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1 Executive Summary 
The Quality Assessment (QA) Product Development Team (PDT) of the National Oceanic and Atmospheric 

Administration’s (NOAA’s) Global Systems Division (GSD) within the Earth System Research Laboratory 

(ESRL) was tasked by the Federal Aviation Administration’s (FAA’s) Aviation Weather Research Program 

(AWRP) to complete an assessment of ceiling and visibility (C&V) analysis products.  The purpose of this 

assessment was to measure the performance of several C&V products in the context of their potential use 

in the Aviation Weather Center’s (AWC) Helicopter Emergency Medical Services (HEMS) tool.  The 

products evaluated in this assessment were the C&V analysis products from the National Ceiling and 

Visibility Analysis (NCVA), the Gridded Localized Aviation Model Output Statistics Program (GLMP), 

the Real-Time Mesoscale Analysis (RTMA), and the RTMA Rapid Updates (RTMA-RU).  This is the 

second part of a two-part assessment; the first part analyzed the results from the cool season from January 

1, 2018 through April 30, 2018, and the second part of the assessment covered the warm season from May 

1, 2018 through August 30, 2018. 

Using independent observation data sets (i.e., observations that were not used by the analyses and evaluated 

during the time period after the analyses are performed and before the next analysis is available) to assess 

product performance, the following main findings were observed:  

• NCVA and GLMP generally outperformed RTMA and RTMA-RU in identifying low ceilings 

(Figure 1 left/Figure 29), but the highest scoring was not consistent through all flight categories. 

• NCVA generally outperformed GLMP, RTMA, and RTMA-RU in identifying poor visibility and 

while the differences were statistically significant, they were not substantial (Figure 1 right/Figure 

46). 

Figure 1. CSIs of the NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against ceiling (left) and 

visibility (right) mesonet observations during the operational verification period. 

  

 

 



 4 

Using the much more prevalent dependent data (i.e., observations that were used by the analyses and/or 

were taken during the same period as observations that were used) to perform verification, it was discovered 

that: 

• NCVA and GLMP outperformed RTMA and RTMA-RU by a wide margin in identifying both low 

ceilings (Figure 2 left/Figure 22) and poor visibilities (Figure 2 right/Figure 39). 

• NCVA generally, though not uniformly, outperformed GLMP slightly in identifying low ceilings 

(Figure 2 left/Figure 22) and substantially outperformed GLMP in identifying poor visibility 

(Figure 2 right/Figure 39). 

Figure 2. CSIs of NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against ceiling (left) and visibility 

(right) METARs during the meteorological verification period. 

Factors contributing to the differences in product performance include: 

• For ceilings, RTMA and RTMA-RU identify more events for all but the least restrictive flight 

categories compared to NCVA and GLMP (Figure 13) and the observations (Figure 14). 

• For visibilities, NCVA and GLMP identify more visibility events for all but the most restrictive 

flight categories compare to RTMA and RTMA-RU (Figure 32); the observations match closely to 

the NCVA and GLMP event frequencies (Figure 33). 

• RTMA and RTMA-RU event frequencies are typically more consistent with the observations in 

mountainous terrain, and less consistent over the eastern half of CONUS, with the largest errors 

along the eastern seaboard and the west coast (Figure 18, Figure 20, Figure 35, Figure 37). 

• The lower skill for RTMA and RTMA-RU is the result of both fewer events captured and more 

false alarms (Figure 22, Figure 39, Figure 72 - Figure 81). 
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2 Introduction 
This National Oceanic and Atmospheric Administration (NOAA) Earth System Research Laboratory 

(ESRL) Global Systems Division (GSD) document outlines the results from the Quality Assessment (QA) 

Product Development Team’s (PDT) assessment of ceiling and visibility (C&V) analysis products.  The 

purpose of this assessment was to measure the performance of several C&V products in the context of their 

potential use in the Aviation Weather Center’s (AWC) Helicopter Emergency Medical Services (HEMS) 

tool.   

The products evaluated in this assessment included the ceiling and visibility analysis products from the 

Gridded Localized Aviation Model Output Statistics Program (GLMP), the Real Time Mesoscale Analysis 

(RTMA), and the RTMA Rapid Updates (RTMA-RU).  The assessment included an evaluation of product 

skill, as well as several case studies.  In addition to being compared between each other, the products were 

also compared against the current operational baseline, the National Ceiling and Visibility Analysis 

(NCVA). 

The period for this assessment was May 1, 2018 through August 31, 2018.  This is a follow-on to the cool 

season assessment period, which analyzed results from January 1, 2018 through April 30, 2018.   

The assessment made use of mesonet and aviation routine weather reports (METAR) C&V data, mesonet 

dewpoint depression data, five-minute Automated Surface Observing System (ASOS) data, and satellite 

data from Geostationary Operational Environmental Satellite 16 (GOES-16).  These observations were used 

to generate quantitative assessments of the quality of the products.  The assessment included the following 

main areas of investigation: 

1. Characteristics of the product fields 

2. Statistical performance against truth observations 

3. Case studies 
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3 Data 

3.1 Products 

3.1.1 National Ceiling and Visibility Analysis 
The NCVA is an analysis product that uses METAR observations and GOES satellite information to display 

a real-time graphical output of flight categories.  The outputs of the product are ceiling heights and visibility 

ranges at a 5-km resolution.  In addition, the AWC creates a graphic that classifies each location as either 

the visual flight rules (VFR) or instrument flight rules (IFR) flight category based on the ceiling and 

visibility values.  The product is updated every five minutes and covers the contiguous United States 

(CONUS).  The NCVA maintains strict adherence to the observations at METAR locations and uses an 

interpolation scheme to estimate the conditions in between METAR stations.  The product assimilates 

observations from the 80 minutes preceding the valid time, takes less than five minutes to run, and is 

updated every five minutes.  A schematic of NCVA’s operations timeline is shown in Figure 3.  The product 

valid time is defined as the stated time that the analysis represents.  The product available time is defined 

as the time that the product is published and becomes available to the user. 

Figure 3. Timeline of the operations schedule for NCVA, RTMA, RTMA-RU, and GLMP. 

NCVA separately processes ceiling and visibility fields before combining them into a flight category.  First, 

the algorithm assigns the ceiling height of the nearest-neighboring METAR to each grid point to create an 

initial ceiling height field.  Next, the height is corrected for changes in elevation between the METAR and 

the grid point.  Then, a cloud mask from GOES satellite data is applied, which removes ceilings in locations 

where the satellite data indicates that clouds are not present.  For visibility, the algorithm assigns the 

visibility of the nearest neighboring METAR to each grid point.  The ceiling and visibility fields are then 

combined such that the flight category at each grid point represents the minimum flight category from the 

two fields. 
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3.1.2 Gridded Localized Aviation Model Output Statistics Program (GLMP) 
The Gridded Localized Aviation Model Output Statistics (MOS) Program (GLMP) is an algorithm that 

provides a gridded analysis and forecasts of sensible weather elements.  The GLMP produces an analysis 

every 15 minutes on a grid with a 2.5-km horizontal resolution.  The output fields include near-surface 

variables such as temperature, dewpoint, ceiling height, ceiling probability at three categories, sky cover, 

visibility, visibility probability at three categories, wind gusts, wind speed, convection, and lightning.  

GLMP v2.1 was operationally implemented in January 2018. 

GLMP uses the Bergthorssen, Cressman, Doos, and Glahn (BCDG) process to extend the Localized 

Aviation Model Output Statistics Program (LAMP) station-based ceiling and visibility analysis to the 

National Digital Forecast Database (NDFD) grid (Ghirardelli et al 2015).  The LAMP station-based ceiling 

and visibility analysis is produced by integrating METAR stations and buoy reports that have been quality 

controlled and approved by the Meteorological Development Laboratory (MDL).  The GLMP uses the most 

recent routine report or special report from each station during the last hour at the XX:30 and XX:45 

analysis times.  At the XX:00 and XX:15 analysis times, the window for observations is extended an 

additional 15 minutes to use observations that are up to one hour and 15 minutes prior to the analysis time.  

The GLMP is run three minutes before the analysis time (i.e., the analysis valid at 1200Z begins to run at 

1157Z) and takes two minutes to complete.  The analysis is typically available one minute prior to the valid 

time (i.e., the analysis valid at 1200Z is available at 1159Z). A schematic of GLMP’s operations timeline 

is shown in Figure 3. 

3.1.3 Real-Time Mesoscale Analysis 
The Real-Time Mesoscale Analysis (RTMA) is an analysis and assimilation system for near-surface 

weather conditions.  The RTMA produces an analysis at the top of every hour on a grid with 2.5-km 

horizontal resolution.  The output fields include temperature, dewpoint, pressure, wind, humidity, visibility, 

cloud cover, and ceiling height.  The analysis is typically available 50 minutes after the analysis time. 

