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ABSTRACT 1 

 2 

The Land Use and Transportation Scenario Analysis and Microsimulation (LUTSAM) 3 

application is the result of collaboration between the Delaware Department of Transportation 4 

(DelDOT) and the State Smart Transportation Initiative (SSTI) at the University of Wisconsin - 5 

Madison. The traditional approach to transportation and land use areawide and corridor studies 6 

which relies on existing travel demand models and microsimulation is cumbersome and difficult 7 

to complete in a timely manner during the course of a study.  It is also difficult to produce the 8 

results needed to evaluate the direct impacts of urban form, land use, and multimodal 9 

investments, especially bicycle and pedestrian investments, on mobility.  This is particularly 10 

difficult with existing models since many do not operate at the level of geographic resolution 11 

needed. Industry wide, parcel-level modeling has been proven to improve such shortcomings in 12 

traditional travel demand modeling by providing the appropriate level of detail, along with 13 

measure of effectiveness (MOEs) that better quantify these analyses, however most parcel based 14 

models have also been developed as advanced models (activity based or tour based models). This 15 

has left a gap for studies performed in areas lacking these advanced models or studies that cannot 16 

be performed with the current long run times needed to take advantage of the features of 17 

advanced models.  18 

 19 

Another current shortcoming is the need to convey the results of these studies to decision-makers 20 

and the public engagement in a manner that is easily understood.  If the goal of a study is to 21 

change zoning and land use planning to help communities achieve their transportation related 22 

quality of life then this is equally important to a thorough analysis.   23 

 24 

To this end, the LUTSAM process was developed to accurately evaluate various land use and 25 

transportation scenarios, providing a bridge between GIS, travel demand modeling and 3-D 26 

microsimulation, and quantifying meaningful results for better decision-making. This process 27 

can be easily used to improve current 4-step and advanced travel demand models to work at the 28 

parcel and building level within the study area while producing easily transferable results to 29 

industry standard microsimulation software. 30 

 31 

LUTSAM not only accelerates scenario development but also (1) provides a platform for testing 32 

land use planning, multimodal investments such as improving bicycle and pedestrian mobility; 33 

(2) encourages public engagement in community planning and decision making; and (3) 34 

encourages interactions between planners, modelers and engineers. 35 

 36 

This paper describes the LUTSAM GIS application, the travel demand process, microsimulation 37 

and case studies that quantify impacts to the communities, especially mobility impacts on 38 

pedestrians and bicyclists.   39 
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INTRODUCTION 40 

 41 

The Land Use and Transportation Scenario Analysis and Microsimulation (LUTSAM) 42 

application establishes a transferable process for planners to perform scenario testing on various 43 

residential, commercial, and industrial development scenarios along with multimodal 44 

transportation investments. The application performs Smart Transportation/Smart Growth 45 

analyses by combining industry standard GIS, Travel Demand, and 3D Microsimulation tools.  46 

The LUTSAM application requires as inputs model highway and sidewalk networks, 47 

demographics, land use layers such as buildable regions, and base map layers, such as 48 

boundaries and natural features, that aid the planner to develop various land use scenarios 49 

through a series of steps in a user-friendly Graphical User Interface Editor. The resulting output 50 

network node and link shapefiles, contains updated demographics, roadways and sidewalks, and 51 

can be input to any travel demand model to test the land use alternatives.  A sub-area extraction 52 

process is then applied to export to 3-D microsimulation tools. The output network from 53 

LUTSAM can also be visualized in 3-D using 3D GIS extensions.  54 

 55 

BACKGROUND 56 

Existing DelDOT Model 57 

DelDOT’s Peninsula Model is a typical statewide travel demand model that covers the state of 58 

Delaware plus the 9 counties of Maryland’s Eastern Shore, covering over 5,000 square miles and 59 

1.4 million people (Figure 1).  The model operates at two levels of resolution. The first, referred 60 

to as the TAZ Model, includes 2,108 traffic analysis zones (TAZ’s) and 13,491 links, including 61 

most of the collector roads, arterials, expressways, and freeways within the model area. The 62 

second, referred to as the Micro Model, includes 19,640 TAZ’s and 177,211 links and includes 63 

most of the local roads in addition to the TAZ Model network (1). In order to reduce processing 64 

time, the micro model allows the selection of areas to be modeled using the Micro Model 65 

resolution and run within the framework of the TAZ Model, in other words the model can be run 66 

with the enhanced resolution where necessary while still capturing regional traffic flow based 67 

upon the TAZ Model.   68 

The Peninsula Model is a traditional four-step travel demand model with feedback between 69 

traffic assignment and trip distribution and includes a series of fully integrated supplemental 70 

modules including: 71 

 EZ-Pass Toll/Mode Choice model 72 

 Air Quality Post Processor 73 

 Build/No-Build Benefit Cost Module 74 

 Statewide Evacuation Model 75 

 Seasonal Tourism Model 76 
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State of the Practice 94 

