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Abstract 

 
Currently, National Weather Service Offices, including WFO Buffalo, issue Lake Effect Snow 

Warnings in a zone-based format. However, unlike traditional winter storm systems, lake effect 

snow typically occurs on a localized scale. Starting in the 2015-2016 winter season, WFO Buffalo 

gained permission to experiment with creating polygon-based warnings for lake effect snow within 

the operational zone-based warning framework for events off of Lake Ontario. The office 

expanded the polygon-based warning experiment to events originating off both Lakes Erie and 

Ontario in winter 2016-2017, and continued the experiment into winter of 2017-2018. Polygon-

based warnings are familiar to other severe weather warning operations within the National 

Weather Service, and offer potentially attractive benefits to lake effect snow warning applications, 

such as reduced false alarm area and more specific hazard timing information over zone-based 

warnings.  

 

With several seasons of events containing parallel zone-based and polygon-based Lake Effect 

Snow warnings, this study examined the verification of both warning methods to determine if the 

polygon-based warnings are more skillful than zone-based warnings. Verification for the LES 

polygons is more complex than standard zone-based warnings, as the polygons allow for temporal 

variation in the location of the high-impact lake effect snow, and can also be updated more 

frequently to reflect the most current forecast information available. A spatial verification scheme 

is presented here that allows for equitable scoring of zone-based and polygon-based warnings 

using common statistics, such as probability of detection (POD), false alarm rate (FAR), and 

critical success index (CSI).  In addition, given the unique nature of the LES polygons compared 

to most other NWS warning products, statistics like spatial and population savings, and the 

reduction of unnecessary warning time were also examined.  

 

Spatial verification showed a statistically significant increase in skill for polygon-based warnings 

over legacy zone-based warnings. Population statistics showed that the number of people that were 

correctly removed from the zone-based warning was much greater than the number of people that 

were incorrectly removed from the zone-based warning. Finally, polygon-based warnings were 

found to reduce unnecessary warning time by approximately half over zone-based warnings. The 

verification statistics presented show that there is sufficient forecast skill and significant value in 

switching to a polygon-based warning scheme from the current zone-based warning scheme.  

                                                           
* Current Affiliation – NOAA/NWS Weather Forecast Office Salt Lake City, UT 
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1.  Introduction 

Lake effect snow (LES) is a unique winter 

event, which can cause localized extreme 

winter weather with high impact to the public 

and commerce. Snowfall rates of up to three 

inches per hour can be common in these snow 

bands and, in extreme cases, can exceed six 

inches per hour. Snowfall rate often can have 

a higher impact than actual snowfall totals. In 

many cases, the cores of these bands of snow 

have widths of only ten to twenty miles 

across (Niziol et al. 1995). 

WFO Buffalo (WFO BUF) and other offices 

serving the Great Lakes issue long-fused 

Lake Effect Snow Watches, Warnings and 

Advisories on a zone-by-zone basis, where a 

zone is often defined as part or all of a county. 

Any warning related to lake effect is 

challenged by the localized nature of LES, 

with significant portions of zones within the 

warning often not receiving substantial, if 

any, snowfall. Another issue is the transient 

nature that some of these events can exhibit, 

as shifting winds move the high-impact 

intense snows across a narrow region. 

In order to address the above limitations of 

zone-based warnings, WFO BUF 

experimented with issuing polygons within 

Lake Effect Snow Warning products for three 

winters (2015-2016, 2016-2017, and 2017-

2018) to delineate more precise locations and 

timing for the highest impact from LES. The 

goal of the experiment was to provide 

enhanced decision support information 

focusing on impact areas bordering Lake 

Ontario (all three winters) and Lake Erie 

(starting with winter 2016-2017), while 

reducing the area of false alarm and thereby 

increasing the effectiveness of the warning. 

Of particular benefit with the polygon 

approach is the ability to reduce the overall 

time a location is under a warning when 

compared to a zone-based warning system. 

The enhanced information provided by the 

polygon LES warning areas is expected to 

allow for more organized and cost-effective 

use of public resources to minimize the 

effects of these high-impact LES events, 

particularly on transportation and commerce. 

Lake Effect Snow Warning polygons pose an 

interesting verification challenge, as lake 

effect snow is impactful on time and area 

scales greater than severe thunderstorms, 

tornadoes, or flash floods that currently 

utilize polygon-based warnings, but smaller 

in time and area scales for widespread 

synoptic snowfall (NOAA 2017a). The 

current verification scheme defines a zone-

based lake effect snow event as a single 

snowfall report of 7 inches in 12 hours or 9 

inches in 24 hours within a warned forecast 

zone. This scheme breaks down when 

evaluating a polygon-based approach, as 

multiple shorter-in-duration and smaller-in-

area polygons may cover the same time span 

as the zone-based warning. 

One particular challenge of point verification 

is that reliable snowfall reports from trained 

spotter networks, such as the NWS 

Cooperative Observer Program (COOP) and 

the Community Collaborative Rain, Hail & 

Snow Network (CoCoRaHS), are often 

reported in 24-hour intervals. While 

intermediate reports from these sources, as 

well as from the public and social media, are 

common, these reports are often irregular in 

space and time, and are especially scarce 

overnight. Most polygon based-warnings in 

the 2016-2018 seasons were valid for 

between 6 and 18 hours, with a median of 12 

hours.  Thus, few snow reports may be 

received during the polygon’s valid time, 

especially for polygons in effect overnight. 

