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Mo;va;on	  	  
•  Long	  dura;on	  snowstorm	  for	  parts	  of	  New	  

York	  and	  New	  England	  
•  Anomalous	  upper	  level	  flow	  paGern	  over	  

North	  America	  
•  Deep,	  retrograding	  surface	  low	  
•  Record	  seIng	  35	  h	  storm	  snowfall	  at	  

Burlington,	  VT	  ~	  84	  cm	  (33.1	  in)	  
•  Heaviest	  snow	  fell	  in	  the	  Champlain	  Valley	  of	  

Vermont,	  upwind	  of	  the	  Green	  mountain	  
spine	  and	  typical	  upslope	  areas	  
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Data	  and	  Methods	  
1.  Analyze	  the	  evolu;on	  of	  

significant	  upper	  level	  and	  
lower	  level	  features	  	  

2.  Inves;gate	  the	  anomalous	  
nature	  of	  the	  flow	  paGern	  and	  
surface	  low	  track	  

3.  Determine	  the	  forcing	  
mechanisms	  for	  heavy	  
snowfall	  in	  northern	  VT	  using	  a	  
WRF-‐ARW	  simula;on	  	  

•  0.5°	  GFS	  analysis	  
	  	  	  	  	  	  	  	  	  -‐Upper	  levels	  
•  12	  km	  NAM	  analysis	  	  
	  	  	  	  	  	  	  	  	  -‐Lower	  levels	  	  
•  	  WRF-‐ARW	  simula;on	  
•  ESRL	  NCEP/NCAR	  reanalysis	  
	  	  	  	  	  	  	  	  	  -‐Composite	  anomaly	  map	  
•  NWS	  spoGer	  reports	  
•  Surface	  observa;on	  data	  (HPC)	  
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Precipita>on	  (mm)	  1-‐4	  January	  2010	  
(spoBer	  reports)	  

Upper	  Level	  Features	  

•  Interac;on	  between	  southern	  
stream	  and	  northern	  stream	  
disturbances	  (1b)	  

•  Closed	  upper	  level	  low	  and	  easterly	  
jet	  streak	  development	  (1d,	  2d)	  

•  Cyclonic	  wave-‐breaking	  (4b)	  

500-‐hPa	  geo.	  heights	  (dam,	  solid	  contours),	  absolute	  vor>city	  	  (10-‐5	  s-‐1,	  shaded),	  wind	  (m	  s-‐1,	  barbs)	  

300-‐hPa	  geo.	  heights	  (dam,	  solid	  contours),	  wind	  (shaded,	  m	  s-‐1),	  divergence	  (10-‐5	  s-‐1	  ,	  dashed)	  	  	  
	  

250-‐hPa	  wind	  speed	  (ms-‐1,	  shaded	  ),	  250-‐hPa	  poten>al	  vor>city	  (contours	  every	  1	  PVU),	  	  250-‐
hPa	  rela>ve	  humidity	  (%,	  shaded	  ),	  600-‐400	  hPa	  layer	  averaged	  omega	  (red	  contours)	  ,	  

300-‐200	  hPa	  layer	  averaged	  irrota>onal	  wind	  (vectors	  star>ng	  at	  5	  ms-‐1)	  
Image	  source:	  Heather	  Archambault,	  hBp://www.met.nps.edu/~hmarcham/	  	  
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Low-‐Level	  And	  Surface	  Features	  
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•  Frontal	  inversions	  below	  900	  hPa	  with	  low	  level	  northwesterly	  flow	  (6a,	  6b)	  
•  Strong	  WAA	  above	  inversion	  with	  northeasterly	  moisture	  transport	  (5a,	  6a,	  6b)	  
•  Deep,	  moist	  dendri;c	  growth	  zone	  (-‐12	  to	  -‐18C)	  in	  soundings	  A	  and	  B	  (6a,	  6b)	  

A

A

B	  

B	  

LeT:	  850-‐hPa	  heights	  (dam,	  solid	  contours),	  temperatures	  (°C,	  shaded),	  winds	  (kt,	  
barbs),	  Right:	  same	  but	  for	  925-‐hPa	  

	  Soundings	  from	  Maniwaki,	  QC	  (leT)	  and	  Albany,	  NY	  (right)	  at	  00	  UTC	  3	  January	  
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03	  UTC	  3	  January	  

•  Westward	  moving	  surface	  low	  (7)	  

•  Persistent	  northwesterly	  winds	  at	  BTV	  (8)	  
•  Parcels	  undergo	  rapid	  ascent	  ager	  00	  UTC	  3	  

January	  (9)	  

	  Surface	  Low	  Track	  

Image	  Source:	  	  hGp://ready.arl.noaa.gov/HYSPLIT.php	  

Large	  Scale	  Forcing	  

BTV	  

500-‐hPa	  geo.	  heights	  (dam,	  solid	  contours)	  and	  divergence	  (10-‐5	  s-‐1,	  dashed,	  leT	  frame)	  

