


  

From the Editor 

This is the department’s last year residing in Bradfield Hall, our home for more than 50 years. And what 
a wild year it’s been, meteorologically and otherwise. Like so many other aspects of life we took for granted just 
last winter, the COVID-19 pandemic forced CCAMS to halt the Spring 2020 Ithacation publishing process. This 
issue, as a result, will feature some articles originally written as early as last winter.  

 
Many in the major are studying at home this semester, and the opportunities for in-person events on 

campus are few and far between. But even in the absence of CCAMS-sponsored trips and activities, the 
meteorology cohort has been keeping busy. In the pages of Ithacation, you will find members of our 
organization, as geographically dispersed as they may be, discussing research into subjects they are passionate 
about.  

 
Joshua Pan and Everest Litchford wrote articles investigating radar, one of the most useful tools for 

atmospheric scientists. Read their works for fascinating dives, from two different perspectives, on the 
technology we often take for granted. Meanwhile, Harrison Tran researched cloudy days in Ithaca to write an 
article that finally answers the age old question- does the sun ever come out in Tompkins County? 

 
As this winter starts to get going, it can be important and informative to look back at the 2019-2020 

season. Join Kaidan Sookdar in his analysis of the winter as a whole, and why it was so lame for New York City. 
If you’re looking for a more in-depth look at a specific event, Jacob Feuerstein takes a dive into the 10/31/2019 
local severe thunderstorm and flooding event. 

 
Finally, be sure to read Aidan Mahoney and Julia Christopoulos talk about their summer research jobs, 

both through really exciting NOAA agencies! 
 
I really enjoyed putting this issue of Ithacation together. Despite all of the hardships brought by a 

devastating pandemic that forced many of us to study away from our home on the hill, CCAMS was able to bridge 
geographical gaps through shared love for meteorology.   

 
I hope you enjoy this issue of Ithacation as much as I did!                        Sincerely,  

Jacob Feuerstein [Editor-in-Chief] 
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The winter season of 2019-20 in New York City was epically lackluster. To put the abysmal nature of 
last winter in perspective, last winter’s snowfall total of 4.8 inches in Central Park was the second lowest in 
the past two decades, only eclipsing the nearly snowless season of 2001-02 by a mere 1.3 inches. This season 
was a very notable exception in a decade that was rather impressive for snowfall. In the 2010s, seven seasons 
had snowfalls above the yearly average of 25.1 inches in Central Park. This season perhaps served as a 
reminder that below-average snowfall seasons do in fact occur. 

It takes a special set of conditions for a season with such little snowfall to transpire. The fate of any 
winter season is mostly based on the orientation of multiple atmospheric patterns that occur in Earth’s mid 
latitudes which have global implications on weather and climate. The most well-known of these patterns, or 
oscillations, is the ENSO (El Niño-Southern Oscillation).  

The ENSO is a recurring climate pattern that involves changes in temperature patterns of the water 
temperatures in the eastern and central Pacific Ocean. When the temperatures in this region are above average, 
it is referred to as an El Niño. When the temperatures in this region are below average, it is referred to as a La 
Niña. El Niños generally correlate to below average snowfall and there indeed was a weak El Niño last winter. 
However, it is worth mentioning that the correlation between weak El Niño and lower snowfall average exists 
but isn’t all too strong.  

It is in fact three atmospheric oscillations in the Northern Hemisphere that undoubtedly played the 
largest role in keeping winter in New York City, and by extension the Northeast quite warm and not-so snowy 
this past winter.  

  
 

NYC’s Forgettable 2019-20 Winter Season 
Kaiden Sookdar ‘24 

 

The Eastern Pacific Oscillation, or EPO, 
is an oscillation that controls the flow of mild air 
originating from the Pacific Ocean. The EPO in 
the positive phase features a fast zonal jet (west 
to east motion), which floods much of the 
contiguous United States with warm Pacific air. 
The EPO remained in a positive phase for the 
vast majority of the winter season.  
The North Atlantic Oscillation (NAO) controls 
various westerlies that could bring in either cold 
or warm air and its orientation can influence 
storm tracks over the Atlantic Ocean. The 
positive phase of the NAO allows for warm zonal  
 
 
The Arctic Oscillation (AO) is yet another major 
influencer of winter weather patterns in North 
America. It controls the storm-steering, mid-
latitude jet stream. The Arctic Oscillation in the 
positive phase features lower than average 
pressure in the Arctic. This causes the jet stream 
to blow strongly, ultimately diminishing the 
likelihood of polar air intrusions in the United 
States. The AO was wildly positive for most of 
this past winter, and even broke a record for the 
highest daily value (+6.34), which beat out the 
past record from February 1990 of +5.91.  

 

flow to dominate the eastern part of the United States, which is 
not conducive for major coastal storms and prevents arctic air 
from advancing south. Like the EPO, the NAO ran positive for 
the vast majority of the winter season.  

The Arctic Oscillation (AO) is yet another major influencer 
of winter weather patterns in North America. It controls the 
storm-steering, mid-latitude jet stream. The Arctic Oscillation in 
the positive phase features lower than average pressure in the 
Arctic. This causes the jet stream to blow strongly, ultimately 
diminishing the likelihood of polar air intrusions in the United 
States. The AO was wildly positive for most of this past winter, 
and even broke a record for the highest daily value (+6.34), 
which beat out the past record from February 1990 of +5.91.  
 

 

An illustration of the Arctic Oscillation index’s 
observations. The new record value of +6.34 
occurred on February 10th, 2020. 