The 24-hour snowfall reports are also 

problematic, as bands of heavy lake effect 

snow are often mobile, making identifying 

the time span of accumulation within that 24-

hour window difficult.  

Another problem with the current zone-based 

verification scheme is that it does not address 
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the main disadvantage to zone-based 

warnings, which is the large false alarm area 

when lake effect snow covers only a portion 

of a zone. Traditional verification of zone-

based warnings usually has a high POD and 

fairly low FAR, but can be easy to achieve by 

“casting a wide net”. One of the main goals 

of the LES polygon experiment is to evaluate 

whether this concept can be an effective 

method to reduce user-perceived FAR, and 

provide more specific and actionable 

information to increase the effectiveness of 

the Lake Effect Snow Warning. 

2.  Methodology 

2.1 Spatial Verification 

With the above challenges in mind, WFO 

BUF (Figure 1) developed a spatial 

verification scheme, which scores both the 

polygon-based and zone-based warnings on 

spatial skill, allowing for side-by-side 

statistical comparison of the two warning 

techniques. In order to accomplish this, for 

every lake effect snow event, an area of 

impact is defined during the valid time of an 

LES polygon warning. If an event occurred 

without a warning in effect, this would result 

in a POD of zero. If a warning was in effect 

and no event occurred, this would result in an 

FAR of one. For all events with a polygon 

warning, this verifying event area is then 

compared to both the area of the warning 

polygon and the corresponding warned 

zones. The probability of detection (POD) is 

defined in this spatial context as the 

percentage of the verifying event area that is 

covered by a warning (polygon or zone 

based). The false alarm rate (FAR) is defined 

as the percentage of warned area that does not 

fall inside of the verifying event area. The 

critical success index (CSI) is then the 

combination of POD and FAR that follows 

the NWS definition for storm-based warnings 

(NOAA, 2017b). This concept is illustrated 

with an example in Figure 2 for a polygon-

based warning, and in Figure 3 for the 

matching zone-based warning. The main 

benefit to this spatial verification scheme is 

that correctly reducing the warned area is 

rewarded by lowering the FAR, while failing 

to warn all of the impacted area results in a 

lowering of the POD. Using this verification 

scheme will give a fair assessment as to 

whether the polygon-based warnings were 

effective in correctly reducing the warned 

area. Comparing the CSI will give a one-to-

one comparison between the zone based and 

polygon-based warning as to which showed 

more skill. 

A complete LES warning event will consist 

of an initial warning, followed by several 

updates leading up to and through the event.  

For each update, forecasters can alter and 

refine polygons within the official zone-

based warning area. In general, polygons 

typically shrink in areal coverage with time 

to more closely match the expected 

dimensions of the LES event as forecaster 

confidence increases.  Polygon timing may 

also change as forecasters attempt to focus on 

the area and time of highest LES impact. Due 

to this evolving nature of the LES polygons, 

we had to choose how to verify potentially 

hundreds of polygons issued during the 

course of an event.  In this study, we have 

chosen to spatially verify just the first-

issuance warning polygons. First-issuance 

polygons are those issued when any new 

zone-based warning is issued (VTEC of 

NEW) or when a warning is expanded to 

include additional zones (VTEC of EXB) 

(Figure 4) (NOAA 2017c). These initial 

polygons are issued at the longest lead time 

and will not benefit from the additional 

refinements as forecast confidence improves 

later into the event (polygons that were issued 

with a WSW VTEC of CON). In some long-

duration events, these warning polygons may 

have been issued 2 to 3 days in advance, and 

in some instances may be the worst verifying 

polygons. If the initial polygon-based 

warnings are at least comparable in skill to 
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their zone-based counterparts, then they 

presumably provide better service.  

In order to perform the spatial verification, 

local storm reports (LSR) of snowfall and 

radar reflectivity data from the Buffalo, NY 

(KBUF) and Montague, NY (KTYX) radars 

were time matched to each initial issuance 

polygon. LSRs were gathered from 1 hour 

after the start time of the polygon to 4 hours 

after the end time of the polygon from the 

archive on the Iowa State website 

(https://mesonet.agron.iastate.edu/lsr/). The 

time-delays were intended to help account for 

some of the latency in snowfall reports.  

Radar data from KBUF was used for 

polygons covering Cayuga County, NY 

(Figure 1) west and south, while KTYX was 

used for areas covering Monroe County, NY 

east. This results in a little overlap, with both 

radars used for lake bands from Monroe east 

to Cayuga County in an attempt to handle low 

topped multi-banded events that may be 

picked up by one radar and not the other.  

With this in mind, hourly Level II reflectivity 

data was downloaded to the NCEI Weather 

and Climate Toolkit (WCT) (Ansari et al. 

2009) via the NOAA Big Data Amazon 

archive (Ansari et al. 2018) from the start to 

end time of each polygon warning.  The math 

tool in the WCT was used to create an 

average reflectivity image for the polygon 

duration and exported as a KMZ file.  Finally, 

archived polygons in the form of a shapefile, 

snow spotter reports in the form of CSV files, 

and archived radar data in the form of KMZ 

files, both hourly and averaged, were viewed 

in Google Earth. An example of this process 

can be viewed in Figure 5.  