RTMA uses the Gridpoint Statistical Interpolation (GSI) system applied in two-dimensional variational 

mode to assimilate observations to a background model field.  The background field is a blend of the HRRR 

and the NAM-nest downscaled to a 2.5-km grid (Pondeca et al 2015).  Observations assimilated by RTMA 

include those from METARs and mesonets.  From the METARs, the RTMA uses the temperature, 

dewpoint, wind speed, wind direction, wind gusts, pressure, sky cover, ceiling height, visibility, and wave 

heights, where applicable.  RTMA uses a smaller list of data from mesonet sites, including temperature, 

dewpoint, wind speed, wind direction, wind gusts, and pressure.  RTMA does not assimilate ceiling or 

visibility data from mesonets, making those a source of independent verification data. The algorithm also 

assimilates GOES sky cover data, but does not yet currently use that data to clear regions of ceilings.  

Observations that occur within plus or minus 30 minutes of each hour are assimilated (Yang et al. 2017).  

A schematic of the RTMA operations timeline is shown in Figure 3. 

3.1.4 Real-Time Mesoscale Analysis Rapid Updates 
The Real Time Mesoscale Analysis with Rapid Updates (RTMA-RU) is an analysis system similar to 

RTMA, but generates output every 15 minutes.  In addition to the XX:15, XX:30, and XX:45 analysis 

times, the RTMA-RU is run concurrently, but separately from the RTMA at the top of every hour (Myrick 

2017).  Like the RTMA, the output is on a grid with 2.5-km horizontal resolution and the output variables 
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include temperature, dewpoint, pressure, wind, humidity, visibility, cloud cover, and ceiling height.  The 

analysis became operational in mid-December 2017. 

The RTMA-RU assimilates observations from the same sources as the RTMA.  If there are multiple 

observations available within the assimilation window, then the RTMA-RU does not use time interpolation 

and the observation nearest in time to the analysis time is used to modify the background field in the RTMA-

RU.  Observations are usually assimilated for a period from 30 minutes before to 8 minutes after the analysis 

time.  The RTMA-RU uses the 15-minute forecast output from the most recent run of the HRRR as 

background fields for ceiling and visibility, and hourly output for the other surface variables (Yang et al. 

2017).  The analysis takes approximately 9 minutes to run and is available 17 minutes after the valid time.  

The operations timeline for RTMA-RU is shown in Figure 3. 

3.2 Observations 

3.2.1 METARs 

METARs are automated and human-produced observations of the meteorological conditions occurring at a 

surface location.  METARs are issued every hour as well as when the meteorological conditions cross 

predetermined categories.  Temperature, dewpoint, pressure, wind speed, wind direction, visibility, and sky 

conditions are contained in METARs.  Data from METARs, in particular sky condition and visibility, are 

assimilated by all the products in this study.  Figure 4 shows the locations of the METARs used in this 

assessment. 

Figure 4. Map showing the locations of the 2,026 METAR stations used in this assessment. 

3.2.2 Five-Minute ASOS Data 
The Automated Surface Observing System (ASOS) is the set of meteorological sensors that record the 

atmospheric conditions that are transmitted in most METARs.  ASOS stations are constantly updating with 

weather information and have a more temporally complete record of atmospheric conditions than METARs, 

which only report once per hour or whenever a predetermined category is crossed.  Meteorological data, 
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including visibility and cloud heights, are transmitted every five minutes from a subset of METAR locations 

(Figure 5) and was available to the QA PDT.  

Figure 5. Map showing the locations of the 789 ASOS stations used in this assessment. 
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3.2.3 Meteorological Assimilation Data Ingest System (MADIS) Mesonet Data 
Mesonets are regional networks of automated meteorological observing systems.  They are usually operated 

on the state or local level, with the most common types belonging to a state’s Department of Transportation.  

Mesonet sensors and reporting methods are not held to the same rigid standards as METARs and therefore, 

the data must undergo a quality control process by the user.   

Many mesonets only report temperature and dewpoint, however, a subset of stations also report sky 

condition and visibility.  Research conducted by the QA PDT has shown that some of the sky condition and 

visibility reports are of high quality and can be used in verification.  The first part of the research focused 

on the ceiling reports from mesonet stations.  During a sample period in November 2017, 63 mesonet 

stations reported ceiling observations.  Each mesonet station from that set was then matched to the nearest 

METAR location.  Five pairs of METAR and mesonet stations were located within 2-9 km of each other 

and had ceiling observations within a time difference of 5 minutes.  In total, 1,405 observations were 

matched between mesonet and METAR ceiling observations.  The correlation between the two observation 

sets was strong with R2=0.97.  Importantly, there were very few occurrences where one observation set had 

a ceiling below 1,000 ft while the other observation set had a ceiling above 1,000 ft.  Overall, the mesonet 

ceiling observations align well with the METAR ceiling observations and were used to verify product 

ceilings in locations where METAR observations are not present.  Figure 6 shows the locations of the 

mesonet ceiling stations used in this assessment. 

      Figure 6. Map showing the locations of the 62 mesonet stations that were used for ceiling verification in this assessment. 

The second part of the QA PDT’s research focused on the visibility observations.  Mesonet observations 

from a sample period were matched to METAR observations that occurred within 2-km and 5 minutes of 

one another.  A filter was applied to remove mesonet stations that did not report a full range of visibility 

values, resulting in observation matches between the mesonet and METAR visibilities for 14 station pairs.  

There was a strong correlation (R2=0.98) between the two data sets, indicating that the mesonet visibilities 

are consistent with neighboring METAR visibilities and can be used for verification. 
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A three-part filter was developed by the QA PDT to ensure that only stations with reasonable distributions 

of visibility observations were used for verification.  The first part of the filter required that a mesonet 

station report an unrestricted visibility (> 11,000 m) in more than 60% of its reports.  The next part required 

that at least one report occurred in the mid-range of visibility (between 4,000 and 8,100 m).  The last part 

of the filter required the station report at least once per hour with an 80% reliability.  The filter was applied 

to all available mesonet visibility stations, and 457 stations (Figure 7) passed the filter and were used in this 

assessment. 

Figure 7. Map showing the locations of the 457 mesonet stations that were used for visibility verification in this assessment. 
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In addition to the C&V observations from mesonets, the temperature and dewpoint measurements were 

used to identify areas where reduced visibilities should not be present.  A study by the QA PDT found that 

any location with a dewpoint depression (temperature minus dewpoint) greater than or equal to 3°C had a 

visibility greater than one mile 99% of the time (Fenton et al. 2017).  Although the RTMA does assimilate 

temperature and dewpoint observations, it does so only for its temperature and humidity analysis fields and 

does not use that data for ceiling and visibility calculations.  This assessment used the mesonet stations 

shown in Figure 8 to identify locations where visibilities should be greater than one mile because the 

measured dewpoint depression was greater than or equal to 3°C. 

Figure 8. Map showing the locations of the 14,404 mesonet stations reporting dewpoint depression that were used in this 

assessment. 

3.2.4 Satellite 
GOES-16, also known as GOES-East, provides satellite imagery of clouds in the visible, near-infrared, and 

infrared wavelengths.  With 16 channels (2 visible, 4 near-IR, and 10 IR) and a suite of derived products, 

the volume of data that is available is significant (Schmit et al. 2017). Unfortunately for the purposes of 

verifying C&V, most of the products can only act as bounds or have significant caveats that would not 

make them useable as direct observations. There is also a timing issue; for example, the Fog and Low 

Stratus Product could be useful, but because it is not fully implemented with GOES-16 data, it is not 

possible to evaluate its utility as an observation set yet. Therefore, this assessment only included the GOES-

16 Clear Sky Mask product. 

The Clear Sky Mask data was available as a provisionally mature product on February 16, 2018, but won’t 

be fully operational until November 2018 (GOES-R 2018). The mask algorithm utilizes over half of the 

ABI channels to perform temporal, spatial, and spectral tests to create an intermediate 4-level mask for use 

in downstream products and for the official binary mask. It also utilizes ancillary data from the Global 

Forecast System (GFS) (snow cover, surface temperature, total precipitable water, tropopause level, etc.), 

the Community Radiative Transfer Model (clear sky transmittance profile, clear and cloudy radiances, clear 

and cloudy brightness temperatures, etc.), and dynamic auxiliary data (sun glint, solar zenith angle, etc.) 

