicrowaves ad
lasers, could provide new possibilities.

Lab experiments have shown microwaves to be effective for the heat dissipaion of fog However,
resuts alsoindicak thatthe erergy levelsrequired exceed lhe US large power density exposure limit of 100
watt/n and woud bevery expensive.”> Field experiments with lasers have demonstrated the capability to

dissipate warm fog at an airfield with zero visibility. Generating 1 watt/cn’, which is approximeately the US

large power density expoaure limit, the system raised visibility to ore querter of a mile in 20 szecords14
Laser systens desribed n the Srace @erions portion of this AF 2025 sudy codd cetainly provide this
capability as one of their many possible uses.

With regard to seethg techiques, improvements in the materials ard ddivery methods are not only
plausible but likely. Smart materials based on nanotechnology are currently bang developed with ggaops
conpuer capability at their core. They coud adjust their size to opimal dimensions for a given fog seeding
situation and even make adjustments throughaut the process. They might also enhance their dispersal
gualities by adusting their buoyarcy, by communicaing with eachother, ard by seeiing thenseles within
the fog They will beableto provide immediate and cortinuous effectiveness feedback by integrating with a
larger sersor network ard canalso charge their temperature aml polarity to improve their seeding effects.15
As mentioned above, UAVs could be used to deliver and distribute these smart materials.

Recemn ammy reseach lab experiments have demorstrated the feasbility of generating fog They used
conmercia equipment to generate thick fogin an area 100 neters long. Further study has shown fogs to be
effecive atblocking much of the W/IR/visible spectum, effecively masking enitters of swchradiaionfrom
IR Weapoms.16 This technology woud enable a small military unit to avoid detection in the IR spectrum. Fog

could be generated to quickly, canceal the movement of tanks or infantry, or it could conceal military
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opeatiors, facilities, or equpment. Such systems may also be useful in inhibiting observations of sensitive

. . . 7
rear-area operations by electro-optical reconnaissance plat]forms.

Storms

The desirability to modify storms to support military objectives is the mos aggressive and
controversial type of weather-modification The damage caused by dorms is indeed horrendows. For
instance, a tropical storm has an energy equal to 10,000 one-megaton hydrogen bom)s,18 and in 1992

Hurricane Andrew totally destroyed Homestead AFB, Forida, caused the evacuation of most military

aircraft in the southeastern US, and resulted in $15.5 billion of dzarmge.19 However, as me woud edxpect
based ora sbrm's erergy level, curent sciertific literature indicaes hatthere ae dfinite physical limits on
mankind’s ability to modify storm systems. By taking this into accaunt along with political, ervironrmenrtal,
ecoronic, legal, and mord corsiderations, we will corfine our analysis of storms to localized thunderstorms
and thus do not consider major storm systems such as hurricanes or intense low-pressure systems.
At any instant there are approximately 2,000 huncerstorms taking dace. In fact45,000 hunderstorms,
which contain heavy rain, hdl, microbusts, wind dear, and lighthing form daily.20 Anyone who has flown
frequently on commercial aircraft has probably noticed the extremes that pilots will go to avoid
thuncerstorms. The dange of thunderstorms was clearly shown in Augug 1985 when a jumbo jet crashed
killing 137 peple after encountering microbust wind shears duing arain squall.21 These brces & nature
impact all aircraft and even the most advanced fighters of 1996 make every attempt to avoid a thunderstorm.
Will bad weather remain an aviation hazard in 2025? The answer, uffortunately, is “yes,” bu
projected advances in technology over the next 30 years will diminish the hazard poential. Conpuer-
cortrolled flight systems will be able to “autopilot” arcraft through rapidly changing winds. Aircraft will
also have highly accuiate, orboad semsing systens that caninstartaneowsly “mag’ and adonetically guide
the aircraft throughthe safest portion of a storm cell.  Aircraft are envisioned to have hardened dectronics
that can withstand the effects of lightning strikes and may also have the capability to generate a surrounding

electropotential field that will neutralize or repel lightning strikes.
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Assuming that the US achieves some or al of the above oulined aircraft technical advances and
mai ntains the cmologcal “weater edye” over its potertial adversaries, we cannext look at how we could
modify the battlespace weather to make the best use of our technical advantage.

