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ABSTRACT 

 Work zone traffic impact analysis software can help improve the efficiency of 

implementation and management of work zones. Transportation practitioners use various types of 

work zone software to estimate traffic impacts. Due to their wide use, this study calibrated and 

validated a microscopic software (VISSIM) model as well as a macroscopic software (QuickZone) 

model. The calibration was demonstrated using two case studies: a long-term work zone located 

on I-44 near Antire Road, and a short-term work zone located at Blanchette Bridge on I-70. Both 

work zones involved one lane closure on a three-lane freeway. The calibrations and validations of 

the two work zone software programs were based on the measures of travel time, queue length, 

delay and capacity. The calibrated parameter values are recommended for future calibration 

applications of the demonstrated work zone types, consisting of one lane closed out of three lanes 

on a freeway.  

VISSIM is one of the most commonly used microscopic simulation software programs that 

have been used in many freeway analyses. Currently, a few studies have been conducted on using 

VISSIM for work zone analysis. However, they all need complicated calibration and validation 

processes before providing meaningful simulation results. None of them provided a simple and 

quick method of finding a proper calibration parameter set. This study developed a process of 

using regression models to quickly get candidate parameter sets. In the related literature, most 

studies just compared the peak period performance measure values when claiming the calibration 

results were equal to the field data. In contrast, this thesis uses statistical tests to compare hourly 

performance measure values from simulations (i.e. travel times) with field data.  
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Although QuickZone is as commonly used as a macroscopic work zone tool, its calibration 

has not been documented in previous studies. This thesis calibrated QuickZone using field data by 

treating work zone capacity as the calibration parameter. The measures of effectiveness were delay 

and queue length. These two measurement results can be produced by QuickZone automatically. 

And, field delay values were calculated from the hourly travel times derived using field sensors 

(Bluetooth, Radar). Two types of calibration were performed. First type is delay-based and 

minimizes the total delay error. Least squares estimation was used to determine the parameter 

capacity value that generates the least total delay error. The second type is queue length-based 

calibration which minimizes the error in estimated queue length.  

Sensitivity analyses of VISSIM driving behavior parameters Headway Time (CC1), 

Following Variation (CC2), Oscillation Acceleration (CC7) and Safety Distance Reduction Factor 

(SRF) were also conducted on the measures of travel time and capacity by applying the X-Y Plot 

and the ANOVA test. The results showed that only CC1, CC2 and CC7 exhibited effects on travel 

time while CC1, CC2 and SRF had negative effects on capacity. Several regression models 

representing the relationship between the performance measures (travel time, capacity and delay) 

and driver behavior parameters (CC1, CC2 and SRF) were developed and recommended for future 

calibration efforts. The calibrated driving behavior parameters were CC1=1.0 sec CC2=50 ft 

CC7=1.2 ft/s2 for I-44 work zone and CC1=1.5 sec CC2=35 ft CC7=0.4 ft/s2 for the I-70 work 

zone. The capacity values that required QuickZone calibration were also computed for both work 

zones. The result showed that the QuickZone calibration based on delay was more accurate than 

that based on queue length. The delay-based calibration result was 1750 veh/hr/ln for the I-44 work 

zone and 1550 veh/hr/ln for the Blanchette work zone. For the I-44 work zone, the calibrated 

delays were 2.36 min in VISSIM and 2.22 min in QuickZone. Compared to the field data 2.37 min, 
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VISSIM was more accurate. For the I-70 work zone, the calibrated delays were 5.18 min in 

VISSIM and 8.53 min in QuickZone. The VISSIM results were considerably more accurate by 

comparison to the field data which is 5.33 min.  
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CHAPTER 1: INTRODUCTION 

1.1 Overview 

Work zone software is widely used in work zone impact evaluation. Many agencies, such 

as DOTs, FHWA and other transportation institutes have done much research on developing and 

evaluating work zone software. The reasons are that using the work zone software to estimate the 

work zone impact prior to implementation can improve the efficiency, save costs and mitigate the 

work zone’s impact, incidents and traffic problems. An accurate estimation of work zone impacts 

during the maintenance and reconstruction critically determines whether the traffic management 

at a work zone is successful or not (Ahmed and Hall, 2002). However, inefficient work zone 

planning can increase the queues, congestion and even accidents (Shakouri et al., 2014). From the 

Temporary Losses of Highway Capacity and Impacts on Performance: Phase 2 (TLC2) study in 

1999, almost 30% of delays were the result of work zones (Chin et al., 2004). Therefore, the 

calibration and validation of work zone programs are required to ensure the accuracy of work zone 

impact estimation.  

Currently, a considerable number of work zone analysis methods have been developed, 

including model estimation, simulation software (for example, CORSIM, VISSIM, PARAMICS 

and Transmodeler), Highway Capacity Manual (HCM) based tools (spreadsheet software and  

QuickZone) and web-based work zone software -- such as the Tennessee DOT Lane Closure 

Decision Support System (LCDSS) (Federal Highway Administration, 2014). Bloomberg and 

Dale (2000) compared two popular simulation software programs, CORSIM and VISSIM. The 

analysis, based on the intersection of Level of Service (LOS) and travel time, showed that the two 

simulation software programs were more similar than they were different. Additionally, these two 
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software programs were both designed for the microscopic level and not specifically for work 

zones. Due to the widespread use of QuickZone and VISSIM driver behavior parameter 

information to estimate work zone impacts, this thesis calibrated QuickZone and VISSIM 

programs using field data from work zones in Missouri. The calibrated parameter set values and 

models can be recommended for use in future studies. In addition, the two work zone programs 

were compared based on the calibration results.  

VISSIM is a one of the most widely used microscopic simulation software, which can be 

used to model diverse traffic situations and facilities. Akin to other microscopic simulation 

software, VISSIM uses car following and lane changing algorithms to simulate the movement of 

individual vehicles in a road network. Thus, although this thesis focuses only on calibrating the 

VISSIM microscopic software, the methodology developed here is applicable to developing 

calibration parameters for other microscopic simulation software as well. VISSIM simulation 

software requires a complex calibration process before it can generate useful results. Although a 

few studies have been conducted on applications of VISSIM calibration, none of them provided a 

calibration method based on travel time using a regression model to find the proper parameter set 

suitable for work zone conditions. Miller (2009) developed a process to identify the parameter set 

for VISSIM calibration that applied the Genetic Algorithm (GA) programed in Visual Basic. 

However, there are no formal guidelines for using the GA. And, the calibration method applying 

GA is complex and requires the traffic engineer/modeler to have some background in the 

understanding of population search algorithms, like GA (Park and Won, 2006). For general 

practitioners, a simple method is very necessary to identify proper parameters quickly. Chatterjee 

et al. (2009) provided a look-up table for parameter sets that replicate the capacity for work zone 
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conditions. However, it is not suitable for calibration based on travel time. Capacity, is usually 

difficult to determine in the field.  

The purpose of VISSIM calibration and validation is to represent the simulation model as 

closely as possible. However, most studies determined the optimal parameter set solely based on 

the maximum value of simulation measures (travel time, queue length and delay) that have the 

least error compared to the field data. Few studies compared model results to the field data by 

using statistical tests (Park and Schneeberger, 2007; Russo, 2007). This thesis applied paired t-test 

on hourly travel time to verify that the simulation model was capable of producing real world 

conditions.  

QuickZone is a macroscopic analytic tool for estimating work zone delay and queue length. 

It has been evaluated in some studies, but none of them conducted a calibration process using the 

field data. Benekohal et al. (2003) evaluated QuickZone by comparing the queue length and total 

delay with the field data. The results showed that QuickZone generally underestimated queue 

length and delay. The most important input value, capacity, was obtained from the study “Capacity 

for North Carolina Freeway Work Zones.” This study also concluded from the user comments that 

“QuickZone needs estimates of the capacity of the work zone, which most users don’t know.” 

Abdel-Rahim and Khanal (2010) evaluated the efficiency of QuickZone by using three work zone 

cases. The input capacity was estimated following the Highway Capacity Manual 2000. Khanta 

(2008) estimated work zone decreased capacity by using the 2000 Highway Capacity Manual 

function within the QuickZone program. However, there is a limitation that the Highway Capacity 

Manual does not cover all work zone configurations. Capacity usually is an uncertain value which 

is hard to estimate. The reason is that capacity has been defined differently which could lead to 



 

4 

 

different estimation results. Besides, the capacity can be affected by diverse factors and therefore 

difficult to assign a specific value with perfect confidence (Weng and Meng, 2013).  