(Harris Corporation 2017).  
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The Clear Sky Mask product is available both day and night at 2-km nadir resolution with a 1-km mapping 

accuracy (Harris Corporation 2017).  Figure 9 shows the approximate pixel area for a 1-km resolution 

product, which can be multiplied by four for the pixel area of the 2-km Clear Sky Mask product.  The 

southeast United States has a smaller pixel area and better resolution than the northwest United States, 

which is due to the satellite’s position at 75.2 degrees West longitude.  The Clear Sky Mask is available 

every 5 minutes with a latency of 271 seconds (Harris Corporation 2017). The product is required to achieve 

87% correct detection (with good quality pixels that have a local zenith angle less than or equal to 70 

degrees) and the provisional release statement indicates that the product reached accuracy specifications 

when evaluated against the Moderate Resolution Imaging Spectroradiometer (MODIS) and the Cloud-

Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) satellite data (GOES-R 2018). 

Finally, the mask is known to have artifacts near the terminator and coastal regions and there is less 

confidence in classifications over snow-covered areas at high angles and when warm, low clouds are present 

(Heidinger et al. 2016).  Many of these issues are currently being investigated (GOES-R 2018). 

Figure 9. Approximate pixel area for a 1 km resolution product from GOES-16.  The dashed box is the CONUS domain and the 

smaller, solid boxes are the movable mesoscale sectors. Image from Schmit et al. 2017. 
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4 Methodology 

4.1 Stratifications 
The assessment focused on well-established flight categories to stratify the results.  Five flight categories 

were used including visual flight rules (VFR), marginal visual flight rules (MVFR), instrument flight rules 

(IFR), and two divisions of the lower instrument flight rules (LIFR).  Table 1 defines each flight category 

according to the ceiling and visibility categories used in this assessment.   

Table 1. Flight categories and their definitions used in the assessment. 

Flight 

Category

Ceiling Visibility 

VFR > 3,000 ft > 5 miles

MVFR >= 1,000 ft and <= 3,000 ft >= 3 miles and <= 5 miles 

IFR >= 500 ft and < 1,000 ft >= 1 mile and < 3 miles 

Upper LIFR >= 200 ft and < 500 ft >= ½ mile and < 1 mile 

Lower LIFR < 200 ft < ½ mile 

The results were aggregated for all of the CONUS as well as the four geographic regions displayed in Figure 

10. The regions were divided up as shown based on similar geography, climate, and to balance the number

of observations available between the regions.

Figure 10. The four geographic regions used in the assessment. 
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4.2 Techniques to Pair Observations with Product Output 
Observations, including METAR, ASOS, and mesonet observations, were matched to the products through 

the use of two methods: 

1. Match observations to products near the product valid time

2. Match observations to products during the operator action period

METARs were assimilated by all of the products in this assessment, therefore, the first method is a check 

to ensure that the products are modifying their output to closely match the METARs.  The first method 

matched each product to observations in the meteorological verification period, defined as the 15 minutes 

preceding the product valid time.  A schematic of the matching is shown in Figure 11.  Under this method, 

all products with the same valid time were compared against the same set of observations.  The observations 

were matched spatially to the nearest grid point in the output of each algorithm.  Only the observation 

closest in time to the product valid time was used in the event that there were multiple observations from 

one location in the 15-minute period. 

Figure 11. A sample operations timeline for the first method of matching observations to the C&V analysis products in the 

meteorological verification period.  The observation from each location that occurred last in the 15 minutes preceding the product 

valid time was used in this method. 

A second method was employed to better match how each product could be used in an operational setting 

by accounting for the latency between the valid time of each product and when it becomes available to the 

user.  As mentioned in the product descriptions section, the time difference between the valid time and 

available time is typically five minutes for NCVA, one minute for GLMP, 50 minutes for RTMA, and 17 

minutes for RTMA-RU.  The second method compared products to observations that occurred during the 

operation verification period, defined as the interval of time from when one product becomes available to 

the operator until the next product becomes available.  Contrary to the method that used a single observation 

during the meteorological verification period, the operational verification period compared each product to 

all of the observations that occurred within the period.  For example, if the RTMA-RU valid at 1200Z 
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became available at 1217Z, then that output will be compared to any observations with times between 

1217Z and 1232Z.  A sample timeline is shown in Figure 12. 

Figure 12. A sample operations timeline for the second method of matching observations to the C&V analysis products in the 

operational verification period.  Observations that occurred after the product processing time and until the updated product became 

available were used in the operational comparison method. 
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4.3 Evaluations 
Terminology and score definitions are first provided for reference in the subsequent sections: 

Table 2. Contingency table matching product outputs to observations. 

Observation 

Yes No 

Product Output 

Yes Hit False 

Alarm 

No Miss Correct No 

Table 3. Definitions and descriptions of each skill score statistic. 

Statistic Definition Description 

POD: 𝐻𝑖𝑡𝑠

𝐻𝑖𝑡𝑠 + 𝑀𝑖𝑠𝑠𝑒𝑠

Probability of Detection, proportion of all observed 

events that are correctly forecast to occur, in this case, 

of detecting ceilings or visibility at a specific flight 

category 

POFD: 𝐹𝑎𝑙𝑠𝑒 𝐴𝑙𝑎𝑟𝑚𝑠

𝐹𝑎𝑙𝑠𝑒 𝐴𝑙𝑎𝑟𝑚𝑠 + 𝐶𝑜𝑟𝑟𝑒𝑐𝑡 𝑁𝑜′𝑠

Probability of False Detection, proportion of all 

observed non-events that are mistakenly forecast to 

be events  

FAR: 𝐹𝑎𝑙𝑠𝑒 𝐴𝑙𝑎𝑟𝑚𝑠

𝐹𝑎𝑙𝑠𝑒 𝐴𝑙𝑎𝑟𝑚𝑠 + 𝐻𝑖𝑡𝑠

False Alarm Ratio, proportion of all forecast events 

that are incorrectly identified 

CSI: 𝐻𝑖𝑡𝑠

𝐻𝑖𝑡𝑠 + 𝐹𝑎𝑙𝑠𝑒 𝐴𝑙𝑎𝑟𝑚𝑠 + 𝑀𝑖𝑠𝑠𝑒𝑠

Critical Success Index, ratio of correctly forecast 

events to the number of events plus the number of 

false alarms; also known as the Threat Score (TS) 

PSS: 𝑃𝑂𝐷 − 𝑃𝑂𝐹𝐷 Pierce Skill Score; also known as the True Skill Score 

4.3.1 Field Distributions 
Distributions were created for each ceiling and visibility product binned by the flight categories presented 

in Table 1.  The distributions were calculated as normalized frequencies by summing the number of 

occurrences within a flight category over the assessment period and then dividing by the total number of 

occurrences in any flight category.  Only grid points that were within the intersection of the geographic 

coverage area of all four products were counted.   

In addition to this first type of distribution, a second set of distributions was created that was event equalized 

to METAR observations.  Product output was only counted at the grid point nearest in space and time (from 

the meteorological verification period) to a METAR. 
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4.3.2 Distribution Maps 
Spatial distributions were created that show the frequency of each product by flight category.  Again, two 

types of distributions were generated; the first type used product counts from the intersection of the 

geographic coverage over the full assessment period, while the second type was event equalized to the 

METARs as described in the Field Distributions Section.  In addition to the distribution maps of the second 

type, differences maps were constructed by subtracting the frequency of each METAR from the frequency 

of each product at that location, and was performed for each flight category. 

4.3.3 Skill Score Calculations 

4.3.3.1 METARs 

METAR observations were assimilated by all of the products in this assessment, therefore, there should be 

a very high correlation between METAR observations and the product outputs.  The meteorological 

verification period was used to check this correlation by measuring the POD, FAR, CSI, and PSS (Table 3) 

for each product compared against METARs that are nearest and prior to the product valid time.  The 

operational verification period was used to measure the POD, FAR, CSI, and PSS (Table 3) for each product 

compared against METARs available during the operator action period.  The resulting statistics here should 

be lower than in the first method and more representative of the skill of the products when used in 

operations. 

Lower and upper bounds to the CSI were calculated at the 95% confidence level using a bootstrap method.  

The bootstrap method employed for this assessment sampled the total number of observations over 1,000 

iterations with replacement.  The 95% confidence level was calculated by taking the values at the 2.5% and 

97.5% categories from the distribution of the iterations.   

4.3.3.2 ASOS 

The five-minute ASOS data is not assimilated by the products, but is not fully independent either because 

of temporal auto-correlations in the ceiling and visibility fields.  Therefore, the ASOS data is used for 

verification in the same manner as described above for METARs. 

4.3.3.3 Mesonet Ceiling and Visibility Data 

The ceiling and visibility observations from mesonet sites are independent data that was not assimilated by 

any of the products.  The skill scores from Table 3 were calculated against the mesonet observations for the 

both the meteorological and operational verifications periods.  Lower and upper bounds to the CSI were 

calculated at the 95% confidence level as described above in the METAR section. 

