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● Mesoscale Banding/Frontogenesis
● Dual-Polarization Radar/Products
● NWS Timeline of Operations for a Winter Storm
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Mesoscale Snow Banding / Frontogenesis

● Mesoscale banding frequently 
occurs with winter storms.

● Mesoscale banding often leads to 
local maxima and minima in 
snowfall totals

● Banding identification comes first, 
as it usually occurs (not always) 
with strong cyclones such as 
Nor’easters that go through cyclo- 
or bombogenesis (single band? 
multi-band??)

● Types or bands are based on 
motion and location (Pivoting, 
Laterally Translating, etc.)
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Mesoscale Snow Banding / Frontogenesis

● Banding frequently 
occurs with storms 
that go through 
cyclogenesis or 
bombogenesis (rapid 
fall in surface 
pressure with the 
storm)

● Many Nor’easters 
have mesoscale 
snowbanding on the 
northwest or north 
side of the storm. 
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Bomb Cyclone (or Bombogenesis)

994 mb

Bomb Cyclone: When the central pressure of a low pressure system 
decreases by at least 24 millibars (mb) in 24 hours
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Mesoscale Snow Banding/Frontogenesis

Snow Banding (Novak 2004) 
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Mesoscale Snow Banding/Frontogenesis

Snow Banding (Novak 2004) 

• Dual jet upper level structure identified
• Deformation zone near the northwest quadrant of cyclone
• 700 hPa (mid-level) 2-D Frontogenesis Region and the Axis 

of Dilatation

Banded Non-Banded
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Mesoscale Snow Banding/Frontogenesis
Snow Banding (Novak 2004) 

• Frontogenesis is shaded (red/orange)
• Saturated equiv potential temp (thin-solid)
• Omega/Ascent (dashed) with arrow proportional to 

magnitude of ascent and parcel trajectory
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Mesoscale Snow Banding/Frontogenesis

Laterally Translating Snowbands (Kenyon 2020) 



National Weather Service
Albany, New York

Mesoscale Snow Banding/Frontogenesis

Laterally Quasi-Stationary Snowbands (Kenyon 2020) 
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Mesoscale Snow Banding/Frontogenesis

Pivoting Snowbands (Kenyon 2020) 



Composites:  MSLP, 1000−500-hPa Thickness, 250-hPa Wind Speed

Laterally Translating (N = 17) Laterally Quasi-Stationary (N = 8) Pivoting (N = 18)

• E of surface cyclone
• equatorward entrance 

region of upper-level 
jet oriented NW−SE

• N of surface cyclone
• equatorward entrance 

region of upper-level 
jet oriented SW−NE

• NW of strong surface 
cyclone near thermal 
inflection

• W of upper-level jet 
axis

PIVOT ZONE (KALB)BAND CENTROID (KALB)

From Jaymes 
Kenyon’s MS Thesis 
talk /ER Webinar
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Nor’easter/Snowband Example: December 16-17, 2020

7 am EST 17 December 2020
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Heavy Snowband Example: December 16-17, 2020
Radar
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Heavy Mesoscale Snowband Example: December 16-17, 2020

•Snowfall rates within the 
mesoscale heavy 
snowband over the 
Schoharie and Mohawk 
valleys, Upper Hudson 
Valley and into southern 
VT reached 4+”/hr

•Most of this snow fell 
during a 12 hour period 
during the overnight or 
early morning hours
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December 16-17, 2020 Pictures

Albany, NY (Brett Rathbun) 
Albany, NY (Dan Thompson)

Andy Gregorio (Glens Falls, NY)
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March 13-14, 2023: Surface Maps

700 pm March 13th 100 am March 14th 700 am March 14th 100 pm March 14th
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Mesoscale Snowband Example: March 14, 2023

7 am EST March 14, 2023 500 hPa 
Heights, Temps, and Winds

7 am EST March 14, 2023 700 hPa 
Heights, Temps, and 2-D Frontogenesis
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Mesoscale Snowband Example: March 14, 2023

11 am EST March 14, 2023 850 hPa 
Heights, Temps, and Frontogenesis

11 am EST March 14, 2023 700 hPa 
Heights, Temps, and 2-D Frontogenesis
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Mesoscale Snowband Example: March 13-14, 2023

● WFO ALY forecasters 
anticipated heavy mesoscale 
snowbands with this storm and it 
was mentioned in the area 
forecast discussion

● The type of band anticipated 
was a “Pivoting” snowband 
based on the conceptual model

● The band placement and 
locations was the challenge, as 
local maxima amounts would 
occur
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Nor’easter/Banded Snowfall Example: March 13-15, 2023
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Nor’easter Example: March 13-15, 2023

•Heaviest Snow:
• Catskills
• Eastern Adirondacks
• Southern VT
• Berkshires
• Worcester Hills

•Lowest Snow Totals
• Mid Hudson Valley
• I-95 Corridor
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Nor’easter/Mesoscale Snowband Pictures: March 13-15, 2023

@Vermonsterwx on Twitter

Thatcher Park 3/15/2023
Mike Main

Thatcher Park 3/15/2023
Mike Main

Bennington 
County, VT

Pictures

@J_knox on Twitter
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Outline

● Mesoscale Banding/Frontogenesis
● Dual-Polarization Radar/Products
● NWS Timeline of Operations for a Winter Storm
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What is Radar?