Weater-modificaion technologes night involve techiques hat woud increaselatent heatreleasein
the atmosphere, provide additional water vapor for cloud cell developrrent, and provide additioral surface
and lower atmospheric heating to increase atmospheric instability. Critical to the success of any attempt to
trigger a sbrm cell is the re-exsting atmospheric canditions localy ard regiorally. The atmosphere must
already be corditiorelly unstable and the large-scale dynamics nmust be suppottive of vertical cloud
developrrent. The focus of the weather-modification dfort woud be to provide additioral “corditions” that
would make the atmosphere undable enough b generate cloud and eventually storm cell developnent. The
pah of storm cells orce developad or enhanced is dependent not oy onthe mesoscal e dynamics of the storm
bu the regioral ard synoptic (globd) scak amospheric wind flow paterns in the areawhich are curently
not subject to human control.

As indicated, the technical hurdles for storm developrent in suppott of military opeations are
obviously greater than enhancing precipitation or dispersing fog as described earlier. One area of storm
research that woud significantly benefit military opeatiors is lightning modification. Mogt research efforts
are keing conducted to develop techniques b lessenthe accurence @ hazards associated with lightning.
This is important research for military opeations and resource protection, bu sone offensive nilitary benefit
could be obtained by doing reseach on increasing the potertial ard intensity of lightning. Corceps to
explore include increasing te basic efficiency of the thunderstorm, stimulating te triggering nechanism that
intiates the bolt, and triggering lightning such as that which struck Apollo 12 n 1968%% Possble
mechani sms to investigate woud beways to nodify the el ectropoential characteristics over certain targets to
induce lightning strikes on the desired targets as the storm passes over their location.

In summary, the ability to modify batlespace weaber through $orm cell triggeing a enhancement
woud dlow us to exploit the technologcal “weather” advances of ou 2025 arcraft; this area has

tremendous potential and should be addressed by future research and concept development programs.
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Exploitation of “NearSpace” for Space Control

This section discusses oppotunities for cortrol and nodification of the ionogphere and rear-space
ervirormert for force etancenert; specifically to erhance asr own communicaiors, sersing, ard navigation
capabilities and/or impair those of our enemy. A brief technical description of the ionogphere and its
importance in current communications systems is provided in appendix A.

By 2025, t may be posible b nodify the ionogphere ard rear space, ceatng a varety of potertial
applicatiors, as discussed bdow. However, before ionogpheric modification becomes possible, a number of

ewolutionary advances n space weaher forecasing ard obsrvation are reeced Many of these eBed were

degribed n a $acecas 2020 sudy, Space Weaher Suppott for Cor‘rmunicaiorrs.23 Sonme of the

suggestionsfromthis study are included in appendix B; it is important to nde that our ability to exploit near
space va acive nodificaion is dependert on swccesdiily achieving reliable doservation ard predction

capabilities.

Opportunities Afforded by Space Weather-modification

Modificaion of the rearspace ewironmert is crucial to batlesmce @minarce. General Charles
Horner, former commanderin chief, United Sates spcecommand, desciibed his worst nightmare as“seeing

anertire Marine batalionwiped ou onsame foreign landing zore becase e was wable © deny the ereny

intelligence and imagery generated from space” 24 Active modification coud provide a “technologcal fix’
to jam the enemy’s active and passive surveillance and recomaissance systems. In short, an opeational
capability to nodify the near-space environnent would ensure space supeaiority in 2025; this capability
would allow us to shapeand ®ntrol the battlespace via enhaned communication, nsng, navgation,
and precision engagement systems.

While we recognize that technological advances may negate the importance of certain electromagnetic
frequencies for US aerospace forces in 2025 (such as radio frequency (RF), high-frequency (HF) and very

high-frequency (VHF) bands), the capabilities described below are nevertheless relrwvaminpeer
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adversaries will most likely still depend on such frequencies for communications, sensing, and navigation

and would thus be extremely vulnerable to disruption via space weather-modification.

