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Introduction 

ÅWeather hazards to airship operation 

ÅHazard mitigation 

ÅWeather over complex terrain 

Å Prediction 

ÅRoute planning and optimization 

Å Severe weather avoidance 

Å Finding favorable winds 
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Airship Weather Hazards 

ÅWinds 

Å Can equal or exceed the speed of travel 

Å Turbulence and large eddies can cause 

problems 

Å Wind gusts near ground have caused numerous 

airship accidents 

Å Terrain-induced winds and turbulence 

ÅTemperature extremes 

Å Affects buoyancy and hence the ability to climb 

or descend 

Å Super-stable near surface layers can disrupt 

landing attempts 
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Airship Weather Hazards 

ÅIcing 

Å Loads the airship 

ÅPrecipitation (rain, snow, hail) 

Å Loads the airship 

Å Induced downdrafts can pose a 

serious hazard 

Å Hail can damage the envelope 

ÅThunderstorms 

Å Updrafts and downdrafts 

Å Turbulence 

Å Gust fronts 

Å Precipitation 

ÅHeavy rain, hail 
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U.S. Naval Historical Center Photograph 

http://www.history.navy.mil/photos/images/h42000/h42038.jpg  

USS Shenandoah crashed in 1925 when caught in a 

storm over Ohio 



© SAIC. All rights reserved.  SAIC.com 

Hazard Mitigation 

ÅAirships are (usually) slow, underpowered, and large 

Å High inertia 

Å It may not be possible to take evasive actions at the last minute 

ÅAvoid é Avoid é Avoid 

Å Avoid takeoffs and landings in adverse weather 

Å Avoid regions of adverse weather during flight 

ÅAdvance planning 

Å Use detailed weather information and forecasts 

Å Alternate routes and landing sites 

ÅConstant monitoring and updates 

Å Use detailed weather information and forecasts 
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However é 

ÅWeather forecasting and analysis tools have significantly improved over the years 

Å Higher resolution 

Å Improved terrain representation 

Å Improved physics 

Å Improved computational performance 

ÅOperations on large parallel systems 

ÅObservational systems have also improved 

Å Satellite observations 

Å Doppler radar 

ÅGround-based 

ÅOn-board 

Å Automated observing systems 

ÅModern navigation systems 

Å GPS 
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Weather Prediction over Arctic Regions 
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Weather over Arctic Regions 

ÅWeather systems exhibit higher pressure gradients 

Å Generate high winds 

ÅSudden changes in weather 
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Gradients are Tighter over the Polare 

Regions 
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Winds at 500 mb (~ 5 km MSL) 
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Winds at 300 mb ( ~10 km MSL) 
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Weather over Arctic Regions 

ÅWeather over Arctic Regions, especially in the lower troposphere, is 

affected by terrain features 

Elevation 

Land-water boundaries 

Snow and ice cover provides large contrasts in solar albedo 

ÅTerrain-induced weather 

Down-slope winds 

Fog 

Precipitation events 

ÅComplex terrain poses special challenges to the weather 

forecaster/modeler 
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Fundamentals of Numerical Weather 

Prediction 

Laws of Conservation start with QV
t

Q

dt

dQ C

If Q is conserved 0
dt

dQ

Hence QV
t

Q C
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Divide and Conquer 

ÅThe conservation equations have to be solved 

over the entire domain of interest, may be over 

the whole globe 

ÅTo make this feasible, we divide the domain into 

little bits within which we can assume that the 

properties do not change significantly 
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Divide and Conquer 

In each small cell or grid, the 

continuity or conservation 

calculations become simpler book-

keeping calculations of what flows 

in and what flows out. 



© SAIC. All rights reserved.  SAIC.com 

SAICôs OMEGA 

Operational Multiscale Environment model 

with Grid Adaptation 
 

ÅA new paradigm in NWP 

ÅA merging of state-of-the-art CFD techniques with well-validated atmospheric 

parameterizations 

ÅMultiscale treatment ï implicit up- and down-scale interactions 

ÅEfficient use of large parallel computers 

ÅComplete NWP system 
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OMEGA Grid Structure 
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ωOMEGA uses a triangular mesh that is 
unstructured in the horizontal, but 
structured in the vertical direction. 

- Because triangles can adapt best 
to surface and atmospheric 
features, they significantly increase 
the modeling accuracy. 

ωThe coordinate system is Cartesian with its 
origin placed at the center of the Earth, 
the x-axis through the Equator and the 
prime meridian, and the z-axis through the 
North Pole. 
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Weather Prediction over  

Complex Terrain 

ÅAccurate prediction over complex terrain requires the accurate representation of 

the terrain in the model 

ÅState-of-the-art models such as the Operational Multiscale Environment model 

with Grid Adaptivity (OMEGA) uses a triangular unstructured mesh to represent 

the terrain at the best resolution possible under computational constraints 

Mt. McKinley

Kodiak Island

Kenai Peninsula
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Example 

Alaska ï Computational Grid 

Å Resolution: 

ï 40 ï 60 km background 

ï 15 ï 40 km intermediate 

ï 6 ï 15 km finest 

Å 20,000 cells × 36 layers 
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Automated Optimized Grid Generation 

ÅOMEGA generates a grid that is 

optimized to resolve terrain at 

required resolution 

ÅTriangular grid fits terrain better than 

traditional rectilinear grids 

ÅAdaptation to 

Å Terrain slope 

Å Land/water boundaries 

Å Other user specified criteria such as 

specific locations 

ÅGrid can adapt to evolving solution 

Å Adaptation to storms such as 

hurricanes 
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