One can then compare the local storm report 

information and radar displays in Google 

Earth to determine the area impacted by 

heavy lake effect for every event. The local 

storm report information provides ground 

truth for the snowfall accumulations.  

However, they can be limited in helpfulness 

by the fact they are plotted by report time and 

do not indicate when the heavy snow actually 

fell. The average radar reflectivity provides a 

continuous field that can help to define the 

edges of high impact snowfall.  When also 

accounting for trustworthy LSRs, one can 

calibrate a reflectivity threshold to a 

meaningful snowfall value. The combination 

of the average radar reflectivity and hourly 

reflectivity can be helpful in eliminating 

untimely LSRs that do not represent the 

location of heavy snowfall during the valid 

time of the polygon. Weighing this 

information, one can draw a verification 

polygon in Google Earth that corresponds to 

the area of high impact during the valid time 

of the warning polygon, which is saved as a 

KML file. 

A python program was written for ArcGIS 

Desktop to perform the spatial verification. 

The program takes inputs of the polygon-

based warning as a KML file, the verification 

polygon KML file, and the corresponding 

zones within the warning.  All polygons are 

clipped to the land area of the WFO Buffalo 

county warning area (CWA). The 

intersection is then found between the 

polygon warning and the area impacted (the 

verification polygon); the intersection is also 

found between the area impacted and the 

zone-based warning. With this information, 

the spatial verification can be computed as 

follows for both polygon-based warnings and 

zone-based warnings: 

𝑷𝑶𝑫𝒔𝒑𝒂𝒕𝒊𝒂𝒍 =
𝑻𝒐𝒕𝒂𝒍 𝑨𝒓𝒆𝒂 𝑪𝒐𝒓𝒓𝒆𝒄𝒕𝒍𝒚 𝑾𝒂𝒓𝒏𝒆𝒅

𝑻𝒐𝒕𝒂𝒍 𝑨𝒓𝒆𝒂 𝑰𝒎𝒑𝒂𝒄𝒕𝒆𝒅
 

𝑭𝑨𝑹𝒔𝒑𝒂𝒕𝒊𝒂𝒍 = 𝟏 − (
𝑻𝒐𝒕𝒂𝒍 𝑨𝒓𝒆𝒂 𝑪𝒐𝒓𝒓𝒆𝒄𝒕𝒍𝒚 𝑾𝒂𝒓𝒏𝒆𝒅

𝑻𝒐𝒕𝒂𝒍 𝑨𝒓𝒆𝒂 𝑾𝒂𝒓𝒏𝒆𝒅
) 

𝑪𝑺𝑰𝒔𝒑𝒂𝒕𝒊𝒂𝒍 = [(𝑷𝑶𝑫𝒔𝒑𝒂𝒕𝒊𝒂𝒍)
−𝟏

+ (𝟏 − 𝑭𝑨𝑹𝒔𝒑𝒂𝒕𝒊𝒂𝒍)
−𝟏

− 𝟏]
−𝟏

 

In cases where an event occurred but no 

warning was in effect, no spatial statistics are 

calculated, and the event will earn a POD of 

zero and a FAR of zero. Similarly, if no event 

occurs and a warning was in effect, this will 

earn a POD of zero and a FAR of one. 

https://mesonet.agron.iastate.edu/lsr/
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In addition to spatial statistics, the python 

program also compared the respective areas 

defined above to the 2010 census data 

(United States Census Bureau 2012) to 

determine the population impact of polygon 

and zone-based warnings. Using this 

information, not only may population-based 

POD, FAR and CSI be calculated, but also 

the correct and incorrect reduction in 

population warned by polygon versus zone-

based products.  

Given the human subjectivity introduced by 

the spatial verification method, where one 

must make a well informed, yet still 

subjective decision, on the area of impact, 

five “verifiers” independently produced 

statistics for this study.  The five people were 

a General Forecaster and the Science and 

Operations Officer at WFO Buffalo, and 

three summer internship students.  Students 

were chosen in order to provide less bias in 

studying the utility for experimental 

polygons when compared to the forecast 

staff. Due to staffing limitations, the five 

verifiers were only available to verify the 

2016-2017 season. 

2.2 Warning Time Reduction Statistics 

Since the polygon-based warnings are not 

static when compared to their zone-based 

counterparts, and instead move with expected 

the heavy lake effect snow, we expect there 

should be a reduction in the time under 

warnings for the polygon-based warnings. 

For example, over the course of a lake-effect 

snow event, a specific location may see 

several hours of heavy lake effect snow 

before the snow moves out of the area and 

then returns to the area later in the event. In a 

zone-based warning scheme, this location 

may be under a warning for the entire time.  

But for a polygon-based warning scheme, 

this location may be under a warning 

initially, have a period of no-impact, and then 

be under a warning again later in the event. 

This component of the verification 

methodology seeks to measure the warning 

time reduction produced by a polygon-based 

warning scheme over the zone-based scheme. 

In contrast to the spatial verification 

discussed in the previous section, for warning 

time reduction calculations, the zero-hour 

lead time polygon warnings were used; that 

is, the polygons that were active at each hour 

from the time the zone-based warning went 

into effect until the time the zone-based 

warning was either canceled or expired. 

