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Introduction 
 Tropopause folds are an important stratosphere-to-

troposphere exchange process.  

 This study presents an analysis of the turbulence in 
and around tropopause folds using in situ 
observations collected during the Stratospheric-
Tropospheric Analyses of Regional Transport 
(START08) experiment. 



The Tropopause 
 What is the Tropopause? 

 2 Ways to Define the Tropopause 

 Dynamically using Potential Vorticity (PV) 

 Thermally using lapse rates 

 WMO definition: “The boundary between the troposphere 
and the stratosphere, where an abrupt change in lapse rate 
usually occurs. It is defined as the lowest level at which the 
lapse rate decreases to 2 °C/km or less, provided that the 
average lapse rate between this level and all higher levels 
within 2 km does not exceed 2 °C/km.” 

 

 



 

 

 Boundary between the well-mixed troposphere and 
the stable stratosphere 

 

 Behaves to some extent as a material surface 

 

 In the extratropics, boundary between tropospheric 
and stratospheric air is sharp in terms of chemical 
composition 



What is a Tropopause Fold? 
 

 Jet stream →departures from geostrophic balance → 
ageostrophic circulation → stratospheric air 
downward → tropopause folds. 

 

 Thought to be the primary mechanism for 
stratosphere-to-troposphere transport in the 
extratropics  

 

 Important source of ozone in the troposphere 



 



Why Does This Matter? 
 

 The small-scale turbulence associated with these 
intrusions is responsible for irreversibly mixing high-
ozone stratospheric air into the troposphere.  

 

 This is difficult to observe and is typically not well 
represented in chemistry-climate models. 

 



Stratosphere-Troposphere Analyses 
of Regional Transport 2008 
Experiment (START08) 
 18 Research Flights 

 April – June 2008 

 123 Flight Hours over North America  

 Each Flight- ~7 hours 

 Maximum Altitude of ~14.3 km  

 Research focuses included tropospheric intrusions, 
tropopause folds, gravity waves, and convective 
transport. 



The National Science Foundation (NSF) - National Center 
for Atmospheric Research (NCAR) Gulfstream V (GV) taking off from Rocky Mountain 

Metro Airport in Broomfield, Colorado.  



The GV payload diagram.  



Instrumentation 
 Instruments:  

 Full suite of chemistry measurements 

 O3,CO,H2O, etc.  

 1 hz sample frequency (~250 m) 

 

 Aircraft measurements: 

 Vertical gust component (w) 

 Characterize turbulence 

 

 



GFS Model 
 National Centers for Environmental Prediction 

(NCEP) Global Forecast System (GFS) operational 
model output 

 Potential Vorticity (PV)  

 Potential Temperature  

 Wind Speed 

 Tropopause Height 

 



 

 

 Longitude-Latitude resolution of 0.3125⁰ x 0.3125⁰ 
(~35km) 

 

 Vertical Resolution of 64 hybrid sigma-pressure levels 

 

 6 hours with 47-level pressure grid 

 

 Linear interpolation in time and space to every 1-
second position along the flight path.  

 



Methods  
 

 Because, the troposphere and stratosphere have 
distinct chemical compositions, we use this 
relationship 

 

 Locate the boundaries of tropopause folds 

 

 Plot cross sections and stacked time series 

 



Research Flight 4 
 

 April 28, 2008 from 15:20 
to 22:17 UTC 

 

 Targeted Tropopause 
Fold associated with 
large trough 

 

 



 
 
 
 
 

 Enhanced turbulence at point A 
when entering the fold 
 

 No increase in turbulence when 
exiting the fold at point C.  
 

 At point B, a well defined region 
of interleaving stratospheric and 
tropospheric air can be seen. 
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Research Flight 6 
 

 May 1-2, 2008 from 19:51 
to 0:10 UTC. 

 

 



 

 

 

 

 Observed an increase in 
turbulence from the 
background level at two 
points, B and C. 

A 
B 

C 





Conclusions 
 With limited data collected during START08, it is difficult to 

draw firm conclusions about the occurrence of increased 
turbulence on the boundaries of tropopause folds.  

 The lack of long, level, flight segments that traverse tropopause 
folds proves to be a hinderance, as only one is found in the data.  

 The selected cases suggest the possibility that turbulence is 
greater along the boundaries of tropopause folds, but there does 
not appear to be evidence for increased turbulence in the interior 
of folds relative to the surrounding troposphere. 

 Future field experiments with similar instrumentation and flight 
plans designed with long, level, flight legs through tropopause 
folds could resolve the questions addressed here. Future 
experiments could also provide valuable data on stirring and 
mixing processes in and around tropopause folds. 
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-That’s your cue Dr. Hopper.  
 