KENX radar located in East Berne, NY  

● Next Generation Weather Radar 
(NEXRAD) network system 
composed of 160 high resolution 
doppler radars called the Weather 
Surveillance Radar - 1988 Doppler 
(WSR-88D)

● Operated jointly by the National 
Weather Service, Federal Aviation 
Administration and Department of 
Defense

● Operate 24/7/365 providing 
precipitation and wind data in 
support of warning and forecast 
operations
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Radar Locations and Coverage
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How a Radar Works

● Radar transmitter sends out brief ‘radio wave’ pulses and listens for a returned signal from a ‘target’
● The time it takes for a pulse to be transmitted, strike a target and return to the radar can determine the 

range (or distance) of the target from the radar
● The amount of energy that returns to the radar can help determine its reflectivity (object size)
● When a pulse hits a moving target, the ‘phase shift’ of the wave can determine the velocity of a target 

and if it is moving toward or away from the radar (think of the ‘Doppler Effect’ - change in pitch)
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How a Radar Works

● Did you know?
○ Radar pulses are transmitted at the speed of light and are very short in duration
○ Each pulse lasts 1.57 millionths of a second and is repeated 1300 times a second and the radar 

listens for each return
○ For every hour, the radar spend a little more than 7 seconds transmitting pulses and 59 minutes 53 

seconds ‘listening’ for returns
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How a Radar Works

● Each radar performs a scanning 
strategy (volume coverage pattern 
- VCP) where it scans at different 
elevation angles to obtain data in 
the vertical

● This helps give a better picture of 
the depth and intensity of storms, 
especially for those closer to the 
radar

● Clear air mode is used when there 
is little or no precipitation around 
(fewer elevation angles and slower 
scans)

● Precipitation mode used when 
then precipitation is around, more 
elevation angles and faster scansVCP 215 typically used for monitoring precipitation. Full scan takes ~6 mins.
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How a Radar Works

Reflectivity (left 
and velocity 
(right) from a 
derecho that 

moved across 
eastern New York 
and western New 

England on 
October 7, 2020.
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Dual Polarization Radar

● In 2012, all WSR-88D radars across the country were 
upgraded to dual polarization

● Instead of the radar only sending a pulse in the 
horizontal direction, the upgrade allowed the radar to 
send a pulse ‘at an angle’ in order to receive both 
horizontal and vertical returns

● This allows the radar to better detect the size and 
shape of targets 

● Various additional products became available 
following this upgrade and will be discussed in the 
following slides:

○ Differential Reflectivity (ZDR)
○ Correlation Coefficient (CC)
○ Specific Differential Phase (KDP)
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Differential Reflectivity (ZDR)

ZDR = Z(H) - Z(V)

Power difference between the horizontal return 
and the vertical return

Units are decibels (dB)

Left image: ZDR ~0 (Z(H) = Z(V))

Middle image: ZDR > 0 (Z(H) > Z(V))

Right image: ZDR < 0 (Z(H) < Z(V))
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Differential Reflectivity (ZDR)
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Differential Reflectivity (ZDR)
Radar Image: 1805 UTC November 28, 2024 (1:05 PM EST)

Mainly Snow

Mainly Rain
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Correlation Coefficient (CC)

● How similar targets are 
being sampled

● Can be used with differential 
reflectivity to help identify 
areas of precipitation 
transition

● Unitless product with values 
ranging from 0 to 1



National Weather Service
Albany, New York

Correlation Coefficient (CC)
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Correlation Coefficient (CC)
Radar Image: 1805 UTC November 28, 2024 (1:05 PM EST)

Uniform Targets
Mainly Snow

Non-Uniform Targets
Rain/Melting Snow
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Specific Differential Phase (KDP)

● KDP shows the overall phase shift of the horizontal and vertical pulses as it travels through targets
○ How much the pulse is slowed down by the precipitation it is travelling through

● This is more commonly used to detect areas of heavy rainfall as the beam will slow more in heavier 
rainfall (larger concentration of horizontal targets)

● Units are degrees per kilometer (°/km)
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Specific Differential Phase (KDP)
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Specific Differential Phase (KDP)

The white circles show 
where there is a 
concentration of heavier 
rainfall. 

