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1. Introduction
The City of Farmington, New Mexico is the largest city in the Four Corners region. It serves as the
retail and commercial hub for an area extending to a radius of over one hundred miles and
encompassing a population of 300,000 people. The East Main Street corridor is a six-lane divided
urban principal arterial that provides the primary access to the City’s major retail area. As a result,
East Main Street has the highest volume of traffic in the region, with Saturday traffic counts that
exceed 50,000 vehicles per day. The corridor, which previously operated under conventional timeof-day signal timing plans, has been characterized by congestion and low travel speeds during peak
hours.
Adaptive Signal Control Technology (ASCT) offers one of the most effective ways to reduce
traffic congestion, improve traffic flow, and reduce the need for continued corridor timing projects.
In 2012, the City applied for and was awarded $400,000 in Transportation, Community and
System Preservation (TCSP) Program funds to implement ASCT on the East Main Corridor. The
City supplemented this with $100,000 worth of in-kind services on the project and procured the
InSync ASCT system from Rhythm Engineering. The new system was installed and placed into
operation in September 2014.
This report compares the travel time, delay, and emissions that existed along the East Main Street
signal system prior to the implementation of the new ASCT system with the travel time, delay, and
emissions after the new ASCT system became operational. These data are documented to quantify
the magnitude of the improvement in service and pollution. A benefit/cost analysis was conducted
to quantify the improvements of the new adaptive signal control.
The East Main Street ASCT system includes a total of eleven traffic signals as shown in Figure 1.
Table 1 lists the specific intersections that were upgraded to InSync signal control.
This effectiveness study is divided into the following sections:


Introduction



Study Criteria



Travel Time and Delay Studies



Environmental Pollution Emissions



Project Costs and Benefits



Summary
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Figure 1
East Main Street InSync Study Area
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Table 1: East Main Street InSync Intersections
No.

Intersection

County

1

East Main Street @ English Road

San Juan

2

East Main Street @ Shopping Center

San Juan

3

East Main Street @ Beckland Drive

San Juan

4

East Main Street @ Largo Street

San Juan

5

East Main Street @ East 30th Street

San Juan

6

East Main Street @ Cliffside Drive

San Juan

7

East Main Street @ Herrera Road

San Juan

8

East Main Street @ Plaza

San Juan

9

East Main Street @ East 20th Street

San Juan

10

East Main Street @ Browning Parkway

San Juan

11

East Main Street @ North Hutton Avenue

San Juan

2. Study Criteria
2.1 Study Methodology and Techniques

The travel time, average speed, and delay studies were conducted in accordance with the
procedures given in the Manual of Transportation Engineering Studies, published by the Institute
of Transportation Engineers. Travel time, average speed, and delay studies were conducted in both
the eastbound and westbound directions on East Main Street during the AM, mid-day, PM, and
Saturday peak periods. A minimum of three runs was made in each direction. The “floating car”
technique was used, whereby the driver passes as many cars as pass the driver. The two following
routes were determined along the East Main Street system:
Route 1: Eastbound from North Hutton Avenue to English Road
Route 2: Westbound from English Road to North Hutton Avenue
Data was collected by City of Farmington staff using a GPS tracking device. The raw data
provided to AECOM was analyzed using Tru-Traffic to determine travel time, delay, and
emissions for the before and after conditions.
2.2 Date and Time of Studies

All field studies were conducted on non-holiday weekdays/weekends, in order to observe typical,
repeatable traffic patterns. The “before” studies were conducted on January 18, 2013 and April 13,
2013. Furthermore, the “after” studies were conducted on May 20, 2015 and May 30, 2015.
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3. Travel Time and Delay Studies
The following summary shows a comparison of the “before” and “after” average trip speed, travel
time, number of stops, and delay recorded at intersections while conducting the studies. Data are
shown for each system, time period, and direction of travel.

