ATM 311

Lecture:  Blizzards, Ice Storms, Lake Effect

Blizzards (Ch. 15)
National Weather Service issues a blizzard warning when:


-Winds 30 kt. or greater


-Falling or blowing snow reduces visibility to < ¼ mi.


-Above occurs for 3+ hours



-No temperature criteria, but typically cold (low wind chills often)

Fig. 15.1:  Annual probability of blizzard by county


-N.D. most likely (SD/MN/NE/IA/CO, Alberta, Sask., Man.)

Fig. 15.2:  Number of blizzards 1959-2000

Primary reason for these locales:


-Boundary between lee cyclogenesis and continental (arctic) airmasses (PGF).

Ingredients for a typical continental blizzard:

1) Cold air associated with an arctic high:


-Very cold airmass in NW Canada (snow pack, high albedo, net heat loss as solar radiation is reflected, and snow acts as an efficient radiator of IR)


-Cooling results in strong surface anticyclone, as air contracts, increasing mass in the column (sometimes > 1050 hPa!)

2) Arctic cold front drives cold air into U.S. (often associated with a clipper in northwesterly flow):

3) Lee cyclogenesis


-Surface cyclone forms lee of mountains

Fig. 15.3:  Development

Fig. 15.4:  Blizzard forms in trowal, NW of lee low, and SE of large arctic high

Fig. 15.5:  Trowal blizzard

Why are there such strong winds?  Extremely strong PGF from arctic high (>1050 hPa) and deep lee low (<990 hPa).


-This often corresponds with the trowal (warm air rising / wrapping cyclonically aloft)(heavy snow coupled with high wind(blizzard!

Continental case (Heather’s page):  1/31/11-2/1/11 + Lakeshore drive, Chicago pic.

Blizzards and “Alberta Clippers” … and why North Dakota is the U.S. blizzard capital!

-Northwesterly jet across central U.S. with embedded shortwave


-Need a very cold airmass for a very strong anticyclone


-Clipper associated with very high snow:liquid ratios (~25-45:1), so snow is very light, and blows/drifts easily.


Fig. 15.7 / 15.8 (Development)

Ground Blizzards

-Strong pressure gradient after snowfall (dry) produces blowing and drifting snow that can reduce visibility.

-There can also be blizzards along the east coast, given a very strong pressure gradient on the northwest side of a cyclone (nor’easter).  A good example is the 12/26/10 Blizzard (njfreeways).  Or, 12/14/08 on Unisys.

ND Blizzard:  http://www.youtube.com/watch?v=GQIZiHmT-Iw
http://www.youtube.com/watch?v=KwTJbgKqW9c&feature=related
http://www.youtube.com/watch?v=lziCkShnEhk&feature=related

^ This one with HPC surface map:  3/11/11 at 21Z.


If time…extreme instability (winter page)?

Ice Storms (Ch. 12)

Precipitation types:


-Sleet:  Frozen raindrops (PL) … often liquid drops with a tiny bit of ice in the center that refreezes before reaching the ground.


-Freezing rain (FZRA), Freezing drizzle (FZDZ):  Rain or drizzle that freezes on contact with the surface.

Why does “freezing” precipitation exist?

-Surface temperatures must be <0°C.

-Raindrops fall from warmer temperatures aloft, then enter subfreezing layer below.


-Remain supercooled (no nucleus on which to freeze) in shallow layer.


-Surfaces on the ground act to immediately freeze the super-cooled water!

Vertical structure of the atmosphere during FZRA:


-FZRA droplets were once either snow that melted in warmer layer aloft, or always rain.


-Need a shallow, cold airmass:

Example:

Precipitation types at each point…ask class (Fig. 12.1):

A closer look at soundings B & C:

C:

-Only warmer than 0°C for a small part of the lower troposphere well above surface (between ~800 and ~750 mb).

-Snow melts into rain (often still containing some ice), but has enough time to re-freeze(SLEET
B:

-Deeper warm layer (example…between  ~925 and ~700)

-Very shallow sub-freezing layer in contact with surface (inversion above)

-Rain hits the ground as liquid and re-freezes(FZRA
-Once initial glaze forms, it can add up very quickly!

Freezing Drizzle:


-Light, misty precipitation that freezes on contact


-Forms in a shallow stratus layer


-Entire stratus cloud > ~ -15°C, so it contains only supercooled cloud droplets.


-Droplets grow through collision and coalescence into small precipitation particles (DZ), and fall to ground.

Fig. 12.4:  Three types of synoptic patterns associated with ice storms/

1) Arctic high / post-cold front


-Post C.F. precip, Rain aloft falls into shallow cold air behind front.

2) North of warm front (with and without arctic high to the north)


-Just poleward of 0°C surface isotherm


-Can create the worst ice storms…warm moist air flows north of warm front, forced to ascent over cold, dense air…(overriding…isentropic lift)



-Jan. 1998 Montreal ice storm, good case

3) Western quadrant of high pressure


-WAA aloft…still cold at surface

Cold air damming ice storms:


-Shallow, cold air dammed against the lee side of the Appalachians:


-Easterly flow brings warm, moist air over dammed cold air.  