1.2 Research Objectives and Approaches 

There are three main objectives in this study. The first is to develop a new VSSIM 

calibration and validation process specifically for freeway work zones. This process can quickly 

identify candidate parameter sets by developing regression models, instead of trying the parameter 

sets one by one to find the best value or by using the best-guessed parameter sets. The stepwise 

regression method was used to select variables. Using the regression model, all candidate 

parameter sets that yield the target value can be calculated. Then, multiple simulation runs can be 

conducted merely on the candidate parameter sets, which reduces the number of unnecessary 

simulation runs. In order to find the parameter set that represents the simulation model most closely 

to the real world scenarios, Paired T-Test and Mean Error calculations based on hourly travel times 

are the two statistical methods applied to claim that the simulation results were equal to the field 

data. These statistical tests are more reliable than the common method of simply comparing the 

maximum travel time.  

The second objective is to calibrate the QuickZone Software for the two work zone sites, 

respectively. In most studies, the capacity value was simply input into QuickZone without any 

calibration. Also, it is hard to determine the field capacity value accurately. The calibration 

conducted in this study was done to minimize error in the estimated measure values. Capacity was 

the calibration parameter. Least square estimation was used in order to find the optimal parameter 

value that generated the most accurate delay and queue length. There are two forms of calibration: 
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one is to calibrate based on delay, and the other is based on queue length. The better form can be 

determined by comparing the error values.  

The third objective is to get the optimal parameter values and calibration regression models 

for the two work zone software programs, respectively. These parameter values and regression 

models are recommended for future calibrations. The regression models for VISSIM calibration 

represent the relationships between the measures of effectiveness (travel time, capacity and delay) 

and driver behavior parameters (CC1, CC2, CC7 and SRF). The accuracies of VISSIM and 

QuickZone are analyzed by comparing the calibrated delay, queue length and capacity results to 

the field data.  

In order to calibrate, validate and evaluate different work zone software programs, two 

work zone sites were used for the case study.  One was a long-term work zone located on I-44 

between Antire Road and Lewis Road. The work activity was from June 1, 2012, to October 19, 

2012. This long-term work zone had one lane out of three lanes closed in both directions. The 

second work zone was located west of St. Louis on I-70 near the westbound of Blanchette Bridge. 

It was a short-term work zone which just lasted a few hours from 20:00 to 24:00, involved closing 

one out of three lanes. The lane width of Blanchette Bridge was 11 ft, which differs from the 

regular I-70 lane width of 12 ft.  

1.3 Research Contributions 

The main research contributions are listed below. First, due to the wide use of the 

QuickZone and VISSIM work zone programs, both programs were calibrated using field data. The 

parameter values producing the smallest errors were obtained and recommended for future 

calibration. Second, the VISSIM calibration using a regression model is an easy and accurate 
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method to identify the candidate parameter sets. The developed regression models can be 

recommended for similar work zone scenarios in the future. The method of developing parameter 

regression models was recommended for future calibration. X-Y plots and ANOVA tests helped 

test the sensitivity of the VISSIM driving behavior parameters and determine the key parameters 

that need calibration. Compared to the method of choosing the proper parameter set by studying 

the peak measure value (e.g. maximum travel time), paired t-test can help to determine whether 

the hourly results from VISSIM are statistically equal to the field. Finally, since calibration of 

QuickZone was not discussed in previous studies, calibration using field data was initially 

conducted in this study. Instead of inputting the capacity value, which is usually hard to obtain 

from the field, this study calibrated the travel time and queue length respectively by setting the 

capacity as a parameter.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Work Zone Impact Analysis Approaches 

There are several approaches widely used for work zone impact estimation. QUEWZ, 

FRESIM and QuickZone are the most popular macroscopic work zone software programs for 

estimating work zone capacity and delay (Weng and Meng, 2013). Compared to macroscopic 

approaches, microscopic programs, such as VISSIM, CORSIM and PARAMICS, are more 

accurate because it analyzes complex traffic conditions at the individual vehicle level (Federal 

Highway Administration, 2014). Additionally, custom spreadsheet programs developed by DOTs 

and Highway Capacity Manual (HCM) tools provide the work zone capacity, delay and queue 

length estimation.  

QuickZone is an analytical tool developed by FHWA in 1998 to estimate and quantify the 

traffic impacts resulting from the work zones. It is an easy-to-use spreadsheet-based traffic analysis 

tool written as a small program with Microsoft Excel. The goal of the QuickZone software is to 

perform work zone delay, queue length and work zone user costs analysis with quickly and easily 

laid out and built networks. QuickZone (Federal Highway Administration, 2009) has several 

capabilities such as: 1) estimation of delay caused by decreased work zone capacity; 2) 

identification of delay impacts for alternative project phasing plans; 3) analysis of tradeoffs 

between construction and delay costs; 4) testing of the construction impact of different work zone 

sections or different phase times; 5) travel demand assessment and other delay mitigation strategies. 

Currently, QuickZone 2.0 is the latest version, updated by FHWA in 2003 (Federal Highway 

Administration, 2005). The analysis of two-way one-lane work zones with signal controlled and 

flagging operations were also enabled in the new version. In order to estimate the delay and costs, 
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data such as network configuration, demand, track percentage, passenger car equivalent (PCE) and 

construction phase data had to be entered. The input data could be divided into eight modules: 1) 

Node module, 2) Link module, 3) Inbound/outbound demand pattern, 4) Demand module, 5) 

Seasonality demand pattern module, 6) Project information module, 7) Construction phase data, 8) 

User and economic cost module. The outputs are provided in two main types: graphs and summary 

tables. Delay graphs versus time can be plotted. Summary tables contain the period with the highest 

delay, maximum queue length, maximum delay and total project user costs.  

QUEWZ (Queue and User Cost Evaluation of Work Zones) was developed by the Texas 

Development of Transportation. QUEWS can estimate queue lengths and road user costs due to 

work zone lane closures. It simulates and compares traffic flows under conditions with and without 

work zones at freeway segments. It also estimates the changes of traffic flow characteristics and 

road user costs during different lane closure schedules and lane configurations (Krammes et al., 

1993). QUEWZ-98 is the latest version of the QUEWZ program. It estimates the work zone 

capacity using the HCM 2000 models for short-term work zones (Chitturi and Benekohal, 2005). 

Other outputs, including average speed, average queue length and travel time costs are also 

provided. The queue length and queue delay results can be expressed with an arrival-departure 

diagram. Generally, four types of input are typically considered (Department of Transportation, 

1998): 1) Land closure configuration, 2) Schedule of work activity, 3) Traffic volume, or 4) 

Alternative values for various model constants (e.g. percentage of trucks, work zone capacity, 

speed-volume relationship).  

Among various work zone software programs, VISSIM has high accuracy and is more 

commonly used. VISSM is not specifically designed for work zones but for other common network 

configurations. It is a useful behavior-based, microscopic and multi-purpose traffic simulation 
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program, which has been adopted and widely used by DOTs and transportation agencies (Hu, 

2009). The major calibration outputs provided by VISSIM are delay, queue length, speed, travel 

time and other data like acceleration, average volume, etc. (Park and Won, 2006).  

The Highway Capacity Manual (HCM) is a guidance document published by the 

Transportation Research Board (TRB) that provides the concepts, guidelines and computational 

procedures for capacity and quality of service calculations (Wikipedia, 2014). The HCM (2000) 

recommends that short-term freeway work zones could use the capacity value of 1600 pc/h/ln 

regardless of the lane closure configurations. The capacity value should be adjusted when under 

three other conditions:  

1) The intensity of work activity: related to the number of workers, the number and size of work 

machines on site and the proximity of work to the travel lanes. The capacity value could be adjusted 

by up to 10% lower or higher by the intensity of the work activity conditions. 

2) The effects of heavy vehicles: the heavy vehicle adjustment factor in the HCM was formulated 

as follow (HCM, 2000):   

𝑓𝐻𝑉 =
1

1+𝑃𝑇(𝐸𝑇−1)
                                                         (2.1) 

Where 

𝑓𝐻𝑉 = heavy-vehicle adjustment factor,  

𝑃𝑇 = proportion of heavy vehicles,  

𝐸𝑇 = passenger-car equivalent for heavy vehicles.  
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3) the presence of ramps. Based on these three capacity reduction factors, the HCM provides 

the highway work zone capacity estimation equation:  

𝐶𝑎 = (1600 + 𝐼 − 𝑅) ∗ 𝐹𝐻𝑉 ∗ 𝑁                                             (2.2) 

Where 

 𝐶𝑎= adjusted mainline capacity (veh/h), 

 𝐼 = adjustment factor for type, intensity, and location of the work zone activity 

(adjustment ranges from -160 to +160 pc/h/ln), 

 𝑅 = adjustment for ramps, 

 𝑁 = number of lanes open in the short-term work zone. 

For long term work zones, capacity values were given as shown in Table 2.1.  