 These three atmospheric oscillations teamed up to give the winter season of 2019-20 the kiss of death in the 
Northeast. However, this season wasn’t all bad. The extremely positive AO allowed for one of the most intense 
polar vortexes on record to form, which allowed for a much needed colder than average winter season to 
transpire in much of the Arctic. This helped to keep Arctic sea ice levels safely above the minimum level on 
record. In hindsight, this was a disappointing season for a snow enthusiast like myself. However, on the grand 
scheme of things, this season served as Mother Nature’s balancing act. 
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Severe Weather Safety 
Ethan Greenburg ‘23 

In 2019, there were 1676 reports of tornadoes, 5392 reports of severe hail, and 16061 reports of severe 
wind (Storm Prediction Center). All of these reports were produced as a result of severe thunderstorm activity.  
 Before addressing ways of preparing for and staying safe from these hazards, it is important to address 
some common misunderstandings about severe thunderstorms. Even though the peak season for severe 
thunderstorms is spring, this doesn’t mean severe thunderstorms do not occur during other seasons. There have 
been plenty of severe thunderstorm and tornado outbreaks during all other seasons. Second, no place in the 
United States is immune to severe thunderstorms.  
 As a Californian, I have heard many people say these things simply don’t happen here when referring 
severe thunderstorms. This is simply untrue, severe thunderstorms have happened in every state including 
Alaska and Hawaii. In fact, there was a confirmed tornado which occurred in Ventura County, CA on 
December 26, 2019 and golf ball size hail fell from an intense supercell near Redding, CA on May 24, 2019. 
One of the most important things to know when severe weather is possible is how to stay informed. The Storm 
Prediction Center issues convective outlooks and watches. Local National Weather Service offices will issue 
warnings. News channels will often show Convective Outlook graphics. One of the most important things to 
remember about these graphics is that the categories are derived from probability, not intensity. A place in a 
Marginal Risk can still get an intense thunderstorm. Remember, even though these maps are accurate 
estimates of coverage, storms don’t follow lines. Finally, it is crucial to know the difference between watches 
and warnings. A severe thunderstorm or tornado watch is issued because it is apparent to meteorologists at the 
Storm Prediction Center that conditions are favorable for severe thunderstorms or tornadoes. A local National 
Weather Service office will issue a warning when a thunderstorm either reported as producing severe weather 
or it becomes apparent that severe weather is imminent.  In a nutshell, a watch means pay attention and a 
 

2019-2020 Winter Continued From Page 2 
Kaiden Sookdar ‘24 

 

warning means take action.  
Since severe thunderstorms pose a 

variety of hazards, there are a variety of 
precautions you need to take severe 
thunderstorms are in the forecast or are 
approaching your area. One of the most 
important precautions that can be taken is 
having multiple ways of receiving a 
warning. This doesn’t mean have three 
different weather applications on your 
phone. Rather, it means that you should have 
3 totally mediums of receiving critical 
information like a NOAA weather radio, a 
mobile phone with with wireless emergency 
alerts and a weather application with 
notifications enabled, and a TV. 

 
 

transpire in much of the Arctic. This helped to keep Arctic sea ice levels safely above the minimum level on 
record. In hindsight, this was a disappointing season for a snow enthusiast like myself. However, on the grand 
scheme of things, this season served as Mother Nature’s balancing act. 

 
Clockwise from top left: NOAA weather radio, NOAA 
Weather Ready Nation logo, SPC risk category diagram 

https://www.spc.noaa.gov/climo/online/monthly/2019_annual_summary.html
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Safety Continued from Page 4 

Gray Skies Over Ithaca 
Harrison Tran ‘22 

It’s a familiar sight for Ithaca in winter. During the day, 
a sheet of stubborn gray; at night, a starless black, spotted orange 
by the city lights below. On the off-chance the sun breaks 
through, a few jokes about a strange orb in the sky are made—
surely trite comedy by now—before the gray days return once 
more. It’s the perfect backdrop for the mysterious, cold, and 
slushy ithacation after which this newsletter is named. 

But just how cloudy is Ithaca? Is it an anomaly among 
cities in New York? Do we deserve the strange-orb-in-the-sky 
jokes?  

 
 

Ithaca is famous for overcast, grey scenes like 
this. Is that justified? 

There are other mediums of receiving this critical information, but these are a few examples. The 
most important aspect of your warning system is redundancy. When it comes to severe thunderstorm 
warnings, stay away from windows and go to a low floor. This will protect you from debris flying from wind 
and hail. If a tornado warning is issued, if you are in a sturdy building go to the lowest most interior room. If 
you are in a car, look for a roadside tornado shelter or find a sturdy building to seek shelter in. If these aren’t 
options, take cover in a ditch or another low-lying area. Never try to outrun a tornado or take shelter under an 
overpass, the overpass will just act as a wind tunnel and put you in greater danger.  

Now that you are informed on how to receive information and appropriate precautions to take to 
protect yourself from severe thunderstorms, you should now build a plan. This plan should include a room in 
your residence to go to in the event of a tornado warning and a place to meet neighbors or family members 
after the storm. Again, this room should be the lowest and most interior room in your residence. The room 
should have a kit which includes first aid materials in case you or others get injured, an airhorn to increase 
your chances of being found, and some canned food with water in case you aren’t found for a few days. It is 
crucial that neighbors or family members know where to find you after a severe storm so you can locate 
them, and they can locate you. This will help speed up possible search and rescue efforts as well as raise 
suspicion if you are not accounted for, increasing your likelihood of being found and your odds of survival.  
 Severe weather is dangerous and often frightening. Having information on what’s headed your way 
and a plan of action to deal with it will not only make it less scary but will also make it less dangerous. 

 

There are a few possible sources of data for determining the presence of clouds over a location. To 
investigate this matter in particular, I decided to examine the cloud record from the METAR archive at Ithaca 
Tompkins Regional Airport and other stations around New York. As is standard for airports in the United States, 
an automated weather station reports weather conditions at regular intervals. “METAR”, short for 
METeorological Aerodrome Reports, is a standardized format for reporting weather data, and is used 
internationally.  

In METAR, automated stations report cloud cover using three-letter codes that describe the amount of 
sky being covered at various heights. 

 
 

 

For this investigation, I was interested in the 
classic Ithaca cloudiness: complete (typically 
stratus-based) overcast. Automated systems 
usually use a sort of directed light beam or 
laser to determine the presence of clouds, but 
they have difficulty determining the presence  
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Gray Skies Over Ithaca (continued) 
Harrison Tran ‘22 

p 

of clouds, but they have difficulty determining the presence of clouds higher than 12,000 feet. That’s 
why “CLR” can only indicate clear skies up to that elevation. This should be (mostly) fine, however, 
since stratus clouds are usually found lower, and the sun often manages to poke through a high sheet 
of clouds in a way that makes the day a little less dreary. The automated data is most regular within the 
last 15 years, so I decided to look at that period, beginning on January 1, 2005, and ending through 
December 31, 2019. Only stations with periods of record extending across the entirety of this 
timeframe were included, and data marked as missing were discarded. After all was said and done, 
nearly 10 million lines of raw data were analyzed. 
 