Communications Dominance via lonospheric Modification

Modificafon of the ionosphere to erhance a disrupt communicatons has receily becare the sibjectof
acive reseach Accading to Lewis M. Duncan ard Robet L. Showen the Former Soviet Union (FSU)
conducted thearetical ard experimental reseachin this area ata level considerally greaer than comparable
programs in the Weéfr'. There is a strong motivation for this research, because

induced ionospheric modifications may influence, or even disrupt, the opeation of radio

systems relying an propagdion through he modified region The controlled generation or
accekrated despdion of ionospheric dsturbances nmay be used to prodiwce new

propagation paths, otherwise unavailable, appropriate for selected RF m2|gsions.
A number of methods have been explored or proposd to nodify the ionogphere, including injection of

chemcal vapors aml heatng or charging via ekcromegnetic radiaton or paticle beans (such as brs,

neutral paticles, xrays, MeV paticles, ard erergetic elec'rors).27 It is important to rote that many
tecmiquesto modify the uppe atmosphere have beensiccesdilly demorstrated experimentally.  Ground-

based nodificaion tecmiques employed bythe FSU include \ertical HF heatng, obliqgue HF heatng,
microwave heatng, ard magnetospheric modificaion28 Significant military applications of such opeations
include low frequency (LF) communicaion prodwction HF diwcted communicators, ard creaton of an
artificial ionogphere (discussed in detail bdow). Moreover, developing countries also recogni ze the benefit
of ionospheric modification “in the early 1980's, Brazil corducted an experiment to modify the ionogphere
by chemical injection.z’9

Several high-payoff capabilities that coud result from the modification of the ionosphere or near space
are described briefly bdow. It shoud be emphesized that this list is not conprehensive; modification ofthe
iorosphere is anarea ichwith potertial applicaiors ard there ae akolikely spn-off applicaiors that have
yet to be envisioned.

lonopheaic mrrors for pinpoint communication or owver-the-horizon (OTH) radar transmission.

The propeties and limitations of the ionosphae as a reflecting nedium for highfrequency radiation are
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described in gppendix A. The mgjor disadvantage in depending on the ionosphere to reflect radio waves is
its variability, whichis due to normel spaceweater ard everts sich as ster flares ad geomagietic sbrms.
The ionogphere has been described as a crinkled sheet of wax pgper whose relative postion rises and sinks
depening on weaber corditiors. The surface bpogaphy of the ciinkled paperalso corstantly charges,
leading to variability in its reflective, refractive, and transmissive properties.

Creationof an artificial uniform ionosphere was first proposed by Soviet researcher A. V. Gurevich in
the mid-1970s An artificial ionogpheric mirror (AIM) woud serve as a precise mirror for e ectromagnetic
radiation of a selected frequency or a range of frequencies. It would thereby be useful for boh pinpoint
control of friendly communications and interception of enemy transmissions.

This concept has beendescribed in detail by Paul A. Kossey et al. in a paper ertitled “Artificial
lorogpheric Mirrors (AIM).” 30 The athors descilibe how ore caild precisely control the locatonard height
of the region of artificially prodiwced ionization using crossed microwave (MW) beams, which produce
atmospheric brealdown (ionizaton) of neutral species. The implicaiors of sich control are errmous: ore
woud o longer be subject to the vagaries of the natural ionosphere but woud instead have direct cortrol of
the propagation envirorment. Ideally, the AIM coud berapidly created and then woud be maintained only
for abrief opeatioral peiod. A schematic depicting the crossed-beam approach for generation of an AIM is
shown in figure 4fl

An AIM could thearetically reflect radio waves with frequencies p to 2 GHz, which is neaty two
orders of magnitude higher than those waves reflected by the natural ionosphere. The MW radiator power
requrements for such a system are roughly an order of magnitude greater than 1992 gate-of-the-art systens;

however, by 2025 such a power capability is expected to be easily achievable.
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Source Microsoft Clipart Gallery] 1995 with courtesy from Microsoft.
Figure 4-1. Crossed-Beam Approach for Generating an Atrtificial lonospheric Mirror
Besides providing pinpoint communication cortrol and potential interception capability, this technology

woud also provide communication capability at specified frequencies, as desired. Figure 4-2 shows how a
ground-based adiator might generate a seres d AIMs, eachof which woud be tailored to reflecta seleced
trarsmisson frequency. Such an arangement woud geaty expand the awailable bandwidth for
communicaiors ard also eliminate he poblem of interfererce a crosstlk (by allowing ore © use he

requisite power level).
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Artificial lonospheric Mirrors
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Source Microsoft Clipart Gallerydl 1995 with courtesy from Microsoft.

