


Performance Metric and Method to Determine Percentage Change in Cut-through Traffic.


Objective: Determine the percentage change in cut-through traffic from the pre-trial state as a result of traffic calming measures installed for the DTN II trial. 


Council approved the DTN II trial understanding that cut-through traffic would be reduced approximately 20% from the amount in the pre-trial state. While other metrics may be useful in understanding traffic conditions in DTN, it appears that Council expects the post-trial staff report to state directly whether there was a change in cut-through traffic as a result of the trial as well as the amount of that change. 


At this time, staff plans to establish a series of metrics for the DTN II trial and then present these metrics to Council through an informational report before the final elements of the trial are installed. 


Because the DTN I trial was so contentious, defining both metrics and methods before such a report is issued seems wise. It is very important however to recognize that metrics are only one factor in determining a whether a trial is successful.


The question arises whether it is possible to determine the change in cut-through traffic from aggregate data, in this case the cordon counts during three measurement periods. �The method described here shows that it is.


The method simply extends the method staff used previously. It also provides an estimate of cut-through traffic based on average daily traffic (ADT) in accordance with previous staff guidelines and as well as reports to the Planning and Transportation Commission and �to Council. 


There has been a suggestion to conduct an origin-destination survey during the DTN II trial.  While the results of such a survey may be useful, comparing post-trial survey data with data from a survey conducted in May 1999 may not determine accurately the change in cut-through traffic. The earlier data is quite aged and the traffic environment may have changed considerably over the past few years. Additionally, the first survey had very limited scope (measurement period, measurement direction at gateways) and may be insufficient as a baseline. 





This should be considered a draft only. Recommendations, improvements, or corrections are welcome. 


�
Percentage change


The percentage change is equal to 100((C0 - C2)/C0 where C0 and C2 are the number of cordon counts generated by cut-through trips in the spring of 2003 and the spring of 2005 respectively� 


We cannot measure changes in cut-through traffic directly without comprehensive before and after origin-destination surveys. However, cut-through levels can estimated from the cordon count data we now have and will get next spring. 


It is necessary to account for changes in the traffic environment between the pre-trial test period and the DTN II trial test period. Two factors will likely predominate: the economic environment and exogenous local variables. Please see endnotes for further discussion. 


The metric here uses two simple, first order adjustments to economic conditions that should improve the accuracy of the results. 


Derivation of cut-through traffic from cordon counts


Traffic in Downtown North can be represented by three equations:


(1)  	T0 = L0 + C0	(spring 2003)


(2)  	T1 = L1 + C1	(fall 2003)


(3)  	T2 = L2 + C2	(spring 2005)


�
�
�
symbol�
measured data (average daily traffic)�
�
	T�
total traffic �
�
symbol�
computed values (average daily traffic)�
�
	L�
local traffic (originates or ends in neighborhood)�
�
	C�
cut-through traffic�
�
subscript�
time of measurement�
�
	0�
spring 2003 (pre-DTN I trial)�
�
	1�
fall 2003 (middle of DTN I trial)�
�
	2�
spring 2005 (middle of DTN II trial)�
�



In order to estimate cut-through traffic using measurements from the DTN I trial, transportation engineering staff made a key assumption: the amount of locally originating traffic was approximately the same during the pre-trial and DTN I measurement periods. Doing so allowed staff to determine that the difference between the total traffic counts would be an estimate of cut-through traffic. 


We believe that staff considered the assumption a good one because the interval between measurement periods was relatively short, approximately six months. The assumption leads to the following:


(4)	L0 = L1. 


Equations (1), (2), and (3), now look like this:


(5)  	T0 = L0 + C0	(spring 2003)


(6)  	T1 = L0 + C1	(fall 2003)


(7)  	T2 = L2 + C2	(spring 2005)


Without this assumption or other knowledge about L0 and L1, we cannot estimate the proportion of cut-through traffic in DTN. With the assumption, by subtracting (6) from (5) and rearranging, we see that 


(8)	C0 = (T0 - T1) + C1 


It is important to note the assumption that L0 = L1 also implies that the timeline between measurement periods collapses. Thus C1 is simply residual cut-through traffic after traffic elements have been installed and is some fraction of C0. 


