Rate Control Index (RCI)





The Metric: The Rate Control Index (RCI) measures the flow of air traffic into an airport and compares it to the targeted flow that was set by the traffic flow managers at the Command Center (ATCSCC) during a Ground Delay Program (GDP). A single index, or percentage, is reported for the entire performance of a GDP on a single day.  A higher score corresponds to better performance, meaning the flow of traffic into the airport closely matched the targeted pattern of traffic, both in quantity and in distribution. RCIs rarely go below 60% and usually hover around 90%. A perfect score of 100% is obtainable and has happened on several occasions. Since RCI does not, in and of itself, explain the good or bad execution of a GDP, GDPs with unusually high or low RCIs should be further analyzed for causality. 





The RCI metric appears in two forms. The aggregate form, RCIagg, compares a planned distribution of flights versus a realized distribution of flights (e.g., 30 flights for hour 1, 35 flights for hour 2, and so on), without reference to which flights arrived in which time periods.  The nominal version, RCInom, tracks exactly which flights were supposed to arrive in each time period and weights it against the list of flights that actually arrived. As with the aggregate version, a single value is assigned for the performance of the entire realized distribution versus the planned distribution. Most of the time, RCIagg is a sufficient metric. RCInom acts as a ‘sanity check’ to see if the value of RCIagg was obtained in a legitimate fashion; sometimes, the numbers of arrivals in a GDP might be achieved for the wrong reason, meaning that the number of arrivals that moved out of a given time interval was exactly (or closely) canceled by the number of flights moving into that time period.





Motivation: A GDP is an FAA action intended to take control of the arrival rate into an airport so that it matches airport acceptance rates (AARs) during a time horizon of concern. Since a GDP must be planned hours in advance, the AARs (capacity) of the airport in question must be predicted based on weather forecasts. Because of the inherent inaccuracies in weather forecasting, AARs often turn out (in hindsight) to be higher or lower, respectively, than those targeted while planning a GDP.  The purpose of this metric is to measure how closely the execution of a GDP matched the planned GDP.  Since the flow of traffic can be metered at a point before any airborne holding takes place (approximated), the RCI metric can be used to factor out airport conditions such as weather and the ability of air traffic personnel to land aircraft (when RCI is used to meter traffic at the runways, these conditions are not factored out). 





Sample: The complete mechanics of the metric are rather complex and beyond the scope of this document.� However, the essence of the (aggregate version of) the metric can be summarized in the following idealized example. Suppose that a GDP is planned for hours 1, 2, 3, and 4. The first distribution in Figure R-1 shows the planned, hourly number of arrivals into the terminal space of a GDP airport, but not necessarily landed. The second distribution shows the actual numbers of arrivals at the terminal space. (More precisely, this is the number of arrivals that would have taken place in the absence of airborne holding and given sufficient arrival capacity). The RCI metric computes the minimum amount of (fictitious) flight movement that would be necessary to revert the realized distribution to the desired distribution, i.e., move 2 flights hour 1 to hour 2, move 2 flights from hour 3 to hour 4 and so on. This total number is 8 flight-hours. The worst-case scenario is 330 flight-hours [details of computation omitted] which implies that the realized distribution is off from the desired distribution by 8/330 ( 100% = 2.42%. So the GDP receives an RCI of 100 ( 2.42 = 97.58%. A similar computation shows that, if the realized distribution had been noticeably worse, as in the third distribution of Figure R-1, then the GDP would have received an RCI of only 75.75%.  The nominal version of the metric is computed in a similar fashion except that it tracks the amount of (fictitious) flight movement that would be necessary to return each flight to its planned period of arrival.





Data and Source: Computation of the rate control index requires the following data for each flight arriving at a GDP airport during the GDP time interval: (1) an arrival time, (2) a planned arrival time and (3) a sequence of en route arrival predictions. This flight data was obtained from archived ETMS data. Note: since the RCI results based on the flow of traffic into the terminal space of the airport closely matched those based on the flow of traffic onto the runways of the airport, all RCI results reported here are for the latter case. 





Further Development: The Rate Control Index captures many elements of GDP performance including EDCT compliance, cancellation notices, delays, and forecasted demand. Since RCI does not capture throughput at an airport (when traffic is metered at or near the terminal space), throughput should be measured using a separate metric (pending further research). 
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Results of the RCI metric:





Results of the RCI metric:  The scatter plots in Figures R-2 and R-3 give RCI results for SFO and EWR, respectively, for GDPs during January 1998 to October 1998. Each of the squares on the scatter plot represents a GDP run on a given day. The horizontal position of the point gives the value of the nominal version of RCI while the vertical position gives the value of the aggregate version of RCI.  For instance, look at the circled square in Figure R-2 with corresponding values of (RCInom, RCIagg) = (64, 92).  For this day, the value RCIagg = 92% indicates that the distribution of landed flights closely matched the desired distribution in the aggregate. However, the low value of RCInom = 64% reveals that, disturbingly often, the flights that landed in a given time interval were not the flights that were intended to land in that time interval. Some of the flights arrived earlier than planned while others arrived too late. 


	


In general, squares in the upper right quadrant correspond to days in which the aggregate distribution of flights was achieved and most of the flights arrived in their expected time periods. These are the best-run programs - the goal of each program being RCIagg = 100% and RCInom = 100%.  Given two squares A and B at the same height with A to the left of B, we can say that they had the same level of aggregate success but that program A involved more `luck' while program B involved more `skill'. (Note: the GDPs with a zero RCInom value are those for which we had data problems.)


	


The averages over all GDPs January -October 1998 for the two airports are quite good, as indicated in the table below. 





RCI Averages over Jan. 1998 - Oct. 1998�
�
�
RCInom�
RCIagg�
�
SFO�
92�
80�
�
EWR�
85�
75�
�



(We suspect that the scores are lower at EWR than at SFO because of uneven flow through the airspace sectors adjacent to EWR.)  This is clear indication that, on the whole, CDM-generated GDPs have been very successful at delivering the desired distributions of aircraft to the airport, both nominally and in the aggregate.  Because of the natural variation in the results of the RCI metric, we were not able to identify a trend in pre- versus post-CDM performance of the RCI metric (hence, the data is not displayed in chronological order). 





Also, in general, RCInom is about 10% less than RCIagg .  Note that all of the squares lie above the line drawn at 45 degrees. This is to be expected since as RCInom increases, more and more flights are arriving in their planned arrival periods, hence, the aggregate distribution of flights is more likely to match the planned distribution and the value of RCIagg also increases. 
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� For a full treatment of the metric, see “The Rate Control Index for Traffic Flow”, by Hoffman and Ball, manuscript in preparation.
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