 Experiment 1: Days with overcast conditions at any 
time 
To open the investigation, I first simply cataloged any 
day that overcast conditions were observed, regardless of 
whether this occurred in the daytime or nighttime. In the 
15-year record, Ithaca experienced overcast conditions at 
some point during the day on 79.3% of days. Quite 
cloudy, indeed! However, when we compare it to the rest 
of New York, this doesn’t really stand out. Much of the 
Finger Lakes region has values that are in the 80% range, 
with the only obvious clearer zones being the Hudson 
River Valley and Long Island. 
 

 Figure 1: Proportion of fall and winter days in the 
last 15 years that had at least some overcast. 

  Figure 2: Proportion of fall and winter days in 
the last 15 years that had at least some overcast. 

 
 

 
Figure 3: Proportion of winter days in the last 15 

years that had at least some overcast. 
 

 

Experiment 2: Fall and Winter days with 
overcast conditions at any time 
Perhaps the classic Ithaca overcast is an autumnal 
and winter-time phenomenon, as I alluded to in 
the beginning of the article. What happens if we 
limit the data to the months from September to 
February? Ithaca climbs to 87.4% for fall and 
winter days with at least some overcast, which is 
quite high but not particularly noteworthy among 
other locations in central New York that show 
similar values. 
 

 

Experiment 3: Winter days with overcast 
conditions at any time 
What about just the winter months of December, 
January, and February? Ithaca notches its 
percentage up to 95.3% of days with at least some 
overcast conditions, and the cloud competition 
tightens across upstate New York. Still, Ithaca 
appears to be just as cloudy as many locations in 
central New York, with no real standouts across 
the region. 
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Gray Skies Over Ithaca (continued) 
Harrison Tran ‘22 

 
Experiment 4: Days with daytime overcast, all 
seasons 
Perhaps the impression of cloudiness in Ithaca is 
mostly a daytime thing. In addition, nighttime 
fogginess is a rather common sight throughout 
New York. What happens when we examine days 
with overcast during the daytime? The state 
becomes much sunnier. About 50% of daytimes 
in Ithaca feature some sort of overcast, which is 
actually slightly lower than other areas near the 
Finger Lakes. 
 

 
Figure 4: Proportion of days in the last 15 years that had at 

least some daytime overcast. 
 
 

Experiment 5: Proportion of overcast during 
the daytime only, winter only 
What happens when we limit the data to only 
winter daytimes? Curiously, Ithaca remains 
slightly clearer than surrounding areas, with 
81.1% of winter daytimes featuring overcast 
skies. The same general cloud distribution over 
New York—cloudy in the west and clearer 
towards the Hudson Valley and Long Island—
remain even in this category. 
 

 
Figure 5: Proportion of winter days in the last 15 years that 

had at least some daytime overcast. 
. 

 
 

Experiment 6: Cloud cover scoring 
Instead of looking at percentages of days with 
overcast conditions, we can also “score” the 
observations by the amount of sky covered. For 
instance, overcast skies count for 100 points, 
broken skies would count for 75 points (since 
5/8ths to 7/8ths sky coverage is considered 
broken), etc. After tallying up points for all 
stations and dividing by the number of reports 
from those stations, an average was derived. In 
this system, Ithaca scores 55 points, meaning that 
roughly speaking about half of the Ithaca sky is 
covered by clouds at any time. Once again, we 
find that this is rather cloudy, but not necessarily a 
standout figure across the state as shown below. 
 The verdict? Ithaca is definitely a cloudy city, and the data shows that the majority of days in Ithaca, 
particularly in the cold season, feature overcast skies. However, Ithaca cloudiness isn’t unique within New 
York, showing similar proportions in the data to other locations in western New York according to station 
data archives. There’s some intuitive sense to this. After all, large overcast cloud swaths affect large regions 
far bigger than just Tompkins County. While local terrain features may help foster a microclimate for 
Ithaca, stratiform cloud shields aren’t as influenced by the local terrain compared to lake effect snow and 
other small “mesoscale” weather events. In the meantime, enjoy the sunny days few and far between in 
Ithaca whenever you can. The sun is certainly an unfamiliar and strange orb here. 
 

 
Figure 6: Mean cloud coverage across observations in the 

last 15 years 
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Coding a Simulation of Atmospheric Refraction 
Joshua Pan ‘23 

Atmospheric conditions change the way radar beams propagate.  In turn, the path of a radar beam can 
affect estimates of precipitation amounts. In extreme low-level inversions, weather radar may also pick up 
objects on or near the surface, known as ground clutter.[1] As an independent summer project, I coded a 
rudimentary simulation of radar beam paths that accounts for atmospheric refraction. In this article, I explain 
the fundamentals of atmospheric optics and showcase my project. 
Every medium has different optical properties. The index of refraction (or refractive index) describes the 
speed of electromagnetic radiation through a material (Figure 1a). The slower that light travels through a 
medium, the higher the refractive index of that medium. A perfect vacuum has a refractive index of 1. In the 
lower atmosphere, microwaves travel through air at over 99.97% of their speed through a vacuum, giving us n 
< 1.0003. The refractive index of air has a positive correlation with air density. 
 

Figure 1: (a) the definition of the index of refraction, (b) 
a way to understand how light refracts[2], (c) a formula 
for the angle of refraction[3], (d) partial or total reflection 
within a dense medium. 

At this point, you may be wondering 
why such a tiny difference in the speed of light 
matters to radar. It turns out that when a ray of 
electromagnetic radiation crosses a density 
boundary, its direction also changes (Figure 
1b). In other words, light refracts when it 
encounters a change in the index of refraction. 
Since a radar beam experiences continuously 
decreasing air density as it ascends in the 
atmosphere, we can imagine that the beam 
constantly travels through tiny decreases in n. 
Snell’s law describes the change in beam 
direction for any one of these discrete 
decreases in density (Figure 1c). A larger 
change in n causes light to bend more. For a 
series of infinitesimal decreases in the 
refractive index, Snell’s law shows that 
atmospheric refraction makes the ascent of a 
radar beam less steep. In strong low-level 
inversions, a large portion of a light ray can 
reflect off of the density interface and head 
back down to the ground (Figure 1d). 
 

inversions, a large portion of a light ray can reflect off of the density interface and head back down to the 
ground (Figure 1d). 

