
72
nd

 EASTERN SNOW CONFERENCE 
Sherbrooke, Québec, Canada 2015 

 

99 

 

NOAA ESRL Snow-Level Radar Deployment and Observations 

of Mixed Precipitation Events in Plymouth, NH 

BRENDON HOCH
1
, ERIC G. HOFFMAN

1
, LOURDES AVILÉS

1
, SAMUEL MILLER

1
, AND 

JASON CORDEIRA
1
:  

ABSTRACT  

A Snow Level Radar (SLR) is a vertically pointing frequency modulated continuous wave 

(FMCW) Doppler radar operating with a wavelength of 10 cm. The radar can detect the melting 

level (aka snow level) by measuring the signal-to-noise ratio and vertical velocity of precipitation 

particles at 40 m intervals and can remotely sense the depth of convective atmospheric boundary 

layer during the warm season.  A network of SLR instrumentation managed by NOAA Earth 

Systems Laboratory (ESRL) is deployed in the western and southern U.S. to monitor critical water 

resources for reservoir management.  Recently, NOAA ESRL has become interested in the 

applications of the radar for precipitation monitoring in other regions around the U.S.  In order to 

test the instrumentation, NOAA ESLR has deployed a SLR making continuous measurements to 

the campus of Plymouth State University in New Hampshire for a two year analysis.  SLR 

deployment techniques will be discussed along with several case studies which demonstrating the 

abilities of the instrument to detect various precipitation types during the winter season.  The SLR 

at Plymouth State provides students with a unique opportunity to obtain hands-on experience with 

the instrumentation and data. 
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1. INTRODUCTION 

   A Snow Level Radar (SLR) is a vertically pointing frequency modulated continuous wave 

(FMCW) Doppler radar. It operates with a wavelength of 10 cm and a frequency of 2.835 GHz. 

The radar uses an algorithm based on White et al. (2002) to detect the melting level (aka snow 

level) by measuring the signal-to-noise ratio and vertical velocity of precipitation particles.  

Understanding the snow-level in mountainous watersheds of the western United States is critical 

for watershed management. Therefore, a network of these radars is deployed in California to 

monitor the critical water resources for reservoir management.  Over the last few years, NOAA 

ESRL has become interested in the applications of the radar for precipitation monitoring in 

regions outside of California. In particular, mixed precipitation events (snow, ice pellets, freezing 

rain, and rain) are a not a frequent occurrence where this network of radars has been installed. 

Monitoring the height of the snow-level can help forecasters determine the precipitation type in 

the complicated terrain of northern New England. Therefore NOAA and the meteorology program 

at Plymouth State University agreed to locate one of the snow-level radars in Plymouth, New 

Hampshire for two years of continuous measurements.  

2. SNOW-LEVEL RADAR INSTALLATION AT PLYMOUTH STATE 

Figure 1. Snow Level Radar Deployment at Plymouth State University 

 

   Several criteria were considered for site selection of the Snow Level Radar on the Plymouth 

State campus.  The instrumentation requires a 20ft. clearance from buildings and other tall 

obstructions with nearby power available.  In an effort to increase interest to prospective students 

and the greater campus community, a site central to the campus core was chosen.  Close proximity 

to the campus police station also ensured a minimum level of security at the site.  An interpretative 

sign was developed in order to provide visitors with information about the instrument. 

 

   The two primary fields that the radar provides for visualization are a signal-to-noise ratio (dB) of 

the reflectivity of the radar and the fall velocities determined through the Doppler analysis. An 

algorithm was developed by NOAA ESRL to identify the melting level (aka snow level) by 
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comparing the so-called radar bright band to the fall velocities above and below this layer). (insert 

reference here). 

