Using WITI to Assess Aviation Forecast Performance
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1. Introduction
The Weather Impact Traffic Index (WITI)
 is a product used to measure weather impact on air traffic across the 35 major airports. Weather has been identified as the most significant cause of delays and air traffic problems across the National Airspace System (NAS). WITI is similar to a financial market index or performance index; it is a composite measure of the “front-end” impact of weather and traffic demand on the NAS. The WITI metric gives a high-level assessment of the NAS performance and can provide an important “system heartbeat” indicator. A very strong correlation has been found between WITI index scores and aviation delays. 

WITI software uses data from national weather products and air traffic schedules to determine the combined impact of weather and traffic demand. WITI is comprised of three major components: en-route, terminal, and queuing. E-WITI quantifies the impact of en-route convective weather, T-WITI quantifies the impact of terminal weather, and Q-WITI reflects the non-linear (queuing) effect of insufficient airport capacity (especially when it is degraded due to inclement weather) vs. scheduled traffic demand. 
Each WITI component can be computed using actual or forecast weather. The forecast WITI metric is designated as WITI-FA (for Forecast Accuracy). WITI scores are re-scaled so that on the new normalized scale, the three-year seasonal average (April-September 2004-2006) is equal to 100. That means that a “normal” day in the NAS, with average weather impact, has a score of around 100. The further above 100 the WITI score is, the greater the impact of weather. A WITI score below 100 indicates a day less impacted by weather. It should also be noted that days with lower traffic demand, including weekends, will typically have lower WITI scores. 
For purposes of this study, only T-WITI scores were assessed for Logan International Airport in Boston (KBOS), since it only focused on weather impact in the terminal area. 
Three case studies were chosen to demonstrate the utility of T-WITI in the WFO environment: a mixed precipitation event from January 7, 2009; a seemingly benign onshore wind event from January 13, 2009; and a low ceiling forecast “bust” from February 11, 2009.

2. Case Study: January 7, 2009 Mixed Precipitation Event

Low pressure tracked through the eastern Great Lakes at 12 UTC on January 7, 2009 (Figure 1). Light snow, which began at KBOS around 03 UTC, changed to freezing rain and sleet around 07 UTC as warmer air entered the region. The mixed precipitation eventually changed to rain by 14 UTC.
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Figure 1. Surface analysis from 12 UTC January 7, 2009
(Courtesy of Plymouth State Weather Center)
T-WITI verification for this event can be seen in Figure 2. The greatest Delta values occurred between 11 UTC and 16 UTC, and indicates a significant difference between the hourly METAR and 4-hour look ahead TAF.
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Figure 2. WITI score for KBOS, January 7, 2009

A closer examination of hourly METAR data and 4-hour look ahead TAFs is 
shown in Figure 3. Initially, it is evident that the forecast arrival of the precipitation 
was too slow. In addition, although the timing of the change to rain was nearly 
perfect, the TAFs maintained freezing rain for about 3 hours too long. Forecast 
ceilings were notably too low as well, especially after the change to rain. 

From a simple METAR to TAF comparison, verification scores appear to be 
rather good. However, a closer examination of impact needs to be addressed as 
well, in order to determine the full value of the TAF.
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Figure 3. Comparison of KBOS METAR and 4-Hour Look Ahead TAF, January 7, 2009

Figure 4 shows the potential impact of observed and forecast weather on airport 
arrival rate (AAR). In addition to the scheduled (gray) and actual (blue) arrivals, 
information on forecast performance can also be assessed. Significant 
differences between AAR based upon the TAF (yellow) and METAR (red) 
indicate an over forecast or under forecast of weather conditions.

In this case, the TAF AAR was significantly higher than the METAR AAR 
between 06 and 10 UTC, indicating conditions were over forecast. However, 
impact was minimal due to the low number of scheduled AARs (gray). Between 
12 and 16 UTC, conditions were slightly under forecast, which had more of an 
impact on scheduled AARs.
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Figure 4. Airport Arrival Rates (AAR) at KBOS, January 7, 2009

3. Case Study: January 13, 2009 Onshore Wind Event
The combination of high pressure moving offshore and low pressure heading through southern Canada resulted in a light onshore flow across eastern Massachusetts (Figure 5). Forecasters expected a cold front moving through New York State to bring increasing southerly winds to the KBOS terminal area as it tracked into New England. 
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Figure 5. Surface analysis from 00 UTC January 14, 2009

(Courtesy of Plymouth State Weather Center)

T-WITI verification data for this event can be seen in Figure 6. The greatest Delta values occurred between 20 and 00 UTC, and indicates a significant difference between the hourly METAR and 4-hour look ahead TAF.
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Figure 6. WITI score for KBOS, January 13, 2009

A closer examination of hourly METAR data and 4-hour look ahead TAFs 
is shown in Figure 7. At first glance, it would appear that weather conditions would not significantly impact air traffic on this day, as ceilings only briefly lowered to MVFR and visibility was not an issue.