Figure 4-2. Artificial lonospheric Mirrors Point-to-Point Communications
Kosseyetal. alsodescribenow AlMs could be used to improve the capability of OTH radar:
AIM based radar coud be opeated & a frequency chosen to optmize target detection,

rather than be limited by prevailing ionospheric corditions. This, combined with the
possibility of cortrolling the radar’s wave polarization to mitigate clutter effects, coud

result in reliable detection of cruise missiles and other low observable t%\zrgets.
A schematic depicting this concept is shown in figure 4-3. Potential advantages over conventioral OTH
radars include frequency cortrol, mitigation of auroral effects, short range opeation, and deection of a

smaller cross-section target.
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Source Microsoft Clipart Gallery] 1995 with courtesy from Microsoft.
Figure 4-3. Artificial lonospheric Mirror Over-the-Horizon Surveillance Concept.

Disruption of communications and radar via ionogheic control. A variation of the capability
proposd aboveis ionogpheric modification to disrupt an enemy’s communication or radar transmissiors.
Becawse H- canmunicaiorns are cattrolled directy by the ionosphere’s propeties, an atrtificially creaed
ioni zation region could conceivably disrupt aneremy’s ekectromagnetic trarsmissiors. Bvenin the alserte
of anattificial ionization pach, high-frequency modificaion prodwces brge-scak iorospheric variaions
which alter HF propagation characeristics. The payoff of reseach aimed atunderstarding how to cantrol
these wariaiors could be high as wth HF communicaion erhancerert ard degradaion are possble.
Offendve interference of this kind would likely be indistinguishable from naturally occurring pace veater.
This capability codd aso be employed to precisely locate the source of enemy electromagnetic
transmissions.

VHF, UHF, and super-high frequency (SHF) satellite communications coud be disrupted by creating
artificial ionogpheric scintillation This phenomenon causes fluctuations in the phase and amplitude of radio
waves ove avery wide band (30 MHz to 30 GHz). HF modification prodices electron density irregularities
that cause scintillation over a wide-range of frequencies. The size of the irregularities determines which

frequency band will be affected. Understanding how to cortrol the spectrum of the artificia irregularities
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generated in the HF modificaion process stud bea pimary goal of reseachin this area. Additionally, it
may be possible to suppress the growth of natural irregularities resulting in reduced levels of natural
scintillation Creating artificial scintillationwoud alow us to disrupt satellite transmissiorns over selected
regiors. Like the HF disruption described @ove such actions woud likely be indistinguishable from
naturally occurring ewironnental events. Figure 4-4 shows how artificially ionized regions might be used to
disrupt HF conmunicatiors via attenuation, <catter, or absorption (fig. 4.49 or degrade satellite
communications via scintillation or energy loss (flg4b) (from Ref. 25).

POTENTIAL TRANSIONOSPHERIC PROBLEMS
POTENTIAL HF PROBLEMS

ATTENUATION ENERGY LOSS

SCATTE

SCINTILLATION

km REGION

300
100
50

REGION

ABSORPTION-, ..

GROUND GROUND

(@) (b)

Source Microsoft Clipart Gallery] 1995 with courtesy from Microsoft.

Figure 4-4. Scenarios for Telecommunications Degradation

Exploding/disabling space assets traversing ner-spac. The ionosphere cauld potertially be
artificially charged or injected with radiation at a certain point so that it becomes inhopitable to satellites or
other space structures. The resdt cauld range from temporarily disabing the frget to its caomplete
destruction via an induced exploson. Of couse, effectively employing such a capability depends on the
ability to apply it selectively to chosen regions in space.

