
P1: Vortices in the atmosphere 
http://weatherclimatelab.mit.edu/projects/weather-and-extremes/observation-data 

jet stream blizzard hurricane tornado 

Let’s first consider the jet stream 
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The “largest”  

vortex on earth 

is the 

the jet stream 
 

A band of strong winds  

blowing from west to east 

at the level of ~10 km  

 

Click on the image and 

 play the movie 

https://vimeo.com/318678158


The jet stream is located at ~10 km (or 250 mb level),  

at the tropopause, where the troposphere transitions into the 

stratosphere.  

Troposphere 

Stratosphere 

tropopause 



Does the earth rotation matter for 

understanding the jet stream? 
  

• Use EsGlobe particle tracking interface to 

compute how long does it take for an air particle 

in the jet  to go around the full globe. 

 

    EsGlobe link: http://cmpo5.mit.edu/307 

 

• Compute the Rossby number as a ratio of time 

scales and discuss the relevant balance of 

forces.  

 

http://cmpo5.mit.edu/307
http://cmpo5.mit.edu/307
http://cmpo5.mit.edu/307


Use the esGlobe:  : http://cmpo5.mit.edu/307  

to explore the wind for other weather systems 

and estimate the Rossby number as a ratio of 

time scale – see example below. 

http://cmpo5.mit.edu/307


Initial time: 2019-02-26 00z 

trajectory - forecast 

850 mb level = 1.5 km 



500 mb pressure level 

Altitude: ~ 5 km 

Streamlines 

path of fluid particles in an instantaneous flow 

Trajectory 

path of fluid particles in a time 

dependent flow  



Streamlines:  

path of fluid particles in an instantaneous flow 

Trajectories:  

path of fluid particles in a time dependent flow  

Do not confuse them!!! 



jet stream blizzard hurricane tornado 



Mid-latitude Vortex 

Case study: blizzard of Feb 27-28, 2023 



Blizzard: Feb 27-28, 2023 

https://www.dropbox.com/s/nh7ui4xqyet4g9b/G16_conus_GEOCOLOR_240fr_20230227-2320.gif?dl=0


Blizzard: Feb 27-28, 2023 

700mb 

height(m) 

and 

wind(m/s) 

 
Note: 

wind is plotted 

in “barbs”, 

using the 

convention of 

the surface 

wind, see 

next slide. 

 

 

 
 

 

 

 

 

 

GEMPAK 
(General 

Meteorological 

Package, 

Unidata) 



http://www.wpc.ncep.noaa.gov/html/stationplot.shtml 

Note: upper level winds are plotted in m/s following the convention of the surface 

winds, as described below. 

http://www.wpc.ncep.noaa.gov/html/stationplot.shtml


In class exercise 

 

Use the observed wind at 700 mb, from the previous 

slide, and estimate the Rossby number at three 

locations away from the center of the storm:  

1000km,  

600km, 

200 km  

 

Compare your values to the Rossby number 

computed using GEMPAK, a common 

meteorological package, see following slide.  

 

Discuss your results. 

 



Feb 27 at 00z, 2023 

Rossby number (using GEMPAK) 



Hurricane 



EsGlobe and GEMPAK uses a global dataset: 

  

winds from the GFS - Global Forecast Model (NCEP) 

  

lat, lon grid with a resolution of ¼ of degree = ~ 25km 

Not enough resolution to represent well an hurricane, which has a radius of 

few hundreds km  

To study the balance of forces in a hurricane we are using a special dataset:  

surface wind data from the “scatterometer” instrument 

 

See scatterometer_instructions 

http://weatherclimatelab.mit.edu/scatterometer-instructions


Hurricane flow and the balanced vortex experiment   
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Summary 

Tank: f = 2Ω 

Atmosphere: f=2Ωsinφ, where φ is latitude  
http://weathertank.mit.edu/links/projects/balanced-vortex-introduction/balanced-vortex-theory  

f = Coriolis parameter 
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Atmospheric vortices: balance of forces 

 





Is the jet stream in geostrophic balance? 

 

Use January climatology to veryfy it  



Uwind - climatology 

(west to east wind) 



Height climatology 



Jet stream in geostrophic balance ? 

Pressure Gradient Force 
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Coriolis Force 

Put number in  



Pole Eq 

Warm Cold 

z 

p- p+ 

The Pole to Equator temperature difference induces  

a N-S pressure gradient,  

with a Low pressure over the Cold Pole 



Pole Eq 

Warm Cold 

z 

p1 

p4 

p2 

p3 

Because of the north-south temperature difference  

Pressure gradient force is increasing with height 

Geostrophic wind is increasing with height and 

 a maximum at the trpopause 


