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High altitude balloon have been used for over 70 year for 
near space exploration. Flying at altitudes in excess of 
100,000 ft above the surface of the Earth for days, scientists 
can perform experiments and obtain data not possible 
below the troposphere. 



One doesn’t have to go up very far to 
get above most of Earth atmosphere.  



GNSS 

Near Space: 

At 65,000 ft (20 km; 12 miles) 
one is 25 times closer to the 
ground than low earth 
satellites (300 miles up) and 
nearly 2000 times closer than 
geosynchronous satellites 
(22,500 miles up).  



Stratospheric ozone 
contains 90% of the 
Earth’s atmospheric 
ozone which acts as 
the planet’s primary UV 
radiation shield. 

Good for us, but 
prevents UV and X-ray 
astronomical 
observations to be 
made from altitudes 
less than around 30 km 
(100,000 ft). 











Antarctica December 2006 
Mark Devlin (U. of Penn.) 





The BLAST Telescope vs.  
The HUMMER 

•  Approximately the same size and weight. 
•  Both available in RED. 



SWEDEN 2005 







This is a GREAT Landing!!!.... But did it Work? 









No data!  





The science payload was 
dragged for dozens of 
miles across the Antarctic 
terrain with the data disks 
and recorders found 
nearly 75 miles from initial 
landing site. 



Data!  





There must be a more elegant 
way to do near space science! 



How about an airship? 

A science airship vehicle might carry a less massive 
payload in contrast to large balloons NASA uses and 
fly at altitudes less than 100,000 ft, but because its 
maneuverable would not be restricted to polar regions. 



Advantages of Airships 

1)  Maneuverable allowing for possible station-keeping 
2)  Offer continuous night and day operations 
3)  Wide latitude range; not limited to polar regions 
4)  Simple line-of-sight communications 

Disadvantages of Airships 
1) Atmospheric density limits altitude to around 90,000 ft  

and hence no UV or X-ray flux from space 
2) Practical payload masses are well below that of NASA   
    high-altitude balloons 
3) May not be able to station-keep throughout the year 



May 1937 



Airship use continued after 1937, but for the most part only 
helium-filled military airships remained in use. Since helium was 
difficult to obtain outside of the United States, few other 
countries retained their airship programs.  

By the time that World War II began, the United States Navy 
was the only military force in the world that had an airship 
division. 



Rand Report 2005 



Atmospheric Turbulence 

Rand Airship Study 2005 



The concept of a buoyant stratospheric vehicle which can 
hover over any geographic location for long periods of time 
has been the “Holy Grail” in the LTA community for decades. 





There’s been a lot of excitement lately from both the 
military and telecommunication companies regarding 
the development of new, large airships positioned at 
high altitudes for a variety of missions. 



     High altitude airships have various sizes and shapes 









An airship flying at 67,000 ft can survey an area of 
radius 300 miles. 

Most of the large DoD airships built to date in attempt to 
obtain Intelligence, Surveillance, and Reconnaissance (ISR). 





The Line of Sight Area for a Platform at 65,000 ft. 



There’s also been a push for much lower flying 
airships for multi-missions as an unmanned or 
manned intelligence gatherer or cargo vehicle. 

Lockheed Martin’s P-791:  
This airship can stay aloft for up to 
three weeks at an altitude of 20,000 
feet and carry 20 tons of payload.  

Northrup Grumman’s LEM-V 
More than 21 days endurance 
with 2,750 lbs payload (in anISR 
configuration) and aservice ceiling 
of 22,000 ft. 

Aeros’ Aerocraft ML866/M868 
With a length of 500 ft, this airship 
will be capable of carrying a 60 ton 
load at 120 kts over a distance of 
3100 nm. 







US Military Airship Budgets 
Name          Prime Contractor      # of units      Operational altitude      FY07--FY14       . 
Blue Devil   MAV6                               1                  20,000 ft                  $243.6 million 

HALE-D     Lockheed Martin              1                   60,000 ft                   $36.3 million 

ISIS             Lockheed Martin              1                   65,000 ft                 $506.7 million 

LEM-V       Northrup Grumman           1                   20,000 ft                $356.2 million 

Pelican        Aeros                                 1                     tech demo               $42.4 million 

StarLight     Global Near Space            1              65,000-85,000 ft            $2.1 million 

HiSentinel    SwRI                                 2                   66,000 ft                  $11.2 million 

PGSS           Aerostar & TCOM           59               6,000-9,000 ft            $2,108 million 

PTDS           Lockheed Martin             66                      8,000 ft                 $3,170 million 



Lockheed Martin’s High Altitude 
Long Endurance-Demonstrator 

(HALE-D) 



Near Space starts only 12 miles away. 
Why has it been so difficult to build HA airships? 

• Station-keeping at night requires battery or power 
cells increasing weight. 

• High altitude winds can be very strong at times 
requiring considerable propulsion also meaning 
increased weight. 





The higher up one goes, the larger the LTA 
vehicle needed. 

The bigger the payload mass, the larger the LTA 
vehicle needed. 