I will now explain how my script applies these concepts of atmospheric refraction to the real world. 
I use an improved version of the Edlén equations for the refractive index n of air.[4] It’s difficult to express 
these empirically derived equations cleanly, but we can pick out the main features. The quantity n – 1 is 
proportional to the density of air. Temperature and pressure readings from soundings give us the air density 
through the ideal gas law (p = ρRT). Because moist air is less dense than dry air, the equations also account 
for the moisture content of the air. The concentration of carbon dioxide is taken to be a constant around 400 
parts per million by volume. 

Let’s see how the refractive index varies with height for two different soundings. The high lapse rate 
sounding in Figure 2a was taken shortly before the June 2012 derecho at Dulles. In Figure 3a, the 
corresponding refractive index n decreases exponentially with height, approaching 1 asymptotically. Figure 
2b was taken during an extreme radiation inversion in January 1984, when Dulles recorded its all-time low 
temperature. The inversion created a very dense (high n) layer of air near the surface. Comparing the two 
sounding environments, an inversion in sounding (b) makes the refractive index decrease much faster with 
height. By Snell’s law, a radar beam in sounding (b) will climb more slowly due to a steeper gradient in the 
refractive index. (Note that it can be misleading to compare a refractivity graph side-by-side with its 
associated sounding. Doing so may suggest that decreasing temperature causes decreasing n, which is not the 
case. Try plugging numbers from the soundings into the equation p = ρRT to verify that pressure, not 
temperature, is the main driver of air density [and by extension refractivity] as height changes. Pressure and 
temperature have opposing influences on n.) 
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associated sounding. Doing so may suggest that decreasing temperature causes decreasing n, which is not the 
case. Try plugging numbers from the soundings into the equation p = ρRT to verify that pressure, not 
temperature, is the main driver of air density [and by extension refractivity] as height changes. Pressure and 
temperature have opposing influences on n.) 
 

 
Figure 2: Soundings at Dulles showing (a) high instability on June 30, 2012, at 0Z, and (b) a strong radiation 

inversion on January 22, 1984, at 12Z. 
 

 
 
 
 
 

To put it all together, my script first performs the Edlén refractive index calculations on an input 
sounding. Next, I send a radar ray out at a specified elevation angle, such as 0.5° above level. In 1 km 
horizontal steps, I obtain the altitude of the beam through right-triangle trigonometry. I also account for 
Earth’s curvature by increasing the beam’s angle at each step. When the ray intersects an air density boundary, 
I adjust its angle with Snell’s law. 

Figures 4a and 4b represent the radar beam paths that correspond to the soundings in Figures 2a and 
2b, respectively. First, note that the beams aren’t actually refracting upwards. They curve upwards because my 
plots represent the ground as a flat line. In reality, Earth’s surface curves downward, away from the beams. 
The main point of interest here is how the radar rays travel differently in different atmospheric conditions. In 
the unstable atmosphere of sounding (a), the beam reaches 4,600 meters above sea level at 200 km away from 
Dulles. By contrast, the beam only reaches 3,800 meters with the strong inversion in sounding (b). This 
matches the conceptual understanding of atmospheric refraction that I laid out! 
  
 

Coding a Simulation (continued) 
Joshua Pan ‘23 

Figure 2: Soundings at Dulles showing (a) high instability on June 30, 2012, at 0Z, and (b) a strong 
radiation inversion on January 22, 1984, at 12Z. 

 

Figure 3: Vertical profiles of refractivity at Dulles on (a) June 30, 2012, at 0Z, and (b) January 22, 1984, 
at 12Z. The vertical axis is height above sea level. The horizontal axis is refractivity (n – 1), which is one 
less than the index of refraction.  

 



Ithacation i Fall 2020 
 
 

10 

  

 
 
 
 
I’ve created a simple yet nifty radar ray-tracing simulation, which uses basic atmospheric optics to predict the 
path of a radar beam. A major improvement to the script could be made by accounting for partial reflection of 
radiation off of a density interface (Fresnel equations). On another note, since soundings are only taken twice a 
day, a real-world application of my project could work backwards to find lapse rates using radar echoes and 
optics concepts. As of this writing, I am considering conducting research that is related to atmospheric optics, 
and encourage anybody interested to reach out to me.  

 
 

Coding a Simulation (continued) 
Joshua Pan ‘23 

Figure 4: Height above sea-level vs. distance from the radar site (Dulles) for a radar beam with an 
upward tilt of 0.5°. (a) June 30, 2012, at 0Z and (b) January 22, 1984, at 12Z. 

 

Sources: 
[1] https://www.weather.gov/jetstream/ap_max [2] http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html 
[3] https://www.youtube.com/watch?v=3mXYHUP8sqw [4] https://emtoolbox.nist.gov/Wavelength/Documentation.asp#AppendixAIV 

Spooky Squall Lines and Fearsome Flooding: The Halloween storm of 2019 
Jacob Feuerstein ‘23 

Weather in late October, besides maybe a rainy nor’easter or sloppy southeast tornado outbreak, is 
typically not very interesting or impactful. But for the east coast, including Ithaca’s neck of the woods, the 
October 31st, 2019 storm system proved to be one of the most significant local events of the year. At fault was 
an impressive longwave trough that included a closed 300mb low and a jet streak exceeding 150 knots, which 
began taking on a negative tilt as it swung eastward towards the Great Lakes early on the 31st.  
 

 

In response to the abundant powerful dynamics throughout the 
middle and upper atmosphere, a low level cyclone rapidly deepened as it 
moved northeast from the Missouri valley through southeastern Ontario. 
The expansive low level jet (LLJ) intensifying to the south of the 
cyclone’s boundary became arguably the most influential player of the 
event, with 850mb flow sometimes exceeding 80 knots in the low level 
cyclone’s warm sector. This southerly flow rapidly transported a warm, 
humid Gulf airmass across much of the east coast, with dewpoints 
exceeding 70° common across the southeast, and dewpoints in the mid 
60°s later developing as far north as north-central New England, 
including Ithaca. 
 