4.3.3.4 Mesonet Dewpoint Depression Data 

The mesonet dewpoint depression data was used as a bound for locations where low visibilities should not 

exist.  Only the negative condition in the observation field was used to calculate a false positive rate, which 

is defined the same as the false alarm ratio in Table 3. 

4.3.3.5 Satellite 

The GOES-16 clear sky mask was used as a bound for areas where clouds do not exist and consequently, 

locations where low ceilings should not be found.  Similar to the mesonet dewpoint depression data, only 

the negative condition in the observation field was used, resulting in the calculation of a false positive rate 

for ceilings.  The domain used for this assessment covered most of the CONUS except for parts of 
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California, Arizona, Nevada, Oregon, and Washington which were removed due to parallax issues near the 

edge of the image. 

5 Results – Ceiling 

5.1 Distributions 
The frequency of lower ceilings decreased in the warm season as compared to the cool season, as expected.  

Figure 13 shows the warm season frequencies of each product at all of the restricted flight categories.  The 

frequencies of each product in the MVFR, IFR, and upper LIFR categories were roughly half the rate in the 

warm season as they were during the cool season.  NCVA and GLMP had higher frequencies than the 

RTMA products at the MVFR category, but the RTMA products had higher frequencies at all of the lower 

categories.  The relative differences seen between the products were smaller than those observed during the 

cool season.  Similar to the cool season, GLMP again had a much lower frequency of LIFR ceilings than 

the other products. 

Figure 13. Distribution of warm season ceiling heights by aviation category.  Products were equalized to the same geographic 

boundaries and frequencies were normalized to the number of grid points for each product. 

The distributions were then recalculated for each product as event-equalized with METARs.  Figure 14 

shows the resulting distribution for each product plotted with the distribution from the METARs.  Similar 

to the full distributions above, the warm season rates for the MVFR, IFR, and upper LIFR categories were 

about half the value as those from the cool season.  Again, the NCVA was the closest match to the METAR 

frequencies at the MVFR, IFR, and upper LIFR categories, while the GLMP was the closest match at the 

lower LIFR category.  The relative differences between the products was similar to the full distributions, 

except at the lower LIFR threshold where the NCVA had a much lower frequency when event equalized to 

the METARs.  The higher rate seen in the full distribution was likely due to the addition of possible terrain 

obscurations that were identified by the NCVA in areas away from the METAR locations. 
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Figure 14. Distribution of ceiling heights by aviation category for the four products and METARs.  The distribution was taken 

from the product point nearest to each METAR site and event equalized. 
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5.2 Geographic Distributions 
Frequencies of each product were calculated at every grid point and plotted for their common domains.  

The geographic distributions of the RTMA and RMTA-RU were similar so only the RTMA-RU will be 

presented in the following figures.  Figure 15 shows the geographic distributions of the products and the 

METARs at the MVFR flight category.  As was seen in the distributions above, the NCVA and GLMP have 

similar frequencies that are higher than those of RTMA-RU.  The differences are most noticeable in the 

northeast, southern Texas, and along the west coast where the NCVA and GLMP products have darker 

shading than the RMTA-RU.   

Figure 15. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the MVFR ceiling flight category. 



22 

In addition to the general geographic distributions, the distribution of each product at every METAR 

location was calculated.  The METAR frequency was then subtracted from each product frequency at every 

METAR location to create the difference maps shown in Figure 16.  The difference maps provide a 

quantification of the difference between each product frequency and the METAR frequency at every 

METAR location.  The difference maps show that NCVA and GLMP were both close matches to the 

METARs at most locations.  Both products had a mix of frequencies that were slightly above or below 

those at the METAR locations and a general tendency for slightly higher frequencies in the southeast and 

along coastal California.  The RTMA-RU frequencies were overall too low as compared to the METARs, 

but it also had a mix of higher and lower frequencies.  The strongest differences were seen through the 

Appalachians and the west coast, where the RTMA-RU frequencies were lower than those of the METARs.  

Additionally, the RTMA-RU frequencies were too high over Florida and coastal Texas.  

Figure 16. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the MVFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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The relative differences among the products and between the products and the METARs were similar at the 

IFR and upper LIFR categories, so only the geographic distributions for the upper LIFR category are shown 

(Figure 17).  The IFR results can be found in the Appendix.  The NCVA and GLMP had similar frequencies, 

although the NCVA had higher occurrence rates at this category over the eastern seaboard than the GLMP.  

The RTMA-RU was generally higher than both of the other products, especially over the eastern half of the 

country. 

Figure 17. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the upper LIFR ceiling flight category. 
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The difference maps for the upper LIFR category are show in Figure 18.  The NCVA was the closest match 

to the METARs and the GLMP matched well with the exception of having lower frequencies than the 

METARs through the Appalachians.  The RTMA-RU had frequencies that were higher than the METARs 

over the west coast and across most of the eastern US, with a few exceptions along coastal New England 

and in the Appalachians. 

Figure 18. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the upper LIFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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Figure 19 shows the geographic distributions for each product along with the METARs at the lower LIFR 

flight category.  As was seen in the bar graph distribution, the GLMP has overall lower frequencies at this 

category than NCVA and RTMA-RU.  In addition to numerical output of ceiling height, NCVA identified 

some grid points as possible terrain obscurations when a nearby ceiling intersected with higher terrain.  For 

this assessment, the possible terrain obscurations were treated as a ceiling height of zero feet because a pilot 

would have to exercise extreme caution when flying into an area analyzed in this manner.  Many of the 

higher frequencies of low ceiling on the NCVA map are areas of high terrain that were regularly identified 

as possible terrain obscurations in the NCVA output.  RTMA-RU had higher frequencies over much of the 

eastern half of the country and in particular, higher frequencies over the northern Great Lakes. 

Figure 19. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the lower LIFR ceiling flight category. 
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The difference maps for the lower LIFR category are shown in Figure 20.  As was seen in the bar graph 

distributions, the GLMP most closely matched the METAR observations at this category, followed by 

NCVA.  NCVA had frequencies that were mostly too high along the eastern seaboard.  RTMA-RU had 

higher frequencies than the METARs across much of the country with the exception of the mountain west.  

In particular, the RTMA-RU frequencies were much higher than observations in the mid-Atlantic region 

and along the west coast. 

Figure 20. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the lower LIFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 

5.3 Conditional Distributions 
The distribution of each product was also calculated contingent on the category of the METAR 

observations, which will be referred to as conditional distributions.  Conditional distributions show the 

percentage of time that the product output resided in each flight category when the METAR observations 

were in a given category.  The results were normalized to each METAR flight category making the percent 

occurrence of a particular product sum to 100% when aggregated over all five flight categories (each 

vertical column in a graph sums to 100%).  The results of the conditional distributions for the NCVA, 

GLMP, and RTMA-RU are presented in Figure 21 along with an example of a perfect product’s conditional 

distribution.  As an example, a perfect product would be in the VFR category 100% of the time when the 

METAR observations were VFR, in the MVFR category 100% of the time when the METAR observations 
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were in the MVFR category, and so on along the diagonal line from the lower left to the upper right of the 

graph, as seen in the lower left distribution.  NCVA was in the correct category the highest percentage of 

the time, followed by GLMP.  Both NCVA and GLMP were most often within one category of the 

observations (boxes along or adjacent to the diagonal).  RTMA-RU was more likely to be in the correct 

category when the observations were VFR and lower LIFR, but spread its analyses across four or five flight 

categories (relatively high percentages in the incorrect flight categories) when the observations were in the 

MVFR, IFR, and upper LIFR categories.  All three products had slightly elevated percentages of being in 

the VFR category when the observations were lower LIFR (lower right corner of each graph).  

Figure 21. Conditional distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right), conditioned on the 

flight category of the METAR observation.  An example of a perfect conditional distribution (lower left) is shown for reference. 
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5.4 Meteorological Verification Period 

5.4.1 Skill Scores Measured Against METAR 
Figure 22 shows the POD, FAR, PSS, and CSI of each analysis product measured against METARs during 

the meteorological verification period.  NCVA and GLMP had higher PODs, PSSs, and CSIs than RTMA 

and RTMA-RU at every flight category.  NCVA and GLMP were able to achieve higher PODs than RTMA 

and RTMA-RU despite identifying lower occurrence rates at the IFR, upper LIFR, and lower LIFR 

categories.  The PODs for NCVA and GLMP generally decreased with lower ceiling categories except for 

NCVA at the lower LIFR category.  RTMA and RTMA-RU did not decrease evenly like the other two 

products and had their lowest PODs at the MVFR and upper LIFR flight categories.  In addition, the FARs 

for NCVA and GLMP were lower than RTMA and RTMA-RU in every flight category and generally 

increased at lower ceiling categories.  The PSSs were very similar to the PODs because of the large sample 

size of over 5,000,000 observations with a high percentage of correct no’s in the score calculations for the 

flight restricted categories.  NCVA and GLMP had the two highest CSI scores at every flight category.  

