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The potential for change is much greater than our appetiteforit.  be over two hundred years before the Soviets would begin
—Garry Kasparov  to harness this aspect of the space domain theorized by
Newton with the first satellite, Sputnik, igniting the space
race that produced manned spaceflight and today’s ubiqui-
saac Newton first theorized in 1687 that a projectile tous orbiting satellite capabilities.
Ishot with enough force would break free of Earth’s grav- For the United States, conquering the space domain

ity, subsequently falling into continuous orbit.! It would  with its own satellites required political will, deliberate




targeted government investment, and incremental techni-
cal progress. This same grit and persistence is necessary to
master the high-altitude domain with other vehicles adapt-
ed to the task. This article characterizes the high-altitude
domain, explains recent scientific advances that are finally
enabling the technology, and identifies the risks of pursuing
high altitude for military use.

The High-Altitude Domain

Also called “near space,” high altitude most commonly
refers to the upper stratosphere roughly from sixty thou-
sand to one hundred thousand feet above the ground, and
there are two starkly different designs competing for domi-
nance: heavier than air (HTA) and lighter than air (LTA).

The HTA crafts are closer to a classic aircraft design,
dependent on long wingspans, commensurately long solar
arrays, and propellers to maintain sufficient speed to pre-
vent stalling.” The LTA design is a balloon-centric vehicle
containing an altitude-controlling expansive element
(usually helium or hydrogen) that provides lift.

While each design presents unique engineering and
operational opportunities, the balloon design is the focus
of this essay.? Intuitively, balloons at such heights could
perform missions such as intelligence, surveillance and
reconnaissance, communications, missile warning, and
precision navigation and timing. As the space domain
becomes increasingly precarious, balloons offer resilience
and redundancy against overhead capability shortfalls. In
regard to the operational and tactical levels of war, this
technology could allow commanders to surge mission-tai-
lored effects on demand, augment network capacity,
quickly reconstitute lost assets, and integrate payloads
into dedicated mission architectures—and do it at a
fraction of the cost of satellites. But while we may have
crossed a technological threshold that greatly increases
the viability of high-altitude balloons, harnessing the

Previous page: Flying near the edge of space, a NASA Ultra-Long
Duration Balloon (shown) broke the flight record for duration and
distance. The balloon, almost as large as one and one-half football
fields, soared for nearly forty-two days, making three orbits around
the South Pole. The U.S. military has periodically explored the
practicality of employing high-altitude balloons and other similar
vehicles for a range of applications including using them as cost-ef-
fective platforms to launch other flight vehicles into space. (Artist
rendition courtesy of NASA)
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power of this inhospitable domain will depend in part on

conquering meteorology and physics.

Perhaps the most important aspect of this domain is

that at roughly sixty-five thousand feet there is relative-

ly less wind, which theoretically allows for a platform

to maintain semigeosynchronous station keeping

(the ability to maintain relative presence at a specific

altitude) with minimum energy expenditure. In other

words, there is a “sweet spot” in the atmosphere that

should allow for long overhead-loitering capability.

But winds are diminished at high altitude, not

absent, and as balloons are objects in flight, they are at

the mercy of physics and basic aeronautical engineer-

ing. The large surface area of these vehicles mean high

drag, even in the reduced atmosphere of high altitude.

Without active means to resist, the natural tendency

for balloons is to move with the prevailing winds. This

lack of geostationary presence is their major opera-

tional shortcoming. Stratospheric weather is variable,

dependent on season and latitude, with some regions

being relatively inhospitable to high-altitude opera-

tions, especially in certain tumultuous latitudes (such
as those above the Balkans and North Korea).*
Alas, maintaining relative position against the

wind is not the only obstacle high-altitude balloons

must overcome. High altitude is fraught with envi-

ronmental dangers. Surging wind gusts are especially

dangerous and can threaten the structural integrity of

the craft. Also, elevated
ultraviolet (UV) radia-
tion and ozone concen-
trations at altitude have
a tendency to weaken
materials, shortening
available loiter time.”
Additionally, severe tem-
perature swings in the
stratosphere also impact
both the payload and
platform operations.
Without the ability
to maintain location and
overcome the natural forc-
es found at high altitudes,
the capability of these plat-

forms to replicate space ca-

pabilities is severely limited.
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Luckily, with new designs and operational techniques, the
high-altitude industry seems to be advancing in the face of
these inhospitable conditions.

New Advancesin
High-Altitude Balloons

Significant advances in material science and nav-
igation techniques have invigorated the potential for
balloons as a viable military technology. One of the
world’s most innovative firms, Google, has been devel-
oping high-altitude balloon technology to deliver the
internet to less-connected regions such as Sri Lanka,
Puerto Rico, and parts of South America.® Google’s
high-altitude division, called Loon, also plans on deliver-
ing internet access via balloon to Kenya in 2019.” Other
companies, such as Arizona-based World View, have
also made serious advances in high-altitude balloons.?
Based on the commercial interest alone, the technology
should be piquing the U.S. military’s interest.

