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Background	  and	  
Mo.va.on	  
•  Upper-‐Tropospheric	  

Fronts	  (Shapiro	  1981;	  
Keyser	  and	  Shapiro	  
1985):	  	  
•  develop	  via	  KlKng	  

(descent)	  
•  High	  PV	  air	  from	  the	  

stratosphere	  can	  
enter	  the	  
troposphere	  	  

•  This	  posiKve	  PV	  
anomaly	  can	  act	  as	  an	  
upper-‐level	  precursor	  to	  
surface	  cyclogenesis	  
events	  (Lackmann	  et	  al.	  
1997)	  
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Background	  and	  
Mo.va.on	  
•  Lower-‐Stratospheric	  

Fronts	  develop	  via	  
KlKng:	  
•  ascent	  

•  Li=le	  research	  has	  been	  
done	  on	  lower	  
stratospheric	  fronts	  

•  Without	  a	  clear	  picture	  
of	  the	  life	  cycle	  of	  LSFs	  
we	  do	  not	  have	  an	  
accurate	  understanding	  
of	  the	  enKre	  Upper	  
Level	  Jet-‐Front	  (ULJF)	  
System	  
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Previous	  Research	  
Lang	  and	  MarKn	  2013	  	  

Conceptual	  model	  of	  LSF	  development	  in	  SW	  flow	  	  	  

Isentropes:	  thin	  black	  lines;	  Dynamic	  tropopause:	  blue	  line;	  
Geostrophic	  Warm	  Air	  Advec.on:	  Shaded	  region;	  Ascent:	  arrows;	  Jet:	  J	  
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Figure 15.  Conceptual model of the impact of convectively generated latent heat release on lower 
stratospheric frontal development as shown in idealized cross sections through jet-front systems (a) without 
convection and (b) with convection.  (a) A dynamically active lower stratospheric front, characterized by 
geostrophic warm air advection in cyclonic shear (pink shading), forces ascent (red arrow) that can increase the 
slope of the isentropes (thin lines) and dynamic tropopause (blue line) above the jet core via frontogenetic 
tilting.  (b) Convectively generated latent heat release reduces the stability in the near-tropopause upper 
troposphere and can enhance the response to the lower stratospheric QG forcing (larger arrow) thereby 
intensifying the lower stratospheric tilting frontogenesis process, resulting in a more steeply sloped tropopause 
and an intensified tropopause jet.  See text for explanation. 
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Does	  this	  hold	  true	  for	  	  
a	  climatology?	  



Criteria	  for	  Climatology	  
Occur	  over	  North	  America	  

	  
December,	  January,	  February	  (DJF)	  

December	  2004	  –	  February	  2012	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  

∇θ
200hPa

≥ 6K (100 km)−1

n=1161	  

	  GFS	  analysis	  1.0°	  data	  



Criteria	  for	  Climatology	  
Cases	  were	  sorted	  by	  magnitude	  from	  largest	  to	  

smallest	  	  
	  

Any	  case	  that	  occurred	  within	  60	  hours	  of	  the	  
previous	  strongest	  case	  were	  discarded	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  

n=184	  



Cases	  were	  sorted	  by	  Wind	  
DirecKon	  

Total:	  184	  n=184	  



Cases	  were	  sorted	  by	  Wind	  
DirecKon	  

Total:	  184	  n=184	  



LocaKon	  of	  all	  cases	  color	  coded	  by	  magnitude	  	  

n	  =	  184	  

≥	  15K	  (100km)−1	  
≥	  12K	  (100km)−1	  

≥	  9K	  (100km)−1	  
≥	  6K	  (100km)−1	  



LocaKon	  of	  all	  cases	  color	  coded	  by	  magnitude	  	  

n	  =	  184	  

≥	  15K	  (100km)−1	  
≥	  12K	  (100km)−1	  

≥	  9K	  (100km)−1	  
≥	  6K	  (100km)−1	  



LocaKon	  of	  all	  cases	  color	  coded	  by	  magnitude	  	  

n	  =	  184	  
Rocky	  Mountain	   Eastern	  US	  

Pacific	  Ocean	   ≥	  15K	  (100km)−1	  
≥	  12K	  (100km)−1	  

≥	  9K	  (100km)−1	  
≥	  6K	  (100km)−1	  



LocaKon	  of	  all	  cases	  color	  coded	  by	  magnitude	  	  

n	  =	  184	  

67%	   28%	  5%	  Total:	  