Polygon based warnings have a time 

resolution as small as an hour (time limitation 

of the Graphical Forecast Editor (GFE) used 

to produce the product). In order to find the 

zero-hour lead time polygon, a script was 

written to step hour-by-hour through the 

active warning times and extract the polygon 

that was in effect at the hour the zone-based 

warning period started. As opposed to the 

spatial verification method described earlier, 

which used the first issuance set of polygons 

only;  this approach should be the best case 

set of polygons since it  incorporates all of the 

forecast refinement that occurred based on 

later forecast information and increasing 

forecaster confidence. This set of polygons 

best illustrate how long any one location was 

actually under a warning, as polygons 

updated after the initial issuance may have 

been updated to exclude areas from the 

earlier warning. This is similar to cancelling 

a zone-based warning before its expiration 

when a lake band moves out of a zone earlier 

than originally forecast. Also, by utilizing the 

same start time, the total possible number of 

warning hours will be the same between the 

polygon-based warning and the zone-based 

warning, which gives an equal footing to the 

compare the two methods. 

Once all of the zero lead-time warning 

polygons were collected into a KML file, this 

file was imported into ArcGIS Desktop for 

analysis. A procedure was run to count the 

number of overlapping polygons. Since there 

is one polygon per hour, this results in a 
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dataset that represents the total number of 

hours any given point spent under a polygon-

based warning. An example of the polygon-

based warning hours can be seen in Figure 6 

from Lake Effect Storm “D” from the 2016-

2017 season. Zone-based warning hours are 

assigned to each zone counting from the time 

the warning went into effect to the time it was 

either canceled or expired. Continuing the 

above example from Lake Effect Storm “D” 

(2016-2017), the corresponding zone-based 

warning times can be seen in Figure 7. The 

warning time information for zone and 

polygon-based warnings were then joined 

with the 2010 census data (United States 

Census Bureau 2012). From this combination 

of data, a population weighted average 

warning time was calculated that describes 

the number of hours the average person was 

under a warning. This calculation is as 

follows, where the summation is over each 

polygon segment or zone-based warning (n): 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑯𝒐𝒖𝒓𝒔 𝑾𝒂𝒓𝒏𝒆𝒅 = 

∑ 𝑯𝒐𝒖𝒓𝒔𝑾𝒂𝒓𝒏𝒆𝒅 ∗ 𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏(𝒏)𝒏
𝒊=𝟏

∑ 𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏(𝒏)𝒏
𝒊=𝟏

 

For example, consider one hypothetical zone-

based warning that was in effect for 10 hours 

and had a population of 10 people. This 

equation would yield an average hours 

warned of 10 hours per person, as we would 

expect. Now consider a slightly more 

complex application where that 10-hour 

zone-based warning was sub-divided into 

two polygon-based warnings that are smaller 

than the size of the zone. Let’s assume that 

the first polygon-based warning was in effect 

for 3 hours and had a population of 5 people, 

while the second polygon-based warning was 

in effect for 7 hours and had a population of 

2 people. To apply this equation, ((3 hours 

warned * 5 people) + (7 hours warned * 2 

people)) / (5 people + 2 people) will tell us 

that the average person in this population is 

warned for 4.14 hours. Also note that this 

does not account for the reduction in hours 

warned for the 3 people that were entirely 

excluded from the polygon-based warning 

but were included in the zone-based warning. 

Thus, the reduction in time warned between 

a zone-based and a polygon-based warning is 

actually conservative, with the effects of the 

reduction in population warned are better 

accounted for in the spatial statistics in part 

one.  

This calculation was performed on an event-

by-event basis for the 2016-2018 seasons, 

which included 21 total lake effect events 

(labeled as 2016-2017 A through J and 2017-

2018 A through L). The comparison is made 

between the polygon-based approach and the 

zone-based approach, which yields an 

average warning time reduction for each 

event as well as the percentage of time 

reduced. 

 

 

3.  Results 

 

3.1 Spatial Verification 

 

Using a single verifier (the General 

Forecaster), spatial verification showed a net 

advantage to the first issuance polygon-based 

warnings over the corresponding zone-based 

warnings (Table 1, Figure 8). For all 21 

events of the 2016-2018 seasons, featuring 

130 polygons, the average spatial combined 

skill score (CSI) rose from 0.39 for zone-

based warnings to 0.51 for polygon-based 

warnings. This net improvement did not 

come without some cost though, as the 

average spatial probability of detection 

(POD) fell from 0.87 for zone-based 

warnings to 0.65 for polygon-based 

warnings. However, the more significant 

reduction in spatial false alarm rate (FAR) 

from 0.59 for zone-based warnings to 0.28 

for polygon-based warnings explains the net 

improvement in the CSI.  

While not every polygon-based warning 

outperformed its zone-based counterpart, the 



7 
 

net effect was an improvement in skill. 

Comparing the distribution of the scores for 

all 21 events (Figure 8), 75% of the events 

had a zone-based CSI between 0.25 and 0.52, 

meanwhile 75% of the events had a polygon-

based CSI between 0.39 and 0.68. In 

addition, of the 130 polygons scored, 100, or 

about 77%, scored better than their zone-

based counterpart. This is visualized in 

Figure 9, which shows a direct comparison of 

the polygon-based to zone-based CSI scores 

for all 130 polygon events verified. Clearly 

many more polygon warnings verified better 

than their zone-based counterparts, some 

significantly so, however it is important to 

note that 30 of the 130, or just 23%, scored 

worse than the zone-based warnings. 