3.1 East Main Street AM Peak Period – Eastbound

Table 2 provides a summarization of the “before” and “after” travel time study data for the
eastbound direction along East Main Street during the two-hour AM peak period. A comparison of
the AM peak “before” and “after” study results shows that after implementation of the ASCT
system, average travel time decreased 48 seconds (16.1 percent), average trip running speed
increased 5.2 mph (18.9 percent), cumulative delay decreased 48 seconds (73.8 percent), and the
number of stops decreased by 1.7 (63.0 percent)
Table 2
East Main Street
AM Peak Period – Eastbound (7AM – 9AM)
Speed and Delay Study Results
Performance Measure
Travel Time (sec)
Trip Speed (mph)
Cumulative Delay (sec)
Number of Stops

Before After
299
27.5
65
2.7

251
32.7
17
1.0

Percent
Improvement
16.1%
18.9%
73.8%
63.0%
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3.2 East Main Street Mid-day Peak Period – Eastbound

Table 3 provides a summarization of the “before” and “after” travel time study data for the
eastbound direction along East Main Street during the two-hour mid-day peak period. A
comparison of the “before” and “after” study results shows that after implementation of the ASCT
system, average travel time decreased 5 seconds (1.7 percent), average trip running speed increased
1 mph (3.7 percent), cumulative delay decreased 5 seconds (7.4 percent), and the number of stops
decreased by 1.0 (50.0 percent).
Table 3
East Main Street
Mid‐day Peak Period – Eastbound (11AM – 1PM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
302
297
1.7%
Trip Speed (mph)
27.2 28.2
3.7%
Cumulative Delay (sec)
68
63
7.4%
Number of Stops
2.0
1.0
50.0%

3.3 East Main Street PM Peak Period – Eastbound

Table 4 provides a summarization of the “before” and “after” travel time study data for the
eastbound direction along East Main Street during the two-hour PM peak period. A comparison of
the “before” and “after” study results shows that after implementation of the ASCT system,
average travel time decreased 37 seconds (12.0 percent), average trip running speed increased 4.4
mph (16.5 percent), cumulative delay decreased 37 seconds (50.0 percent), and the number of
stops decreased 0.3 stops (23.1 percent).
Table 4
East Main Street
PM Peak Period – Eastbound (4PM – 6PM)
Speed and Delay Study Results
Performance Measure
Travel Time (sec)
Trip Speed (mph)
Cumulative Delay (sec)
Number of Stops

Before After
308
26.7
74
1.3

271
31.1
37
1.0

Percent
Improvement
12.0%
16.5%
50.0%
23.1%
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3.4 East Main Street Saturday Peak Period – Eastbound

Table 5 provides a summarization of the “before” and “after” travel time study data for the
eastbound direction along East Main Street during the two-hour Saturday peak period determined
using ADT volumes. A comparison of the “before” and “after” study results shows that after
implementation of the ASCT system, average travel time decreased 86 seconds (24.9 percent),
average trip running speed increased 8.2 mph (34.5 percent), cumulative delay decreased 86
seconds (77.5 percent), and the number of stops decreased by 2.2 (78.6 percent).
Table 5
East Main Street
Saturday Peak Period – Eastbound (12PM – 2PM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
345
259
24.9%
Trip Speed (mph)
23.8 32.0
34.5%
Cumulative Delay (sec)
111
25
77.5%
Number of Stops
2.8
0.6
78.6%

3.5 East Main Street AM Peak Period – Westbound

Table 6 provides a summarization of the “before” and “after” travel time study data for the
westbound direction along East Main Street during the two-hour AM peak period. A comparison
of the “before” and “after” study results shows that after implementation of the ASCT system,
average travel time decreased 36 seconds (13.3 percent), average trip running speed increased 3.8
mph (12.2 percent), cumulative delay decreased 36 seconds (97.3 percent), and the number of
stops decreased by 1.7 (100.0 percent).
Table 6
East Main Street
AM Peak Period – Westbound (7AM – 9AM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
271
235
13.3%
Trip Speed (mph)
31.2
35
12.2%
Cumulative Delay (sec)
37
1
97.3%
Number of Stops
1.7
0.0
100.0%
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3.6 East Main Street Mid-day – Westbound