SW:	   4%	   62%	   34%	  

Rocky	  Mountain	   Eastern	  US	  

Pacific	  Ocean	   ≥	  15K	  (100km)−1	  
≥	  12K	  (100km)−1	  

≥	  9K	  (100km)−1	  
≥	  6K	  (100km)−1	  



SW	  Composites	  
Rocky	  Mountain	  	  

vs.	  
Eastern	  US	  	  



n=33	   n=18	  

200	  hPa	  Front	  
Rocky	  Mountain	   East	  Coast	  

GeopotenKal	  height	  lines	  in	  black	  every	  100	  m;	  isentropes	  in	  purple	  dashed	  every	  3	  K;	  Magnitude	  of	  the	  
potenKal	  temperature	  gradient	  shaded	  in	  	  K	  (100km)−1	  
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Rocky	  Mountains	  

n=18	  

Rocky	  Mountains	  

East	  Coast	  

v	  

v	  

v	  n=33	  
A	   A’	  

v	  B	   v	  n=18	  
B’	  

•  PotenKal	  temperature:	  thin	  black	  
lines	  in	  K	  	  

•  Magnitude	  of	  the	  wind:	  dashed	  
black	  in	  m	  s-‐1	  

•  Magnitude	  of	  the	  potenKal	  
temperature	  gradient:	  shaded	  in	  	  	  
K	  (100	  km)−1	  	  

•  1.5	  PVU:	  thick	  black	  solid	  line	  



Rocky	  Mountains	  

n=18	  

Rocky	  Mountains	  

East	  Coast	  

v	  
v	  

v	  
n=33	  
A	   A’	  

v	   v	  

•  PotenKal	  temperature:	  thin	  black	  
lines	  in	  K	  	  

•  Magnitude	  of	  the	  wind:	  dashed	  
black	  in	  m	  s-‐1	  

•  VerKcal	  moKon:	  shaded	  every	  
1x10-‐3	  hPa	  s-‐1	  	  

•  Geostrophic	  Temperature	  
AdvecKon	  
	  WAA:	  Red	  solid	  
	  CAA:	  Blue	  Dashed	  

•  1.5	  PVU:	  thick	  black	  line	  
B	  

n=18	  
B’	  



CASE	  STUDY:	  SW	  
Rocky	  Mountain	  Case:	  

	  0000	  UTC	  15	  January	  2008	  	  



•  200-‐hPa	  geopotenKal	  height	  lines	  in	  black	  	  
•  Isentropes	  in	  purple	  dashed	  every	  3	  K	  
•  Magnitude	  of	  the	  potenKal	  temperature	  gradient	  shaded	  
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0000	  UTC	  15	  January	  2008	  
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200	  hPa	  

0000	  UTC	  15	  January	  2008	  
Rocky	  Mountain	  Case	  

•  200-‐hPa	  PotenKal	  temperature	  gradient	  shaded	  
•  Surface	  height	  every	  200	  m	  starKng	  at	  1000m	  in	  black	  

A	   B	  

A’	  

B’	  

t0-‐6h	   t0	  



Cross	  SecKons	  
0000	  UTC	  15	  January	  2008	  

Rocky	  Mountain	  Case	  

v	  B’	  