 And the bigger the airship, the harder it will be to 
fly and push against the stratospheric winds. 



Rand Airship Study 2005 

This figure shows airship volume as a function of operating ceiling altitude 
and total system weight. Note that volume increases exponentially with 
ceiling altitude and linearly with weight.  
For altitudes over 70,000 ft, airships become spectacularly large unless 
gross weight is small and thus harder to push requiring more engine power 
and hence more solar collectors and/or batteries meaning even greater 
weight and even larger envelopes. 



Funding from DoD has also been a problem. 

-- Development of high altitude, long duration 
airships has suffered from a lack of strong and 
consistent customer support. This plus some 
unreasonable airship specs and ever evolving ISR 
requirements have made for a limited and halting 
progress.   



     Why not use the designs, experience and lessons 
learned from a number of these recent well-funded 
DoD airship programs. 

    The science community has realized that good 
(great!) balloon science can be done using 
instrumentation weighing less than a couple of tons.  



Earth and Atmospheric Science 

Airships/blimps that are currently flying can obtain 
data not easily possible from aircraft or satellites. 



Airships: Urban dome carbon monitoring  

Duren, R.M and C.E.Miller (2012), Measuring the Carbon Emissions of Megaci?es, Nature Climate Change 2, 560–562 (2012) doi:10.1038/nclimate1629.  

Manned airships could provide in situ data for urban 
areas regarding air quality, reactive chemistry, etc. 
not possible from conventional aircraft. 



Airships: A low flying, near station-keeping 
airship could provide long term observational 
data for atmospheric studies that aircraft 
flights cannot easily provide. 

Gas and Particle 
Concentrations Air Quality Predictions  Pollutant Data 



Low altitude Airships: Climate threshold 
elements in the arctic 
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opinion & comment

cold winters in Europe (another reason 
for concern, namely risks of extreme 
weather events). Near complete loss of the 
summer sea ice, as forecast for the middle 
of this century, if not before, will probably 
have knock-on e!ects for the northern 
mid-latitudes, shi"ing the jet streams and 
storm tracks. Several tipping elements have 
already been set in motion and changes are 
accelerating (Table 1). But, are they about to 
reach their tipping points?

Semantic confusion
Shrinkage of the summer Arctic sea-ice 
cover has accelerated faster than predicted 
by models, with the $ve lowest minima 
on record occurring during 2007–2011 
(Fig. 1b). Before any of these recent events 
occurred, it was argued that a tipping point 
had already been passed. Within a decade 
hence, summer sea ice could be largely 
con$ned to north of the coasts of Greenland 
and Ellesmere Island — the only location 
where substantial multi-year ice will be 
found6. By mid-century, an ice-free summer 
Arctic Ocean looks likely, and this transition 
to a purely seasonal cover of $rst-year ice 
could involve a tipping point. But other 
scientists strongly disagree, and the media 
have recently taken up their cause.

Early last year, a paper showing that 
modelled summer ice loss can be quickly 
reversed3 led to headlines such as ‘Tipping 
point not likely for Arctic sea ice’. And in 
August, the BBC (and a suite of websites) 
announced that Arctic tipping points may 
not be reached, based on a study in which 

the term ‘tipping point’ was not even 
mentioned7. At the heart of the disagreement 
is a semantic confusion; the assumption that 
a ‘tipping point’ is synonymous with passing 
a bifurcation point, which must inevitably 
lead to irreversible change. Instead, we argue 
that tipping points do not have to be points of 
no return8. On the contrary, several tipping 
points, such as the loss of summer sea ice, 
may be reversible in principle, though hard to 
reverse in practice. Di!erent types of tipping 
phenomena have been recognized, including 
reversible ‘noise-induced’ transitions between 
di!erent attractors of a system.

%is semantic confusion masquerading 
as scienti$c debate, although providing 
excellent media fodder, is distracting from 
the urgent need to tackle abrupt change in 
the Arctic.

Early warnings
%e fact that sea ice has almost recovered to 
its full areal extent in the winters following 
recent minima does not imply that the ice 
loss has been fully reversed. %e thickness 
of the ice cannot be rebuilt over one winter 
following summer minima. Indeed, the 
sensitivity of Arctic sea ice to climate 
warming depends on the thickness of the ice6. 
Although records of Arctic sea-ice thickness 
are far less robust than those of its areal 
extent, they show unambiguously that Arctic 
sea-ice volume has declined dramatically over 
the past two decades. Most of the sea-ice area 
present in the spring now represents $rst-
year ice, prone to melting during summer. As 
a consequence, the variability of Arctic ice 

extent has increased dramatically since 2006 
relative to the period 1979–2006 (Fig. 1b)5,8. 