While the reflectivities 
look similar across 
Fulton and southeastern 
Hamilton counties, the 
KDP product suggests 
rainfall is slightly 
heavier in Hamilton 
County due to locally 
higher values.

Radar Image: 2029 UTC July 16, 2024 (4:29 PM EDT)
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Melting Layer (ML)

● Common feature observed within wintertime precipitation

● Helps determine the radar’s best guess at the height of the freezing level and snow levels

● This feature is most commonly observed in the Correlation Coefficient (CC) product as a 
ring of reduced values (due to a mix of rain/melting snow in this region)

● “Bright Banding” can also be observed on reflectivity due to the melting snowflakes 
appearing as larger raindrops (higher reflectivity)

● ZDR can also become noisy within the melting later due to the variation of precipitation 
shapes and sizes

● KDP can sometimes be shown as a ring of reduced or no values based on the lower 
overall CC values, but can be more difficult to detect
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Radar Image: 1404 UTC March 23, 2024 (10:04 AM EDT)

Melting Layer (ML)

Four Panel image showing 
the location and depth of 
the melting layer (Top Left: 
Reflectivity; Top Right: ZDR; 
Bottom Left; KDP; Bottom 
Right: CC)

Melting layer is shown 
between the two white 
circles on the image

In this example, snowflake 
melting begins within the 
outer circle (between 
3000-4000 ft) and is 
complete within and inside 
the inner circle (between 
1000-1500 ft)
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● NWS Timeline of Operations for a Winter Storm



National Weather Service
Albany, New York

Three Phase Method for a Winter Storm

Days 4+
Potential Phase

Days 2-3
Preparedness Phase

Days 0-1
Take Action Phase

● Global models begin to hint 
at possible winter storm in 
the future; others may not

● Run-to-run and model 
consistency is likely very 
low

● Global ensembles tend to 
have a wide range of 
possible solutions

● Typically just a ‘mention’ in 
our Area Forecast 
Discussion but can also 
include a graphic on the 
office Weather Story or 
social media

● Global models begin to converge 
and become more consistent on a 
solution, but some spread can still 
exist

● Winter Storm Watches or other 
headlines may be issued pending 
confidence and coordination with 
surrounding WFO’s and National 
Centers

● Heads up briefings can begin for 
partners

● More detail included in AFD’s 
including possible scenarios (what 
we know vs what is less certain) 
and impacts

● Models typically merge onto 
a solution with higher 
confidence on amounts and 
impacts

● Watches get upgraded to 
either warnings or 
advisories pending 
accumulations and impacts

● More detailed briefings are 
created and sent to partners 
and also shared on the web 
for the public

● Even greater detail in AFD’s 
including timing, 
accumulations and impacts
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Three Phase Method for a Winter Storm
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Potential Phase (Days 4+)
Case Study: December 2, 2025 Snowstorm Event

GFS Deterministic: 12z Nov 28, 2025 (5 Days Out) GFS Ensemble: 12z Nov 28, 2025 (5 Days Out)
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Potential Phase (Days 4+)
Case Study: December 2, 2025 Snowstorm Event

Euro Deterministic: 12z Nov 28, 2025 (5 Days Out) Euro Ensemble: 12z Nov 28, 2025 (5 Days Out)



National Weather Service
Albany, New York

Potential Phase (Days 4+)
Case Study: December 2, 2025 Snowstorm Event

CMC Deterministic: 12z Nov 28, 2025 (5 Days Out) CMC Ensemble: 12z Nov 28, 2025 (5 Days Out)
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Potential Phase (Days 4+)
Case Study: December 2, 2025 Snowstorm Event

Forecast Discussion: November 28, 2025 - AM Update

Key Message:

- A low pressure system tracking south and east of the region Tuesday into Wednesday could bring a 
widespread snowfall with latest NBM probabilities of greater than 4 inches at 30 to 50 percent.

Discussion…

On Tuesday, a northern and southern stream shortwave will interact with one another forming a surface low 
near the Lower Mississippi Valley coast and track northeastward off the East Coast. While there is consensus 
of a track to the south and east of our region, there is some spread with how close to the coast it does track. 
Regardless of track, if precipitation were to occur, it would mostly be in the form of snow. A track closer to
the coast would increase snowfall accumulations with a track farther off the coast likely resulting in less snow 
or no snow at all.
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Potential Phase (Days 4+)
Case Study: December 2, 2025 Snowstorm Event

WeatherStory issued 
Nov 29, 2025 (4 days 

prior to the event)
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Preparedness Phase (Days 2-3)
Case Study: December 2, 2025 Snowstorm Event

GFS Deterministic: 00z Nov 30, 2025 (3 Days Out) GFS Ensemble: 00z Nov 30, 2025 (3 Days Out)
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Case Study: December 2, 2025 Snowstorm Event

Euro Deterministic: 00z Nov 30, 2025 (3 Days Out) Euro Ensemble: 00z Nov 30, 2025 (3 Days Out)

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

CMC Deterministic: 00z Nov 30, 2025 (3 Days Out) CMC Ensemble: 00z Nov 30, 2025 (3 Days Out)

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)

Forecast Discussion: November 30, 2025 - PM Update

Key Message:

- Winter Storm Watches have been issued for Tuesday morning through Tuesday night with 50% chance for 
accumulating snowfall amounts over 7 inches.