-Ascent due to orographic lifting, and warm air over cold air (density diff)


Good examples if time:  WPC sfc analysis 12/15-12/16/07.  Also fig. 12.5.

Fig. 12.6:  Median number of hours per year of freezing rain

Dec. 11-12 2008 Albany ice storm.  HPC archive/Heather’s page surface, soundings, and my pics


DSCF1604, 1612, 1620, 1621, 1627, 1628, 1636, 1637, 1639, 1642, 1643, 1647, 1653, 1654, 1655, 1657, 1661, 1662, 1665 (in /spare11/ralazear/img/ice2008, linked from html)

Extreme instability pics, 12/30/06

Lake Effect Precipitation (Snow):  Ch. 13
-Chapter Cover figure:  Lake effect cloud bands (MODIS) or MODIS for 11/18/14!
-U.S. Annual Snowfall map

-Fig. 13.1:  Additional wintertime precipitation attributed to Great Lakes

Ideal lake-effect snow conditions:

-“Warm” lake temperatures

-Much colder air temperature (in contact with lake)

-Fairly strong winds (for Great Lakes, often northwesterly, associated with cold airmass)

Typical synoptic setup:  Fig. 13.2


-Cyclone east of lakes…CAA behind


-Strong PGF…strong winds across lakes

Heaviest snow typically south and east of lakes (show on Google Maps):


Superior:  UP Michigan (Marquette)


Michigan:  Western lower Michigan, NW Indiana (GRR, Traverse City)


Huron:  London, ON


Erie:  Cleveland, OH, Erie, PA, Buffalo, NY


Ontario:  Watertown, NY, Syracuse, NY, Oswego, Rochester

Heaviest snows typically extend ~50-80 km from lake

Other areas of the world (Google Maps):


-Aral Sea, Great Salt Lake, Lake Winnipeg, 


-Ocean effect:  Cape Cod, North Sea, Aegean Sea, Adriatic, Black

Ask class:  When is optimal time in U.S. for lake effect?


-Nov-Jan

Lake-effect snow development:

1) Flow (usually from ~240° to ~20°) accelerates over water (no friction)

-Decelerates over land (friction) ( Convergence

2) Through sensible heat flux, warm temperature of the lake transfers heat to the air.  This raises ws, and water evaporates into the air (surface over lake warms and moistens)

3) Just above the surface, air is much colder.


-Result:  Unstable (cold above warm…high lapse rates)


-Warm air rises, cumulus grows into snow-producing cloud bands (convection)


-Snow enhanced by convergence over land as flow decelerates.

Fig. 13.3 (schematic)

(Fig. 13.4 (visible satellite showing development over Michigan) or MODIS image)
Important thresholds for lake effect snow development
1) ~13°C temperature difference between lake temperature and 850 mb.

Reason:  In the winter, 850 mb is ~1300 m (1.3 km) above the surface.


DALR is 9.8°C/km, or ~10°C/km, or ~13°C/1.3 km


ELR greater than 13°C/1.3 km = absolutely unstable!

2) Fetch:  Distance wind travels over water…>100 km for effective lake-effect:


Lake George or the Finger Lakes can have lake-effect precipitation, but the wind must be oriented perfectly down the long axis of the lake.  


-Example:  MODIS 1/22/14
3) Directional wind shear should be low (< 30° in lower troposphere)

Organization of lake-effect snow bands:


-Wind-parallel


-Shore-parallel

1) Wind parallel

-Strong winds blow across short axis of the lake:

-Lake effect snow organizes into bands (ascent/descent)…not all air can rise at once!

-Generally produces lighter snow over a larger area

-Fig. 13.10 (organization of bands)

-Fig. 13.12 (radar example)

-Chapter 13 cover (satellite example)
-Current weather example?  
2) Shore parallel


-Weaker winds blowing lengthwise across the long axis of a lake:


-Air over the lake heats.  High aloft, low at the surface:


-Convergence band is parallel to the shore and very intense.


-Advected over the land by the mean wind in a very heavy snow band!


-Heavy snows (over 100”!), but over a small area.


-Band shifted based on the mean wind direction (Ontario example):

Fig. 13F:  Lake Michigan shore-parallel band on visible satellite.
-if time, show how you can get a multi-lake connection….Mar 15, 2013 is a decent example.
3) Lake-effect vortices (optional)

-Horizontal shear associated with friction differences:


-Fig. 13.14 and 13.15 (examples on radar and satellite)

Lake-enhanced snowfall (optional)

-Occurs due to the presence of synoptic-scale ascent (cyclone)


-Moisture (and instability) picked up from lake, either…



-Enhances precipitation along the coast



-Creates lake-effect precipitation on top of the snow already being forced by the cyclone


Fig. 13.16:  Example synoptic pattern for Lake Michigan enhanced snowfall

lakeeff.fli (12/19/04) . . . on aurora . . . Also show on Unisys if time

Youtube:  Pp-3kq-5EvU    and    cfmNgQH2nm8    and    Qm-3GcPZaOM
coldjan1405.fli

in /ralazear/img/buffalo_LE.fli  (Lake Storm Aphid)
Or timelapse from Buffalo in 11/18/14 storm.