NCVA had the highest score at the VFR, MVFR, IFR, and upper LIFR categories, while GLMP had the 

highest score at the lower LIFR category.  The lower and upper bounds to the CSI were calculated for the 

95% confidence interval.  All of the difference between the NCVA, GLMP, and the RTMA products were 

statistically significant at the 95% confidence level.  CSI was selected as the most representative statistic 

because it does not include the large group of correct no’s and will be the primary statistic discussed for the 

remaining data sets. 
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Figure 22. The POD (upper left), FAR (upper right), PSS (lower left), and CSI (lower right) of the ceiling products measured 

against METARs during the meteorological verification period.  NCVA is gray, GLMP is green, RTMA is red, and RTMA-RU is 

blue. 
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Figure 23. The lower and upper bounds for the 95% confidence interval of the CSI for ceiling products measured against 

METARs during the meteorological verification period. 
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5.4.2 Skill Scores Measured Against ASOS 
The ASOS data came from a subset of the METAR locations (789 of the 2,026 sites) that reported at a five-

minute frequency.  The XX:00, XX:15, XX:30, and XX:45 ASOS reports were matched to the NCVA, 

GLMP, and RMTA-RU products with the same valid time.  The hourly updating RMTA product was not 

used in this calculation in order to take advantage of the sub-hourly reports that make the ASOS data 

valuable.  Figure 24 shows the CSIs measured against the ASOS data for NCVA, GLMP, and RTMA-RU.  

The results are similar to those measured against the METARs, with NCVA and GLMP scoring 

significantly higher than RTMA-RU at all flight categories.  NCVA was the highest scoring product at the 

VFR, MVFR, and IFR categories, and GLMP was the highest scoring at the upper and lower LIFR 

categories.  POD, FAR, and PSS results can be found in the Appendix. 

Figure 24. CSIs for NCVA (gray), GLMP (green), and RTMA-RU (blue) measured against ASOS ceiling observations during the 

meteorological verification period. 
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5.4.3 Skill Scores Measured Against Mesonet 
Statistical scores were also computed for the mesonet observations, with the full set of scores available in 

the Appendix.  Figure 25 shows the CSIs of each product measured against the independent data from the 

mesonet ceiling locations.  The mesonet data was drawn from 62 reporting locations that had a higher 

station density in the Northeast, Ohio River Valley, and Kansas.  The Northwest, Southwest, and Southern 

regions of the CONUS were underreported in this data set.  The mesonet results were similar in pattern to 

the METAR results at the VFR, MVFR, IFR, and upper LIFR flight categories.  NCVA and GLMP again 

had CSIs higher than RTMA and RTMA-RU at these categories, with NCVA performing best in the MVFR 

and IFR categories, while GLMP scored highest in the VFR and upper LIFR categories.  NCVA and GLMP 

had large reductions in skill away from the METAR sites, but their skill still remained above that of the 

RTMA products at the upper four flight categories.  NCVA and GLMP outperformed RTMA and RTMA-

RU at the IFR and upper LIFR categories despite analyzing ceilings at these categories roughly 1% less 

frequently than the RTMA products (Figure 13).  RTMA and RTMA-RU had slightly higher scores than 

NCVA at the lower LIFR category, with GLMP performing worst in this category.  GLMP’s low score at 

this category was likely due to its much lower frequency than the other products (Figure 13).  The 

differences between NCVA and GLMP were statistically significant at VFR, MVFR, and upper LIFR flight 

categories.  The differences between NCVA and GLMP, and between RTMA and RTMA-RU, were not 

significant at the IFR and lower LIFR categories, respectively.  POD, FAR, and PSS results can be found 

in the Appendix. 

Figure 25. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against mesonet ceiling 

observations during the meteorological verification period.  The lower and upper bounds (right) for the 95% confidence interval of 

the CSIs. 
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5.4.4 Skill Scores Measured Against the GOES-16 Clear Sky Mask 
The GOES-16 clear sky mask data was used to calculate a false positive rate for each algorithm.  The false 

positive rate is the frequency that each product analyzed a ceiling of 3,000 ft or lower when the clear sky 

mask identified no clouds to be present, or put another way, the rate at which the product does not correctly 

identify VFR flight conditions in areas with no clouds present.  The GLMP had the lowest false positive 

rate (lower scores indicate better performance), followed by the NCVA and then the RTMA-RU and 

RTMA. 

Figure 26. False positive rate for each product measured against the GOES-16 clear sky mask.  The false positive rate is the 

frequency that each product analyzed a ceiling of 3,000’ or lower when the clear sky mask identified no clouds to be present. 
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5.5 Operational Verification Period 

5.5.1 Skill Scores Measured Against METAR 
The results against the METAR ceiling data from the operational verification period are shown in Figure 

27. Overall, the scores of all the products were slightly lower during the operational verification period

than during the meteorological period.  The relative scores were similar to what was observed during the

meteorological verification period (Figure 22).  Similar to the meteorological period, NCVA and GLMP

scored significantly higher than the RTMA products at all categories.  Again, it is noteworthy that NCVA

and GLMP were able to achieve higher CSIs while analyzing a lower frequency of upper LIFR and IFR

ceilings than the RTMA products.  GLMP also had the highest score of the group at the lower LIFR category

while analyzing a lower frequency of ceilings at that category (Figure 14).  All of the differences between

NCVA, GLMP, and RTMA-RU were statistically significant at the 95% confidence level, with the

exception of GLMP and NCVA at the lower LIFR category.  POD, FAR, and PSS results can be found in

the Appendix.

Figure 27. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against METAR ceiling 

observations during the operational verification period.  The lower and upper bounds (right) for the 95% confidence interval of the 

CSIs. 
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5.5.2 Skill Scores Measured Against ASOS 
Figure 28 shows the CSIs measured against ASOS ceiling observations during the operational verification 

period.  In general, the scores were similar to the meteorological verification period (Figure 24), except that 

the NCVA scores decreased more than the GLMP scores.  This enables GLMP to have the highest scores 

at the IFR, upper LIFR, and lower LIFR categories.  RTMA-RU had lower scores than NCVA and GLMP 

at every flight category.  POD, FAR, and PSS results can be found in the Appendix. 

Figure 28. CSIs for NCVA (gray), GLMP (green), and RTMA-RU (blue) measured against ASOS ceiling observations during the 

operational verification period. 
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5.5.3 Skill Scores Measured Against Mesonet 
The CSIs from the operational verification period measured against mesonet ceilings are presented in Figure 

29. The results are similar to the meteorological period (Figure 25).  NCVA and GLMP had higher CSIs

than the RTMA products at the VFR, MVFR, IFR, and upper LIFR flight categories.  RTMA-RU and

RTMA had the highest CSIs at the lower LIFR category, as was the case in the meteorological verification

period.  All of the differences between NCVA, GLMP, and RTMA-RU were statistically significant at the

95% confidence level.  POD, FAR, and PSS results can be found in the Appendix.

Figure 29. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against mesonet ceiling 

observations during the operational verification period.  The lower and upper bounds (right) for the 95% confidence interval of the 

CSIs. 
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5.5.4 Skill Scores Measured Against GOES-16 Clear Sky Mask 
Figure 30 shows the false positive rate for each product measured against the GOES-16 Clear Sky Mask 

during the operational verification period.  The relative performance of each product was similar to the 

meteorological verification period (Figure 26), except for the larger increase in false positive rate in the 

RTMA.  The longer latency of the RTMA product caused it to incorrectly place MVFR and lower ceilings 

more often in regions that the Clear Sky Mask identified as having no clouds present. 

Figure 30. False positive rate for each product measured against the GOES-16 clear sky mask.  The false positive rate is the 

frequency that each product analyzed a ceiling of 3,000’ or lower when the clear sky mask identified no clouds to be present. 
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5.6 Regional Analysis 
In addition to the CONUS analysis, a regional analysis was also performed.  Figure 31 shows the CSI 

measured against ceiling METARs for the North Central, Northeast, West, and South regions, as well as 

the full CONUS statistics for reference.  The CSIs in all of the regions generally followed the same pattern 

that was observed in the full CONUS statistics.  NCVA and GLMP were higher than RTMA and RTMA-

RU in every flight category.  NCVA had the highest and GLMP the second highest CSI for the VFR, 

MVFR, and IFR categories in all of the regions.  GLMP had the highest CSI at the upper and lower LIFR 

categories in the North Central and Northeast, while NCVA had the highest scores in the West and South 

regions.  The most notable difference from the full CONUS statistics occurred at the lower LIFR category, 

where NCVA was able to obtain the highest CSI in the West and South regions, which differed from 

GLMP’s higher performance in the full CONUS statistics.  The regional graphics created against the 

mesonet ceiling data are included in the Appendix. 
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Figure 31. CSI in the North Central (center left), Northeast (center right), West (bottom left), and South (bottom right) regions of 

NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) during the meteorological verification period measured against 

ceiling METARs. The top panel showing the CSI for all regions was previously presented in Figure 22 and is presented for 

comparison. 
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6 Results – Visibility 

6.1 Distributions 
The four products also showed differences in their relative outputs of visibility for the different flight 

categories.  Figure 32 shows the distribution of the visibility frequencies by flight category for each product.  