Table 7 provides a summarization of the “before” and “after” travel time study data for the
westbound direction along East Main Street during the two-hour mid-day peak period. A
comparison of the “before” and “after” study results shows that after implementation of the ASCT
system, average travel time increased 53 seconds (-19.8 percent), average trip running speed
decreased 4.7 mph (-15.4 percent), cumulative delay increased 54 seconds (-158.8 percent), and the
number of stops decreased by 0.7 (41.2 percent).
The increased delay and travel time with the ASCT system is a result of changing the directional
bias from westbound in the before period to a 50/50 directional bias in the after period which
matches the typical travel patterns found along the corridor.
Table 7
East Main Street
Mid‐day Peak Period – Westbound (11AM – 1PM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
268
321
‐19.8%
Trip Speed (mph)
30.6 25.9
‐15.4%
Cumulative Delay (sec)
34
88
‐158.8%
Number of Stops
1.7
1.0
41.2%

3.7 East Main Street PM Peak Period – Westbound

Table 8 provides a summarization of the “before” and “after” travel time study data for the
westbound direction along East Main Street during the two-hour PM peak period. A comparison of
the “before” and “after” study results shows that after implementation of the ASCT system,
average travel time decreased 136 seconds (34.8 percent), average trip running speed increased
10.9 mph (51.2 percent), cumulative delay decreased 136 seconds (86.6 percent), and number of
stops decreased by 3.0 (90.9 percent).
Table 8
East Main Street
PM Peak Period – Westbound (4PM – 6PM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
391
255
34.8%
Trip Speed (mph)
21.3 32.2
51.2%
Cumulative Delay (sec)
157
21
86.6%
Number of Stops
3.3
0.3
90.9%
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3.8 East Main Street Saturday Peak Period – Westbound

Table 9 provides a summarization of the “before” and “after” travel time study data for the
westbound direction along East Main Street during the two-hour Saturday peak period determined
using ADT volumes. A comparison of the “before” and “after” study results shows that after
implementation of the ASCT system, average travel time decreased 51 seconds (15.6 percent),
average trip running speed increased 4.6 mph (17.8 percent), cumulative delay decreased 51
seconds (54.8 percent), and number of stops decreased by 1.2 (60.0 percent).
Table 9
East Main Street
Saturday Peak Period – Westbound (12PM – 2PM)
Speed and Delay Study Results
Percent
Performance Measure
Before After
Improvement
Travel Time (sec)
327
276
15.6%
Trip Speed (mph)
25.8 30.4
17.8%
Cumulative Delay (sec)
93
42
54.8%
Number of Stops
2.0
0.8
60.0%
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4. Environmental Pollution Emissions
Atmospheric pollutants are emitted from vehicles when they are moving, stopped or idling.
Carbon monoxide, oxides of nitrogen, and volatile oxygen compounds (hydrocarbons) are three
types of vehicle emissions that are regulated by federal law. New signal timing can reduce these
pollutants by reducing the number of stops vehicles make and having vehicles travel at a constant
speed. The following summary shows a comparison of the “before” and “after” emissions for both
directions for this project.
4.1 East Main Street AM Peak

Table 10 is comprised of the eastbound and westbound directions along East Main Street AM peak
emission study data. Comparing the AM peak “before” and “after” study results reveals that
implementation of the new timing plans resulted in 24.8% decrease in carbon monoxide, 25.0%
decrease in oxides of nitrogen of and 25.1% decrease in volatile oxygen.
Table 10
East Main Street
AM Peak
Emission Study Results

CO Emissions (kg/hr)
NOx Emissions (kg/hr)
VOC Emissions (kg/hr)

Percent
Before
After
Improvement
8.23
6.19
24.8%
1.60
1.20
25.0%
1.91
1.43
25.1%

4.2 East Main Street Mid-day Peak

Table 11 is comprised of the eastbound and westbound directions along East Main Street mid-day
peak emission study data. Comparing the mid-day peak “before” and “after” study results reveals
that implementation of the new timing plans resulted in 7.5% decrease in carbon monoxide, 7.6%
decrease in oxides of nitrogen of and 7.7% decrease in volatile oxygen.
Table 11
East Main Street
Mid-day Peak
Emission Study Results

CO Emissions (kg/hr)
NOx Emissions (kg/hr)
VOC Emissions (kg/hr)

Percent
Before
After
Improvement
10.12
9.36
7.5%
1.97
1.82
7.6%
2.35
2.17
7.7%
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4.3 East Main Street PM Peak