Charging ace assets by near-space energy trander. In cortrast to the injurious capability described
above,regiors of the ionosphere codd poertially be nodified orused asis to revitalize pace asets, for
instarce by charging their power systenrs. The retural charge of the ionosphere may sewve © provide mostor

all of the energy inpu to the satellite. There have been a number of papers in the last deca@ o electical
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charging of space ehicles; however, accading to ore adhor, “in spte of the significan effort made in the
field bot thearetically ard experimentally, the vehicle clarging problem is far from being completely
understood."33 While the chical challenge is consideral e, the potertial to harnesselectostitc erergy to
fuel the satellite’ s power cells woud have a high payoff, enabling service life extension of space assetata
relatively low cog. Additiorally, exploiting the capability of powerful HF radio waves to accekrate
electrons to relatively high energies may also facilitate the degradation of enemy space assetthrough
direced bonbardment with the HF-induced electon beans. As with attificial HF communicaion
disruptions and induced scintillation, the degradation of enemy spacecaft with sich tecmiques woud be
effectively indistinguishable from naural environnent effects. The investigation and optmization of HF
acceératon mecharisms for both friendly ard hosile puposs b animportant area br future reseach

efforts.

Artificial Weather

While mostweater-modificaion efforts rely onthe exstence d cettain preexsting conditiors, it may
be possble © prodice sarne weather effeck atificially, regardless d preexsting conditiors. For instarce,
virtual weabher cauld be creaktd byinfluencing the weaher informaton receved by anerd user. Their
perception of paameter values or images from gobd or loca meteorologcal information s/stems woud
differ fromrealty. This difference in pecepion woud lead be erl user to meke degraded opeational
decisions.

Nanotechnology & so offers possibilities for areating simulated weather. A cloud, or several clouds, of
microscopic compuer paticles, all communicaing with eachother ard with a larger control system could
provide tremendous capability. Intercomected, atmospherically buoyant, and having navigation capability in
three dimensions, such clouds coud bedesigned to have awiderange of propetties. They might exclusively
block opical sensors or coud adjust to beconme impermeable to other surveillance methods They coud also
provide anatmospheric electical potertial difference, which otherwise might not exist, to achieve precisely
aimed ard timed lightning stikes. Evenif power levels achieved were insuficiert to be aneffecive strike

weapon, the potential for psychological operations in many situations could be fantastic.
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One ngor advantage d uwsing simulated weabher to achieve a desired efect is that unlike aher
approactes, it makes what are otherwise the resuts d ddiberate actors appearto be the casequences d
natural weather phenomena. In addition it is poentially relatively inexpensive to do. According to J. Storrs

Hall, a scientist at Rutgers Lhiversity conducting reseach on nanotechnology, prodiction costs d these

nanoparticles coud beabou the same price per pound as potatoes.34 This of caurse dscaunts reseach ard
development cogs, which will be primarily bome by the private sector and be corsidered a sunk ms by

2025 and probably earlier.

Concept of Operations Summary

Weather affects everything we do, add weather-modification can enhance our ability to dominate the
aelospaceenvirommert. It gves the canmander tools © shape the kettlesace. It gves he logstician tools
to opimize the process. It gves te warriors in the cackpit anopeating ervironmert literally crafted to their
needs Some of the poential capabilities a weather-modification system coud provide to a war-fighting

CINC are summarized in table @f the executive summary).

Notes

lA pilot progam known as Project Popeye conducted in 1966 d@tempted to extend the monsoon season
inorder to increasete anount of mud onthe Ho Chi Minh trail thereby reducing ereny movements. A silver
iodide nuclei agent was dispersed from WC-130, 1 and A-1E aircraft into the clouds over portiors of the
trail winding from North Vietnam through Laos and Cambodia into South Vietnam. Podtive results during
thisinitial programled to cortinued operations from1967 b 1972. While the effects of this program remain
dispued, some scientists believe it resulted in a significant reduction in the enemy’ s ability to bring supplies
into South Vietnam alorg the trail. E. M. Frisby, “Weather-modificationin Southeast Asia, 1966—-1972,"The
Journal of Weather-modificatiob4, no. 1 (April 1982): 1—3.
2 William M. Gray et d., “Weather-modification by Carbon Dust Absorption of Solar Energy,” Journal
of Apylied Meteorolog®5 (April 1976): 355.
Ibid.
* Ibid.
° Ibid., 367.
6 AWS PLAN 813 Appendix | Annex Alfa (Scott AFB, Ill.: Air Weather Service/(MAC) 14 Jnuary
1972)7, 11.Hereafter cited as Annex Alfa.
Capt Frank G. Coors, “Warm Fog Dispersa—A Different Story,” Aerosgpace Sakty 25, ro. 10
(October 1969): 16.
Annex Alfa, 14.
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Chapter 5

Investigation Recommendations

How Do We Get There From Here?