Table 2.1 HCM Recommended Long-Term Work Zone Capacity Values (HCM, 2000) 

No. of Normal 

Lanes 
Lanes Open 

Range of value 

(veh/hr/ln) 
Average (veh/hr/ln) 

3 2 1780-2060 1860 

2 1 - 
1550 (Crossover) 

1750 (No crossover) 

* Crossover means that traffic crosses over to a lane that is normally used by the opposite 

direction of travel.  

 

HCM Spreadsheets are a custom tool that can provide estimation of delay and queue 

lengths using the graphical procedures and equations using common software such as Microsoft 

Excel (Edara, 2006). Several DOTs have done research with spreadsheet tools and also have used 
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spreadsheet-based tools for estimating the impacts of work zones (Federal Highway 

Administration, 2005).  

Table 2.2 shows a summary of the strengths and weaknesses of five of the most commonly 

used work zone software programs (Edara, 2006; Work Zone Analysis Guide, 2008). HCM, 

QUEWZ, QuickZone, VISSIM and HCM spreadsheet were discussed. The more statistically 

accurate outputs to get, the higher data requirements and more complex estimation processes were 

needed. The VISSIM software can perform simulations for diverse work zones. However, the 

resulting disadvantage is that it needs complex calibrations.  

Table 2.2 Work Zone Software Strengths and Weaknesses  

(Edara, 2006) (Work Zone Analysis Guide, 2008)  

Work Zone 

Software 
Strengths Weaknesses 

HCM Tool 

- Easy to use  

- Quick estimation  

- Low input requirements 

- Performs LOS and control delay 

calculations 

- Outdated capacity value 

- Unavailable to evaluate the effect of 

traffic diversions 

QUEWZ 

- Easy to use 

- Quick estimation 

- More data intensive 

- Simple diversion algorithm 

- Unnecessarily produces the exact 

percentage of diverted traffic 

QuickZone 

- Comprehensive and highly detailed 

work zone impact factors input 

- Queue and delay estimation applies 

traveler response 

- High requirements of input 

VISSIM 

- Performs travel time calculations 

- Available for various types of work 

zone operations, including signal and 

flag control 

- Delay calculations are not consistent 

with HCM control delay definition 

- Tedious and complicated calibration 

and analysis process 

Spreadsheet 

- Ease of use 

- Low input data requirements  

- Quick results 

- Complicated determination of 

adjustment factors  

- Unable to evaluate the effect of traffic 

diversions 
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2.2 Current DOTs Research 

The Alabama Department of Transportation (ALDOT) currently uses the spreadsheet tool 

“Lane Rental Model” for work zone impact prediction. It was developed by the Oklahoma 

Department of Transportation (OkDOT) based on the 1994 HCM. The OkDOT spreadsheet tool 

was chosen because it is easy and quick for analysis and requires little data. The input data contains 

traffic demand (AADT, truck percentages and traffic hourly distribution), work zone and normal 

capacity, number of lanes and free flow speed. The queue analysis output is based on an hourly 

basis and peak hour divisions. The only work zone impact prediction in this ALDOT project is 

queue estimation, which includes queue start time and queue length, hence maximum queue length 

(Batson et al., 2009).  

The Florida Department of Transportation (FDOT) focused on two-lane roadway work 

zones (with one lane closed) impact evaluation (Washburn et al., 2008). They developed their own 

method, FlagSim, which is easy and has a limited number of factors to be considered. The FlagSim 

is a microscopic simulation program can modelling the two-lane work zone configuration with 

flag control feasture. Other simulation programs, such as VISSIM, CORSIM, AIMSUM or 

PARAMICS, do not provide this work zone flag control. FlagSim uses a Modified-Pitt car 

following model which was developed by Cohen, Washburn and Cruz-Casas. The reason for 

selecting this car following model was that it is suitable and works well for the queue discharge 

modeling situation. The Modified-Pitt car following model calculates the acceleration value for a 

trailing vehicle based on the parameters of the leading vehicle. The output of the simulation 

contains: 1) Total queue delay and total travel time delay, 2) Average delay per vehicle (the total 

delay divided by the work zone total number of vehicles), 3) Average queue delay (the average 

delay of vehicles spent in a queue at the entrance to the lane closure area), 4) Average cycle 
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maximum back of queue, 5) Maximum back of queue, 6) Average time spent in the system, 7) 

Maximum vehicle throughput (i.e., capacity), 8) Average cycle length, 9) Average green time, and 

10) Average g/C. Another calculation procedure was also developed to calculate work zone 

capacity, delay, and queue length. The calculation procedure contains 4 models, which are work 

zone speed model, saturation flow rate model, capacity calculation, and queue delay and queue 

length models. The comparison of results between the FlagSim simulation and the analytical 

procedure showed that the FlagSim had lower queue delay and queue length values. Furthermore, 

the lack of field data for the validation of the simulation program was limited and not accurate 

(Washburn et al., 2008).  

The New Jersey Department of Transportation (NJDOT) work zone research chose the 

QuickZone lane closure tool for long-term work zone analysis. NJDOT self-developed software 

Rutgers Interactive Lane Closure Application (RILCA) was selected for short-term lane closure 

(Ozbay and Bartin, 2008).  These two methods both use hourly traffic volume data as input data. 

The RILCA software provides lane closure information and incident information outputs, such as 

minimum number of lanes to be open, hourly queue (vehicles), queue length (miles), average 

hourly delay (hr/vehicle) and total hourly delay (hrs). The advantage of this tool is that it has the 

geometric details of freeways, because it is a GIS-based tool. However, it still has several 

constraints. Since hourly traffic volume data and other link and lane closure information data are 

needed, there are constraints on converting the NJDOT existing traffic data into the traffic volumes 

that can be imported into RILCA.  

The Maryland State Highway Administration (MSHA) developed several work zone traffic 

impact analysis software programs, including MD_QuickZone and the Lane Closure Analysis 

Program (Safety Program, 2006). A modified tool with additional features MD_QuickZone was 
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developed based on QuickZone. It improved the queue estimation models and capacity estimation 

module in QuickZone. Maximum allowable queue length and delay analysis were also considered 

in MD_QuickZone.  

The Oregon Department of Transportation (ODOT) developed a web-based Work Zone 

Traffic Analysis (WZTA) tool. It was a spreadsheet tool. The methodology used by ODOT was 

not based on the Highway Capacity Manual (HCM) but it instead used experience and evaluation 

from previous decades. The necessary data are annual average daily traffic volumes, growth rates, 

track percentages, seasonal trend data and daily trend data (Web-Based Work Zone Traffic 

Analysis Tool Users’ Guide, 2010). All these values must be adjusted to Passenger Car Equivalents 

(PCE) and then be compared to established free flow threshold for each hour of the project duration.  

When the PCEs were larger than the free flow threshold, the lane closures during those hours were 

restricted. There are two ways to estimate delay. The general method is to use CORSIM when the 

traffic volumes are lower than capacity. 

2.3 Previous Work Zone Software Studies 

In a study by Chitturi and Benekohal (2005), QUEWZ, FRESIM and QuickZone were 

evaluated by comparing queue length with field data. QUEWZ was calibrated by modifying the 

value of Passenger Car Equivalence (PCE) in order to get the desired capacity value. The Queue 

Length simulation results were all less than the field data. FRESIM results showed that the queue 

length difference from the field data is slightly smaller rather than the QUEWZ. However, it is 

also not reliable. It did not return a stable queue length value because sometimes the estimation 

was larger than the field data, and sometimes it was smaller. Therefore, queue length estimation is 

not available for any of these three simulation tools. Delay evaluation should be studied for 
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measuring accuracy. Additionally, the estimations were all based on the average queue length, and 

time varying or peak hour queue length were not considered.  

Collura et al. (2010) compared simulation results to the actual data of eight work zone 

cases.  QUEWZ, QuickZone, CORSIM and CA4PRS (Construction Analysis for Pavement 

Rehabilitation Strategies) models were applied for the simulation. The eight sites’ queue length 

results from QUEWZ and QuickZone were compared to the field data. The results showed that 

QuickZone provided a fairly accurate estimation of queue length. CORSIM was used for an 

average speed and travel time study. Although the travel time and average speed are comparable 

to the field data in CORSIM, no comparison data were shown in some case studies. The work zone 

software characteristics and parameters such as data requirements, analysis time, differences in 

strategies, nighttime work zone feature and etc. were also explored. QuickZone has better 

performance with most features and the least analysis time. However, this study only focused on 

the queue length and average speed study. The comparison did not show the numerical difference 

or any error testing. Capacity and delay were not included for work zone management measures.  

Khanta (2008) studied six work zone sites in QUEWZ, QuickZone and CORSIM models. 