The current emphasis of parcel based travel forecasting often combines enhanced geographic 95 

resolution with activity-based or tour-based travel demand models (4,5,6).  On the other hand, 96 

land use modeling focusses on developing econometric models that relate the impact on 97 

development patterns based upon transportation investments.  While these models are key to 98 

answering policy level questions such as induced demand or the impacts of fuel prices on 99 

regional travel, they are not necessary for area wide or corridor studies, nor do they provided the 100 

detailed measures of effectiveness needed to evaluate the direct impact of urban form, land use, 101 

and transportation investment on emissions, greenhouse gasses, or congestion.  They also are not 102 

geared to evaluating multiple land use, intensity, or land form scenarios or quantifying their 103 

impacts in a manner that is easily understood by decision makers that can directly influence local 104 

land use policies.   105 

Another shortcoming of existing practices is the level of expertise needed to develop scenarios 106 

for testing, evaluate scenarios, and convey results to other technical experts for evaluation.  This 107 

is increasingly a critical shortcoming as budget restrictions limit the staff available to perform 108 

these analyses and the industry in general faces a shortage of technical experts. 109 

The Path Forward 110 

In order to overcome these shortcomings, SSTI and the Delaware Department of Transportation 111 

partnered to develop an application that can be used to streamline scenario development and a 112 

process that streamlines the use of a combination of travel demand and 3-D micro simulation 113 

models to evaluate, analyze, and convey results to the public and decision makers in a manner 114 

that is easily understood.  In other words, the process produces improved measures of 115 

effectiveness that are easy to communicate in less time and on a smaller budget. 116 

LUTSAM PROCESS DESCRIPTION 117 

The LUTSAM application uses industry-standard GIS software, through a user-friendly 118 

Graphical User Interface (GUI) developed as a GIS extension. The process requires: (1) model 119 

layers, including a highway network (links and nodes) and a sidewalk network (links and nodes); 120 

(2) buildable region layers such as tax parcels, land use, environmental and topographical 121 

considerations such as wetlands and steep terrain, and TAZ boundaries that are used to define the 122 

project region; (3) base map layers such as roadways, urban boundaries and natural features that 123 

provide location and geographic reference.  124 

The planner performs the following steps to develop scenarios for evaluation: 125 

• Identify the project region where new development is proposed 126 

• Subdivide the region into smaller ”areas” 127 

• Define land use type and density for each area 128 

• Sketch roads and sidewalks within the region 129 

• Draw homes along each roadway by defining frontage and setback 130 

• Connect homes and sidewalks to the roadway and sidewalk network 131 

• Merge the new roadway/sidewalk networks with the original model networks 132 
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 285 

Figure 10: VHT and Delay Comparison 286 

VHT and delay comparisons showed significantly reduced congestion for the urban case study 287 

(Figure 10).  Congested VHT was reduced by 34% and delay by 39%. VMT comparisons 288 

showed a 32% reduction in miles traveled for the urban case study (Figure 11). This could imply 289 

increased use of alternative modes such as biking and walking along with proximity to other uses 290 

such as transit. This was confirmed by the increased number of bike and walk trips observed in 291 

the neighborhood (Figure 12). 292 

 293 

Figure 11: VMT Comparison 294 
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 295 

Figure 12: Walk and Bike Trips Comparison 296 

 297 

CONCLUSIONS AND RECOMMENDATIONS 298 

LUTSAM was developed to evaluate smart transportation/smart growth concepts in urban land 299 

form, land use, and multi-modal bicycle and pedestrian-related investments. Using parcel-based 300 

micro modeling, LUTSAM accelerates evaluation of these scenarios, and acts as a bridge 301 

between GIS, travel demand and microsimulation, quantifying easily understood MOEs for 302 

better decision-making. The time needed for scenario evaluation from GIS to microsimulation is 303 

greatly reduced (from over a month to less than a week) which allows the use of the process 304 

during the course of integrated transportation and land use areawide and corridor studies. 305 

The results from the case studies demonstrate that LUTSAM is sensitive enough to model and 306 

quantify bicycle and pedestrian related mobility improvements. The next steps in further 307 

development of LUTSAM include collecting additional multi-modal travel data using DelDOT’s 308 

Delaware Travel Monitoring System (DTMS) and conducting additional multi-modal surveys in 309 

order to further improve bicycle and pedestrian mode choice modeling. 310 
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