To add confidence that the polygon-based 

warnings overall outscored their zone-based 

counterparts, a T-Test was performed on the 

polygon-based and zone-based CSI datasets, 

containing the 130 verifications of the single 

verifier. This dataset is represented by the 

two rightmost distributions in Figure 8. The 

p number of the two-sided T-Test was found 

to be 1.18e-8, which means the hypothesis 

that the single-verifier polygon-based 

warnings CSI overall scored better than the 

zone-based warnings CSI can be accepted 

with greater than 99% confidence.  

The results above came from the one verifier; 

however, we also examined the sensitivity of 

these results to the subjectivity of the verifier. 

Due to resource limitations, this sensitivity 

test of verifier subjectivity was only 

performed on the data from the 2016-2017 

season. While we did find the verifier 

influenced the results some, we found the 

overall trend of the results was not 

significantly influenced by the verifier, 

giving credence to the verification method. 

For the 5 verifiers, we found the same drop in 

both POD and FAR, with a mean increase in 

CSI for polygon-based warnings (Figure 10). 

With 5 separate verifiers, the standard error 

of the scores was only ±0.05 to ±0.07 across 

POD, FAR, and CSI (Table 2). In addition, 

while there is some overlap of the polygon 

and zone CSIs from the 5 verifiers, the 

average of all CSI scores for the 76 polygons 

evaluated showed 55, or 72% of them, scored 

better than their zone-based counterpart. 

Note that this ratio is very similar to the 

single-verifier result discussed above, of 77% 

of polygons scoring better than their zone-

based counterpart across two seasons. 

To add confidence that the result of improved 

CSI for polygon-based warnings is not 

significantly affected by the subjectivity of 

the verifier, a T-Test was also performed on 

the average polygon-based and zone-based 

CSI datasets of the 5 verifiers. First, the 

polygon-based and zone-based CSI scores for 

the 5 verifiers were averaged for each of the 

76 polygons. The T-Test was then performed 

on these two datasets, which are roughly 

represented by the two rightmost 

distributions in Figure 10, to determine if the 

difference between the two are statistically 

significant. The p number of the two-sided 

test was found to be 0.0035, which means the 

hypothesis that the polygon-based warnings 

CSI overall scored better than the zone-based 

warnings CSI can be accepted with 99% 

confidence.  

Another interesting statistic that falls out of 

the spatial verification is the number of 

people that were correctly excluded from 

each warning versus the number of people 

that were incorrectly excluded from each 

warning (Figure 11). While the spatial 

statistics above show we are providing some 

added skill with the polygon-based warnings, 

it really comes down to how people are 

impacted by these warnings. The median first 

issuance polygon correctly excluded 196,888 

people that would have been included in the 

corresponding zone-based warning. 

Meanwhile, the median first issuance 

polygon incorrectly excluded just 1,624 

people that would have been in the 

corresponding zone-based warning.  The 
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ratio of people correctly to incorrectly 

excluded in the median first-issuance 

polygon is approximately 121:1. 

The results shown here provide clarity that 

not only do polygon-based warnings out 

perform their zone-based counterparts in 

spatial verification, but that any subjectivity 

in the verification process does not 

significantly impact the results. The major 

benefit to the added spatial skill of the 

polygon warning is the considerable 

reduction in over-warned population 

compared to the zone-based warning. 

3.2 Warning Time Reduction Statistics 

The reduction of time under-a-warning 

produced by the polygon-based warning 

method was significant over the zone-based 

warning method (Table 3). For all 20 events 

of the 2016-2018 season, the average time a 

person was under a zone-based warning was 

29.3 hours, while for a polygon-based 

warning the average person only spent 16.1 

hours under the warning. This resulted in an 

average warning time reduction of about 42% 

over the course of the two seasons. 

Impressively, the distribution of warning 

times shifted down markedly. When looking 

at all 20 events, 75 percent of the events had 

an average polygon warning time of 20 hours 

per person or less, while 75 percent of the 

zone-based warning times were 19 hours per 

person or more (Figure 12). 

When examining long-duration events, 

which are arbitrarily defined here as events 

with an average zone-based warning time 

longer than 36 hours, the time reductions are 

actually even greater. During the 2016-2018 

seasons, there were 6 events that qualified as 

long-duration events (Table 3). The zone-

based warning time of these events was 47.7 

hours per person, while their corresponding 

polygon-based warning time was only 22.7 

hours per person. This is a savings of 52%, 

and equates to nearly an entire day.  The 

greatest time savings was found in event H 

from 2016-2017, where the polygon-based 

warnings saved the average person 36.4 

hours of warning time, which was a reduction 

of 62.8%. 

One event, I of 2016-2017, resulted in a net 

zero-time savings (Table 3). This event was a 

single polygon, short duration event that 

lasted 8 hours. No time savings can be 

realized from a single polygon event, as the 

polygon warning time and zone warning time 

will always be equal. While this event shows 

no time savings, the main utility of the 

polygon warning was the greatly reduced 

number of people warned; the polygon 

warning for this event reduced the warned 

population from 863,534 to just 88,290, or a 

savings of about 90%. 