Only Quickzone was applied to all these three types of freeway -- rural, urban freeway and arterial. 

QUEWZ queue length results were analyzed by time series over the entire day, but they were not 

compared to the field. The results also showed that both QUEWZ and QuickZone have very similar 

maximum queue length estimation compared to the field data. The queue beginning time with 

QUEWZ was more consistent with the actual time. CORSIM was used as the travel time and 

average speed estimator. However, although QuickZone can also provide the output of travel time, 

it was not used for travel time study.   



 

16 

 

Chatterjee et al. (2009) provided a method for choosing appropriate VISSIM driving 

behavior parameters to match the desired field capacity for work zones. CC1, CC2 and SRF were 

the selected parameters that can affect the capacity significantly. This study concluded that CC1 

has a higher sensitivity for capacity than CC0. If CC0 is fixed at a default value, and CC1 is 

increased by 0.8 sec, the capacity changed by close to 800 vph. If CC1 was kept constant at 1.0 

sec and CC0 varied by 5 ft, the capacity just changed by 100 vph. Chatterjee (2008) also proposed 

parameter ranges by visual inspecting the simulation runs for different parameter values. CC1 

varied from 0.9 to 1.8 sec, CC2 varied from 10 ft to 55 ft, and SRF was from 0.15 to 0.6.  

2.4 Work Zone Measures of Performance 

Work zone performance measures are very essential for evaluating the work zone. They 

help the agencies to improve the work zone planning and management and to make better decisions. 

The most commonly used effectiveness measures for work zone software evaluation are capacity, 

delay, queue length, speed, travel time, traffic counts and flow rates (Park and Won, 2006).   

Choa et al. (2008) concluded that the major parameters required in simulation calibration 

were traffic control operations, traffic flow characteristics and driving behavior. They concluded 

that to test the accuracy of the model in the validation procedure, the traffic flow results generated 

from the model should be compared to the field data. The traffic flow characteristics include traffic 

volumes, average travel time, average travel speed, queue length, delay and density. In previous 

studies, different parameters were validated by different methods. For example, volume, freeway 

density and average and maximum vehicle queue length were validated using percent difference. 

Average travel time and average travel speed were compared using standard deviations.  
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The study by Chitturi and Benekohal (2010) developed a methodology quantifying the 

work zone impact. Delay and user costs were used as the measures of effectiveness. Delay contains 

queue delay and moving delay. Speed and capacity were used for delay and queue length 

calculation. Benekohal et al. (2003) identified the most commonly used work zone software for 

analyzing different measures, which are listed in Table 2.2. QUEWZ and Quick Zone can be used 

in all these measures.  

 

Table 2.2 Software That Can Be Used for Measures (Benekohal et al., 2003) 

 

2.5 VISSIM Calibration 

Kan et al. (2014) presented a procedure of VISSIM calibration to replicate time dependent 

speed, capacity and queue length. Two car following parameters, CC0 (stand still distance) and 

CC1 (headway time), were selected for calibration. The model replicated the time dependent 

capacity by defining time varying desired speed distribution. The results of flow, speed and queue 

length were checked from the field data by applying a T-Test and a time varying plot. However, 

the calibration method applied for this study was to run the simulations for all parameter 

combinations. There was no simple method proposed to determine the proper parameter set. 
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Enumerating all parameter combinations and simulating them is not realistic when the number of 

parameters is large, the range of each parameter value is broad, and the simulation time is high for 

a large size road network. A model that can recommend only a promising subset of parameter 

combinations that need to be evaluated using simulation can save on analysis time.  

Lownes and Machemehl (2006) studied the sensitivity of VISSIM driver behavior 

parameters (from CC1 to CC9) in relation to capacity. All parameters were simulated on low, 

medium and high calibration levels. The capacity values of the three levels were statistically tested 

with the calibrated outputs. Their results showed that CC1 and CC2 had significant impacts on 

capacity at all calibration levels. CC0 only had an impact on capacity when its value was very high.  

Habtemichael and Santos (2013) provided quantitative evaluations on the impact of both 

the car-following and lane-changing parameters with VISSIM. Sensitivity was analyzed on 21 

driving behavior parameters. The Surrogate Safety Assessment Model (SSAM) was used to detect 

the changes of the simulated vehicle conflicts. It was found in the result that CC1 and CC2 have 

an impact on the safety of simulated vehicles. Smaller CC1 values had a high impact in 

deteriorating safety as increased vehicle conflicts were observed. The studied inferred that CC1 

and CC2 have an impact on the changing of travel time. Also, the impact of CC1 was greater than 

that of CC2. However, these conclusions were only based on the inference. The study did not 

explore the parameter impacts on travel time by analyzing the simulation results.  

The Genetic Algorithm (GA) is a heuristic optimization algorithm combining nature 

genetics with coding methods that have been applied in VISSIM calibration. The main idea is to 

compare the individual fitness in every generation to find the proper individuals and produce new 

generations by using genetic crossover or genetic variation. Finally, it obtains the optimal 
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individuals by iterations and evaluations (Muhan and et al., 2013). Although it was concluded that 

this method truly produced appropriate results, it is a very complicated method that requires a 

extensive background knowledge (Park and Won, 2006).  Cheu et al. (1998) were the first to use 

the Genetic Algorithm (GA) for microscopic simulation parameter calibration. Park et al. (2006) 

conducted an application of calibration and validation process by using the GA. It was achieved 

by coding the GA program integrated with the VISSIM model. Wu (2005) calibrated VISSIM for 

a Shanghai expressway using GA. A control module was programed in the Visual Basic language 

to control the interaction between VISSIM and the GA module. However, none of these studies 

provided guidelines for using the GA program in VSSIM calibration. Additionally, it is not 

necessary to take much time to code a program for a regular work zone calibration application. 

Manjunatha et al. (2013) achieved interaction between VISSIM and GA via COM interface. 

However, the study also indicated that VISSIM COM interface has the limitation of parameter 

ranges since it does not have the ability of get access to all network elements.  
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CHAPTER 3: METHODOLOGY 

3.1 Work Zone Software and Measures of Effectiveness Selection 

Two work zone software programs were applied in this study. One is microscopic software 

— VISSIM — and another is macroscopic — QuickZone. These two work zone tools were the 

most commonly used, and both have different strengths and weakness. For different work zone 

scenarios, These two work zone programs performed with different degrees of accuracy.  

Three major measures of effectiveness were selected for calibration and validation. They 

were travel time, queue length, and capacity. These measures were chosen because they are 

common outputs of most work zone software and practitioners are interested in them. And they 

are also available to collect from the field.  In the VISSIM study, the calibration was based on 

hourly travel time. In the QuickZone study, the calibration was performed based on delay and 

queue length respectively. The results from these two calibration forms were compared to 

determine which form is more accurate. In addition, the delay, queue length and capacity values 

produced by optimal parameter values were compared between the two work zone software 

programs.  

Capacity has always interested many researchers. There are a number of calibration studies 

that selected capacity as the measure of performance (Chatterjee et al., 2009; Kan et al., 2014). 

The reason is that capacity can directly help engineer schedule work zone activity to avoid traffic 

problems. However, it has some trade-offs to use capacity as calibration measurement. First, 

capacity has been defined differently when used in different applications or by different 

researchers. The field capacity value estimated from different definitions, such as breakdown flow 

and mean queue discharge flow, usually are different (Bham and Khazraee, 2011). Second, the 
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capacity value can be affected by diverse factors and therefore it is hard to assume a constant 

capacity value with perfect confidence (Weng and Meng, 2013). It should be a mean of a 

probability distribution or a range of possibility. Even the HCM, a commonly used manual to 

estimate capacity of a facility, does not cover all the factors that could affect the value of capacity. 

But the average hourly travel time data in the field can be calculated by using the sensor data. 

Therefore, compared to capacity, travel time was selected as the calibration parameter.  

Queue length and delay are the two most studied measurements in work zone studies, 

which are valuable in evaluating the work zone performance. However, there are some challenges 

when estimating these values. Different definition of the measurements can lead to the different 

estimation results. The field data estimation definition may be different to that of simulation or 

work zone software. The queue length value can have high variability during the peak hour and 

high sensitivity to the arrival patterns (Schroeder et al., 2014). Delay is usually calculated by 

subtracting the work zone travel time and free flow travel time. It is important to compute delay 

over same length in both field and work zone software.  

In the travel time calibration process, instead of simply comparing the simulation results 

to the field data, two major methods were applied for claiming that the calibrated simulation model 

was completely identical to the field: 1) Calculation of Mean Absolute Errors (MAE), Mean 

Square Errors (MSE) and Mean Absolute Percentage Errors (MAPE); and 2) Paired T-test of 

average travel time for each simulated hour with 10 runs of VISSIM simulation.  