%is increase in variability could 
represent an early warning of an approaching 
tipping point9. Complex, nonlinear systems 
typically shi" between alternative states in 
an abrupt, rather than a smooth manner. 
%ese states can be pictured as neighbouring 
valleys, and the initial behaviour of a system 
can be pictured as a ball rolling around in 
one of the valleys. If the resilience of a state 
is being eroded, that valley is getting broader 
and shallower. As this happens, the ball will 
undertake larger and longer excursions from 
the bottom of the valley. If there is enough 
‘noise’ in the system the ball may even start 
to make excursions to the other valley. %ese 
are both causes of increased variability. 
Recent analysis suggests that the acceleration 
of sea-ice decline around 1996 was preceded 
by an increase in sea-ice variability nearly a 
decade beforehand8.

As well as Arctic sea ice, we must 
consider the resilience of Arctic marine 
ecosystems whose fate is clearly connected 
to that of the sea ice. Reduced ice extent 
is expected to change the size and species 
composition of plankton in an irreversible 
manner, with signi$cant rami$cations for 
harvestable production, key $sh species, 
ice-bound fauna and air–sea carbon dioxide 
exchange5. %ese ecosystem changes may 
carry their own early warning signals.

Solutions
We suggest a systematic e!ort should be 
made to look for early warning signals of 

Figure 1 | Arctic climate change. a, Map of potential Arctic climate tipping elements. Systems ringed are suggested tipping elements. Tipping elements are: 
those that involve ice melting (white); those that involve changes in ocean circulation (often coupled to sea ice and/or atmospheric circulation) (aqua green); 
and those that involve biome change (dark green). b, Monthly anomalies in Arctic sea-ice extent (blue line) relative to the monthly averages for the period 
November 1978–July 2011 and the average variance in sea-ice-extent anomaly over 16-month running windows (red line). Data taken from ref. 35.
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A low flying 
airship/blimp 
could provide 
valuable short 
and long term 
data on ice 
sheet melt and 
glacial dynamics 
at a spatial 
resolution 20 
times better than 
a LEO satellite. 



High Altitude Airship Science 



High Altitude Airship Science 

Water transport into the lower stratosphere 

Convection Flows 



   Lighting from cloud tops into the ionosphere 

High Altitude Airship Science 





These atmospheric discharges occur 
very high in the Earth's atmosphere - 
much higher than the familiar form of 
lightning. Red sprites appear red in 
color and go from the tops of clouds 
to as high as the ionosphere - an 
ionized layer 90 kilometers above 
the Earth's surface. They last only a 
small fraction of a second.  

RED SPRITES 



Studies of volcano plumes 



Studies of volcano plumes 





Planetary and Astrophysics 

For astronomical observations, high altitude airships 
are an especially attractive option for obtaining 
quality science data such as high-resolution imaging. 



Well, how high up do you have to go to avoid all 
clouds and stormy weather and start having 
space-like, high-resolution imaging conditions? 



A photo taken from the window of a TR-1 (U2) aircraft 
from an altitude of around 70,000 ft. 



A telescope mounted on an high altitude airship 
would, with the right instrumentation and guidance 
system would be a powerful observatory. 

At 65,000 ft (20 km), one is above all but 5.5% of 
the atmosphere.  

At 85,000 ft (26 km) just 2.3% of the atmosphere 
lies overhead. 



Southwest Research Institute’s 
HiSentinel airship can carry a 
100 -200 lb payloads on it 
upper surfaces to altitudes of 
65,000 to 70,000 ft for up to 7 
days.  

Lockheed Martin’s HALE-D 
airship can fly at 65,000 ft 
and carry a 100 payload for 
21 days, while the full scale 
HAA could carry 1000 lbs 
for week or even months. 







SOFIA: Stratospheric Observatory For Infrared Astronomy 
                           Altitude:             41 kft                                   

             Primary Mirror Diameter:             2.5 m  (~ HST )                               

                              Image quality:        ~ 3” @ 5 microns             

            Diffraction image quality:         > 15 microns                         

                   Wavelength regime:         0.3 – 1600 microns                                   

 Number of observing hrs per yr:            960 hrs (~ 8 hrs per night)  

Development/Construction Cost:           $482M                                   

 Est. Operations costs per year:            ~$40M                                  



Even at an altitude of 14 km 
(46 kft), nearly a mile above 
where NASA’s SOFIA 
747SP flies, there are still 
many strong atmospheric 
absorption features between 
5 – 10 microns. 

And these can vary with 
time. 

But nearly all these features 
go away when flying at 28 
km (90 kft), with little gained 
by flying higher than this. 





The high value of angular resolution 



8.3 m Subaru at Mauna Kea 2.4 m HST/ACS Ultra Deep Field 



A 2-meter airborne telescope could potentially 
provide 0.05” acuity in the visible – a capability that 
only the Hubble Space Telescope currently provides. 

Being above the weather, an airship platform could 
provide such data night after night, day after day for 
as long as the platform remained at high altitudes. 



HR 8799  

Direct imaging of exosolar planets 



High resolution visible and near infrared 
imaging of the Sun’s surface features. 



                                     Conclusion 

  Airships offer a great new opportunity for science.  

They represent a unique and versatile platform for 
a wide range of Earth reconnaissance, in-situ 
atmospheric measurements, and astronomical 
observations that could rival space-based missions.  