The basics of evaluating high-altitude vehicles are
rather straightforward. The engineering requirement is
to optimize the trade spaces of size, weight, and power of
the platform.” The total weight of the platform is linear
in terms of the size, which means the heavier the total
weight of the system, the larger the balloon needed. In
contrast, the platform size is exponential in terms of the
altitude desired. In other words, the higher the altitude,
the greater the external pressure, and thus the stronger
the balloon needs to be (in terms of material, size, and
shape).’* This is why some of these balloons expand to
enormous size. For example, while blimps commonly
found at sporting events are considered large, the same
blimps at high altitude would be massive, some larg-
er than a football field."" Again, an increase in overall
aircraft weight (platform and payload) causes a linear
increase in its volume, but increases in altitude require
a corresponding exponential increase in volume. So the
heavier and higher the balloon, the larger it is.

The third major design characteristic is power, and it
encompasses both strength and weight. For a majority of
high-altitude designs, solar energy is currently the predom-
inant source of power. Unfortunately, available solar energy
fluctuates by season and latitude.” Throughout the day, the
average position of the craft’s solar array relative to the sun
does not allow for optimal solar collection. Additionally,
the weight and size restriction of energy storage systems
are limiting. In seasons of favorable solar collection, the

added weight of robust energy storage is a liability to the
overall system." Solar power technology in the near future
is unlikely to be capable of effectively powering the maneu-
verability of high-altitude aircraft, even in the most favor-
able range of latitudes and the calmest of seasons." These
variations in winds and solar availability are frequently
unsynchronized, meaning those times when power is least
available may be when it is most needed.

Balloon Construction

Balloons are only as good as the materials that com-
pose them. The state-of-the-art balloon material is an
extremely thin and relatively lightweight film of polyure-
thane blends.” Only a few microns thick, these plas-
tics-based materials are able to withstand extreme tem-
perature changes in the stratosphere and the increased
solar radiation and ozone effects, all while expanding
many multiples of its original (ground level) inflated
size.'* While these balloons have recently maintained
altitude for over 180 days, staying aloft is a necessary but
insufficient component in providing a useful capability.”

To make use of high altitude, it is necessary for these
balloons to maintain a presence relative to a location on
the earth. The winds in the stratosphere tend to move rel-
atively horizontally and in different directions based on
altitude.' The ability to change altitudes enables a vehicle
to take advantage of this meteorological phenomenon
and navigate to maintain a semi-stable presence. Basically,
the balloon rises or falls to get into the wind current
moving in the desired direction. Current balloon tech-
nology accomplishes this change in altitude by increasing
or decreasing the balloon’s mass by pumping ambient air
into and out of a separate section of the balloon called
a ballonet. At altitude, this minor change in mass causes
a corresponding rise or fall in the balloon, enabling it to
change direction based on the wind patterns. It follows
then that the operational problem now becomes discern-
ing these high-altitude wind directions.

Until recently, science and industry have largely
neglected high-altitude weather patterns. Although there
has been plenty of scientific examination of the winds
and temperature within the stratosphere, the application
of these data to balloon maneuvers has not been a major
consideration.”” And although some weather data exists,
archival data may be as useful to high-altitude flight as
almanacs are to sailing. The extreme variance in strato-
spheric winds will necessitate more real-time weather
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evaluation. In other words, balloon pilots will most likely
need to gather a vast majority of wind data during actual
operations. The inclusion of new data science techniques,
including artificial intelligence and deep learning, may
also increase the viability of balloon navigation.

Moving Forward

Like cicadas emerging from hibernation, the sci-
entific community cyclically revives and then sum-
marily dismisses the quest for high altitude. Because
the design of this technology encompasses such broad
criteria (size, weight, and power), almost any advance-
ment to modern science applies to its development.
Consequently, any marked advance in material seems
to spur an investigation into the renewed promise of
near space. For example, motivated by advances in
Kevlar—a lightweight fiber commonly used in body
armor—a 1977 U.S. Navy study into high-altitude ve-
hicles determined that advances in “modern materials,
structural concepts, methods of analysis, and fabri-
cation techniques will surely make airship structures
lighter, stronger, and more efficient”

How can we determine if balloon technology is ready
for serious consideration as a viable military technolo-
gy? New technology is often wrought with information
asymmetries (information about the performance of
the device or procedure known to only the inventors or