To fully appreciate the development of the specific opeational capabilities weather-modification
coud ddiver to the war fighter, we must exanmine am understard their relatiorship to asseiated core
compeercies ard the developnert of their requisite echnologes. Figure 51 carmbines he specific
opeational capabilities of Table 1 into six core capabilities and depicts their relative importance over time.
For example, fog and cloud modification are currently important and will remain so for some time to come to
conceal ou asset from suveillance or improve landing visibility at arfields. However, as surveillance
assets becone less opically dependent and aircraft achieve atruly globd all-w eather landing capability, fog
and cloud modification applications become less important.

In contrast, attificial weaber techmologes @ not curently exst. But as they are develope, the
importance d their potertial applicaiors rises apidly. For exanple, the aricipated proliferaion of
surveillance technologies in the future will make the ability to deny surveillance increasingly vauable. In
such an envirorment, douds made of smart particles such as described in chapter 4 coud provide a premium

capability.
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Figure 5-1. A Core Competency Road Map to Weather Modification in 2025.

Even today’s mog technologically advanced militaries woud usually prefer to fight in clear weather

ard blue skes. But as war-fighting technologes poliferate, te side with the tecmolog cal advantage will

prefer to fight in weaber thatgives hemanedye. The US Army has alread/ alluded to this approachin their

concep of “owning the Weaher.”1 Accordingly, ssorm modification will become more valuable over time.

The importance d precipitation modificaionis also likely to increaseasusalle water saurcesbecane more

scarce in volatile parts of the world.

As more countries pursue, develop, axd exploit increasing types and degrees of weather-modification

tecologes, we must be alde to deect their efforts aml caunter their actvities when necessar. As

depicted, the technologies and capabilities associated with such a couter weather role will becone

increasingly important.
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The importance d space weaher-modificatonwill grow with time. Its rise will be more rapid at first
as the technologes it can best support or negate proliferate at their fastest rates. Later, as those technologes
mature or becaore obolete, e importance d space weather-modificaion will cortinue to rise bu not as
rapidly.

To achieve the core capabilities depicted infigure 5-1, the necessartechnologes and systens night be
developeal accading to the process dpicted in figure 5-2. This figure illustrates the systems development
timing and sequence necessary to realize a weather-modification capability for the batlespace by2025. The
horizontal axis represents time. The vertical axis indicates the degree to which a given technology will be
applied toward weather-modification. As the primary users, the military will be the main developer for the
technologies designated with an asterisk. The civil sector will be the main source for the remaining

technologies.
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Conclusions

The world's finite resources and corntinued needs will drive the desire to protect people and propeaty
and more efficiently use our crop lands, forests, and range lands. The ability to modify the weather may be
desirable hoth for ecoomic ard defense reasais. The globd weaher systemhas beendesciibed asa seiies
of spheres or bubbles. Pushing down on ore causes another to pop l|1).2 We need b know when arother
power “pushes’ on a sphere in their region, and how that will affect either our own territory or areas of

economic and political interest to the US.
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Efforts ae afead/ under way to creak nore comprehensive weaher modds primarily to improve
forecass, bu reseachers ae ako tying to influence te resdts d these mdds by adding snall anounts o
erergy atjustthe right time ard space. These pogams are exrenely limited atthe noment ard are not yet
validated, but there is great potential to improve them in the next 303years.

The lessors of history indicate a real weather-modification capability will eventually exist despite the
risk. The drive exists. People have aways wanted to cortrol the weather and their desire will conpd them
to cdlecively ard catinuowsly pursue their goal. The notivation exsts. The potertial benefits ard power
are exrenely lucraiive aml aluring for those who have the resaurcesto develop it. This combinaion of
drive, motivation and resources will eventually prodice the technology. History also teactes hat we camot
afford to be without a weather-modification capability orce the technology is developed and used by others.
Even if we have no intention of using it, others will. To call uponthe aormic weaponana ogy again, we need
to be able to deter or counter their capability with o own. Therefore, the weather and intelligence
communities must keep abreast of the actions of others.

