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The EOLE Experiment

EOLE released 480 isopycnal balloons from three 
sites in Argentina [(33S, 69W), (39S, 68W), (53S, 
67W)] during Sept 1971 –  Nov 1971.  The balloons 
drifted at about 200 mb with most devices lasting 
more than 3 months (average 150 days). An EOLE 
satellite was launched in August 1971 (by a NASA 
rocket) to establish balloon locations (accuracy 
~1-2 km) and acquire balloon data.

The balloon tended to group between 30°S and 
60°S.  The largest number of observations were 
obtained during the late southern spring.  The 
experiment provided a 313-day long dataset for 
velocity fields, but considerably shorter for 
temperature fields due to failures in the 
temperature sensors.  The analyses included zonal 
indices, momentum flux and mean and perturbation 
kinetic energy of the southern upper troposphere.



   

UKMO Stratosphere-Mesosphere Model 
(SMM)

32 levels equally spaced in log (p)

vertical resolution ~2 km

horizontal resolution: 5˚ long. ×5˚ lat.

Geopotential height at 100 mb is prescribed

Prognostic variables (all other levels): u, v, 
T

Radiation code: Shine (1987)

0.01 mb



   

Trajectory Calculation

Method I

Method II
*   Data available 
every 20    minutes

** Data available 
every 24 hours

Options

 

 
 
 

On-line*

Off-line**ρ = constant

ρ = 
constant



   

QuickTime and a
TIFF (LZW) decompressor

are needed to see this picture.

QuickTime and a
TIFF (LZW) decompressor

are needed to see this picture.



   

Dispersion characteristics for a set of balloons launched 
during the period 30 September to 9 October 1987 from 

290°E, 70°S, and 50 mb

Coefficients are determined for time in hours and distance in kilometers.

20407001200F = 1.68<D2> = Ft
718180640h = 6.45 × 103<D2> = ht3

1.5490150l = 0.035k = 687<D2> = kelt

Time Scale 
(days)

Space 
Scale (km)

Dispersion 
Law



   

Pre-VORCORE Campaigns



   

Trajectories of SPB1, SPB2 
and SPB5 (Labels indicate days in 

1998) 

Behaviors can be interpreted as the zonal-mean flow and 
a mixed Rossby-gravity (Yanai) wave with an apparent 
period of about four days and zonal wavenumber 4.  There 
is also evidence of a Kelvin wave with an apparent 
period of about 10 days and zonal wavenumber 1 (Vial et 
al., 2001). 



   

Vial et al., JGR 2001



   

Kiruna 2001 Campaign

QuickTime and a
TIFF (LZW) decompressor

are needed to see this picture.



   

Kiruna 2001 Campaign

The labels on the 
trajectories indicate 

days in 2001.

Table 2: SPB Flight Characteristics during the 2001 Kiruna Campaign 
SPB  Launch  End  Duration (day)  P (hPa)  z (km) 
K1  17/3  11/4  25  65.0  18.3 
K2  21/3  29/5  69  57.1  18.9 
K3  27/3  15/4  19  62.0  19.0 

 



   

Kiruna 2001 Campaign

Evidence of inertial oscillations
Zoom on the Kiruna campaign trajectories over northern Scandanavia and 

northwestern Russia 



   

Kiruna 2002 Campaign



   

Accuracy 
of ECMWF 
Analyses



   

 Objective:
To study the key dynamical processes during the different 
stages of a stratospheric sudden warming (case selected: 
February 1979)

 Methodology:
Analyses of the results simulated with a global version of the 
isentropic vertical coordinate model developed by Hsu and 
Arakawa (1990).

  Model Description 
Horizontal domain:  Global
Vertical domain:  above the 400-K isentropic surface
Horizontal resolution:  5° longitude x 4°latitude
Vertical resolution:  23 layers (δz  1.7 km except at ≈
the highest layer)
Heating:   Newtonian-type
Friction:  Rayleigh-type (in the top four layers)

 Initial conditions below 10 mb and lowe boundar condition:
NCEP/NCAR reanalysis data for temperature, geopotential height 
and wind.

 Intitial conditions above 10 mb:
The NMC data for temperature and geopotential height.  The 
geostrophic relationship is used for wind, except between 
(20°N-20°S), where a linear interpolation in latitude is made



   

   “Control” Simulation
        Horizontal wind and pressure are initialized on 17 February 
using the observation.
        Montgomery potential at the lower boundary is prescribed 
using the observation for all t.
        Integration is performed over 20 days covering the entire 
evolution of the warming.   Results
           In the warming stage, the simulation captures major 

observed features such as 
m  break up of the initial polar vortex into two 

vortices,
2. warming of the polar region,
3. reversal of zonal mean wind to easterlies.

           In the recovery stage, the simulation also captures

     1. returning of the main vortex over 
the polar region,

     2. cooling of the polar region,
     3. recovery of westerlies in the lower 

stratosphere.



   



   



   

 

  Initial Condition 
Horizontal Wind and Pressure 

(17 Feb 1979) 

Lower Boundary 
Montgomery Potential 
(prescribed * for all t) 

CONTROL  Zonal Mean + All Waves  Zonal Mean + All Waves 
EXP I  Zonal Mean + Wave 1 + Wave 2  Zonal Mean + Wave 1 + Wave 2 
EXP II  Zonal Mean + Wave 1 + Wave 2  Zonal Mean + Wave 2 Only 

“ Control”  vs. “ Experimental” 
Simulations 

Period: 17 Feb – 9 Mar 1979

*The lower boundary condition is modified to avoid internal reflections 
when the wave is propagating downward near the lower boundary.



   



   

QuickTime and a
TIFF (LZW) decompressor

are needed to see this picture.

AGCM (7.3, HR) Simulation



   

Conclusions
• Simulated trajectories allowed for estimates of 
balloon dispersion in the lower stratosphere 
(Exponential-Cubic-                    Linear).

• “ On-line”  and “ Off-line”  calculations of 
individual trajectories can give very different 
results.

• Trajectories of SPBs in the Ecuador campaign 
provided the first quasi-Lagrangian observation 
of Yanai waves.

• Trajectories of SPBs in the Kiruna campaign 
provided the first quasi-Lagrangian 
observations of inertial waves.

• ECMWF analyses of the meridional component of 
the wind at the equator are too weak.  NCEP 
analyses of temperature in the northern polar 
region can have differences that can be locally 
up to 5K.

• SPBs can drift between potential temperature 
surfaces that are 40K apart, but they remain 
near the same PV isolines.