Similar to the ceiling results, each flight restricted visibility category during the warm season occurred at a 

frequency roughly half that of the cool season.  RTMA and RMTA-RU had higher rates of lower LIFR 

visibility compared to NCVA and GLMP, but had rates in between NCVA and GLMP at the upper LIFR 

category.  GLMP had the lowest occurrence rate at both of the LIFR categories.  Both GLMP and NCVA 

were higher than RTMA and RTMA-RU at the IFR category.  NCVA had a 1% higher frequency of MVFR 

visibility than any of the other products. 

Figure 32. Distribution of visibility frequencies by aviation category.  Products were equalized to the same geographic boundaries 

and frequencies were normalized to the number of grid points for each product. 
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The relative distributions changed at the lower LIFR and IFR categories when compared only at the 

METAR locations.  At this subset of locations, shown in Figure 33, GLMP had higher occurrence rates of 

lower LIFR and IFR visibilities than NCVA.  NCVA was the closest match to the METAR frequency in 

each flight category.  GLMP was the second-best match at the lower LIFR, IFR, and MVFR categories, 

while RTMA was the second-best match at the upper LIFR category.  Similar to the ceiling results, RTMA 

and RTMA-RU frequencies were too high in the lower LIFR category and too low in the MVFR category 

when compared against the METARs.  GLMP had similar occurrence rates to NCVA at all categories 

except the MVFR category, which contrasts with the ceiling results where GLMP was similar to NCVA at 

all categories including the MVFR category. 

Figure 33. Distribution of visibilities by aviation category for the four products and METARs.  The distribution was taken from the 

product point nearest to each METAR site and event equalized. 
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6.2 Geographic Distributions 
The most significant differences in the relative distributions of the products were seen at the lower LIFR 

and MVFR flight categories and are presented in the following figures.  Geographic distribution figures for 

the upper LIFR and IFR categories can be found in the Appendix.  The geographic distributions at the lower 

LIFR flight category are displayed in Figure 34.  GLMP had the lowest occurrence rates of this category 

across most of the CONUS, which agrees with the distribution shown in Figure 32.  RTMA-RU had higher 

occurrence rates than the other products in most areas, most notably along the eastern seaboard and over 

the Great Lakes. 

Figure 34. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the lower LIFR visibility flight category. 
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The difference maps for the lower LIFR category are shown in Figure 35.  NCVA was the closest match at 

most METAR locations, followed by the GLMP.  The GLMP had occurrence rates that were generally too 

high when compared to METARs in the eastern half of the US, with some exceptions through the 

Appalachians.  RTMA-RU also had occurrence rates that were too high in most places east of the Rockies, 

except a few locations in the Appalachians.  RTMA-RU better matched the METARs throughout the 

mountain west than in other regions at this category. 

Figure 35. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the lower LIFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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NCVA had a higher frequency of visibilities at the MVFR category than the other products, as was shown 

in Figure 32.  This is also demonstrated by the geographic distribution for each product at this category as 

presented in Figure 36.  While GLMP and RTMA-RU had similar geographic frequencies overall, NCVA 

had higher frequencies than both products in most locations, particularly over the eastern half of the US.  

Additionally, NCVA, and to a lesser extent GLMP, captured the isolated METAR locations that reported 

higher frequencies of restricted visibilities, in the Carolinas and Arkansas.  In each case, NCVA placed a 

larger geographic coverage around the METAR location than GLMP.  This is in contrast to the ceiling 

fields where the application of terrain information created higher spatial resolution. 

Figure 36. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the MVFR visibility flight category. 
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Figure 37 shows the difference maps for each product at the MVFR category.  NCVA had frequencies 

closest to, albeit slightly higher than, those of the METARs, compared with the other products.  GLMP and 

RTMA-RU both generally had frequencies that were less than the METAR frequencies.  RTMA-RU did 

have some regions that were higher than the METAR occurrence rates, mainly in the mountain west, 

southern California, and at isolated stations in the Appalachians. 

Figure 37. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the MVFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 

6.3 Conditional Distributions 
The conditional distributions for each product contingent on the METAR observations are shown in Figure 

38. A sample perfect product is also shown for reference, where the sample product perfectly matched the

METAR observations along the diagonal.  NCVA was the best match to the METARs; it was in the correct

category more often than GLMP and RTMA-RU.  Additionally, when NCVA was incorrect, it was often

only one category off from the observation.  GLMP tended to analyze the visibilities greater than what was

recorded in the observations, seen in the higher percentage of outputs along the horizontal VFR product

category.  RTMA-RU also tended to analyze the visibility greater (i.e., less restrictive conditions) than the

METAR observations.  In particular, RMTA-RU struggled at the upper LIFR category and in fact, placed
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analyzed visibilities more frequently in any other category than the correct upper LIFR category according 

to the observations. 

Figure 38. Conditional distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right), conditioned on the 

flight category of the METAR observation.  An example of a perfect conditional distribution (lower left) is shown for reference. 
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6.4 Meteorological Period 

6.4.1 Skill Scores Measured Against METAR 
Figure 39 shows the POD, FAR, PSS, and CSI of each analysis product measured against METARs during 

the meteorological verification period.  NCVA and GLMP had higher PODs, PSSs, and CSIs than RTMA 

and RTMA-RU at every flight category.  The PODs for all of the algorithms were better in the lower LIFR 

category than in the upper LIFR, IFR, and MVFR categories, which indicates that it was easier to analyze 

severely restricted visibility than to exactly match a less degraded visibility.  As with ceilings, 

RTMA/RTMA-RU captured fewer lower LIFR events despite identifying that category more often than 

NCVA and GLMP.  GLMP, on the other hand, identified relatively fewer upper LIFR and subsequently 

captured fewer events in that category.  NCVA had the highest and GLMP had the second highest CSIs in 

every flight category.  In addition, the FARs for NCVA and GLMP were lower than RTMA and RTMA-

RU in every flight category.  The PSSs were very similar to the PODs because of the large sample size of 

nearly 5,000,000 observations, which contained a large group of correct no’s for restricted visibility in the 

score calculation for the restricted flight categories.  Similar to the ceiling METARs, CSI was selected as 

the most representative visibility statistic because it does not include this large group of correct no’s and 

will be the primary statistic discussed for the remaining data sets.  The differences between NCVA, GLMP, 

and RTMA-RU were statistically significant at every flight category at the 95% confidence level (Figure 

40).  POD, FAR, and PSS plots can be found in the Appendix. 
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Figure 39.  The POD (upper left), FAR (upper right), PSS (lower left), and CSI (lower right) of the visibility products measured 

against METARs during the meteorological verification period. 
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Figure 40. The lower and upper bounds for the 95% confidence interval of the CSI for visibility products measured against 

METARs during the meteorological verification period. 
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6.4.2 Skill Scores Measured Against ASOS 
Similar to the ceiling ASOS data, the visibility ASOS data came from a subset of the METAR locations 

(789 of the 2,026 sites) that reported at a five-minute frequency.  The XX:00, XX:15, XX:30, and XX:45 

ASOS reports were matched to the NCVA, GLMP, and RTMA-RU products with the same valid time.  The 

hourly updating RTMA product was not used in this calculation in order to take advantage of the sub-hourly 

reports that make the ASOS data valuable.  Figure 41 shows the CSIs measured against the ASOS data for 

NCVA, GLMP, and RTMA-RU.  The results are similar to those measured against the METARs, with 

NCVA scoring highest and GLMP scoring second highest at all flight categories.  Again, GLMP had its 

poorest performance relative to NCVA at the upper LIFR category.  POD, FAR, and PSS results can be 

found in the Appendix. 

Figure 41. CSIs for NCVA (gray), GLMP (green), and RTMA-RU (blue) measured against ASOS visibility observations during 

the meteorological verification period. 
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6.4.3 Skill Scores Measured Against Mesonet 
Statistical score calculations were also computed for the mesonet observations, with the full set of scores 

available in the Appendix.  Figure 42 shows the CSIs of each product measured against the independent 

data from the mesonet visibility locations.  The mesonet data was drawn from 457 reporting locations.  