HIGH-ALTITUDE DOMAIN

In 2001, the U.S. Army Space and Missile Defense Command began
to explore the concept of a lighter-than-air High Altitude Airship
(HAA) that could operate for extended periods at an altitude of
sixty-five thousand feet. Equipped with an infrared sensor and a
steel-track or related radar and data relay equipment, the pro-
posed concept could address both National Reconnaissance Office
and ballistic missile defense missions. With a persistent surveillance
capability that could range from fifty to four thousand kilometers
depending upon the final sensor configuration, the areas of con-
sideration for the unmanned airships ranged from border patrol,
counterterrorist, and drug smuggling operations to theater air and
missile defense, cruise missile defense, and national missile defense
missions. Though a number of tests were conducted to validate the
feasibility of the project, the HAA has to date not been built. (Artist
rendition of a HAA courtesy of the U.S. Army)

developers), the existence of which often makes technol-
ogy evaluation difficult. One of the fortunate character-
istics of high altitude is that the performance criteria are
rather straightforward. The vehicle must carry a payload
of a specified weight at a certain height, stay aloft for a
predetermined amount of time, maintain position rela-
tive to a point on the earth, and provide sufficient power
to the payload. The vehicle either accomplishes these
simple criteria or it does not.

Although the evaluation criteria may be intuitive, the
Department of Defense must avoid knee-jerk research
funding of extravagant programs, the kind that have
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failed extravagantly in the recent past. Periodic resur-
gence of interest in the high-altitude domain seems to
cause periods of irrational exuberance and enthusiastic
spending. Convinced that the technology is suddenly vi-
able, government agencies pursue large research-and-de-
velopment undertakings, and these programs often make
unreasonable demands with untested technologies and
inexperienced developers, resulting in inevitable failure.
These acquisition debacles embarrass the responsible
organizations, but even worse, they stagnate high-altitude
research-and-development spending.”!

Perhaps the military needs to start small but con-
tinue steadily. For example, the Manhattan Project
cost the United States $22 billion in current dollars.??
At the same time, for roughly $20 million, the mili-
tary was conducting another secret research project
using bats to incinerate Japanese structures.”® The
project called for releasing the bats with tiny incendi-
ary devices attached to their legs over a Japanese city,
wherein they would instinctively find refuge in the
decorative awnings and structural under-hangings.
Once safely ensconced, a timer would detonate the
attached devices, burning buildings and consequent-
ly the city. The “bat bomb” tests conducted on mock
cities were successful, perhaps too successful, as one
of the tests almost burned down the historic Carlsbad
Army Airfield Base in Carlsbad, New Mexico.”

High-altitude balloons are similar to the bat bomb
in that they are relatively cheap and effective. But
the government must be careful not to incinerate the
opportunity to replicate space capabilities just because
these balloons are, compared to satellites, inexpensive.
In discussion with the author, one high-altitude balloon
manufacturer estimated the initial development and
operating costs for one balloon at $100,000; compare
this to the $1.6 billion each space-based infrared satellite

A "bat bomb” developed circa 1942. The concept called for each
canister to hold one thousand bats equipped with small incendiary
devices. The bombs, slowed by parachutes, would open at one thou-
sand feet and release the bats, which would seek refuge under wood-
en building overhangs and covered roof tops in Japanese urban and
industrial areas. The incendiary devices would be primed to explode
simultaneously, creating thousands of concurrent fires where the bats
roosted. Though tested, the bat bombs were never employed outside
the United States. (Photo courtesy of the U.S. Army Air Forces)
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costs.” Like the Manhattan Project, a majority of the
recent government programs that have attempted to use
high altitude have been extravagant, costly undertakings.
However, in the near term, these simple balloons present
less technical risk, and they may be ready to populate the
stratosphere now. If recent civilian operations are telling,
these balloons are sufficiently advanced to maintain

a long-endurance presence in the stratosphere while
carrying and supplying power to a functional payload.
As the space domain becomes more difficult to main-
tain, our government needs a viable alternative. Given
the possibility of a much publicized “impending war in
space;” should the Department of Defense not entertain
relatively inexpensive solutions to this space dilemma?*

Conclusion

Recent advances in diverse technological frontiers
such as materials and information sciences have reig-
nited hope in harnessing the high-altitude domain. But
before balloons can supplant satellites, the technology
has to overcome some serious limitations. The solution

HIGH-ALTITUDE DOMAIN

to maintaining balloon presence is mastering the winds.
And although balloon navigation is still in its nascent
stages, archival data, experimentation, preoperation-
al flights, and predictive algorithms could eventually
allow a functional geostationary presence at most
latitudes and in most seasons.

Most importantly, our government must avoid
wasteful mistakes that tarnish the idea of using high
altitude. Past enthusiasm in high altitude has been akin

»

to the clairvoyant financial “guru” who adamantly pro-
claims that the stock market is going to crash, although
history dictates it will crash eventually. Likewise, it

is inevitable that technology will eventually enable
high-altitude vehicles to replicate much of the current
space capabilities. In the future, advanced algorithms,
weather sensors, autonomous flight, advanced arti-
ficial intelligence, and data science should help im-
prove station keeping and enhance the viability of the
balloon concept. But for the military to develop and
implement these technologies will require incremental
investment, learning, and patience. W
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