Table 12 is comprised of the eastbound and westbound directions along East Main Street PM peak
emission study data. Comparing the mid-day peak “before” and “after” study results reveals that
implementation of the new timing plans resulted in 28.4% decrease in carbon monoxide, 28.3%
decrease in oxides of nitrogen of and 28.6% decrease in volatile oxygen.
Table 12
East Main Street
PM Peak
Emission Study Results

CO Emissions (kg/hr)
NOx Emissions (kg/hr)
VOC Emissions (kg/hr)

Percent
Before
After
Improvement
13.28
9.51
28.4%
2.58
1.85
28.3%
3.08
2.20
28.6%

4.4 East Main Street Saturday Peak

Table 13 is comprised of the eastbound and westbound directions along East Main Street Saturday
peak emission study data. Comparing the mid-day peak “before” and “after” study results reveals
that implementation of the new timing plans resulted in 28.1% decrease in carbon monoxide,
27.8% decrease in oxides of nitrogen of and 28.2% decrease in volatile oxygen.
Table 13
East Main Street
Saturday Peak
Emission Study Results

CO Emissions (kg/hr)
NOx Emissions (kg/hr)
VOC Emissions (kg/hr)

Percent
Before
After
Improvement
11.48
8.25
28.1%
2.23
1.61
27.8%
2.66
1.91
28.2%
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5. Project Costs and Benefits
There are financial costs associated with the development and implementation of an ASCT system.
However, there are also financial benefits that are derived from the improvements in traffic flow
experienced by drivers using the roadways. Drivers will continue to benefit from improvements in
traffic flow over the lifetime of the ASCT system.
ASCT systems have a useful lifetime that should be much longer than typical signal timing plans.
The end of the useful life of a conventional signal timing plan is reached when increases in
development, roadway construction, and traffic demand are such that traffic flow is no longer
efficiently accommodated by the plan. ASCT systems can adapt to these changes, however,
significant changes may require some level of system re-calibration. For the purpose of this
cost/benefit analysis, it is assumed that the useful life of the current ASCT system on East Main
Street is ten years.
5.1 Annual Costs

The equivalent annual cost of the East Main Street ASCT project includes the cost of procuring
and implementing the ASCT system, and the time-value (interest) of the capital invested.
The following formulas were used in determining the project’s total annual cost:
E=R×C
Where:
E = Equivalent Annual Cost
R = Capital Recovery Factor: R = i (1+i)n / {(1+i)n – 1}
C = Initial Cost
Where:
i = Annual Interest Rate
n = Years of Useful Life of Timing Plans
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Table 14 provides the equivalent annual costs of the ASCT system based upon the formulas and
calculations described above. The figures shown include the cost of initial ASCT development and
implementation and interest.
The assumed interest rate on the capital investment was 4 percent, which was considered sufficient
to reflect conditions in the financial market. The useful life of the timing plans is considered to be
10 years. The ASCT system for the 11 signals in Farmington cost $500,000 to develop, implement,
and document.
Table 14
East Main Street
Equivalent Annual Cost of Timing Plans
Equivalent Annual Cost
($500,000 Equivalent Cost and 10‐Year Service Life)
Annual Interest
Capital Recovery
Equivalent Annual
Rate
Factor
Cost
4%
0.1233
$61,645

5.2 Benefits

The reductions in delay and travel time documented previously are of much greater value than
simply reducing driver frustration and inconvenience. Rather, time spent by people in traffic
congestion is time that cannot be used for revenue producing activities. The time saved by drivers
due to improved signal timing has a dollar value that can be calculated with the following formula
based on the methods summarized in NCHRP Report 618: “Cost-Effective Performance Measures
for Travel Time Delay, Variation, and Reliability”:
S=R×V×D×O×C
Where:
S = Dollars saved
R = Travel time reduction
V = Volume
D = Days timing is in effect
O = Average vehicle occupancy
C = Cost of delay per person
For the purpose of this study, the cost of delay was assumed to be $12.00 per person/hour. Average
vehicle occupancy was assumed to be 1.2. Fuel was assumed to cost $3.50 per gallon. The AM,
12

midday, and PM peak timing was assumed to be in effect 250 days per year while the Saturday
peak timing was assumed to be in effect 52 days per year. Table 15 provides the dollar value of the
travel time improvements for the East Main Street system during the AM, mid-day, PM, and
Saturday peak periods.
Table 15
East Main Street
Annual Travel Time and Fuel Consumption Cost Savings