 

0/31/19 20z 300mb flow from SPC 
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Spooky (Continued from page 10) 
Jacob Feuerstein ‘23 

The result was a massive and powerful warm sector for so late in the season, with surface based 
CAPE (a metric of the tendency of air to rise in thunderstorm updrafts) at times reaching 1000-3000+ J/kg 
south of Maryland, with values between 100-500 J/kg as far north as the central Adirondacks.  
 
 
 

500mb flow to 80 knots thousands of miles 
downstream of the trough itself meant that powerful  
0-6km wind overspread the warm sector, with effective 
shear often in excess of 60 knots. Values in this range 
are quite favorable for the organization of any updrafts 
that can occur into potentially strong, long lived severe 
storms. As a powerful cold front began sliding eastward 
through the warm sector under a northeasterly moving 
surface low, then, it was no wonder that convection 
quickly began to develop in a broken band stretching 
from Florida to West Virginia by the early afternoon.  
 Beyond the creation of a powerful, expansive 
warm sector, the LLJ’s strength assured that even 
shallow topped convection was capable of producing 
widespread damaging winds via momentum transfer. 

 

 10/31/19 18z CAPE (right), 11/1 00z sfc 
dewpoint, temp (left) from SPC This is exactly what happened as thunderstorms 

grew upscale into a strongly forced squall line in a 
kinematically and somewhat thermodynamically 
favorable environment through the afternoon of the 31st. 
By late afternoon, the sharp line of strongly forced, 
damaging windstorms was nearly continuous from 
Georgia through central NY.  

Damaging wind gusts were widespread, as 
often is the case with such large-scale convective lines 
in environments with very strong flow just above the 
surface. The storm prediction center of the national 
weather service collected 404 storm reports, almost all 
damaging wind gusts, stretching from Alabama to 
Maine. In a year that proved unusually active in 
regards to severe thunderstorm activity, 10/31 was still 
the fourth most prolific daily producer of severe 
weather reports. Severe thunderstorms were actually 
not the most memorable part of the Halloween system, 
though, at least for the local area. The LLJ was not 
done causing impressive weather, and for a grand 
finale, it drew a very anomalous moisture feed 
northward into the interior Northeast.  

 

 

 Anomalously high PWATs (image from tropical tidbits) 
contributed to flooding. 

In fact, in the vicinity of the 850mb cyclone, precipitable water content was 4-6+ standard deviations 
above the norm. With such unusually strong deep moisture in place, very high rainfall rates were possible 
given forcing. 
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As is the case with many strong, negatively tilted troughs in the northeast, the surface low moved over 

a baroclinic zone along the eastern shores of the Great Lakes. With persistent convergence along this stationary 
frontal boundary, combined with such a strong moisture field, moderate to heavy rain was widespread across 
north-central NY almost the entire day of the 31st. 
 

Spooky (Continued from Page 11) 
Jacob Feuerstein ‘23 

 

Last April, amid the onset of the coronavirus pandemic and an abrupt switch to Zoom University, I 
was selected for my dream job as a Pathways Intern at the National Hurricane Center’s (NHC) Tropical 
Analysis and Forecast Branch (TAFB). On May 26th, 2020, I swore my oath to protect and defend the 
Constitution of the United States and committed myself to the mission of the National Weather Service: 
protecting lives and property. 

The Tropical Analysis and Forecast Branch provides marine products and services for over ten 
million square miles of ocean. Our largest product, the Unified Surface Analysis, covers the area between 
20°S and 31°N (except 30°N in the Pacific) from 20°E the coast of Africa to 140°W in the eastern Pacific 
Ocean. In addition to all of our regular products, we provide Impact Decision and Support Services for 
Districts 7 and 8 of the United States Coast Guard as needed during the hurricane season or to support other 
operations. TAFB operates 24 hours per day, 7 days per week, and 365 days per year in service of the 
international marine community. 

Due to the pandemic, I have yet to set foot in the NHC building in Miami, FL. My entire internship so 
far has been remote from my bedroom in Ithaca, now designated “TAFB North” by my fantastic supervisor 
and Branch Chief Dr. Chris Landsea. Before the pandemic, onboarding a new employee in a completely 
remote environment was an unimaginable feat. I am thankful at how smooth the transition went and how 
fulfilling these past few months have been despite the global situation. NHC is leading the National Weather 
Service in telework capabilities, with all but a few TAFB forecasters having been to the office since March 
and similar outcomes for the other branches. We are still accomplishing the mission and providing 
exceptional service. 
 
 
Most of my first month on the job was spent training and learning about NHC, TAFB, and the weather and 
climatological patterns in the areas we serve. I most enjoyed learning about the Tehuantepec Gap Winds, a 
phenomenon that perfectly exemplifies the link between weather and geography. Tehuantepec Gap Winds 
occur when northerly flow occurs in the Bay of Campeche. Winds enter the Chivela Pass, a gap in the Sierra 
Madre mountains, where they accelerate due to directional convergence and burst out into the Gulf of 
Tehuantepec at gale, storm, and sometimes even hurricane force. The narrowing of the pass drives the 

 
The waterfall under the Triphammer footbridge roared to 
an extent rarely seen, and large fallen trees and branches 
occasionally floated over the raging falls into the gorge 
below 

As the convective storms moved through Central NY 
in the early evening of the 31st, some areas saw several hours 
of very high rainfall rates on top of the day’s moderate, long-
fused precipitation. The results were widespread significant to 
extreme 24 hours rainfall totals that ranged from 2-5” in the 
Northern Finger Lakes up to 7” in the Adirondacks. Because 
much of this fell on grounds that were already unusually 
waterlogged, several local rivers and creeks exceeded flood 
stage. Four Albany CWA hydrographs even broke records for 
streamflow, per the NWS there.   

Locally, the already swollen Fall Creek watershed 
accumulated 1-3” of rain, most of which fell in just a few 
hours. Around campus, the impacts were particularly 
noticeable as the Beebe lake water level rose to such an extent 
that it submerged sections of the nearby natural area. 