Certainly traffic patterns can change over a six month interval because of a changing traffic environment. However any changes in traffic patterns during this period are not captured independently in L1 or C1, only in their sum, T1. This is required to keep the staff model internally consistent during the interval from time 0 to time 1. Nevertheless, the reduction of cut-through traffic, C0 - C1, includes changes in traffic patterns since these changes are captured in the difference between T0 - T1.





�


Figure 1. Example of relationships for calculated and measured data


Drawing not to scale. This example illustrates relationships when project elements are 90% effective, the amount staff estimated for the DTN I trial. There are good reasons to believe that this percentage is too low. 


The percentage is based on certain assumptions that staff made about the number of trips generated by different sources in the DTN area. Although these staff assumptions appear to produce a good first order estimate, it would be appropriate to revisit them. That is a topic for a separate discussion however. 


Also, with seven new roadblocks in place during the DTN I trial, it is unlikely that as many as 10% of cut-through drivers would undertake four to six jogs and zigzags into different parts of the neighborhood for the sake of traversing it when Lytton Avenue provided a simple, direct path between Middlefield Road and Alma Street. Intuitively, perhaps no more than 4-5% of drivers who would otherwise cut-through the neighborhood might undertake such circuitous routes. Resulting effectiveness would then be approximately 95%+.�
Derivation of C0 in terms of T0 and T1


If DTN I traffic measures eliminated all cut-through traffic (measures were 100% effective), �then C1 = 0 and C0 = (T0 - T1). If DTN I traffic measures reduced 90% of cut-through traffic, per staff report estimate Jan. 21, 2004, then C0 = (T0 - T1)/0.9 and C1 = 0.1(T0 - T1)/0.9.


We would like to find a generalized form for C0 in terms of T0 and T1. This can be done if we consider effectiveness, (1, as a new variable and use it instead of C1. Making this change of variable allows simpler calculations as well as greater flexibility should further analysis show a different value for (. 


By definition, effectiveness of traffic measures (1 = (C0 - C1)/C0. Rearranging, C1 = C0 - (1C0. Substituting for C1 in (8), we get C0 = (T0 - T1) + C0 - (1C0 or C0 = (T0 - T1)/(1. 


Also, since C1 = C0 - (1C0, we have C1 = (T0 - T1)/(1 - (T0 - T1) = [(1 - (1)/(1](T0 - T1). Thus, 


(9)	C0 = (T0 - T1)/(1 and C1 = [(1 - (1)/(1](T0 - T1) where ( is the effectiveness in decimal form.


Derivation of C2 in terms of T0 , T1, and T2


To calculate the percentage change in cut-through traffic, 100((C0 - C2)/ C0, we also need to find C2 in terms of measured data. This can be done by first expressing L2 in terms of L0. Doing so also allows us to account for changes in local traffic. Note that changes to C2 are already captured in T2. Equation (7), T2 = L2 + C2, can be rewritten as


(10)	C2 = T2 - L2 = T2 - (2f((2)L0 


where:�The variable (t is a first order adjustment that accounts for changes in traffic because of changes in economic activity and is equal approximately to city intersection countsfall 2004 / average of city intersection countsfall 2002+fall 2003 (or countsfall 2004 / countsfall 2003). The value of (t is identical to one proposed by staff. If there is a clear directional change from 2002 to 2004, a trend line should extend the data to spring 2005 upon confirming information from government sources (BLS, state, county) next spring. The subscript t simply indicates that ( varies with time.


f((t) is also a first order adjustment but recognizes that local traffic increases during economic slowdowns. This has been noted previously by staff. Many residents who would otherwise commute to work (taking one exit and one return trip each day), are now “at home” and now take several trips into and out of the neighborhood. Thus, f((t) is necessarily ( 1.0 for ( ( 1.0 and 1.0 otherwise. It is likely that f((t) is a function of several things, but the level of economic activity should predominate. Information on f((t) should be available from the literature. Please see endnotes for further discussion.


C( is the change in cut-through traffic as a result of traffic elements installed during the second trial plan. 


Note that changes in the amount of cut-through traffic are captured in T2. 