Minnesota and Utah had the highest number of stations reporting during the period, however, all regions of 

the CONUS were represented.  The CSIs for all the products were much closer to each other when compared 

against the mesonet data versus the METAR data.  NCVA had the highest CSI score at the MVFR, IFR, 

upper LIFR, and lower LIFR categories.  GLMP had the highest score in the VFR category and the second 

highest score in the MVFR, IFR, and upper LIFR categories.  RTMA had the second highest score in the 

lower LIFR and VFR categories.  All of the differences were statistically significant at the 95% confidence 

level except between NCVA and RTMA in the lower LIFR category.  Although RTMA was able to perform 

near NCVA at the lower LIFR category, it needed over double the occurrence rate of that flight category to 

do so (Figure 32).  Each product had lower CSI scores measured against the mesonet observations versus 

the METAR observations, but the NCVA and GLMP saw their scores reduced to a greater extent than the 

RTMA products.  The differences seen in the CSI scores among the products were primarily the result of 

differences in POD.  POD, FAR, and PSS results can be found in the Appendix. 

Figure 42. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against mesonet visibility 

observations during the meteorological verification period.  The lower and upper bounds (right) for the 95% confidence interval of 

the CSIs. 
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Mesonet dewpoint depressions from 14,404 stations were used to calculate a false positive rate for 

visibilities less than one mile.  The false positive rate is the frequency that each product analyzed the 

visibility to be less than one mile when the mesonet dewpoint depression was 3C or greater.  Figure 43 

shows the false positive rates for each product.  RTMA-RU had the highest false positive rate while GLMP 

had the lowest false positive rate.  The differences in false positive rate between each product were 

statistically significant at the 95% confidence level.  These findings reinforce the trend from the METAR, 

ASOS, and mesonet results that the NCVA and GLMP products had lower false alarm rates than the RTMA 

products at the VFR threshold. 

Figure 43. False positive rate for each product measured against the mesonet dewpoint depression observations.  The false 

positive rate is the frequency that each product analyzed a visibility of less than one mile when the dewpoint depression was 3C 

or greater. 



53 

6.5 Operational Period 

6.5.1 Skill Scores Measured Against METAR 
Figure 44 shows the CSIs measured against visibility METARs during the operational verification period.  

The relative differences between the products are similar to what was seen during the meteorological period 

(Figure 39), but the overall scores are lower.  Similar to the meteorological period, NCVA had the highest 

and GLMP the second highest CSIs for every flight category.  Again, NCVA and GLMP had higher scores 

than the RTMA products at the lower LIFR category while identifying visibilities at lower frequencies 

(Figure 33).  All of the differences between NCVA, GLMP, and RTMA-RU were statistically significant 

at the 95% confidence level.  POD, FAR, and PSS results can be found in the Appendix. 

Figure 44. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against METAR visibility 

observations during the operational verification period.  The lower and upper bounds (right) for the 95% confidence interval of the CSIs. 
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6.5.2 Skill Scores Measured Against ASOS 
The CSIs for ASOS visibility during the operational verification period are shown in Figure 45.  Overall, 

the scores are lower than they were during the meteorological period (Figure 41).  NCVA had the highest 

scores for the lower LIFR, upper LIFR, IFR, and MVFR flight categories, while GLMP had the highest 

score in the VFR category.  Although GLMP again had the second highest scores in the lower LIFR, upper 

LIFR, IFR, and MVFR categories, it was closer to NCVA than it was during the meteorological period.  

POD, FAR, and PSS results can be found in the Appendix. 

Figure 45. CSIs for NCVA (gray), GLMP (green) and RTMA-RU (blue) measured against ASOS visibility observations during 

the operational verification period. 
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6.5.3 Skill Scores Measured Against Mesonet 
Figure 46 shows the CSIs during the operational verification period measured against the mesonet visibility 

observations.  The relative differences between the products are similar to those seen during the 

meteorological period.  The scores were closer between the products when compared against the mesonet 

data than the METAR data, indicating closer performance between the visibility products in areas where 

METARs are not available.  Again, NCVA and GLMP were able to achieve similar CSIs to RTMA and 

RTMA-RU while having lower rates of occurrence at the lower LIFR category (Figure 32).  The scores of 

each product were similar, but slightly lower than those during the meteorological verification period 

(Figure 42).  The differences between NCVA, GLMP, and RTMA-RU were statistically significant at the 

95% confidence level for the upper LIFR, MVFR, and VFR flight categories.  POD, FAR, and PSS results 

can be found in the Appendix. 

Figure 46. CSIs (left) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) measured against mesonet visibility 

observations during the operational verification period.  The lower and upper bounds (right) for the 95% confidence interval of the CSIs. 
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Figure 47 shows the false positive rates for each product measured against the mesonet dewpoint depression 

observations during the operational verification period.  The scores are very similar to those from the 

meteorological verification period (Figure 43) which was caused by the large number of cases when the 

products correctly identified VFR visibilities.  Again, the GLMP had the lowest false positive rate and the 

RTMA-RU the highest rate, and all differences between the products were statistically significant at the 

95% confidence level. 

Figure 47. False positive rate for each product measured against the mesonet dewpoint depression observations during the 

operational verification period.  The false positive rate is the frequency that each product analyzed a visibility of less than one mile 

when the dewpoint depression was 3C or greater. 

6.6 Regional Analysis 
Figure 48 shows the CSI measured against the visibility mesonet observations for the four regions and the 

full CONUS statistics for reference.  The largest deviations from the full CONUS statistics occurred in the 

West and South regions.  All of the algorithms performed worse in the West region at categories less than 

VFR, but NCVA and GLMP experienced greater decreases in skill than RTMA and RTMA-RU at the lower 

LIFR flight category.  NCVA stood out in the South region with the highest scores in all categories.  GLMP, 

RTMA and RTMA-RU had comparatively worse scores in the IFR, upper LIFR, and lower LIFR categories 

in the South region compared to the full CONUS statistics. 
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Figure 48. CSI in the North Central (center left), Northeast (center right), West (bottom left), and South (bottom right) regions of 

NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) during the meteorological verification period measured against 

mesonet visibility observations. The top panel showing the CSI for all regions was previously presented in Figure 42 and is 

presented for comparison. 
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7 Case Studies 

7.1 Low Ceilings Over San Francisco on August 14, 2018 
The first case study occurred when low ceilings were present over the San Francisco Bay area on August 

14, 2018 that led to flight delays greater than two hours.  Figure 49 shows the ceiling height output from 

each analysis product at 1600Z overlaid with the METAR and mesonet ceiling observations from the 

preceding 15-minute time period.  There are significant differences between the product outputs throughout 

the region.  First, the difference in resolution between the coarser NCVA and the finer GLMP and RTMA 

products was apparent and impacts the ability to resolve the small-scale terrain differences on the San 

Francisco Peninsula.  The NCVA matched the category of all of the METAR observations, including the 

IFR conditions present at San Francisco Airport (SFO).  NCVA does not extend over the water and slight 

differences between the NCVA terrain mask and the actual coastline of the bay were apparent.  GLMP 

matched most of the flight categories observed at the METAR sites, including the IFR conditions at SFO.  

The RTMA products did not fare as well, recording few matches between the product output category and 

the observed METAR flight category.  At SFO, the RTMA products both analyzed VFR ceilings when IFR 

ceilings were observed.  The swath of VFR conditions extending through the bay did not match with any 

of the observations along the coastline.  In addition, there were large difference between RTMA and 

RTMA-RU output over the Pacific Ocean and southeast of SFO. 
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Figure 49. Ceiling output from the NCVA (upper left), GLMP (upper right), RTMA (lower left), and RTMA-RU (lower right) in 

the San Francisco Bay area on August 14, 2018 at 1600Z.  METAR and mesonet observations from the previous 15-minute period 

are overlaid using the same color bar for comparison to the products.  The colors represent the flight categories of VFR (green), 

MVFR (blue), IFR (red), upper LIFR (medium purple), lower LIFR (dark purple). 
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7.2 Reduced Visibility in Tennessee on May 23, 2018 
Figure 50 shows the product outputs and METAR and mesonet visibility reports from a fog case in 

Tennessee.  All four of the products identified areas of reduced visibility along the Tennessee-North 

Carolina border, but the placement of each flight category varied among the products.  This case focuses 

on the reports from two mesonet stations, one east and one south of Knoxville.  The mesonet station to the 

east reported IFR conditions, which were correctly analyzed by NCVA and GLMP, while the RTMA 

products had lower LIFR conditions present.  The mesonet station to the south reported upper LIFR 

visibility.  NCVA and the RTMA products had lower LIFR conditions surrounding this location and GLMP 

had MVFR conditions nearby.  This case illustrates the difficulty in accurately analyzing visibility in 

regions of complex terrain. 
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Figure 50. Visibility output from the NCVA (upper left), GLMP (upper right), RTMA (lower left), and RTMA-RU (lower right) 

around Salt Lake City, Utah during a snow event on May 23, 2018 at 1000Z.  METAR and mesonet observations from the previous 

15-minute period are overlaid using the same color bar for comparison to the products.