There is also a fairly linear relationship 

(y=0.56x-3.26, r2=0.68) between the total 

length of hours warned in an event and the 

total number of hours saved per person by the 

polygon-based warning (Figure 13). This 

linear relationship shows we can expect that 

for every zone-based warning hour, there are 

about half as many polygon warning hours. It 

makes sense that this relationship should be 

possible, as the longer the duration of an 

event the more warning hours are capable of 

being saved. As discussed above, the short 

duration event, 2016-17 Event I, showed no 

savings, meanwhile the longest duration 

event, 2016-17 Event H, showed the most 

savings at 36.4 hours. Figure 13 shows all the 

events in between fall fairly neatly along the 

trend line. This also shows that the added 

specificity of the polygons moving in time 

has a clear advantage over zone-based 

warnings, especially in long duration events. 

 

 

4.  Discussion and Conclusion 
 

The primary goal of issuing polygon-based 

Lake Effect Snow Warnings is to provide 

enhanced information focusing on the highest 
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impact areas bordering Lake Ontario and 

Lake Erie, while reducing the area of false 

alarm and increasing the effectiveness of the 

warning. We believe this will result in more 

organized and cost-effective use of public 

resources to minimize the effects of these 

high-impact LES events on transportation 

and commerce. 

The verification results from the 2016-2018 

seasons, in which WFO BUF issued 

experimental lake effect polygon warnings 

off of both Lake Erie and Lake Ontario, 

showed that polygon-based warnings 

effectively reduced false alarm area while 

providing enhanced information to high 

impact areas. Two forms of verification were 

conducted.  One focused on a spatial 

verification of all first-issuance polygon-

based warnings and their corresponding 

zone-based warnings, while the other focused 

on a population-weighted warning time 

savings calculation of zero-hour polygon-

based warnings compared to their 

corresponding zone-based warnings.  

The spatial verification demonstrated 

considerable reduction in false alarm area in 

the polygon-based warnings over the zone-

based warnings. For the 21 events of the 

2016-2018 seasons, a 59% false alarm area in 

the zone-based warnings was reduced to just 

28% for the polygon-based warnings. This 

reduction did come with a cost though, as the 

probability of detection fell from 0.87 (zone-

based) to 0.65 (polygon-based). However, 

the CSI indicates that the benefit of the FAR 

reduction outweighs the POD reduction, as 

the CSI increased from 0.39 (zone-based) to 

0.51 (polygon-based). This result shows an 

effective reduction in false alarm area with 

skill value added over the zone-based 

warnings. When compared to the spatial 

savings of the polygon-based method to the 

populations impacted, the number of people 

that were correctly removed from the zone-

based warning was much greater than the 

number of people that were incorrectly 

removed from the zone-based warning. On 

average over all 21 events, the ratio of 

correctly reduced population to incorrectly 

reduced population 121:1. So while the 

reductions in warned area were not perfect, 

there was skill and added value to the 

reductions that were made. 

Regarding the subjectivity of the verification 

methodology where the verifier has to make 

a decision about the area of impact, the POD, 

FAR, and CSI from each of the 5 verifiers 

were found to only vary by between ±0.05 to 

±0.07 on average for the 2016-2017 season. 

In addition, both the single-verifier and 

multiple-verifier datasets showed the same 

statistically significant improvement in CSI 

for polygon-based warnings over zone-based 

warnings.  

It is also important to keep in mind that this 

spatial verification only took into account the 

first-issuance polygons, and does not reflect 

the refined polygons subsequently issued. In 

theory, these first-issuance polygons should 

be the worst verifying set of polygons issued 

as they do not benefit from any later 

adjustments due to new forecast information 

or increased forecaster confidence, and are 

issued at the longest lead time ahead of the 

onset of lake-effect snow. The benefit of the 

polygon-based warnings over the zone-based 

warnings that we see in these results will 

likely only increase if considering the 

updated and refined suite of polygons issued 

with warning continuances. 

In addition, it is believed the results of the 

verification will help the forecasters to 

understand their strengths and weakness in 

issuing polygon-based warnings. The data 

collected by this verification will be very 

helpful in discovering any tendencies that 

may be able to be corrected. For example, on 

several cases the POD may be able to be 

increased by simply increasing the inland 

extent of the polygon warning, or by adding 

a little more width to the polygon to account 
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for uncertainty, especially for the longer lead 

time polygons. This data will be reviewed 

more carefully and presented to the 

forecasters to hopefully increase the accuracy 

of the polygon warnings even more with 

coming seasons. 

The time-savings statistics found a 

considerable reduction in total warning time 

experienced by the average person under a 

warning. The average warning time per 

person fell from 29.3 hours to just 16.1 hours 

during the 2016-2018 seasons’ events. Most 

importantly, the longer the total duration of 

the event, the more substantial the time 

savings became. For the longer duration 

events, where zone-based warnings were in 

place longer than 36 hours, the polygon-

based warning saved the average person 

nearly an entire day of unnecessary warning 

time. The time-saving information here is 

even more impressive when you consider this 

is only valid for people that were actually 

under a polygon-based warning at some 

point, and does not factor in the zero-warning 

time population that were excluded entirely 

from the polygon warning. This information 

is very important because it speaks to two 

main parts of the goal of the product: 

enhancing the forecast information and 

increasing the effectiveness of the warning. 