•  PotenKal	  temperature:	  thin	  black	  
lines	  in	  K	  	  

•  VerKcal	  moKon	  every	  1x10-‐3	  hPa	  
s-‐1	  :	  shaded	  

•  CirculaKon:	  arrows	  
•  1.5	  PVU:	  dark	  black	  line	  
•  LSF:	  thick	  black	  lines	  

A	  

B	  

10	  m2	  s-‐1	  

10	  m2	  s-‐1	  

A’	  

t0-‐6h	  

t0	  



CASE	  STUDY:	  SW	  
Eastern	  US	  Case:	  

	  1200	  UTC	  19	  January	  2012	  	  



200	  hPa	  

1200	  UTC	  19	  January	  2012	  
East	  Coast	  Case	  

A B

A’	   B’	  

•  200-‐hPa	  geopotenKal	  height	  lines	  in	  black	  	  
•  Isentropes	  in	  purple	  dashed	  every	  3	  K	  
•  Magnitude	  of	  the	  potenKal	  temperature	  gradient	  shaded	  
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Cross	  SecKons	  
1200	  UTC	  19	  January	  2012	  

East	  Coast	  Case	  

t0-‐6h	  

t0	  
v	  A’	  

v	  B	  

A	  

B’	  

v	  

v	  

•  PotenKal	  temperature:	  thin	  black	  
lines	  in	  K	  	  

•  Magnitude	  of	  the	  wind:	  dashed	  
black	  in	  m	  s-‐1	  

•  VerKcal	  moKon:	  shaded	  every	  
1x10-‐3	  hPa	  s-‐1	  	  

•  Geostrophic	  Temperature	  
AdvecKon	  
	  WAA:	  Red	  solid	  
	  CAA:	  Blue	  Dashed	  

•  1.5	  PVU:	  thick	  black	  line	  



Summary	  

•  LSF	  development	  occurs	  via	  verKcal	  moKon	  
and	  KlKng	  

•  Climatologically	  there	  are	  	  2	  different	  
pathways	  to	  development	  

	  



Summary	  

•  Rocky	  Mountain	  Development:	  
– Ascent:	  topographic	  gravity	  waves	  
– Maximum	  in	  lower	  stratospheric	  geostrophic	  WAA	  
and	  verKcal	  moKon	  at	  Kme	  of	  maximum	  LSF	  

•  East	  Coast	  development:	  
– Ascent:	  troposphere	  deep	  	  
– Maximum	  in	  lower	  stratospheric	  geostrophic	  WAA	  
and	  verKcal	  moKon	  prior	  to	  maximum	  LSF	  

	  



Future	  Work	  

•  The	  structure	  of	  ULJF	  systems	  over	  
topography	  and	  the	  ocean	  

•  Impact	  of	  LSFs	  on	  synopKc	  weather	  
•  Impact	  of	  long-‐lived	  LSFs	  on	  the	  lower	  
stratospheric	  structure	  
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300	  hPa	  

0000	  UTC	  15	  January	  2008	  
Rocky	  Mountain	  Case	  

t-‐0	  t-‐6h	  

•  300-‐hPa	  geopotenKal	  height	  lines	  in	  black	  	  
•  Magnitude	  of	  the	  wind	  speed	  shaded	  	  
•  Wind	  barbs	  in	  knots.	  	  
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T-‐0	  T-‐6h	  

1200	  UTC	  19	  January	  2012	  
East	  Coast	  Case	  

A B

A’	   B’	  

•  200-‐hPa	  geopotenKal	  height	  lines	  in	  black	  	  
•  Isentropes	  in	  purple	  dashed	  every	  3	  K	  
•  Magnitude	  of	  the	  potenKal	  temperature	  gradient	  shaded	  



300	  hPa	  
T-‐6h	   T-‐0	  

1200	  UTC	  19	  January	  2012	  
East	  Coast	  Case	  

•  300-‐hPa	  geopotenKal	  height	  lines	  in	  black	  	  
•  Magnitude	  of	  the	  wind	  speed	  shaded	  	  
•  Wind	  barbs	  in	  knots.	  	  