Discussion…

Beginning Tuesday morning, precipitation begins to move in from the south as a coastal storm moves 
northeastward…However, there are two different scenarios based on latest ensemble forecast members that could 
happen with the center of the low with the latest forecast supporting scenario number one for Tuesday…Scenario 
number one: The center of the low moves closer to the coast for widespread snowfall amounts between 4 to 8 inches 
from Tuesday morning into Tuesday evening…Scenario number two: The center of the low stays farther east and off 
the coast for the lower end of snowfall amounts, especially locations north and west of Albany…Nevertheless, we are 
looking at an impactful morning and evening commute across eastern New York and western New England. Allow extra 
time when traveling as roads become snow covered and visibilities can be quickly reduced due to the falling snow.
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)



National Weather Service
Albany, New York

Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Take Action Phase (Days 0-1)
Case Study: December 2, 2025 Snowstorm Event

GFS Deterministic: 12z Dec 1, 2025 (1 Day Out) GFS Ensemble: 12z Dec 1, 2025 (1 Day Out)
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Case Study: December 2, 2025 Snowstorm Event

Euro Deterministic: 12z Dec 1, 2025 (1 Day Out) Euro Ensemble: 12z Dec 1, 2025 (1 Day Out)

Take Action Phase (Days 0-1)



National Weather Service
Albany, New York

Case Study: December 2, 2025 Snowstorm Event

CMC Deterministic: 12z Dec 1, 2025 (1 Day Out) CMC Ensemble: 12z Dec 1, 2025 (1 Day Out)

Take Action Phase (Days 0-1)
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Case Study: December 2, 2025 Snowstorm Event

Take Action Phase (Days 0-1)

Forecast Discussion: December 1, 2025 - PM Update

Key Message:

- Winter Storm Watches have been upgraded to Winter Storm Warnings and Advisories for most of eastern New 
York and western New England from 7 AM Tuesday through 1 AM Wednesday.

Discussion…

…stratiform precipitation will spread into the region from west to east between 4 and 8 AM…With temperatures 
remaining at or below freezing within these onset periods, precipitation is expected to be snow for everyone to 
start…Latest forecast soundings and atmospheric cross sections indicate decent omega intersecting the DGZ as well 
as some areas where FGEN intersects the DGZ, supporting efficient snow production processes…Based on the 
consensus of a more northwesterly (closer inland) track of the low, the probability of the Capital District, Lake 
George-Saratoga Region, Eastern Catskills, Southern Vermont, and Berkshires being in a favored position for strong 
deformation bands is moderate to high…Therefore, we had the greatest confidence in seeing the highest snowfall totals 
of 7 to 11 inches within these areas through late Tuesday night. Elsewhere, light to moderate accumulations of 2 to 6 
inches looks more likely…
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Case Study: December 2, 2025 Snowstorm Event

Preparedness Phase (Days 2-3)
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Decision Between a Watch versus Warning/Advisory?

Watch Warning/Advisory

At least 50% confidence of seeing 
warning level precipitation amounts

As noted in basic course, can be all one 
precipitation type or a combination of 

multiple precipitation types

Coordination is done with surrounding 
offices and occasionally national 

centers

At least 80% confidence of seeing 
warning/advisory level precipitation 

amounts

This is based on a zone average, not 
necessarily one location within each 

zone seeing warning or advisory level 
amounts with all others seeing less

The one exception to a zonal average is 
lake-effect snow which verifies at a point 

due to this event typically more 
localized
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NWS Albany Forecast Zones and Numbers
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NWS Verification

Following an event, snow maps are created generally using a blend of observations (from Public Information 
Statements) and NOHRSC snowfall analysis to help smooth out areas with less reports. These are generated 
on a GIS NWS software program called GAZPACHO which compiles images of both a summarized map of 
reports but also county/zone averages. This helps us determine our warning verification which then gets 
inputted into StormData.
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NWS Verification
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Thank you For Attending! Questions?

Email: alb.stormreport@noaa.gov

       www.weather.gov/albany                      NWSAlbany                           @NWSAlbany                                  NWSAlbany