This polygon warning experiment ties in very 

well with NWS efforts to increase focus on 

Impact Decision Support Services.  Consider 

the impact these new and innovative 

warnings may have on an individual or 

perhaps emergency managers and highway 

departments. As an example, for a long 

duration lake effect event that lasts 48 hours, 

in theory a person could be warned by a zone-

based warning for all 48 of those hours, but 

only be impacted for the first 12 hours and the 

last 12 hours of the event, with a 24-hour 

break of no weather in the middle. The 

polygon-based warning could not only 

reduce their total warning time from 48 to 24 

hours, but also provide more detailed timing 

information. Consider this same theoretical 

event from a county, state or highway 

department perspective. This added 

information of timing and location from the 

polygon-based warning could help direct 

resources where they are most needed to 

reduce the disruption on transportation and 

commerce. 

The verification results from the 2016-2018 

seasons have shown the polygon-based 

warnings have an overall improvement in 

skill over the zone-based warnings by 

reducing the false alarm area and increasing 

the effectiveness of the warning by 

introducing significant total warning time 

savings over the zone-based warnings. The 

verification statistics presented show that 

there is sufficient forecast skill and 

significant value in switching to a polygon-

based warning scheme from the current zone-

based warning scheme. 
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Table 1. Spatial verification statistics for all polygon-based and zone-based warnings issued 

during the 2016-2017 season and 2017-2018 season, grouped by the 10 lake effect events and 11 

lake effect events respectively. Note: Statistics for 2017-2018 Event I are omitted here because 

verification statistics were not able to be computed. For Event I, the Lake Effect Snow Warning 

was upgraded to a Blizzard Warning, and Lake Effect Snow Warning Polygons stopped being 

produced by the Buffalo office. 
 

Season Event 
Polygon 

POD 

Zone 

POD 

Polygon 

FAR 

Zone 

FAR 

Polygon 

CSI 

Zone 

CSI 

2016-2017 A 0.62 0.85 0.06 0.17 0.59 0.70 

2016-2017 B 0.58 0.96 0.13 0.42 0.50 0.57 

2016-2017 C 0.67 0.84 0.14 0.46 0.59 0.50 

2016-2017 D 0.50 0.94 0.16 0.47 0.47 0.50 

2016-2017 E 0.76 0.87 0.37 0.69 0.53 0.31 

2016-2017 F 0.76 0.97 0.14 0.57 0.67 0.42 

2016-2017 G 0.34 1.00 0.01 0.64 0.34 0.36 

2016-2017 H 0.50 1.00 0.30 0.69 0.38 0.31 

2016-2017 I 0.72 0.99 0.02 0.54 0.71 0.46 

2016-2017 J 0.73 0.89 0.19 0.53 0.63 0.45 

2017-2018 A 0.49 0.64 0.29 0.59 0.42 0.33 

2017-2018 B 0.32 0.63 0.45 0.64 0.29 0.35 

2017-2018 C 0.49 0.69 0.55 0.76 0.33 0.24 

2017-2018 D 0.96 1.00 0.22 0.41 0.75 0.59 

2017-2018 E 0.45 0.87 0.39 0.56 0.33 0.37 

2017-2018 F 0.82 0.90 0.39 0.63 0.55 0.37 

2017-2018 G 0.78 0.91 0.28 0.60 0.58 0.37 

2017-2018 H 0.61 0.63 0.60 0.84 0.37 0.16 

2017-2018 I - - - - - - 

2017-2018 J 0.85 0.95 0.42 0.61 0.52 0.38 

2017-2018 K 0.82 0.97 0.19 0.78 0.64 0.22 

2017-2018 L 0.90 1.00 0.54 0.86 0.43 0.14 

Season Average 

2016-2017 
0.62 0.93 0.15 0.52 0.54 0.46 

Season Average 

2017-2018 
0.68 0.84 0.39 0.66 0.47 0.32 

Multi-season 

Average 
0.65 0.87 0.28 0.59 0.51 0.39 

 

 

Table 2. Spatial verification statistics describing the mean and standard error of all 5 verifiers 

during the 2016-2017 season. 

 Polygon 

POD 

Zone 

POD 

Polygon 

FAR 

Zone 

FAR 

Polygon 

CSI 

Zone 

CSI 

Season 

Average 

2016-2017  

0.63 ± 

0.056 

0.93 ± 

0.058 

0.26 ± 

0.077 

0.55 ± 

0.06 

0.50 ± 

0.058 

0.43 ± 

0.058 
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Table 3. Time reduction statistics for polygon-based versus zone-based warnings. The polygon 

warned time and zone warned time are the number of hours the average person was warned. The 

savings warned time shows the number of hours the polygon-based warning saved the average 

person over the zone-based warning. The savings warned percent shows the relative time 

reduction as a savings ratio.  An asterisk denotes a long-duration event, where the zone warned 

time was 36 hours or greater. Note: Statistics for 2017-2018 Events I and J are omitted here 

because time-saving statistics were not able to be computed. For Event I, the Lake Effect Snow 

Warning was upgraded to a Blizzard Warning, and Lake Effect Snow Warning Polygons stopped 

being produced by the Buffalo office. For Event J, there was an operational error in producing 

Lake Effect Snow Warning Polygons during the middle portion of the event, therefore there were 

not continuously available polygons to compute the time-saving statistics.  