As travel time was the measure evaluated in the VISSIM calibration process, it was 

necessary to convert delay data in the field data to travel time by adding the free flow travel time. 
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The free flow travel time was obtained from the field sensors’ data. The calculation equations are 

listed below:   

𝐹𝑟𝑒𝑒 𝐹𝑙𝑜𝑤 𝑇𝑇 =
𝐷𝑠𝑒𝑛𝑠𝑜𝑟1−𝑠𝑒𝑛𝑠𝑜𝑟2

𝐹𝑟𝑒𝑒 𝐹𝑙𝑜𝑤 𝑆𝑝𝑒𝑒𝑑
                                                  (3.1) 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑇 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑒𝑙𝑎𝑦 + 𝐹𝑟𝑒𝑒 𝐹𝑙𝑜𝑤 𝑇𝑇                                       (3.2) 

Where, TT = the travel time, 𝐷𝑠𝑒𝑛𝑠𝑜𝑟1−𝑠𝑒𝑛𝑠𝑜𝑟2 = the distance between two sensors in the 

field. 

3.2 VISSIM Calibration and Validation 

3.2.1 VISSIM Calibration and Validation Process 

As a microscopic simulation software, VISSIM has the advantage of providing more 

accurate and detailed results for various work zone scenarios. It has been used to model work zone 

impacts in prior research (see Chatterjee et al., 2009, Sun et al., 2013). However, the models have 

to be calibrated and validated before they can be used for providing useful results. Instead of the 

common calibration process of trying or guessing the parameter sets one by one to the best 

parameter values, a new calibration and validation process by using regression model to determine 

parameter sets was developed. Additionally, statistical tests and mean error calculations were 

applied when claiming calibration results, making the simulation model as identical to the real 

world as possible. The procedure flow chart is shown in Figure 3.1:  

1) Simulation Module Setup: Create the Network matching the real world. Input the demand, 

desired speed and truck percentage. Set up data collection points.  
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2) Parameters and Ranges Selection: Select the key parameters and their ranges by testing the 

parameter sensitivities to the measures of effectiveness. X-Y Plots of relationships between 

parameters and measures can be applied for testing the sensitivities.  

3) Initial Calibration: Run the simulation with randomly selected parameter sets within the 

parameter ranges. Since the number of the combinations among feasible parameters is so large, it 

is impossible to simulate for every parameter set. Simulation with randomly selected parameter 

sets to develop a regression model could reduce the number of simulation runs. The process of 

regression model development will be introduced in the next step.  

4) Model Development: Generate the regression models with the simulation results from the 

randomly selected parameters sets. It is not necessary to generate and simulate all possible 

parameter sets using multiple random seeds. The use of regression models can reduce the 

calibration effort and time, as compared to full enumeration. Let driving parameters be the 

independent variables, and measures of effectiveness be the dependent variable.  

5) Determine Candidate Parameter Sets: Calculate the candidate parameter sets by using the 

developed regression model.  

6) Candidate Parameter Sets Calibration:  Run the simulation with candidate parameter sets. To 

reduce the simulation’s random variability, multiple runs must be conducted. The averaged value 

of multiple runs represents the result of each parameter set. In this study, 10 randomly seeded runs 

were performed for calibration.  

7) Candidate Parameter Sets Evaluation: The result of each candidate parameter set is statistically 

compared to the field measure. Statistical testing including a Paired T-Test and a mean errors 
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calculation can be applied. For example, if the measure is travel time, then the simulation travel 

times for each individual simulated hour are compared to the field individual hourly travel times 

by using the paired T-Test.  

9) Validation Analysis: Mean Absolute Error (MAE), Mean Square Error (MSE) and Mean 

Absolute Percentage Error (MAPE) tests can be conducted to find the best parameter set.  
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Figure 3.1 VISSIM Calibration and Validation Flow Chart 
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In order to get accurate traffic impact characteristics, it is necessary to calibrate the 

parameters to identify important measures, such as speed, delay and queue length from the field 

data. Two car-following models were developed by Wiedemann; they are Wiedemann 74 and 

Wiedeman 99. The Wiedemann 74 model is used for urban traffic and merging or weaving areas. 

The Wiedemann 99 model is suitable for non-merging interurban traffic areas. This study applied 

Wiedemann 99 car following, with 10 parameters defined as follow (VISSIM User Manual, 2011):  

CC0: Standstill Distance. This represents the desired distance between the stopped vehicles. The 

default value is 4.92ft;  

CC1: Headway Time. This is defined as the time headway that the following vehicles should keep. 

It has a significant effect on capacity (Kan et al., 2014). The default value is 0.9 sec;  

CC2: Following Variation. This defines the additional distance that constrains longitudinal 

oscillation during a car following condition. The default value is approximately 13 ft;  

CC3: Threshold for Entering “Following.” This is the time (in seconds) that vehicle drivers start 

to decelerate before reaching the safety distance;  

CC4 and CC5: “Following” thresholds. These decide the speed differences in the following 

condition;  

CC6: Speed Dependency: This affects the speed oscillation degrees in the following condition;  

CC7: Oscillation Acceleration: Acceleration during the oscillation process. The default value is 

0.82 ft/s2; 

CC8: Standstill Acceleration: This defines the maximum acceleration;  
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CC9: Acceleration at 80 km/h. 

The Safety Distance Reduction Factor (SRF): SRF is the reduction value of safety lane changing 

distance in the car following model. In one-lane drop work zones, the lane changing factor was 

considered. The default value was 0.6, which means that the safety lane changing distance was 

reduced by 40% when drivers determine to change the lane. 

In this study, CC1, CC2, CC7 and SRF were selected as the calibration parameters. 

According to the study from Park and Qi (2006), CC1, CC2 and CC7 have an impact on travel 

time. Therefore, CC1, CC2 and CC7 were selected as the travel time calibration parameters. 

According to the studies from Lownes and Machemehl (2006) and Chatterjee et al. (2009), CC0, 

CC1, CC2 and SRF have impacts on capacity. CC0 and CC1 influence capacity as they are used 

to calculate the safety distance that drivers may maintain in a congested situation. The equation 

was formulated as  𝑑𝑥𝑠𝑎𝑓𝑒 = 𝐶𝐶0 + 𝐶𝐶1 ∗ 𝑠𝑝𝑒𝑒𝑑  (VISSIM User Manual, 2010). CC1 had a 

greater impact on capacity than CC0. Only high CC0 values can result in a significant difference 

for capacity, but CC1 produces a significant capacity difference in all range levels (Lownes and 

Machemehl, 2006). Therefore, CC1, CC2 and SRF were selected for capacity study.  

The typical range of CC1 was 1-2 sec (Ayres et al., 2001). ODOT suggested the following 

variation (CC2) was 7 to 50 ft (ODOT protocol for VISSIM simulation, 2000). Park and Qi (2006) 

suggested the CC3 ranged from 0 ft/s2 to 3 ft/s2. The recommended SRF range from Chatterjee 

(2008) was 0.15 to 0.6. Based on the literature and parameter sensitivity tests, parameter ranges 

were determined to match the desired travel times and capacities and avoid unrealistic edge values 

and unsafe driving behavior conditions. Table 3.1 shows driver behavior parameters by varying 

ranges and default values. CC1 was varied from 1.0 to 1.8 ses with increment of 0.1 sec. CC2 
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varied from 30 to 50 ft with at interval of 5 ft. CC7 ranged from 0.4 to 2.0 ft/s2 with increment of 

0.4 ft/s2. The range of SRF was from 0.3 to 0.6 at an interval of 0.05, which means the safety lane 

changing reduction distance varied from 70% to 40%.  

Table 3.1 Parameters Ranges and Default Value 

Parameter Default Value Range Interval 

CC0 4.92 ft - - 

CC1 0.9 sec 1.0 to 1.7 sec 0.1 sec 

CC2 13 ft 30 to 50 ft 5 ft 

CC3 -8.00 - - 

CC4 -0.35 - - 

CC5 0.35 - - 

CC6 11.44 - - 

CC7 0.82 ft/s2 0.4 to 2.0 ft/s2 0.4 ft/s2 

CC8 11.48 ft/s2 - - 

CC9 4.92 ft/s2 - - 

SRF 0.6 0.3 to 0.50 0.05 

 

With the ranges of these three parameters, there were 200 (8 CC1 * 5 CC2 * 5 CC7) sets 

of parameter combinations that had to be simulated for travel time calibration. For example, the 

first set was CC1=0.9 sec, CC2=13 ft and CC7=0.4 ft/s2, the second set was CC1=1.0 sec, CC2=13 

ft and SRF=0.4 ft/s2, etc. The possible parameter combinations for capacity were 200 (8 CC1 * 5 

CC2 * 5 SRF) as well. Although capacity calibration was not included in this study, regression 

models for capacity were developed based on the simulation data and recommended for future 

calibration.  