However, a comparison of wind direction reveals where the discrepancies occurred. Between 20 and 01 UTC, METAR data showed surface winds backed from south (160) to southeast (140), while the TAF maintained south (180) winds. 
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Figure 7. Comparison of KBOS METAR and 4-Hour Look Ahead TAF, January 13, 2009
This subtle change in observed direction had a significant impact on AAR, which can be seen in Figure 8. The departure from the TAF caused an unexpected change in runway configuration at KBOS. Southeast winds disallow use of parallel runway operations (4/22 L/R), thereby reducing AARs from their maximum potential.

The difference between TAF AAR (yellow) and METAR AAR (red) is largest 
during the 21 to 01 UTC time frame. However, it should be noted that scheduled 
arrivals (gray) did not exceed the METAR AAR, thus impact was not as great as 
if it had occurred around 12 UTC (time of maximum scheduled arrivals).
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Figure 8. Airport Arrival Rates (AAR) at KBOS, January 13, 2009
4. Case Study: February 11, 2009 Low Ceiling Forecast “Bust”
High pressure anchored off the coast of North Carolina was expected to bring a southwest flow of mild air into southern New England (Figure 9). Forecasters closely followed model data, which suggested the presence of a deep snow pack would modify the warm air mass, and inhibit low level mixing. In turn, this would create a strong low level inversion which favored the development of stratus and fog during the early morning hours.
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Figure 9. Surface analysis from 12 UTC February 11, 2009

(Courtesy of Plymouth State Weather Center)

T-WITI verification data for this event can be seen in Figure 10. The greatest Delta values occurred between 10 and 14 UTC, and indicates a significant difference between the hourly METAR and 4-hour look ahead TAF.
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Figure 10. WITI score for KBOS, February 11, 2009

A closer examination of METAR and 4-hourly TAF data is shown in Figure 11. 
Ceilings were forecast to lower to 1,200 feet by 09 UTC and persist until 14 UTC, but METARs did not indicate any cloud cover below 25,000 feet! It should be noted that during the same time period, model guidance (including LAMP) indicated IFR or LIFR ceilings. Due to uncertainty as to whether or not these low ceilings would form, forecasters kept ceilings in MVFR range, which they thought was more likely. As it turned out, the low level inversion was weaker than what was depicted in the models, and the atmosphere remained well mixed, thereby preventing stratus and fog formation.
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Figure 7. Comparison of KBOS METAR and 4-Hour Look Ahead TAF, January 13, 2009
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Figure 8. Airport Arrival Rates (AAR) at KBOS, January 13, 2009
Not surprisingly, AARs were significantly impacted during the morning “push” period around 12 UTC, which is the peak arrival time of the day (gray). Based upon METARs (red), AARs could easily have been at the maximum of around 60 per hour, since conditions were VFR and winds were light. However, based upon the 4-hour TAF (yellow), the planned AAR was cut significantly, and the actual AAR was only around 20 per hour (blue). Once it became apparent that the low ceilings would not materialize, AARs were increased and were able to meet the scheduled demand.

Although not included in this case study, it should also be noted that AARs were also negatively impacted between 01 and 04z, due to the formation of fog which was not mentioned in the 4-hour look ahead TAF.

5. Summary and Conclusions

WITI has been used successfully at WFO Taunton to assess aviation forecast performance at KBOS, not only from the usual comparison of TAF versus METAR, but from an air traffic management perspective, something which was not integrated into traditional aviation forecast verification. WITI score graphs, METAR versus 4-hour look ahead TAF tables, and AAR impact charts can all be used to gain a complete understanding of the role weather plays at a given terminal location. 

It is highly recommended that other WFOs integrate WITI into their aviation forecast programs, so forecasters can gain a better understanding of how weather impacts air traffic management. While initially WITI might seem overwhelming, training and experience helps increase the comfort level quickly.
� “Combined WITI-FA Proof of Concept Display”


http://www.avmet.com/CWITI/intro.htm
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