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Our Expe rim e nts

To unde rstand th e  re lationsh ip be tw e e n 
stratosph e ric intrusions and tropopause  
dynam ics.

● H igh  fre q ue ncy ozone -sonde  launch e s:

  EnSci 2Z  GPS sonde s.

  2 or m ore  launch e s pe r day.

● W ind-profiling radars:

  McGill radar in Montre al

  CLOVAR radar in London

  York  U radar in W alsingh am



W ind-profiling radars

● VH F radars ope rating be tw e e n 40 and 52 MH z.

● Be am  h alf-pow e r h alf-w idth  of 2.1 de gre e s.

● Ste e rable  be am  allow s m e asure m e nt of:

  3-dim e nsional w ind.

  Turbule nce  inte nsity.

  Tropopause  h e igh t.



Th e  Radar Tropopause

● Th e  pote ntial te m pe rature  gradie nt 
and th e  absolute  te m pe rature  
gradie nt are  re late d by:

  troposph e ric lapse  rate  = 6 K/k m

  stratosph e ric lapse  rate  < 2 K/k m

● Back scatte re d radar pow e r is approxim ate ly proportional to M2/r2 

  r is th e  range  from  th e  radar.

  M is th e  ve rtical gradie nt of th e  radio re fractive  inde x.

Pote ntial te m pe rature  gradie nt. H um idity te rm .

Th e  abrupt ch ange  be tw e e n th e  troposph e re  and stratosph e re  
cause s a sudde n incre ase  in radar signal stre ngth .



Montre al: Radar total pow e r - May 2005



Montre al: Tw o sonde  profile s

Profile  A Profile  B



Montre al: Ozone  m ixing ratio

Profile  A Profile  B



Mode lling th e  intrusions

● W ith  FLEXPART - W ritte n by Andre as Stoh l

  h ttp://zardoz.nilu.no/~ andre as/fle xtra+ fle xpart.h tm l

● A Lagrangian particle  dispe rsion m ode l

  Th e  m ode l dom ain is fille d w ith  (m illions of) particle s.

  Particle s initially in th e  stratosph e re  are  give n an ozone  
conce ntration calculate d using pote ntial vorticity.

  Ozone  "parce ls" are  th e n adve cte d w ith  th e  m ode l w inds.

● W ind fie ld input from  Canadian fore cast m ode l: GEM

  North  Am e rican re gional grid.

  0.5 x 0.5 de g, 31 le ve ls, h ourly













































W alsingh am : Radar total pow e r



W alsingh am : Ozone  m ixing ratio

































Tropopause  h e igh t -- ozone  intrusion re lation

A com parison be tw e e n sh arp incre ase s in th e  tropopause  and 
stratosph e ric intrusion e ve nts sh ow s good agre e m e nt.



Se asonal intrusion tre nds from  tropopause  data
● Th re e  ye ars of radar tropopause  data from  Montre al.

● Intrusion occurs w h e n th e  tropopause  ve locity >  0.4 k m /h r.



W alsingh am  -- April/May 2006



W alsingh am  -- April/May 2006



● CFCAS - GR444

● Ow e n Coope r - NOAA

● Yve s Roch on, Sylvie  Grave l - Environm e nt Canada

● Ish tar Z aw adsk i, Edw in Cam pos - McGill Unive rsity

● Pe te r Taylor - York  Unive rsity

● Ste lla Me lo, Ron W ilk inson - Canadian Space  Age ncy

● Gw yne th  Care y-Sm ith , Tim  Office r, Mark  van de r Z ande n, Ryan 
van de r Z ande n, Laila Ladh ani, Rach e l Slate r - Te ch nical 
support

Ack now le dge m e nts