3.3 QuickZone 

3.3.1 Structure of QuickZone 

QuickZone is Microsoft Excel-based work zone impact estimation software which was 

developed by FHWA. The new version, QuickZone 2.0, was updated by adding a network editor 
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interface which helps users for quickly entering node and link attributes. There are four modules 

on the QuickZone interface: Input Data, Program Controls, Output Data and Open/Save. Before 

running a QuickZone analysis, the user has to enter the following input data:  

1) Nodes and Links Module: The Network was described in terms of X, Y coordinates, 

number of lanes, capacity, link type, speed limits and Inbound/Outbound attributes. This 

information was automatically saved as an Excel Spreadsheet in the Link module and Node 

module after drawing the network in the editor interface.  

2) Inbound/Outbound Patterns module: In this module, the seven distribution factors (k-

value) are first defined based on the Average Annual Daily Traffic (AADT). The total k-value 

should equal 7. Then the hourly demand pattern must be defined by the percentage of the daily 

demand for each hour. The sum over the 24-hour period should be 100%.  

3) Demand Module:  Accurate hourly demand on each of the links of the network is 

required to perform the analysis. The user has to enter either hourly demands or the AADT and 

Demand Patterns for each link. If hourly demands are not provided, this module will generate 

hourly demand using the AADT values and the Demand Patterns entered in Inbound and Outbound 

Demand Patterns. QuickZone will also automatically calculate the Passenger Car Equivalence 

(PCE) hourly counts after entering the PEC value.  

4) Seasonality Demand Pattern Module: Link demands will be adjusted by the Seasonality 

Demand Pattern entered as monthly percentage based on seasonal variation. Users can use the 

default pattern which was based on HCM when there is no actual data. The average percentage 

value of 12 months should equal 100%.  
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5) Project Information: All work zone project information should be entered in this module. 

It consists of the start date, duration of the project, presence of a detour, percentage of traffic 

diversion, yearly decrease in capacity and year increase in demand.  

6) Construction Phasing Data: Project is usually divided into phases. A phase represents 

construction activity which causes reduced capacity. The minimum phase duration in QuickZone 

is one week. Work zone link, new capacity, starting time and duration information are input in this 

module.  

7) User Cost Parameters: User time values and other economic costs are used by 

QuickZone to compute the user costs. Users can use the default user values when actual data is not 

available.  

3.3.2 Calibration of QuickZone 

QuickZone is an easy-to-use macroscopic software, and it is specifically designed for work 

zones. The calibration process is much simpler than that of VISSIM:  

1) The QuickZone modules were first established identical to the field. The road network 

was developed using the network editor. The input lane capacity value was the calibration 

parameter, which was varied to the same value as work zone lane capacity in calibration. The 

reduced capacity values due to the work zone were entered separately in the phase information. 

Unavailable input data, such as jam density, k-value, seasonality demand, and user cost, were set 

as the default values.  
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2) The calibration involved identifying the calibration parameter and finding the optimal 

value that produced the most accurate measure value. The only calibration parameter for 

QuickZone was work zone capacity. The measures of effectiveness were delay and queue length.   

3) The calibration parameter work zone capacity values varied between 2700 veh/hr and 

3600 veh/hr with increment of 100 veh/hr for two open lanes. Note that these calibration parameter 

capacity values were entered in the phase information module, separate from the lane capacity in 

the link module. The varying range was determined based on the typical capacities observed at 

similar work zones in Missouri.  

4) Two forms of calibration were performed: One is delay-based which was to minimize 

the total delay error value. A least squares estimation was used to determine the parameter capacity 

value that generated the least total delay error. The total delay error was calculated by summing 

the absolute errors between the QuickZone delay estimation and field data over the entire 

observation work zone period.  Another form was based on queue length with the same calibration 

method.  

5) Hourly Delay and Queue length values resulting from each calibration parameter of 

work zone capacity were recorded. Mean error calculations were applied to compare with that 

found in VISSIM and to identify whether the calibrated results were identical to the field.   

3.4 Calibration and Validation Statistical Tests 

1) Analysis of Variance (ANOVA) 

Analysis of Variance (ANOVA) is a procedure to test for differences among several 

population means. It is useful in comparing three or more groups for statistical significance. In 
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order to determine whether the VISSIM driving behavior parameters have impacts on the measures 

(travel time and capacity), ANOVA tests were applied to test the measure values that produced by 

different values of parameter. The null hypothesis is that the measure means of simulation multiple 

runs under the different parameter values are equal. The hypothesis is shown below (Milton and 

Arnold, 2002):  

𝐻0: 𝜇1 = 𝜇2 = ⋯ = 𝜇𝑛 

𝐻1: 𝜇𝑖 ≠ 𝜇𝑗   (for some i and j)                                            (3.3) 

Where, 𝜇  is the mean value of the VISSIM multi-run simulation result; n is the number of 

parameter values that selected for study. For example, the selected range of CC1 was from 1.0 to 

1.8 sec with increment of 0.1 sec, then n was 8 in the ANOVA hypothesis. The means produced 

by 8 CC1 values were tested. If the p-value was less than 0.05, then the null hypothesis was rejected. 

This means that the parameter has a significant effect on the measure at a 95% confidence level. 

Otherwise, the parameter does not have a significant effect on the measure values, and it should 

not be considered as the calibration parameter. In addition, X-Y plot was also applied to illustrate 

the relationships between parameters and measures.  

2) Multivariate Linear Regression Model 

 Regression models were used to estimate the VISSIM candidate parameter values that 

produce the desired measured values. Since it is not necessary and realistic to simulate all 

parameter sets, the regression models were developed by one-time simulation results of random 

selected parameter sets. One reason to develop a multiple regression model to estimate the desired 

measure values is that it provides a simple method for establishing a functional relationship 

between travel time and parameters. The purpose of using this regression model is to get the 

http://www.valorebooks.com/author/Milton%2C+J.+Susan
http://www.valorebooks.com/author/Arnold%2C+Jesse+C.
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candidate parameters as quickly as possible. Although higher order (nonlinear) regression models 

may offer better fits, linear form is chosen in this study for simplicity and as proof of concept. 

Higher order regression models may be developed in the future.  

  The multivariate linear regression model was used to predict the value of responses from 

predictor variables. It is a matrix form of the general linear regression model. The model can be 

formulated as below (Milton and Arnold, 2002):  

𝑌𝑖 = 𝛽0 + 𝛽1𝑥𝑖1 + 𝛽2𝑥𝑖2 + ⋯ + 𝛽2𝑥𝑖𝑟 + 𝜀𝑖     𝑖 = 1,2 … , 𝑛                         (3.4) 

Where, 

𝑌𝑖 = Response variable, it denotes measure (Travel Time, Delay or Capacity), 

𝑥𝑖𝑗 = Predictor variable, it denotes driving behavior parameter (CC1, CC2, CC7 and SRF),  

𝜀 = Random error, 

𝛽𝑗= Regression model coefficient.  

With 𝑛 independent observations, the model can be organized into multiple regression model 

matrix form:  

𝑌 = 𝑋𝛽 + 𝐸                                                                (3.5) 

Where, Y represents 𝑛 × 1 matrix, X represents 𝑛 × (𝑟 + 1) matrix, 𝛽 represents(𝑟 + 1)  × 1 

matrix.  

http://www.valorebooks.com/author/Milton%2C+J.+Susan
http://www.valorebooks.com/author/Arnold%2C+Jesse+C.
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 In this study, the regression models represented the relationships of travel time vs. CC1 

CC2 and CC7, delay vs. CC1, CC2 and CC7, and capacity vs. CC1, CC2 and SRF. The purpose 

of the regression models was to calculate the parameter values that generate the desired travel 

times. This procedure can be accomplished in Microsoft Excel.    

  

3) Paired T-Test 

The paired T-Test was used to compare two sample population means for which 

observations in two samples can be paired. It is usually used in comparison studies of two different 

methods of same measurement. Figure 3.2 illustrated the meaning of paired data in travel time 

study.  