•  Q-‐vector	  convergence	  over	  northern	  New	  England	  as	  forcing	  for	  ascent	  
wrapped	  cyclonically	  around	  the	  closed	  mid-‐level	  low	  (10b)	  

	  

700-‐hPa	  heights,	  temp	  (dashed),	  Q-‐vectors(	  arrows)	  ,	  Q-‐vector	  
forcing	  (shaded)	  

	  

300-‐hPa	  geo.	  heights	  (dam,	  solid	  contours),	  wind	  (shaded,	  m	  s-‐1),	  
divergence	  (10-‐5	  s-‐1	  ,	  dashed)	  	  	  

	  

06	  UTC	  3	  January	  12	  UTC	  3	  January	  

Mesoscale	  Orographic	  Effects	  
•  WRF-‐ARW	  Simula;on	  

ini;alized	  with	  12-‐km	  NAM	  
analyses	  	  

•  1.33	  km	  nested	  domain	  
centered	  over	  northern	  
Vermont	  

•  Thompson	  microphysics	  
scheme	  

•  An	  inversion	  (900-‐800	  hPa)	  
starts	  to	  appear	  in	  the	  
simula;on	  around	  06	  UTC	  3	  
January	  (13d)	  

•  Ager	  06	  UTC	  the	  precipita;on	  
maxima	  shigs	  upwind	  over	  the	  
Champlain	  Valley,	  more	  closely	  
matching	  observa;ons	  (11,	  12b)	  

SpoBer	  snowfall	  
reports	  (in)	  

email:	  amitchell@albany.edu	  

12	  UTC	  1	  January	   00	  UTC	  2	  January	  

12	  UTC	  2	  January	   00	  UTC	  3	  January	  

00	  UTC	  2	  January	   12	  UTC	  2	  January	  

00	  UTC	  3	  January	   12	  UTC	  3	  January	  

00	  UTC	  3	  January	  

12	  UTC	  2	  January	   00	  UTC	  3	  January	  

•  Maximum	  in	  
upper	  level	  

divergence	  in	  the	  
equatorward	  exit	  
region	  of	  the	  

easterly	  jet	  streak	  
(10a)	  

	  

Conclusions	  
•  An	  anomalous	  upper-‐level	  ridge	  in	  the	  North	  Atlan;c	  Ocean	  forced	  the	  

upstream	  surface	  low	  to	  retrograde	  westward	  toward	  the	  upper-‐level	  cutoff	  low	  
•  Ounlow	  associated	  with	  the	  irrota;onal	  wind	  helped	  low	  poten;al	  vor;city	  air	  

advect	  cyclonically	  around	  the	  system	  leading	  to	  a	  cyclonic	  wave	  breaking	  event	  
•  Precipita;on	  in	  northern	  New	  England	  was	  enhanced	  by	  large	  scale	  WAA	  and	  

forcing	  for	  ascent	  in	  the	  equatorward	  exit	  region	  of	  an	  easterly	  jet	  streak	  
•  Low-‐level	  frontal	  inversions	  in	  conjunc;on	  with	  mean	  northwesterly	  flow	  

favored	  orographic	  blocking	  along	  the	  windward	  slopes	  of	  the	  Green	  Mountains	  
•  Model	  errors	  in	  the	  low-‐level	  stability	  structure	  may	  explain	  the	  lack	  of	  

precipita;on	  in	  the	  Champlain	  Valley	  prior	  to	  06	  UTC	  in	  the	  WRF	  simula;on	  

WRF	  simulated	  
precipita>on	  (in)	  
before	  06	  UTC	  

	  

WRF	  simulated	  
precipita>on	  (in)	  
aTer	  06	  UTC	  

	  

•  At	  06	  UTC	  the	  low-‐level	  winds	  begin	  to	  decelerate	  and	  turn	  parallel	  to	  the	  Green	  
Mountain	  barrier	  as	  stability	  increases	  and	  the	  flow	  becomes	  blocked	  (13d-‐i)	  	  

•  At	  06	  UTC	  theta-‐e	  surfaces	  slope	  upward	  over	  the	  Champlain	  Valley	  as	  upwind	  
liging	  increases	  and	  precipita;on	  becomes	  enhanced	  (12b,	  13f,	  13i)	  

•  Aircrag	  soundings	  from	  Montreal	  (not	  shown)	  support	  an	  increase	  in	  low-‐level	  
stability	  around	  18	  UTC	  2	  January,	  much	  earlier	  than	  in	  the	  WRF	  simula;on	  

	  

00	  UTC	  3	  January	   06	  UTC	  3	  January	   12	  UTC	  3	  January	  
WRF	  Forecast	  soundings	  at	  Burlington,	  VT	  (a,	  d,	  g),	  10	  m	  wind	  barbs	  (b,	  e,	  h),	  theta-‐e	  and	  across	  barrier	  wind	  (kt)	  X-‐sec>ons	  (c,	  f,	  i)	  from	  PLB	  to	  1V4	  at	  00,	  06,	  12	  UTC	  (c,f,i)	  
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