3. MIXED PRECIPITATION EVENTS 

   Since the radar began collecting data in November 2014, a number of mixed precipitation events 

have affected Plymouth and central New Hampshire. Several examples of the Snow Level Radar 

output are compared to observations at the Plymouth Airport AWOS (K1P1) along with standard 

weather charts for mixed precipitation events. For example during the January 18
th

 cold-air 

damming and icing event in the Northeast, the Snow Level Radar detected light freezing drizzle 

before significant precipitation was observed in the NEXRAD Doppler radar from Gray ME. In 

this case the melting level was observed to vary during the event between 1.3 and 1.7 km ASL 

before descending to the surface as cold air advection behind the surface cold front changed the 

precipitation briefly to snow before it ended. The results of these comparisons demonstrate that the 

output from the Snow Level radar can be used by students to examine and understand concepts 

from many areas of the curriculum including: synoptic and mesoscale meteorology, 

instrumentation, and cloud microphysics and precipitation processes. 

 

a. December 9 – 10, 2014 – Snow, Sleet, Rain 

   During this two-day period, a weak surface low pressure system (Fig. 2) moved northeastward 

along the New England coast bringing allowing for warm advection precipitation to move across 

central NH from the southeast to the northwest. With surface temperatures initially below 

freezing, and warm air (> 0 C) being advected northward in the layer near 1.5 km ASL mixed 

precipitation and the transition between precipitation types was observed by both the Snow Level 

Radar and K1P1. 

 

   Light snow, mist, and mixed precipitation (snow mixed with sleet) were reported at K1P1 from 

07 – 11 UTC 9 Dec. 2014 with surface temperatures near -3.8C (25 F). Figure 3 shows that PMH 

detected precipitation fall velocities on the order of 1 m s-1 which is consistent with the 

observations of light snow.  Precipitation briefly ended before resuming after 13 UTC. From 13 – 

20 UTC light snow and mixed precipitation (snow, sleet, and rain) were reported at K1P1. 

Temperatures warmed to 0C  (32 F) by 16 UTC. A melting level was first detected by the 

algorithm at 18 UTC at about 1.5 km ASL. Fall velocities above the melting level of 1 – 2 m s-1 

indicated primarily ice crystals above the melting layer with fall velocities below the melting level 

being dominated by the mixed precipitation (4 -5 m s-1). From 20 – 21 UTC a heavier band of 

precipitation crossed through central NH as shown by the reflecitivities in the KGYX Doppler 

radar.  During this time, the snow-level dropped to 600 m ASL and K1P1 reported moderate snow 

(personal observations indicated wet heavy snow with heavily rimed ice crystals).  The snow level 

lowered as a consequence of the additional cooling through melting in the layer with the intense 

precipitation.  From 21 UTC 9 December – 00 UTC 10 December temperatures warmed at K1P1 

to 1.6  - 3.5 C (35 – 38 F), and K1P1 reported mixed precipitation and light snow and the melting 

level at PMH was mostly observed to be near 1.5 km with fall velocities below the level indicating 

mixed precipitation.  From 00 – 07 10 December, PMH was not able to detect a distinct melting 

level. And fall velocities for 2 -3 m s-1 were observed below 2 km ASL Temperatures at K1P1 

stayed near 1.6 C (35 F) for this period and light drizzle was reported. However, Dr. Jay Shafer of 

Lyndon State college reported significant wet heavy snow at his home with an elevation of ~500 

m where temperatures were closer to 0 C (personal communication). 

 

Later in the next day, from 15 – 23 UTC 10 December, additional precipitation fell and PMH 

measured a melting level that primarily varied between 1.8 and 2.1 km ASL with the exception of 

a brief period near 21 – 22 UTC in which the level descended to 500-600 m ASL (Fig. 3). During 

this event K1P1 reported light to moderate rain without mixed precipitation which is consistent 

with the fall velocities below the melting level ~ 8 m s-1. (Fig. 3) 
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Figure 2. NOAA Weather Prediciton Center Surface analysis at 18 UTC 9 December 2014: Sea-level 

pressure isobars (hPa, solid red, every 4 hPa), centers of high (H) and low (L) sea-level pressure, fronts, and 

select station data (standard plotting convention). 

 

 
 
Figure 3. Plymouth snow level radar (PMH) time-height diagram 00 UTC 09  - 00 UTC 11 December 2014: 

Time is from right to left along the x-axis with height (msl) along the y-axis; fall velocity (m s-1, color 

shaded), black dots indicated the melting level (aka snow level) as determined by the radar algorithm. 
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Figure 4. Base (0.5 degree) reflectivity (dBz, color shaded) from the KGYX NEXRAD Doppler radar at 2050 

UTC 9 December 2014. 