Figure 3.2 Paired T-Test Schematic Diagram (Milton and Arnold, 2002) 

The null hypothesis (𝐻0) is 𝜇𝑋 = 𝜇𝑌. In the travel time study, X is simulation hourly travel time, 

Y is field hourly travel time, and n is number of observation hours. The null hypothesis is the 

mean of simulation travel times is equal to the mean of actual travel time. The test statistic for 

testing this hypothesis is shown below (Milton and Arnold, 2002):  

Population I 

Simulation Travel Time 

Data 

Natural 

X1 

X2 

…
 

Xn 

Y1 

Y2 

…
 

Yn 

Population II 

Actual Travel Time Data 

𝜇𝑋 = ? 𝜇𝑌 = ? 
𝜇𝑋 − 𝜇𝑌 =? 

http://www.valorebooks.com/author/Milton%2C+J.+Susan
http://www.valorebooks.com/author/Arnold%2C+Jesse+C.
http://www.valorebooks.com/author/Milton%2C+J.+Susan
http://www.valorebooks.com/author/Arnold%2C+Jesse+C.
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T =
�̅�−0

𝑆𝑑/√𝑛
                                                                    (3.6) 

Where �̅� is the mean difference, and 𝑆𝑑 is the standard deviation of the sample of difference. It 

follows a T distribution with n-1 degrees of freedom if 𝐻0is true. If the p-value is less than 0.05, 

then reject the null hypothesis that the hourly travel times are identical between simulation results 

and field data. Otherwise, the simulation results equal to the field data, and the candidate parameter 

set are satisfied.    

 In most studies, the validation method of parameter value was to compare the maximum 

value of a performance measure. This is understandable given that the practitioner may be 

interested in traffic performance during peak period under high demand conditions. However, the 

purpose of simulation calibration is to adjust the model to the field as closely as possible. It does 

not mean that it is not necessary to study the measures during peak shoulders and off-peak hours. 

Sometimes, the delay and queue length may not only exist during the peak hours.  And the peak 

period may not last only one hour. In this case, paired T-Test comparing the distribution of 

measures between field and model results offers a more accurate way of testing the model 

capability.  

4) MAE, MSE and MAPE 

Mean Absolute Error (MAE), Mean Square Error (MSE) and Mean Absolute Percentage 

Error (MAPE) were used for measuring the accuracy of the estimation results. They are given by 

MAE =
1

𝑛
 ∑ |𝑡𝑖 − 𝑡�̂�|

𝑛
𝑖=1                                                         (3.7) 

MSE =
1

𝑛
 ∑ (𝑡𝑖 − 𝑡�̂�)

2𝑛
𝑖=1                                                       (3.8) 



 

36 

 

    MAPE =
1

𝑛
 ∑ | (𝑡𝑖 −  𝑡�̂�)/𝑡𝑖 |

𝑛
𝑖=1                                                 (3.9) 

where 

𝑡𝑖 = Travel time in the field data in the hour of i, 

�̂� = Simulation travel time in the hour of i, 

n = number of observed hours; it equals 24 hours in Site I, 5 hours in Site II.   
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CHAPTER 4: CASE STUDIES OF TWO WORK ZONES 

4.1 Long-Term Work Zone: I-44 at Antire Road  

4.1.1 Base network introduction 

The first work zone case is located on I-44 between Antire Rd and Lewis Rd. The work 

activity was from June 1, 2012, to October 19, 2012. There were no alternative routes for travelers 

to avoid the work zone. This long-term work zone had one lane out of three lanes closed in both 

directions.  

Figure 4.1 is the map showing the work zone and the locations of traffic sensors. Field 

traffic data were collected by the four sensors (S1 to S4) in the eastbound direction. Sensor S4 was 

located at the beginning of the work zone. The distances between sensors are marked in Figure 4.1. 

Travel time and delay were calculated by using the data collected from these sensors deployed on 

I-44 eastbound near the Rt. 109 and westbound near Rt. 14.  

Since there was an additional lane opened during the high demand period in the westbound 

direction, while there was only one lane closed all the time, only eastbound work zone data were 

used for calibration in this study. 24-hour data from July 10 was selected for study. 
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Figure 4.1 Locations of I-44 Work Zone and Sensors 

4.1.2 Field Data Preparation 

As introduced in 3.1.2, in order to convert the delay in the field data to travel time that 

could be tested with the simulation results, free flow travel time and free flow travel speed needed 

to be calculated first. The section selected for free flow travel time calculation was from sensor S1 

to S4. Free flow speeds were determined from speed-occupancy plots, see shown in Figure 4.2 

(Edara et al, 2013). The free flow speeds were calculated by averaging the speeds when 

occupancies <0.2%. So the free flow speeds at the location of 4 sensors S1, S2, S3 and S4 were 

68.6 mph, 66.1 mph, 64.6 mph and 60.4 mph respectively. Applying Equation 3.1, the free flow 

travel time calculations are shown as follows:  

𝑇𝑇𝑆1 =
𝑑𝑆1𝑆2/2

𝑣𝑆1
=

0.7 𝑚𝑖/2

68.6 𝑚𝑝ℎ
= 18.367 𝑠𝑒𝑐                                      (4.1) 

S1 
S2 S3 S4 

0.7mi 1.1 mi 0.7mi 
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𝑇𝑇𝑆2 =
(𝑑𝑆1𝑆2+𝑑𝑆2𝑆3)/2

𝑣𝑆2
=

(0.7+1.1) 𝑚𝑖/2

66.1 𝑚𝑝ℎ
= 49.017 𝑠𝑒𝑐                             (4.2) 

𝑇𝑇𝑆3 =
(𝑑𝑆2𝑆3+𝑑𝑆3𝑆4)/2

𝑣𝑆3
=

(1.1+0.7) 𝑚𝑖/2

64.6 𝑚𝑝ℎ
= 50.155 𝑠𝑒𝑐                             (4.3) 

𝑇𝑇𝑆4 =
𝑑𝑆2𝑆3/2

𝑣𝑆4
=

0.7 𝑚𝑖/2

60.4 𝑚𝑝ℎ
= 20.861 𝑠𝑒𝑐                                      (4.4) 

Free Flow TT = 𝑇𝑇𝑆1 + 𝑇𝑇𝑆2 + 𝑇𝑇𝑆3 + 𝑇𝑇𝑆4 = 138.400                        (4.5) 

   

                           (a) Sensor S1                                                            (a) Sensor S2 

   

                           (a) Sensor S3                                                            (a) Sensor S4 

Figure 4.2 Speed-Occupancy Plot (Edara et al., 2013) 
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Table 4.1 is the 24-hour demand inputs for the eastbound freeway. Actual delays were 

converted to travel time by applying Equation 3.2. As highlighted in yellow, 7:00 to 8:00 was the 

peak hour during the day, with the demand of 3349 vehicles. The max delay and queue length in 

the same hour were 280.43 sec and 1.8 mi. However, except for the peak period, there were no 

queue length data. Therefore, the calibration was based on the measure of travel time.  

Table 4.1 I-44 Work Zone Field Data 

Time Demand 
Actual Delay 

(min) 

Actual Delay 

(sec) 
Actual TT 

Actual Queue 

Length 

0:00 434 0.10 6.15 144.55 0 

1:00 220 0.04 2.52 140.92 0 

2:00 212 0.04 2.25 140.65 0 

3:00 207 0.08 4.73 143.13 0 

4:00 227 -0.03 -1.55 136.85 0 

5:00 552 -0.06 -3.65 134.75 0 

6:00 2048 0.43 25.70 164.10 0 

7:00 3349 2.37 142.03 280.43 1.8 

8:00 2642 1.76 105.43 243.83 1.8 

9:00 2819 0.08 4.51 142.91 0 

10:00 2169 0.08 4.74 143.14 0 

11:00 2016 0.24 14.21 152.61 0 

12:00 1920 0.09 5.69 144.09 0 

13:00 2060 0.10 6.26 144.66 0 

14:00 1966 0.08 4.52 142.92 0 

15:00 2135 0.07 4.00 142.40 0 

16:00 2364 0.06 3.51 141.91 0 

17:00 2285 0.02 1.26 139.66 0 

18:00 2400 0.01 0.88 139.28 0 

19:00 1990 0.03 1.62 140.02 0 

20:00 1414 0.03 1.64 140.04 0 

21:00 1216 0.07 4.20 142.60 0 

22:00 1234 0.07 4.46 142.86 0 

23:00 721 0.01 0.82 139.22 0 



 

41 

 

4.1.3 VISSIM Calibration and Validation 

1) Network and Base Data Creation  

The network created in the VISSIM was identical with the actual field configuration. 

Figure 4.3 is the snapshot of I-44 VISSIM Network with the scaled Google map loaded. As shown 

in the figure, the brown area is the 3-to-2 with one lane closure work zone area. The start and end 

are indicated by the red arrows. Because of the field data limitation, only the eastbound freeway 

was selected for the study. The simulation was for 24 hours running from 00:00.   