A Summer at the National Hurricane Center 
Aidan Mahoney ‘22 
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Most of my first month on the job was spent training and learning about NHC, TAFB, and the weather 
and climatological patterns in the areas we serve. I most enjoyed learning about the Tehuantepec Gap Winds, a 
phenomenon that perfectly exemplifies the link between weather and geography. Tehuantepec Gap Winds occur 
when northerly flow occurs in the Bay of Campeche. Winds enter the Chivela Pass, a gap in the Sierra Madre 
mountains, where they accelerate due to directional convergence and burst out into the Gulf of Tehuantepec at 
gale, storm, and sometimes even hurricane force. The narrowing of the pass drives the directional convergence 
and acceleration. The high winds associated with a gap wind event churn up the seas in the Gulf of Tehuantepec, 
often leading to significant wave heights in excess of 12 feet. Additionally, the rougher seas contribute to 
enhanced coastal upwelling during and after a gap wind event, cooling the sea surface temperatures in the region. 

In July, I was briefed and brought aboard a project with the goal of developing a tropical wave product 
scheduled for experimental release in 2021. This project is motivated by the fact that while the core of a tropical 
wave exists at the 700mb pressure surface, we currently plot these features on the surface map. This can lead to 
interesting situations where tropical waves are forced down to the surface even if it is not physically present at 
the surface. Led by TAFB Lead Forecaster Andrew Levine and Dr. Andrew Penny of the Technology and 
Science Branch, we first set out to refine the current tropical wave diagnostics software that serves as an aid for 
forecasters in identifying the wave axes. The existing code ingests GFS and ECMWF model data and objectively 
analyzes the wave axes. We believe the software would benefit from a climatological adjustment, which would 
aid the software in ignoring the Colombian Low in the western Caribbean. This persistent feature confuses the 
current diagnostics software and creates a lot of noise in the region. We are currently working on implementing 
the climatological adjustment and hope to have the new version of the tropical wave diagnostics code running 
in parallel soon. Admittedly, a record-breaking hurricane season is not kind to the progress of development 
projects. 

Capitalizing on my science communication coursework, Forecaster Maria Torres, TAFB Social Media 
Lead, quickly got me on board with the social media team. So far, I have contributed to several of their ongoing 
projects and have been entrusted with the responsibility to tweet from the official TAFB Twitter account during 
busy and highly impactful periods. It is an honor to be trusted with such an important responsibility, and I am 
thankful that my team members trust me to do so. 

Working on TAFB’s Twitter is my first foray into operations at TAFB (remote work makes training on 
operations and shadowing shifts very difficult). During busy periods, I would tweet around the clock to ensure 
that mariners and the public received the latest and most important information. Hurricane Laura was the first 
storm I worked in this official capacity. The sobering feeling of watching a catastrophic scenario unfold over 
my marine area of responsibility and a populated coastal region is one I will never forget. I learned by experience 
to deal with these feelings in the moment, and then get right back to what I and my colleagues do best: the 
weather. Collectively, we're all at our best in these dire situations. We are fulfilling the mission, and I continue 
to be honored to have the opportunity to contribute to that. 

The best part of a Pathways Internship is that my appointment can be extended for as long as I am in 
school. Since I plan on attending graduate school and attaining a master’s degree in tropical meteorology, this 
means I will be with TAFB for the next four years. I am thankful to have such an amazing opportunity and look 
forward to furthering the mission of TAFB, NHC, the National Weather Service, and NOAA. 

My internship would not have been possible without the support of Dr. Chris Landsea, Brad Reinhart, 
Director Ken Graham, Andrew Levine, Andy Penny, Maria Torres, Dr. Mark DeMaria (for all the technology 
capabilities!) and so many more of my amazing coworkers, who I one day hope to be able to thank in person. 

Summer at the NHC (Continued from Page 11) 
Aidan Mahoney ‘22 
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Terminal Doppler Weather Radars – What Are They? 
Everest Litchford ‘23 

 Late in the afternoon on August 2nd, 1985 near Dallas Fort Worth International Airport, Delta Airlines 
Flight 191 was on final approach when the aircraft landed prematurely over a mile from the runway, splitting 
into several pieces and catching fire. The accident killed 163 passengers and a driver on the ground [1]. The 
question left to investigators was critical: why did the large passenger aircraft fail to maintain its descent path? 
The answer lied in the skies above. 
 The National Transportation Safety Board determined the causing factor was a thunderstorm microburst 
[1]. While this might seem like a relatively straightforward explanation, fully understanding why Delta 191 
crashed requires looking at a common meteorological phenomenon: wind shear. Figure 1 shows how a 
microburst can generate wind shear and how that wind shear affects a plane attempting to land. As the aircraft 
approaches the microburst, it encounters a strong headwind and gains additional lift. If the pilot is unaware of 
the danger, he or she may decrease engine power to compensate. As the plane enters the downdraft it 
suddenly loses the headwind and is pushed downwards. As the plane exits the downdraft region, it 
experiences a strong tailwind, decreasing the lift generated by the wings and further causing the plane to lose 
altitude [2].  
 
 

It is this series of events that the NTSB 
concluded led to the fatal accident. In particular, they 
emphasized that a “lack of definitive, real-time wind 
shear hazard information” was an important factor in 
the crash [1]. Given their ability to rapidly sample large 
swaths of the atmosphere, doppler weather radars are a 
clear contender to fill this demand. The NEXRAD radar 
network has long played a critical part in identifying 
thunderstorm hazards. Unfortunately, NEXRAD radar 
systems are intended to provide blanket coverage over a 
large area which ultimately means they often cannot 
optimally provide low-level wind shear data. In 
response to this missing capability, MIT’s Lincoln 
Laboratory developed a new radar system specifically 
for use near vulnerable major airports. Named the 
“Terminal Doppler Weather Radar” or TDWR, this new 
radar system would be able to provide high-resolution, 
rapidly refreshed weather data to aviation safety 
officials [3].  

