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The data represented on this map includes 17,426 GPS points
collected and sorted by GPS speed.  Each point was buffered
by the relative speed.  The buffers were converted to a raster
and hillshaded for illustration purposes.  The travel speed study 
covered 85 miles of City of Yakima arterial streets.  Data was 
collected between April and May of 2002 during weekday PM 
peak hour.
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Public Works Dept
2301 Fruitvale Blvd
Yakima, WA 98902
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www.ci.yakima.wa.us

May 28th 2002

TRAVEL SPEED STUDY of URBAN
STREETS USING GPS and GIS

Average travel speed is the basic service measure of urban streets which includes the running
time on the street segment and control delay of through movements at signalized intersections.

GPS data was collected at
2 second intervals.  The data
was imported in Lat/Lon and
projected into stateplane feet.
A script was written in Avenue 
to import the position reports
from the field and create a 
table of position and time for 
this analysis.  The table includes
fields for unit, position ID, bearing
GPS speed, date, time and delay.

Importing GPS Data
Travel delay was derived from
the setting of the 2 second
interval and the distance between
successive points.  Time exceed-
ing the 2 seconds was calculated
as delay as long as the distance
between the points was within
150 feet.  Avenue code was used
to calculate delay, duration and
distance between each point. The
time values from the database were
numbers computed into seconds.

Computation of Delay
Travel speed studies are used
to determine level of service for
streets, document congestion 
and quantify the need for capacity
improvements.  Traditional data
collection methods use two 
technicians with stop watches
and clipboards.  GPS provided
a higher level of accuracy and
efficiency for data collection.  
GIS provided visual and tabular
analysis tools.

Methodology

Traffic Engineering, City of Yakima, Washington, 2301 Fruitvale Boulevard, Yakima, WA 98902      Phone (509) 575-6105      FAX (509) 575-6238    http://www.ci.yakima.wa.us/services/streets/
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COLLECTION METHODOLOGY

Urban Street Class III IV
Range of Free-flow 

speeds (FFS)
35 TO 30 

MPH
35 TO 25 

MPH
Typical FFS 35 30

LOS Avg Travel Speed (mph)
A > 30 > 25
B > 24 - 30 > 19-25
C > 18 - 24 > 13 - 19
D > 14 - 18 > 9 - 13
E > 10 - 14 > 7 - 9
F < 10 < 7

PM Level of Service

0 0.5 10.25 Miles

Numbers indicate travel speed in miles
per hour (mph) during PM peak hour.

Each street segment was analyzed between signalized
intersections.  Data was collected six times during the
PM peak hour traffic.  The arterial street system within
the City of Yakima contains both Class III and Class IV
urban streets.

CBD Future

Study AreaCBD Future

Study Area CBD Future

Study AreaCBD Future

Study Area

0 0.5 10.25 Miles

Average Delay
1.00 - 16.00

16.01 - 38.00

38.01 - 115.00

PM Delay (sec.)

by Direction

North or West Delay

South or East Delay

Numbers indicate total average
delay in seconds (both directions)
during PM peak hour.

Stopped Delay  
The length of time the vehicle is stopped or moving at a very reduced rate of speed 
was measured. For this study a minimum travel rate was set to less than 12 miles per 
hour. If the GPS equipped vehicle had moved less than 12 meters over a 2 second 
period of time the length of time was added to the Stopped Delay calculation. 
Stopped  Delay was observed over a minimum of 6 runs during PM peak hour traffic. 
The average of the Stopped Delay was added to the Free-flow Running Time. The 
resulting calculated time was used to determine the Average Travel Speed during PM 
peak hour traffic conditions. This is the core procedure described in the Highway 
Capacity Manual for Urban Street Methodology for Planning and Operational 
analysis. 

 
Running Time Data Collection 
 Actual Running Time by street segment was measured by driving each street route 
during very light traffic conditions (off-peak) or as close to �Free-flow conditions� as 
possible in the real world.  The driver of the GPS-equipped vehicle made the 
conscience effort to drive at or as near as possible to the posted speed limit. Optimal 
driving times to observe these conditions were determined to be between 9AM and 
10:30AM, Tuesday through Thursday. This methodology is described in Urban 
Streets �Appendix B: Travel Time Studies for Determining LOS� of the Highway 
Capacity Manual, 2000. 
 
In order to evaluate the field data, an optimized travel time was calculated using the 
posted speed limit and segment length. The equation for calculating the estimated free 
flow travel time (in minutes) is the following: 

 
FFe = (60 * ( L / 5280 ) ) / speed-limit 

 
FFe  = Estimated Free-flow travel time in minutes 
     L = Length in miles of each street segment 

                            Speed limit = posted speed limit 
 

Average Travel Speed  
The PM peak hour travel speed was calculated for each street segment and along the 
entire length of a corridor. Running Time was measured during non-peak (Free-flow) 
travel conditions and delay was calculated as an average of PM peak hour 
observations. The following formula was used to determine Average Travel Speed: 

 
SA = 3600L/TR + D 

 
SA = average travel speed 
L = segment length (miles) 
TR = total running time on each segment 
D = Average control delay during PM Peak traffic 
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