The last step requires finding L0 in terms of measured data. Previously (9), we found that C0 = (T0 - T1)/(1. From equation (1), 


(11)	L0 = T0 - C0 or L0 = T0 - (T0 - T1)/(1. 


Substituting for L0 in (11) yields


(12)	C2 = T2 - (2f((2)[T0 - (T0 - T1)/(1] 





The percentage change in cut-through traffic, 100([(C0 - C2)/C0], can now be calculated in terms of measured neighborhood gateway traffic data only (T1 ,T2, and T3) since we have C0 from (9) and C2 from (12). 


This method determines the percentage change in cut-through traffic from the pre-trial state after traffic calming measures are installed for the DTN II trial.


Notes:


1. Traffic data is very noisy and traffic volumes vary from day to day and from season to season. Data and conclusions should be viewed cautiously.


Joe Kott, Palo Alto’s chief transportation officer, notes that exogenous variables such as nearby construction or traffic projects in adjacent areas can overwhelm any changes to local traffic patterns caused by economic conditions. The basic model presented here does not take these other variables into account. Of course, external conditions can impair the results of any survey or method.


2. The model is predicated on staff’s previous assumption that L1 = L0. This is not necessarily true even though the interval is relatively short, approximately 6 months (spring 2003 to fall 2003). Including changes in the traffic environment to L1 would provide a more accurate baseline for C0. In that case, (2) becomes


(13)	T1 = (1f((1)L0 + C1 instead of T1 = L1 + C1. 


Substituting (13) in (1) and rearranging yields C0 = T0 - (T1-C1)/(1f((1) or 


(14) 	C0 = T0 - [T1-((1 - (1)/(1)(T0 - T1))] /(1f((1). 


3. Using some or all of the city-wide intersection counts as a proxy for DTN traffic environment should be done with caution since the sensitivity of traffic volumes to economic conditions could vary considerably depending on location. Only 2-3 intersections (out of 22) are near the downtown north area. Because  counts were taken only during the morning and afternoon rush hours, data may not mirror average daily traffic. Lastly, since the 2002 measurements were taken ½ hour earlier than the 2003 measurements, only the data corresponding to the same interval should be used. 


4. We can estimate the value of f((t) by noting the following: The interior and residential boundary streets of DTN have approximately 1725 residential dwelling units (excludes Lytton area, approximately 200 units, and excludes Lytton Gardens). These units are nearly evenly divided between houses and apartment units. If the typical dwelling has 1.75 adults (assumes average house has 2 adults, average apartment 1.5 adults), and 80% of them are in the workforce, DTN has a potential adult working population of 2,400.


With the local economic trends continuing to drift downward during 2003, we might reasonably estimate that the net change to the pool of adults available and willing to work increased by at least 100 -150 during the year. If each one of these people now takes 4-5 trips each day (CTO estimate), the number of daily trips exiting and returning to the neighborhood increases by 300-600. The mid-range value (450) corresponds to a 3.6% increase in the number of locally originating trips for ( = 0.9 (90% effectiveness) or a 3.4% increase for ( = 1.0 (100% effectiveness). So the first order estimate for f(a1) when measurements were taken in fall 2003 is between 1.034 and 1.036.


5. In Equation (12), C2 includes the effects of a changed economic environment in addition to the effects of trial plan elements. Effects of economic change can be backed out of C2 by defining C(2 = C2/(2.This allows someone to ask the question, had there been no change in the economic environment, what effect would plan elements have? The percentage change of cut-through traffic is then 


(15)	100([(C0 - C(2)/C0] or 100([(C0 - C2/(2)/C0].


� Regardless of trip length, each local trip (originates or ends in the neighborhood) breaks the cordon once; each cut-through trip breaks the cordon twice. Thus the number of cordon counts generated by cut-through trips are numerically equal to twice the number of cut-through trips. Since this factor of 2 appears in both the numerator and denominator, the factor cancels out and the numerical value of this equation will be the same whether it is written using the number of cordon counts or the number of cut-through trips. For ease of computation however, the units of variables T, L, and C are cordon counts.


Note that the percentage of cut-through trips as a percentage of all trips is numerically equal to 100((C/2)/(L + C/2). 
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