Time Period
Eastbound
AM Peak
Mid‐day
PM Peak
Saturday
Westbound
AM Peak
Mid‐day
PM Peak
Saturday
Total

Volume*

Annual Improvement
Travel Time
Veh‐Hrs
Value

Fuel Consumption
Gallons
Value

Total

2,202
3,741
4,105
4,298

7,340
1,299
10,548
5,339

$105,696
$18,705
$151,885
$76,883

12,500
6,800
14,900
5,044

$43,750.00
$23,800.00
$52,150.00
$17,654.00

$149,446
$42,505
$204,035
$94,537

2,343
3,290
3,554
3,769

5,858
‐12,109
33,566
2,776

$84,348
‐$174,370
$483,344
$39,982

16,700
4,100
39,000
4,566

$58,450.00
$14,350.00
$136,500.00
$15,979.60

$142,798
‐$160,020
$619,844
$55,961
$1,149,106

*Total volume during the two hour peak period.
Other benefits are derived from improved signal timing in addition to reduced time wasted by
drivers due to delay and reduced fuel consumption. A potential source of benefits is the area of
traffic accidents. The smoother traffic flow that results from improved signal timing often results in
fewer accidents. Accident analysis was not a part of this study.

5.3 Benefit/Cost Analysis

An analysis of the benefit/cost ratio is an important measure of the effectiveness of a project. It
provides a method of comparing the project cost to the benefits received by the motoring public.
A benefit/cost ratio was obtained by dividing the annual benefit to motorists (in the form of
reduced delay and fuel consumption) by the equivalent annual project cost. A ratio value of 1 or
greater indicates that annual benefits equal or exceed annual costs.
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The annual benefits to motorists, in the form of reduced delay and fuel consumption, are
$1,149,106. The equivalent annual cost of ASCT system for the eleven signals was $61,645 at 4
percent interest. Table 16 provides the benefit/cost ratios at an interest rate of 4 percent.
Table 16
East Main Street
Benefit/Cost Analysis
Rate Annual Cost
Delay
Consumption
Savings
Ratio
4%
$61,645
$729,635
$362,634
$1,149,106 18.6

The ASCT system has a benefit/cost of 18.6. Expressed in another way, the ASCT system benefits
cover its annual cost in less than three weeks of operation. Other uncosted benefits include lower
driver frustration levels and potentially, a reduction of accidents. All of the improvements
mentioned in the report are for the eight hours during the AM, mid-day, PM and Saturday peak
periods. The ASCT system also operates during the off-peak hours. However, “before” and “after”
studies were not conducted during these time periods. Therefore, there are additional benefits in
delay and emissions reduction that could not be quantified during these periods.
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6. Summary
The ASCT system implemented along East Main Street in Farmington, New Mexico has proven
very beneficial to alleviating traffic congestion along the corridor. During the two-hour PM peak
(4PM – 6PM) alone it has helped reduce delay by over 50,000 vehicle-hours per year. Furthermore
its benefit cost ratio, at an annual interest rate of 4%, is 18.6. The ASCT system benefits cover its
annual cost in less than three weeks of operation.
East Main Street is a six-lane divided urban principal arterial which provides access to the City’s
major retail area. As a major population center to an area encompassing a radius of over 100 miles
and 300,000 people, East Main Street typically carries over 50,000 vehicles per day and was
previously characterized by congestion and low travel speeds during peak periods. With the ASCT
system in place, average travel speeds have increased to the posted speed limit.
This eleven-signal ASCT system was funded in 2012 by a $400,000 Federal TCSP grant plus
$100,000 in in-kind City participation. It has offered an effective means of reducing traffic
congestion and will continue to benefit the city with reduced need for future re-timing projects
along the corridor.
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7. Appendix

Tru-Traffic 10 - Travel time, delay, fuel consumption, and emissions results
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