7.3 Reduced Visibility in Maine 
The last case illustrates an example of product performance in a region of sparse METAR coverage.  Figure 

51 shows the visibility output for each of the four products over Maine on August 5, 2018.  There are two 

mesonet observations highlighted in western Maine that were a considerable distance from the nearest 

METAR station.  At 10Z, the western of the two mesonet locations recorded lower LIFR visibility and the 

eastern station VFR visibility.  The nearest METAR and mesonet stations to the south also reported 
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visibilities in the lower LIFR category.  The time series of visibility observations from the eastern station 

was checked and the station had recently reported restricted visibilities, which increased faith that the VFR 

report was correct even with the surrounding lower visibilities.  This case also illustrates the ephemeral 

nature of low visibilities because these two stations had reliable reports at either end of the flight category 

spectrum.  In the region near these mesonet locations, NCVA had lower to upper LIFR visibilities, GLMP 

had IFR to lower LIFR visibilities, and the RTMA products had mostly VFR conditions.  NCVA best 

matched the western mesonet station while RTMA best matched the eastern station.  NCVA and GLMP 

were better matches to both the METAR and mesonet observations in southern Maine that reported mostly 

lower LIFR conditions. 

Figure 51. Visibility output from the NCVA (upper left), GLMP (upper right), RTMA (lower left), and RTMA-RU (lower right) 

in Maine during a fog event on August 8, 2018 at 1000Z.  METAR and mesonet observations from the previous 15-minute period 

are overlaid using the same color bar for comparison to the products. 
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8 Analysis and Summary 

8.1 Ceiling 
Overall, the warm season results were similar to the cool season findings, with slightly lower skill scores.  

The ceiling analyses of NCVA and GLMP clearly separated themselves as superior to RTMA and RTMA-

RU.  The frequencies of NCVA and GLMP better matched the METAR frequencies at every flight category 

in the distributions.  NCVA and GLMP scored higher than RTMA and RTMA-RU at every flight category 

for the CSI measured against METARs and ASOS.  NCVA and GLMP also scored higher at the VFR, 

MVFR, IFR, and upper LIFR categories for the CSI measured against mesonet ceilings.  However, RTMA 

and RTMA-RU did score higher than NCVA and GLMP at the lower LIFR category for the CSI measured 

against mesonet ceilings.  It is worth noting that NCVA and GLMP attained higher PODs measured against 

METARs at every flight category while having lower frequencies than RTMA and RTMA-RU at the IFR, 

upper LIFR, and lower LIFR categories.  These results held for both the meteorological and operational 

verification periods. 

The RTMA products did not closely match the assimilated METARs and instead relied too heavily on 

model data in areas where observations were present. 

Between NCVA and GLMP, the results were generally very close.  Overall, GLMP analyzed lower 

occurrence rates of low ceilings at all flight categories than NCVA.  The lower occurrence rates were 

reflected in areas of lower ceilings that generally were smaller for GLMP than for NCVA.  GLMP was a 

close second to NCVA in CSI measured against METARs at the VFR, MVFR, and IFR categories, and 

bested NCVA at the upper and lower LIFR categories.  For the CSI measured against mesonet ceilings, 

GLMP was second to NCVA at the MVFR and IFR categories, while bettering NCVA at the upper LIFR 

category.  GLMP’s poorest performance was at the lower LIFR categories measured against mesonet 

ceilings, which was tied to its substantially lower coverage and frequency of that flight category than the 

other products.  Overall, GLMP strikes a good balance of limiting coverage areas while maintaining higher 

accuracy rates. 

8.2 Visibility 
NCVA and GLMP scored higher in CSI measured against METARs and ASOS than RTMA and RTMA-

RU at every flight category.  At each category, NCVA scored the best, at substantially higher values in the 

MVFR, upper LIFR, and lower LIFR categories.  The results were much closer measured against mesonet 

visibility observations.  NCVA was able to achieve the top score in the MVFR, IFR, and upper LIFR flight 

categories, while RTMA had the highest scores in the VFR and lower LIFR categories.  GLMP was able to 

score close to the other products at the LIFR categories measured against mesonet observations despite 

having lower occurrence rates in the distributions at those categories.  Similarly, the RTMA products scored 

close to the other products at the IFR category while having higher frequencies.   

9 Appendix 

9.1 Ceiling and Visibility Products Operational Timelines 
The following graphics show the ceiling and visibility analysis products as they are available from the 

perspective of the operational decision maker. 
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Figure 52. Operational verification period at 1200Z. 

Figure 53. Operational verification period at 1205Z. 
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9.2 NCVA Timelines 
The following figures show the timeline of the NCVA and the application of the Meteorological 

Verification Period and Operational Verification Period. 

Figure 54. NCVA availability timeline. 

Figure 55. Meteorological verification period applied to NCVA. 
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Figure 56. Operational verification period applied to NCVA. 

9.3 GLMP Timelines 
The following figures show the timeline of the GLMP and the application of the Meteorological 

Verification Period and Operational Verification Period. 

Figure 57. GLMP availability timeline. 
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Figure 58. Meteorological verification period applied to GLMP. 

Figure 59. Operational verification period applied to GLMP. 
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9.4 RTMA Timelines 
The following figures show the timeline of the RTMA and the application of the Meteorological 

Verification Period and Operational Verification Period. 

Figure 60. RTMA availability timeline. 

Figure 61. Meteorological verification period applied to RTMA. 
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Figure 62. Operational verification period applied to RTMA. 

9.5 RTMA-RU Timelines 
The following figures show the timeline of the RMTA-RU and the application of the Meteorological 

Verification Period and Operational Verification Period. 

Figure 63. RTMA-RU availability timeline. 



70 

Figure 64. Meteorological verification period applied to RTMA-RU. 

Figure 65. Operational verification period applied to RTMA-RU. 
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9.6 Geographic Distributions – Ceiling 

Figure 66. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the IFR ceiling flight category. 
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Figure 67. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the IFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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9.7 Geographic Distributions – Visibility 

Figure 68. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the upper LIFR visibility flight category. 
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Figure 69. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the LIFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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Figure 70. Geographic distributions for NCVA (upper left), GLMP (upper right), and RTMA-RU (lower right) compared against 

METARs (lower left) for the IFR visibility flight category. 
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Figure 71. Difference maps of the geographic distributions of NCVA (upper left), GLMP (upper right), and RTMA-RU (lower 

right) for the IFR flight category.  The METAR geographic distribution map (lower left) is shown for reference. 
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9.8 Skill Scores – Meteorological Period Ceiling 

Figure 72. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), and RTMA-RU (blue) 

measured against ASOS ceiling observations during the meteorological verification period. 
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Figure 73. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against mesonet ceiling observations during the meteorological verification period. 
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9.9 Skill Scores – Meteorological Period Visibility 

Figure 74. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), and RTMA-RU (blue) 

measured against ASOS visibility observations during the meteorological verification period. 
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Figure 75. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against METAR visibility observations during the meteorological verification period. 
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9.10  Skill Scores – Operational Period Ceiling 

Figure 76. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against METAR ceiling observations during the operational verification period. 
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Figure 77. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), and RTMA-RU (blue) 

measured against ASOS ceiling observations during the operational verification period. 
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Figure 78. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against mesonet ceiling observations during the operational verification period. 
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9.11  Skill Scores – Operational Period Visibility 

Figure 79. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against METAR visibility observations during the operational verification period. 
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Figure 80. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), and RTMA-RU (blue) 

measured against ASOS visibility observations during the operational verification period. 
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Figure 81. POD (upper left), FAR (upper right), and PSS (bottom) for NCVA (gray), GLMP (green), RTMA (red), and RTMA-

RU (blue) measured against mesonet visibility observations during the operational verification period. 
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9.12  Skill Scores – Regional 

Figure 82. CSI in the North Central (upper left), Northeast (upper right), West (lower left), and South (lower right) regions of 

NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) during the meteorological verification period measured against 

mesonet ceiling observations.  Note that the West and South regions have sample sizes an order of magnitude less than the North 

Central and Northeast. 
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Figure 83. CSI in the North Central (upper left), Northeast (upper right), West (lower left), and South (lower right) regions of 

NCVA (gray), GLMP (green), RTMA (red), and RTMA-RU (blue) during the meteorological verification period measured against 

METAR visibility observations.   
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