From a technical standpoint, the TDWR has 
several advantages to the WSR-88D systems that make 
up the NEXRAD network. Importantly, it has around 
double the angular resolution as well as a significantly 
boosted scan time (See Figure 2) [4]. This provides a 
much better picture of wind shear conditions low to the 
ground than what might be possible with the traditional 
WSR-88D. To complement this, TDWR systems can 
also be more strategically placed to maximize low level 
coverage at airports. A NEXRAD radar site may not be 
located nearby and therefore either be unable to scan the 
lowest levels of the atmosphere or be forced to sample 
at a much lower resolution. This is not to say TDWRs 
do not have their own drawbacks. The most obvious of 
these are its range and lack of products. The WSR-88D 
has a maximum doppler range of 230 km and produces 
over 75 Level-III products while the TDWR has a 
maximum doppler range of only 90 km and produces 
only 26 Level-III products (with a notable lack of dual-
polarization products) [5]. Other drawbacks include its 

for use near vulnerable major airports. Named the “Terminal Doppler Weather Radar” or TDWR, this new 
radar system would be able to provide high-resolution, rapidly refreshed weather data to aviation safety 
officials [3].  
 From a technical standpoint, the TDWR has several advantages to the WSR-88D systems that make 
up the NEXRAD network. Importantly, it has around double the angular resolution as well as a significantly 
boosted scan time (See Figure 2) [4]. This provides a much better picture of wind shear conditions low to the 
ground than what might be possible with the traditional WSR-88D. To complement this, TDWR systems can 
also be more strategically placed to maximize low level coverage at airports. A NEXRAD radar site may not 
be located nearby and therefore either be unable to scan the lowest levels of the atmosphere or be forced to 
sample at a much lower resolution. This is not to say TDWRs do not have their own drawbacks. The most 
obvious of these are its range and lack of products. The WSR-88D has a maximum doppler range of 230 km 
and produces over 75 Level-III products while the TDWR has a maximum doppler range of only 90 km and 
produces only 26 Level-III products (with a notable lack of dual-polarization products) [5]. Other drawbacks 
include its smaller wavelength and lower maximum unambiguous velocity limit [4]. 
 While the benefits of the program to aviation are clear, TDWRs have applications elsewhere. 
Operational meteorologists and researchers can also tap into the significantly improved resolution of the 
system to deliver more accurate thunderstorm hazard warnings and better understand storm structure. Given  
 
 
While the benefits of the program to aviation are clear, TDWRs have applications elsewhere. Operational 
meteorologists and researchers can also tap into the significantly improved resolution of the system to 
deliver more accurate thunderstorm hazard warnings and better understand storm structure. Given their 
positioning near major airports, this often means an additional source of data for meteorologists to use in 
sensitive, high-population regions [3]. A hidden benefit of a secondary radar network is added redundancy. 
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their positioning near major airports, this often means an additional source of data for meteorologists to use in 
sensitive, high-population regions [3]. A hidden benefit of a secondary radar network is added redundancy. 
From September 20th to October 10th this year, the KLWX radar experienced an extended outage due to the 
failure of a critical mechanical component [6]. During this 19-day outage, the Baltimore-Washington forecast 
office as well as other regional businesses and organizations that relied on the data it provided were left 
without NEXRAD coverage. Despite the extended period of the outage, its effects were not as impactful as 
might be initially suspected. Thanks to the presence of several major airports in the region, four separate 
TDWRs provided weather radar coverage for the region for the duration of the failure [7].  
 Today, 45 TDWRs are now operated by the FAA at major airports throughout the United States [9]. The 
benefit they have provided since their conception to the aviation industry is undeniable. Now armed with a 
much clearer picture of current weather conditions, air traffic controllers are able to make more informed 
decisions about airport operations, improving efficiency and reducing delays. The same benefits carry over to 
safety. No wind shear related aviation accidents have ever occurred at a TDWR covered airport [9]. Combined 
with the NEXRAD network, Terminal Doppler Weather Radars provide a vital source of information that 
keeps our planes flying. 
 
Sources: 1.https://www.ntsb.gov/investigations/AccidentReports/Pages/AAR8605.aspx 2.https://www.nasa.gov/centers/langley/news/factsheets/Windshear.html 
3.https://web.archive.org/web/20150414074913/http://www.ll.mit.edu/mission/aviation/faawxsystems/tdwr.html 4.https://www.ncdc.noaa.gov/data-access/radar-data/tdwr 
5.https://www.ncdc.noaa.gov/data-access/radar-data/tdwr/tdwr-products 6.https://nwschat.weather.gov/p.php?pid=202010101405-KLWX-NOUS41-PNSLWX 
7.https://www.roc.noaa.gov/SPG/PublicDocs/CONUS_Radar_Coverage2.pdf 8.https://web.archive.org/web/20110519164907/http://www.nssl.noaa.gov/divisions/warning/swat/tdwr.php 
9.https://www.faa.gov/air_traffic/weather/tdwr/ 

 

This summer as part of the William M. Lapenta NOAA Internship program, I had the opportunity to 
conduct a research project in the Climate Program Office's Atmospheric Chemistry Carbon Cycle and Climate 
Program (AC4) under the mentorship of Daniel Tong, Monika Kopacz, and Kenneth Mooney. My project 
revolved around new and fascinating research concerning the possible effects of recent COVID-19 related 
emission changes on soybean crop production in the United States. Prior to the internship, I was only 
introduced to basic concepts of Python programming and current atmospheric research in my courses at 
Cornell. This research project certainly helped me develop those basic skills into helpful tools. Throughout the 
entire research process, I received nothing but words of encouragement from my mentors and fellow interns. I 
was encouraged to share my research progress periodically at weekly lab group meetings and at my weekly 
meetings with Dr. Kopacz and Dr. Mooney. Dr. Tong even presented me with the opportunity to present 
preliminary findings of my results in the NASA Health and Air Quality Applied Sciences Team’s (HAQST) 
Final Showcase. In July, I collaborated with fellow student interns in the Climate Program Office (CPO) to 
create a presentation on the Youth Perspective on the Intersection of Race and Pursuing Stem in School to 
highlight the need for CPO engagement among younger students. We were able to present this during the 
monthly CPO staff meeting for NOAA leadership to hear.   

In the last month of my internship, I was provided the opportunity to work with both Dr. Kopacz and 
Dr. Gregory Frost in developing a value assessment for the incorporation of atmospheric composition 
capabilities on the next generation of NOAA operational geostationary and extended orbit (GEO-XO) 
satellites set to launch between 2030 and 2050. This portion of my internship truly exposed me to the 
importance of such capabilities and its relevance to key areas of atmospheric and climate research. In addition 
to all these opportunities, I was offered several chances to speak with lab directors and researchers from across 
the country to gain insight on current atmospheric chemistry research. Overall, this experience was nothing but 
rewarding as I truly was able to effectively grow my professional, scientific, and communication skills. 
Currently, I am working on publishing my research. I am proud to say this experience was only a start in my 
goal in pursuing a PhD and becoming a research scientist for the government.  