 

b. January 18 - 19, 2015 – Sleet and Freezing Rain 

   During this two-day period, a weak surface low pressure system (Fig. 5) located in the Carolinas 

had a warm front extending northeastward along the East Coast separating cold artic air trapped 

east of the Appalachians from warmer air over the Atlantic Ocean. The resulting pressure ridge 

extending southwestward from New England west of the warm front is indicative of cold air 

damming. Once again warm air advection in the lower troposphere (~1.5 km) produced 

precipitation that fell into the cold dry air near the surface. This resulted in freezing rain for a 

significant portion of the Northeast and a prolonged freezing rain and sleet event in Plymouth. 

 

   Precipitation commenced in the Plymouth at 16 UTC 18 Jan 2015 with a period of light freezing 

drizzle (personal observation) that was not reported by K1P1. However, the PMH snow-level 

observations indicated that particles with fall velocities of 2-3 m s-1 were observed by the radar 

from 16 – 17 UTC.  Temperatures at K1P1 during this hour were -6.6 C (20 F). From 17 – 20 

UTC K1P1 reported light snow, but personal observations suggests that the primary precipitation 

particles were sleet mixed with freezing rain. Temperatures over this period rose from -6.6 C (20 

F) to -1.1 C (30 F). The PMH snow-level plot is consistent with these observations as a melting 

level was observed to begin at ~ 1.6 km (MSL) and descend to ~1.1 km (MSL) with fall velocities 

below this level from 5 – 8 m s-1.  From 20 UTC 18 Jan – 00 UTC 19 Jan, temperatures remained 
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between -1.1 (30 F) and 0 C (32 F) and K1P1 reported mixed precipitation (sleet and freezing 

rain). The PMH radar observations show the melting level rising from ~1.1 to ~1.6 km (MSL)  as 

warmer air came in aloft. Fall velocities of 5 – 8 m s-1 continue to be consistent with sleet and 

freezing rain. After a short period with little precipitation, mixed precipitation (primarily freezing 

rain) resumed at K1P1 from 01 – 06 UTC 19 Jan and temperatures held steady at 0 C (32 F). 

While at the radar location itself and at the rooftop weather station at Boyd Hall on campus, 

temperatures during this time rose to just above freezing such that cold rain was primarily 

observed.  The melting level dropped during this time from 1.8 to 0.6 km (MSL) as warmer air at 

upper-levels retreated eastward and colder air came in from the west. Precipitation ended just as 

the freezing level in the PMH observations made it to the surface.  

 

 
 

Figure 5. As in Fig. 3, except for 15 UTC 18 January 2015. 
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Figure 6. Same as Fig 3, except for 00 UTC 17 Jan. – 00 UTC 19 Jan. 2015. 

c. January 27 - 30, 2015 – Snow 

   Figure 7 shows the PMH observations from a precipitation event in which only snow was 

observed to contract with the other events. The radar shows that ice crystal precipitation develops 

in the clouds between 2 and 4 km (MSL) from 04 to 06 UTC 27 Jan. Precipitation is observed at 

the ground and at snow is reported at K1P1 from about 10 UTC – 22 UTC. Temperatures at K1P1 

decreased from -7.7 C (18 F) to -11.1 C (12 F) during this time. Figure 7 shows that the radar 

algorithm does not detect any melting levels and fall velocities remain below 3 m s-1 which is 

indicative of ice crystals.  
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Figure 7. Same as Fig. 3, except for 00 UTC 27 Jan. – 00 UTC 29 Jan. 2015 

 

4. FUTURE WORK 

 

   It is envisioned that the SLR can also be used to measure the height of the planetary boundary 

layer.  Research has already begun comparing SLR measurements to data provided by the Mount 

Washington Observatory network of weather stations detect various forms of precipitation.  The 

SLR may also be used as a tool for determining cold air damning events.  Additional efforts in 

integrating the SLR into classroom undergraduate and graduate classroom activities are underway. 
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