  Polygon Zone Reductions 

Season Event 
Warned 

Time (hr) 

Warned 

Time (hr) 

Warned 

Time (hr) 

Warned 

Percent 

2016-2017 A* 27.12 47.38 20.26 42.77% 

2016-2017 B 17.79 31.65 13.86 43.80% 

2016-2017 C 9.26 18.03 8.77 48.66% 

2016-2017 D 13.83 26.04 12.21 46.90% 

2016-2017 E* 19.44 44.58 25.14 56.40% 

2016-2017 F* 15.11 40.08 24.98 62.31% 

2016-2017 G 14.89 20.00 5.11 25.57% 

2016-2017 H* 21.56 57.94 36.38 62.79% 

2016-2017 I 8.00 8.00 0.00 0.00% 

2016-2017 J 11.20 22.15 10.95 49.49% 

2017-2018 A 10.9 14.3 3.4 23.75% 

2017-2018 B 25.7 31.6 6.0 18.88% 

2017-2018 C 10.6 18.6 8.0 42.90% 

2017-2018 D* 36.6 38.1 1.5 3.93% 

2017-2018 E 10.3 17.0 6.7 39.45% 

2017-2018 F* 30.1 57.9 27.8 48.00% 

2017-2018 G 16.5 25.6 9.1 35.62% 

2017-2018 H 8.9 18.0 9.1 50.81% 

2017-2018 I - - - - 

2017-2018 J - - - - 

2017-2018 K 7.3 21.0 13.7 65.44% 

2017-2018 L 7.6 27.0 19.4 71.77% 

Multi-

Season 

Season 

Average 
16.1 29.3 13.1 41.96% 
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Figure 1.  The WFO Buffalo area is comprised of 16 counties shown within the red outline.  

Cayuga County is split with WFO Binghamton.  Zones are identical to the counties, with the 

exception of Erie County, which is divided into Northern and Southern Erie County (not shown).   

The KBUF radar is located in Erie County, while KTYX is located in Lewis County.     
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Figure 2. Example of spatial verification scheme produced in ArcGIS for one polygon warning 

off of Lake Erie, matching the same event as the zone warning verification in Figure 3. 

 
Figure 3. Example of spatial verification scheme produced in ArcGIS for one zone warning off of 

Lake Erie, matching the same event as the polygon warning verification in Figure 2. 
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Figure 4. Example of a WSW product with polygon information.  In this example, an advisory 

(LE.A) was updated to a warning (LE.W for four zones (Wyoming, Chautauqua, Cattaraugus, and 

Southern Erie. Experimental LES polygons were included at the bottom, as highlighted in yellow.   
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Figure 5. Example of the combined datasets used to verify each warning polygon, as well as the 

warning polygon (red) and verifier drawn impact region (yellow) that is used to spatially verify 

the polygon warning. 
 
 
 
 
 
 
 
 
 
 
 



18 
 

 
Figure 6. Example of polygon-based warning hours for Lake Effect Storm “D” of 2016-17. 

Corresponds to the zone-based warning hours displayed in Figure 6. 
 

 
Figure 7. Example of zone-based warning hours for Lake Effect Storm “D” of 2016-17. This 

corresponds to the polygon-based warning hours shown in Figure 5. 
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Figure 8. Box and whisker plot comparing polygon-based and zone-based POD, FAR, and CSI 

statistics for the 21 verified lake effect snow events, containing 130 polygons, of the 2016-2018 

seasons. 
 

 
.  

 
Figure 9. Scatter plot of polygon-based vs zone-based CSI scores for each of the 130 verified 

polygon-based warnings. Data points falling above the black line in the green-shaded area show 

polygon-based warnings that spatially verified better than their zone-based counterpart; 

meanwhile, points falling below the black line, in the red-shaded area, represent polygons that 

scored worse than the zone-based warning. The farther above (below) the black line, the better 

(worse) the polygon warnings scored against the zone-based warnings 
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Figure 10. Plot comparing the mean polygon-based and zone-based POD, FAR, and CSI statistics 

for the 11 lake effect snow events, containing 76 polygons, of the 2016-2017 season, as well as 

the range of the average 2 standard deviation spread (-1σ to +1σ) of the 5 different verifiers.  
 

 

 

 
Figure 11. Box and whisker plot showing the distribution of the number of people correctly 

removed from a legacy zone-based warning by a polygon-based (left) and the number of people 

incorrectly removed from a legacy zone-based warning by a polygon-based warning (right) for the 

21 lake effect snow events, containing 130 polygon-based warnings, of the 2016-2018 seasons. 
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Figure 12. Box and whisker plot showing the distribution of the number of hours warned per 

person under the polygon-based scheme (left) and the zone-based scheme (right) for the 21 lake 

effect snow events of the 2016-2018 seasons.  
 

 

 

 

 
Figure 13. Scatter plot showing the total warning time compared to the number of hours saved per 

person by the polygon based warning for the 21 lake effect snow events of the 2016-2018 seasons. 

Linear trend line overlaid is described by the equation and R2 value shown on the chart. 
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