As the recedng chapters have stown, weaher-modificaion is a force multiplier with trenerdows
power that coud be exploited across the full spectrum of war-fighting environments. From enhancing
friendly opeatiors or disrupting those of the ereny via snall-scak tiloring of natural weather paterns ©
complete doninarce of globd communicaions ard caunter-space catrol, weaher-modificaion offers the
war fighter awide-range of possible opions to defeat or coerce an adversary. But, while offensive weather-
modificaion efforts woud cetainly be undeitaken by US forces with greatcadionard trepdaton it is clear

that we cannot afford to allow an adversary to obtain an exclusive weather-modification capability.

Notes

! Mary Ann Seagaves aml Richard Szymber, “Weaher a Force Multiplier,” Military Review,
November/December 1995, 69.

2 Daniel S. Halacy,The Weather Change(blew York: Harper & Row, 1968)202.
3 William Brown, “Mathematicians Learn How to Tame Chadsgw Scientist30 May 1992,16.
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Appendix A

Why Is the lonosphere Important?

The ionosphere is the part of the eath's atmosphere beginning at an altitude of about 30 miles aml
extending ouward 1,200 niles or more. This region corsists of layers of free eectrically charged paticles
that trarsmit, refract ard reflectradio waves, allowing those waves to be trarsnitted greatdistarcesaround
the earth. The interaction of the ionogphere onimpinging € ectromagnetic radiation dgpends onthe propeties
of the ionospheric layer, the geometry of trarsmission, ard the frequency of the radiaion For ary gven
signd path through be atmosphere, a range of workable frequency bands exists. This range beween the
maximum usable frequency (MUF) and the lowest usable frequency (LUF), is where radio waves are
refleced ard refraced bythe ionosphere much as a prtial mirror may reflector refractvisible Iight.1 The
reflective and refractive properties of the ionosphere provide a means to transmit radio signals beyond direct
“line-of-sight” trarsmission betweena trarsnitter ard receiver. lornospheric reflecion ard refracion has
therefore been used dmog exclusively for long-range HF (from 3 o 30 MHZz) conmunicatiors. Radio waves
with freguencies ranging from above 30 MHz to 300 GHz are usually used for communications requiring
line-of-sight transmissions, such as satellite conmunications. At these higher frequencies, radio waves
propagae through be ioncsphae with oy a small fraction o the wave scattering beck in a patern
aralogousto asky wave. Conmmunicabrs receive significart benefit from using these fequencies since tey
provide considerally greatr bandwidths ard thus have greaer daa-camrying capacity; they are also less
prone to natural interference (noise).

Although te ionosphere acts as a naural “mirror” for HF radio waves, it is in a condant state of flux,

ard thus, its “mirror propety” canbe limited at times. Like terrestrial weaher, ionospheric propeties
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change from year to year, from day to day, and even fromhour to hour. This ionospheric variability, called
space weaher, can cawse unreliability in ground- and spacebased communicafons that depend on
iorospheric reflecion or trarsnisson  Space veather variaklity affects how the ionogphere attenuates,
albsabs, eflecs, refracs, ard charges the propagation phase,ard anplitude characeristics of radio waves.
These veater dependert charges may arise romcettain space weabher conditions sichas: (1) variahility of
solar radiation entering the uppe amosphere; (2) the solar plasma entering the earth’s magnetic field; (3) the
gravitatonal atmospheric tides prodwced bythe sun ard moon ard (4) the vertical swelling of the
atmosphere due b daytime teatng of the sun.2 Space veater is also significarly afeced bysdar flare
actvity, the ilt of the eath’'s geomagnetic field, ard alruptionospheric charges resdting fromewerts sich as
geomagnetic storms.

In summary, the ioncsphere’ sinheaent reflectivity is a natural gift that hurmans have used to create long-
range communi cations comecting distant points onthe gobe However, netural variability in the ionogphere
reduces the reliability of our communication systems that depend on ionospheric reflection and refraction
(primarily HF). For the most pat, highe frequency communications such as UHF, SHF, and EHF bands are
transmitted throughthe ionosphae withou distortion However, these bands are aso subject to degradaion
caused by ionospheric scintillation a phenomenon induced by abrupt variations in e ectron density aong the
signal path, resulting in signal fade caused by rapid dgna path variatiors and defocusing of the signal’s
amplitude and/or phase.

