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Motivation:

Examine how subtropical continental anticyclones, 
channeled poleward moisture surges and atmospheric 
blocking episodes can serve as an important link between 
weather and climate through their contributions to 
regional temperature and precipitation anomalies on 
intraseasonal time scales.



Outline:

• California and western US heat wave of July 2006.

• Record autumnal rains of 2006 in the Pacific Northwest.

• Mid-to-late January 2007 Northern Hemisphere 
circulation reversal.



Datasets:

• 2.5° x 2.5° NCEP/NCAR global reanalyses

• 1.0° x 1.0° and 0.5° x 0.5° NCEP GFS operational 
analyses



Potential Vorticity (PV) and Dynamic 
Tropopause (DT) Diagnostics:

• Conceptual idea: Use DT diagnostics to obtain a 
modernized Eady model view of the atmosphere

-Shows lateral and vertical interaction of PV anomalies.
-Indicates regions of significant non-conservation of PV.
-Shows jet regions through strong gradients of potential 
temperature.

-Indicates potential development regions.

• Display potential temperature (K) and winds (kt or
m s-1) on the 1.5 or 2.0 PVU surface (dynamic 
tropopause) where 1.0 PVU = 1.0 x 10-6 K m2

kg-1 s-1.

• Contour low-level relative vorticity or geopotential 
height on the DT.
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Fig. 1 from Galarneau et al. 2007
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15-22 Jul'06

500 hPa Z (dam) 500 hPa Z' (m)

700 hPa T (���� C)
Source: www.cdc.noaa.gov 700 hPa T' (���� C)



Source: www.cdc.noaa.gov

15-22 Jul'06

500 hPa Mean Vector wind (m s-1) 500 hPa Anomalous Wind (m s-1)



Source: www.rap.ucar.edu/weather Source: University of Wyoming

72293 (San Diego)



Source: www.rap.ucar.edu/weather Source: www.rap.ucar.edu/weather

72662 (Rapid City) 72679 (Aberdeen)



Source: www.spc.ncep.noaa.gov500 hPa 0000 UTC 16 Jul'06
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DT qqqq (K) and winds (kt), left, and 850 hPa heights (dam), winds (kt) and qqqqe (K), right, for 1200 UTC 16 July 2006



Summary: Subtropical 
Anticyclones (SAs)

• Shape and zonal extent of SAs influence westward-
moving TC tracks and the preferred longitudes for TC 
recurvature and ET.

• Poleward (and to lesser extent equatorward) flanks of 
SAs can provide favorable environments conducive to 
deep convection.

• Western flanks of SAs can serve as conduits for 
poleward-moving deep tropical air masses.

• Strong westerlies on the poleward flanks of SAs enable 
hot continental air masses to be swept eastward.



Source: www.cpc.ncep.noaa.gov



Source: www.cdc.noaa.gov



Source: www.cdc.noaa.gov



Source: www.cdc.noaa.gov



Source: www.cdc.noaa.gov



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT pressure (hPa), 850-DT shear (wind barbs in kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: Kerry Emanuel 



Source: www.nrlmry .navy.mil/sat_products.htmlDMSP lunar illumination visible (Jeff Hawkins)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)   



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)    



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php
DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)



Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php

Sea level pressure (magenta contours every 4 hPa), 1000-500 hPa thickness (orange
contours every 6 dam) and 250 hPa isotachs (shaded according to the color bar in kt)



Summary:  The unnamed East Pacific TS, 
and the Pacific Northwest storms and record 

rains of early November 2006
• Unnamed TS forms via the tropical transition (TT)

process out of a trough (PV tail) initially of arctic 
origin.

• Rex block provides a favorable environment for TT to 
occur, like Catarina (2004).

• Seattle SON 2006 seasonal precipitation is completely 
dominated by the rains associated with the landfalll of 
the remnants of the unnamed TS on 3-4 Nov and a 
subsequent powerful storm on 6-7 Nov.

• Pacific Northwest record rains occurred beneath an 
unusually strong WSW flow aloft, created by the 
juxtaposition of troughs of subtropical and polar 
origin, that enabled tropical (arctic) air to be drawn 
poleward (equatorward).



Source: www.cdc.noaa.gov (Heather Archambault)



Source: www.cdc.noaa.gov (Heather Archambault)



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



Integrated precipitable water (mm) for 2324 UTC 22 Jan'07
(Source: http://amsu.cira.colostate.edu/TPW/global.htm)



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



Integrated precipitable water (mm) for 2248 UTC 25 Jan'07
(Source: http://amsu.cira.colostate.edu/TPW/global.htm)



Integrated precipitable water (mm) for 1051 UTC 27 Jan'07
(Source: http://amsu.cira.colostate.edu/TPW/global.htm)



200 hPa stream function and nondivergent wind (kt) for 0000 UTC 28 Jan'07
(Source: http://www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php)



DT qqqq (K), winds (kt) and 925-850 mean zzzz (every 0.5x10-4 s-1)
Source: www.atmos.albany.edu/facstaff/rmctc/DTmaps/animSelect.php



Summary of 2006-2007 Mid-Winter NH Circulation Reversal

• Big European storm of 18-19 Jan'07 had its origin over the 
AMS annual meeting in SAT.

• Ridging behind European storm occurred as 200 kt westerly 
jet over the Atlantic buckled in conjunction with a second 
oceanic cyclogenesis event.

• Second oceanic cyclogenesis event triggered discontinuous 
retrogression and resulted in strong ridging (troughing) near 
Greenland (Hudson Bay).

• Poleward fluxes of heat, moisture and PV on the east side of 
the active western Atlantic storm track continually reinforced 
Greenland blocking.

• A persistent Hudson Bay polar vortex became established.

• A strong block formed over western North America and the 
northeastern Pacific as persistent storminess in the Gulf of 
Alaska and the associated fluxes of heat, moisture and PV 
reinforced the ridge.


