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Abstract: The purpose of this research was to create the most efficient driving routes for Metro Parks service vehicles using ESRI’s ARC GIS software.  Currently the Metro Parks service vehicles do not have predetermined routes, or any sort of tracking devices like GPS.  The expected results of new efficient driving routes include reduced drive time, reduced fuel costs, and more accountability.  
Introduction: There is a great need for reducing costs in todays business climate.  One way to do this is by reducing expenses through analysis.  Todays GIS programs are sophisticated and allow companies like waste management, and other delivery services to route their trucks in an efficient and speedy manner.  The company waste management used GIS to reroute all of their service trucks and found a way to incorporate multiple load dumps into the schedule (Kim et. Al., 2005) 
The Metro Parks district of Tacoma Washington manages all but four of the 84 parks in the city of Tacoma.  Currently the service vehicles that provide park maintenance and upkeep do not have GIS transmitters, or defined routes.  The service vehicle drivers have weekly schedules of parks that they must service on different days of the week. However,  the routing decisions and park order are left up to the drivers to decide which makes the decisions very subjective.  By using a GIS to reconstruct new daily routes for service vehicles, Metro Parks of Tacoma can save money through productivity and reduced “windshield time”, as well as gasoline due to decreased backtracking by drivers.  
By routing service vehicles using fuel and time efficient routes green house gases, like CO2, will be reduced therefore improving the effects those vehicles have on the environment (Tavares et. Al., 2009).  By reducing the number of gallons of fuel burned, it will also reduce the number of gallons of fuel purchased therefore creating a financial incentive for creating more efficient routes.  This is one of Metro Parks goals in creating new routes.  The other is productivity.  Employees currently have full access to determine their own routes and there is no way to know that they are not driving across Tacoma 2 or 3 times during the day.  Creating new routes ensures that there driving patterns are uniform and consistent, and monitor-able. 
Using ARC GIS two routing methods could have been applied to this project.  One being a time based analysis, and the other being a distance based analysis.  The time based analysis is powered by the driving speeds that are included in the streets layer used for the analysis.  The benefit of the time based approach is that it reduces commute time, typically has fewer turns, and may be less stressful on the driver (Arentze et. Al., 1994).  The second method that could have been used is a distance based approach.  This option is powered by the distance between the vehicles “current” location and the next stop in the route.  Using the distance option the number of vehicle turns increases and the drivers may become frustrated with the constant attention needed to maintain course.  Of these two options the Time parameter is the one that will be used in this study to determine the most optimal routes. 
	  
Methods:  Working with Metro Parks, information was gathered that included the average time it took to mow a park and the current parks that were serviced by which “shops”.  There are two shops in the city, one at the Pt. Defiance park property, and the other at the Wapato Park property.  All of the service vehicles that operate in the Metro Parks District depart and return to the same one of these shops each day. Using ESRI ARC GIS software a basemap was created that showed the city of Tacoma limits, and all of the parks, and streets in the city.  The streets layer contains an important attribute that shows the speed limits for each road segment, and the parks layer contained a “parks managed by” attribute that allows only the Metro Parks to be selected.  Using Arc Catalog, a network dataset was constructed  for use with network analyst inside of ARC GIS.  
	Using ARC GIS the parks polygons were converted into points using the polygons to points tool, and then only the parks managed by Metro Parks Tacoma were selected and exported (using select by attribute tool).  Once the basemap was completed, the network dataset was added and route planning began. 
	Using the data collected from the Metro Parks Tacoma, 3 mower “scenarios” were created.  There are two shops that all mowers leave and return to and those are located at Point Defiance Park, and Wapato Park.  The Wapato park has only a 1600 mower, and the Point Defiance park has both, a 1600 mower, and a Jake mower. 
Results & Discussion: Using ARC GIS the routes created will increase productivity, and reduce drive time and costs.  The total miles driven for all routes will be 172 miles.  If the vehicle used gets 12 miles per gallon (and using $3 per gallon for the cost of gasoline), then the total cost for fuel for all routes combined will be $43 dollars.  
Another way that travel costs could be lowered would be through overtime.  Particularly on the scenario 3 routes, if the drivers were able to do 21 minutes of overtime on Monday, and 17 minutes of overtime on Tuesday, then the Wednesday route could be eliminated all together.   This could raise issues with drivers not willing to do the overtime, or the cost of the overtime pay outweighing the benefits gained by not routing a vehicle on the Wednesday route.  
Conclusion: Using the new routes will allow for more accountability, less drive time, and lower fuel costs.  One recommendation would be to install GPS transponders on all of the service vehicles.  Using the GPS results would help to verify the routes effectiveness, and may show areas for route improvement over time.  GPS transponders would also help to ensure that drivers stick to the routes and that any deviations are reported on the log sheets. 
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