Understanding and predicting ionospheric variability and its influence onthe transmission and reflection
of electromagnetic radiation has been a much studied field of scientific inquiry. Improving ou ability to
obsve, modd, ard forecastspace weaher will subgantially improve ou communication systems, boh
ground ard spacebased Corsiderabde work is beng conducted, both within the DOD and the commercial
secbr, onimproving observation, modding, ard forecasing of spaceweaber. While consideralde techical
challenges remain, we assume for the purposes of this study that dramatic improvements will occur in these

areas over the next several decades.
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! AU-18, Spae Handbook An Analyst’s Guide Vol. 1l. (Maxwell AFB, Ala.: Air University Press,
December 1993), 196.

2 Thomes F. Tasciore, Introdudion to the Spae Environment (Colorado Sorings: USAF Academy
Department of Physics, 1984), 175.
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Appendix B

Research to Better Understand and Predict lonospheric Effects

According to a SPACECAST 2020 sudy titled, “Space Waher Suppott for Communicaiors,” the
major factors limiting ou ability to observe and accuately forecastspace weaber are (1) curent
ionospheric sensing capability; (2) density and frequency of ionogpheric observationrs; (3) soplistication and
accuacy of ionospheric modds; ard (4) curent scientific undersiarding of the physics d ionosphere-
thermogpheae-magneosgphee couding rnechanism's.l The report recanmends that improvements be realzed
in our ability to measure the ionosphere vertically and spatially; to this end an architecture for ionogpheric
mapping was propoed. Sich a system woud corsist of ionogpheric sounders and other sensing devices
installed on DoD and commercial satellite constellations (taking advantage in particular of the proposd
IRIDIUM systtmard replerishmert of the GPS) ard anexpanded gound-based atwork of ionospheric
vertical sounders in the US and other nations. Understanding and predicting ionospheric scintillation woud
also require launching of an equatorial remote sensing satellite in addition to the currently planned or
deployed DOD and commercial constellations.

The payoff of sich a systemis an improvement in ionospheric forecasing accuacy from the curent
range of 40-60 pecen to anarticipated 80-100 pecert accuiacy. Daily worldwide ionogpheric mepping
woud provide the daa requred to accuately forecast diurnal, worldwide errestrial propagation
charactristics of elecromegnetic erergy from3-300 MHz. This improved brecasing woud asist satellite
operators ard users, resuting in erhancedopeatioral efficiercy of space sgtens. It wodd alko povide an

order of magnitude improvement in locating the sources of tactical radio communications, allowing for

locaton ard trackng of ereny ard friendly pIalJ‘orrns.2 Improved capability to forecastionospheric
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scintillation wodd provide a means to improve conmunications reliability by the use of alternate ray paths
or relay to undisturbed egiors. It woud alko eralde opeatiomal users © ascetain whether ouages were
due to naturally occurring ionospheric variability as opposed to enemy action or hardware problems.
These advances in ionospheric obervation, modding, and prediction wou d enhance the reliability and
robustness of our military conmunications network. In addition to their significant benefits for our existing
communicaiors network, sichadvances ae ako requisite © further exploitation of the ionosphere via acive

modification.

Notes

! SPACECAST 2020, Spae Weather Suppot for Communications white pge G, (Maxwell AFB,
Ala.: Air War College/2020, 1994).

2 Referenced in ibid.
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AOC
AOR
ATO
EHF
GWN

HF

IR

LF

LUF
Mesoscale
Microscale
MUF
MW
OTH
PGM

RF

SAR
SARSAT
SHF
SPOT
UAV

uv

VHF
WFS
WFSE
WX

Appendix C

Acronyms and Definitions

air operations center

area of responsibility

air tasking order

extra high frequency

global weather network

high frequency

infared

low frequency

lowest usable frequency

less than 200 km®

immediate local area
maximum usable frequency
microwave

over-the-horizon
precision-guided munitions
radio frequency

synthetic aperture radar
search and rescue satellite-aided tracking
super high frequency

satellite positioning and tracking
uninhabited aerospace vehicle
ultraviolet

very high frequency

weather force specialist
weather force support element
weather
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