 

A Summer As a Lapenta Intern 
Julia Christopoulos ‘22 

 

Terminal Doppler Weather Radars – What Are They? 
Everest Litchford ‘23 
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Fresh Faces 
Classes of 2022 and 2023 

My name is Gabriel Larouche, and I am from Greenfield, 
Massachusetts. At this point my occupational goal is to research 
thunderstorm and tornado development, however I am quite excited to 
learn about everything our atmosphere has to offer. One remarkable 
event that ignited my passion for atmospheric science occurred on June 
1st, 2011 when a funnel cloud passed by my house.  
 
 

Hello, I am Kyle Ruhl, joining EAS this year as a sophomore 
transfer student coming from the University of 
Massachusetts, Amherst. I am excitedly looking forward to 
learning more about the field of atmospheric science, 
especially the overall impacts of global climate change on 
our Earth and atmosphere. 

Hi, my name is Anthony Corrales and I am a freshman this 
year studying Atmospheric Science planning for the 
Operational track. With a degree in Atmospheric Science, I 
want to take this and apply it to the aviation industry, 
specifically air traffic management and operations within an 
airport. One of my favorite weather topics to study is tropical 
meteorology as the uniqueness of cyclonic activity and the 
many factors that influence how it flourishes has always 
been a genuine interest of mine. 

Hi! My name is Andrew Zhang, and I’m from both Alphabet City 
and Forest Hills, Queens. I’m pursuing a double major in 
Atmospheric Science as well as Biometry and Statistics. My 
passion for weather originated with the 2010 Brooklyn/Queens 
tornadoes and macroburst that tore through my neighborhood. 
Those 125 mph wind gusts were the strongest that I’ve 
experienced in my life. I enjoy browsing weather forums in my 
free time, especially the americanwx forums. I also really enjoy 
running a survival Minecraft server with my friends. By 
downloading weather mods in game, it’s fun to experience 
extreme weather in a virtual setting. I’m looking forward to 
experiencing incredible winter storms during my time here at 
Ithaca.  
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Fresh Faces 
Class of 2024 

My name is Kate Burger, and I’m a freshman in CALS 
majoring in Environment & Sustainability and considering a 
minor in Atmospheric Science. I also play the clarinet, and I’m 
a member of the Big Red Marching and Pep Bands. 

My name is Kaiden Sookdar and I’m from New York City, 
NY. I’m an avid weather nerd and snow lover. I grew up closely 
tracking coastal winter storms from the first flake to the last, 
monitoring the chance for snow days and having my ruler to 
measure accumulations at the ready. I’ve grown to adore all 
types of weather in recent years, especially tropical 
meteorology. I’m looking forward to my time here at Cornell, 
and I’m ecstatic to learn so much more about the field I’ve been 
immersed in for almost my entire life. 

Hi I'm Luke Langford! I use he/him pronouns, and I’m 
thrilled to join the major as a third year transfer student after 
earning my associate of arts in mathematics from Holmes 
Community College in Ridgeland, MS.  Within the weather 
arena, my primary interests lie in researching, forecasting, 
tracking, and documenting extreme weather such as 
hurricanes, tornadoes, winter storms, and more, though 
quieter weather is also exquisitely captivating.  I also enjoy 
theatre, music (listening, playing, and composing), acting, 
writing, travelling, photography, food, exploring language 
and culture, reading, animals, yoga, pilates, long walks, and 
exploring nature. 
 

Hi, I’m J.J. (Jessica) Smith! I am an atmospheric 
science freshman from the Tampa Bay area in Florida. 
I’m an enthusiastic member of the Varsity Women’s 
Sailing Team, and weather and sailing have always been 
an intertwined part of my life. 
 
 



Ithacation i Fall 2020 
 
 

18 
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Jack Sillin  
Co-President 
Class of 2022 

Aidan Mahoney 
Co-President 
Class of 2022 

 

Jacob Feuerstein 
Secretary 

Class of 2023 
 

Julia Christopoulos 
Treasurer 

Class of 2022 

Warren W. Knapp, who died suddenly on October 3, 2020, at Cayuga Medical Center in Ithaca, was 
proudest of the thirty plus years he taught meteorology at Cornell University. He loved working with students 
and colleagues in his bright plant-filled office on the top floor of Bradfield Hall. He earned his bachelor's, 
master's and doctorate degrees at the University of Wisconsin-Madison. His PhD thesis was based on his work 
at the Antarctic Research Center in Melbourne, Australia. That year abroad, 1965-66, deepened his interest in 
photography and gave him a lifelong appreciation for other places and cultures. In January 1969, Dr. Knapp 
came to Cornell as an assistant professor of Atmospheric Sciences in the Department of Agronomy. 

Throughout his career at Cornell, he taught countless students the core mathematical principles of 
atmospheric thermodynamics, hydrostatics, and dynamics. His popular Atmospheric Physics class taught 
students the physics behind such atmospheric phenomenon as rainbows, halos and mirages. Students benefited 
both from his carefully prepared lectures and the time he spent outside the classroom helping them understand 
the science of meteorology. He was also a mentor to younger faculty, encouraging them to develop a balance 
between their teaching and research. 

In 1988, Dr. Knapp became the director of the Northeast Regional Climate Center (NRCC) at Cornell 
and oversaw its growth and operation until his retirement in 2001. Under his directorship, the NRCC 
transitioned its ready access to climate information from paper data sheets to Internet availability. His 
professional papers focused on applications of climate information in agriculture and long-term statistics of 
precipitation and snowfall. He oversaw Cornell's Acid Rain monitoring program and modernized the Game 
Farm Road weather station from manual to electronic observations. His Cornell Atmospheric Science 
colleagues looked forward to his annual winter solstice party. On the longest night of the year, he continued 
his graduate school tradition of gathering a large cheerful group to offer a toast to the sun with a warm cup of 
Glugg. This ritual never failed to bring the sun back to the Northern Hemisphere. 

Dr. Knapp is survived by his wife, Jeanette, and their three daughters. If you would like, remember 
Dr. Knapp with a gift to the Department of Earth and Atmospheric Sciences at Cornell, the Department of 
Atmospheric and Oceanic Sciences at the University of Wisconsin-Madison, or the Academy of Model 
Aeronautics. 
 
 

Remembering Dr. Warren Knapp 
 