 

Figure 4.3 I-44 Work Zone Network in VISSIM Screenshot 

A 900-second warm-up period was set up at the beginning of the simulation prior to 

initiating data collection. The warm up vehicle input was 400 vehicles, which was close to the first 

hour demand. The simulation vehicle inputs consisted of two types of vehicle: 93% passenger cars 

and 7% trucks. Passenger cars were 14 to 16 ft in length. Trucks were set as Heavy Goods Vehicles 

Work Zone Start 

Work Zone End 
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(HGV) with lengths from 34 to 60 ft. The functions and distributions information of these two 

types of vehicles are shown in Figure 4.4.  

      

Figure 4.4 VISSM Screenshot of Vehicle Input Detail 

Desired speed is an important input in the simulation which affects roadway capacity and 

achievable travel speeds significantly. There were two locations of changing speed on the freeway. 

Vehicles normally maintained a speed of 65 mph. Once entering the work zone, all the vehicles 

decreased their speed to 60 mph. And speed again rose up to 65 mph upon reaching the end of the 

work zone. The desired speed ranges were set as 60 mph to 70 mph and 55 mph to 65 mph in the 

VISSM with default distributions. The distribution plots were shown in straight-lines with no 

intermediate speed point.  

As travel time, queue length and capacity were the measures of performance, they were set 

as vehicle travel time, queue length and data collection outputs in the VISSIM. The simulation 

start time was set from 00:00:00 which was identical with the field data time. The whole day 

simulation period was 87300 sec (24 hours).  
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The simulation travel time collection points were set at the same location as that of two 

sensors in the actual field. The end point of the travel time collection was at the beginning of the 

work zone, and the start point was 2.5 miles upstream. The total length of this travel time collection 

segment was equivalent to 13200ft set in the VISSIM.  The average travel time, including waiting 

or dwell times, was determined as the time required by a vehicle to cross between the start and 

destination points.   

The queue length counter was located at the end of the three-lane freeway before entering 

the work zone. The output contains the value of average queue length and maximum queue length. 

Average queue length was calculated by averaging every interval value of the current queue length 

measured upstream every time step. Maximum queue length is the maximum values of current 

queue length measured upstream every time step. The queue condition was defined as when 

vehicle speed was less than 40 mph. Figure 4.5 is the screenshot in the VISSIM with CC1 = 1.2, 

CC2 = 40, SRF = 0.5. From the figure, it is obvious that queue length showed up at the queue 

length counter point in the peak hour.  

 

Figure 4.5 Queue Length Screenshot in VISSIM  
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Simulation capacity was collected by the output of number of vehicles in the data collection 

feature in the VISSIM. The collection point was at the same location as that of queue length.  

2) Study Results on VISSIM Parameters 

As introduced in the Methodology chapter, CC1, CC2 and CC7 were selected for travel 

time calibration parameters, and CC1, CC2 and SRF were the selected for capacity study. The 

sensitivity analyses of these parameters were conducted before the calibration to ensure that they 

have impacts on the measures. Figure 4.6 shows the X-Y plot representing the relationships 

between parameters and measures. Every parameter value was performed for 10 runs. It showed 

that both CC1 and CC2 have positive impact on travel time. Travel time increased significantly 

when CC1 and CC2 increased. CC7 has a moderate negative impact on travel time. CC1 and CC2 

affected the capacity significantly: the higher values of CC1 and CC2 caused the lower capacity 

values. SRF also had an impact on capacity when it grew to a value of 0.4, and larger SRF resulted 

in lower capacity. In this part, the I-44 work zone site was used for study.  
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(a) Travel Time vs. CC1                                        (d) Capacity vs. CC1 

     

(b) Travel Time vs. CC2                                        (e) Capacity vs. CC2 

     

(c) Travel Time vs. CC7                                        (f) Capacity vs. SRF 

Figure 4.6 X-Y Plot of Travel Time and Capacity vs. Calibration Parameters in VISSIM 
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In order to identify the parameters more strictly, they were tested through statistical 

analysis. The results of ANOVA tests which were conducted on different values of parameters are 

shown in Table 4.2. If the p-value is smaller than 0.05, then the parameter can be considered as 

having an impact on the measure. It is obvious that CC1 and CC2 have significant effects on travel 

time and capacity. The impact of CC7 was not as significant as CC1 and CC2, which had a p-value 

of 0.0010. SRF has a moderate effect on capacity.  

Table 4.2 ANOVA Result for Calibration Parameter 

 P-Value 

CC1 Impact on Travel Time <0.0001 

CC2 Impact on Travel Time <0.0001 

CC7 Impact on Travel Time 0.0010 

CC1 Impact on Capacity <0.0001 

CC2 Impact on Capacity <0.0001 

SRF Impact on Capacity 0.0199 

 

3) Initial Calibration and Parameter Model Development 

Since multi-run simulation is tedious and unnecessary for inappropriate parameters, single-

run simulation was performed in the initial calibration process. Table 4.3 is the initial calibration 

result of the daily max travel time. These parameter sets were randomly selected for regression 

model development. The total number of the simulation was 30, only 15% number of all possible 

parameter combinations. 
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Table 4.3 VISSIM Calibration Result of Max Daily Travel Time with One-Time Running  

No. 
CC1 

(sec) 

CC2 

(ft) 

CC7 

(ft/s2) 
TT (sec) No. 

CC1 

(sec) 

CC2 

(ft) 

CC7 

(ft/s2) 
TT (sec) 

1 1.0 50 0.4 303.35 16 1.3 35 0.4 286.20 

2 1.0 50 0.8 223.24 17 1.3 35 0.8 263.42 

3 1.1 45 0.8 311.44 18 1.3 40 0.8 391.99 

4 1.1 45 1.2 272.23 19 1.3 40 1.6 308.21 

5 1.1 50 2.0 343.03 20 1.4 30 0.4 272.46 

6 1.2 35 0.4 174.57 21 1.4 30 0.8 250.77 

7 1.2 35 2.0 167.56 22 1.4 35 1.6 335.69 

8 1.2 40 0.4 292.39 23 1.4 35 2.0 319.91 

9 1.2 40 0.8 285.32 24 1.5 30 1.6 299.83 

10 1.2 40 1.2 243.73 25 1.5 30 2.0 268.12 

11 1.2 40 1.6 210.09 26 1.6 45 0.4 1145.23 

12 1.2 40 2.0 198.79 27 1.7 35 0.8 897.79 

13 1.2 45 1.6 353.09 28 1.7 45 2.0 1078.49 

14 1.3 30 0.8 187.44 29 1.5 45 0.8 944.91 

15 1.3 30 1.6 152.14 30 1.2 50 2.0 539.11 

  

Table 4.4 is the correlations between variables. Based on the residual plot (Figure 4.7), it 

doesn’t seem to have any violations of the assumptions. Table 4.5 shows the Coefficient 

Significance Results for Travel Time Model. Both explanatory parameters (CC1, CC2 and CC7) 

and intercept have significant coefficient in the model. Table 4.5 (a) and (b) are the models 

developed by random selected parameter sets. It is obvious that the results of 60 sample size were 

very close to that of all 200 parameter sets. The R square values were also very satisfied. The 

regression model was formulated as follows:  

𝑇𝑇 = −3031.38 + 1617.42 ∗ 𝐶𝐶1 + 36.60 ∗ 𝐶𝐶2 − 106.05 ∗ 𝐶𝐶7                  (4.7) 

where, TT is travel time in seconds, CC1 is headway time in seconds and CC2 is following 

variation in feet.  
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Table 4.4 Correlation of Estimates 

Variable Intercept CC1 CC2 CC7 

Intercept 1.0000 -0.8002 -0.7480 -0.1809 

CC1 -0.8002 1.0000 0.2612 -0.0196 

CC2 -0.7480 0.2612 1.0000 -0.0072 

CC7 -0.1809 -0.0196 -0.0072 1.0000 

 

 

Figure 4.7 Fit of Diagnostics for TT 

Table 4.5 Coefficient Significance Results of Travel Time Model for I-44 

(a) Model of Random Selected 30 Parameter Sets 

Variable Parameter Estimate 
Standard 

Error 
t Value Pr > |t| 

Intercept -2706.99 113.44 -23.86 <.0001 

CC1 1508.05 56.77 26.57 <.0001 

CC2 30.99 1.54 20.17 <.0001 

CC7 -75.68 15.40 -4.92 <.0001 

R2 = 0.9687 

 

(b) Model of Random Selected 60 Parameter Sets 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -2386.55 97.09 -24.58 <.0001 

CC1 1381.32 48.68 28.38 <.0001 

CC2 27.74 1.38 20.07 <.0001 

CC7 -91.34 15.61 -5.85 <.0001 

R2 = 0.9425 
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 (c) Model of All 200 Parameter Sets 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -3031.38 65.58 -46.22 <.0001 

CC1 1617.42 30.50 53.02 <.0001 

CC2 36.60 0.92 39.71 <.0001 

CC7 -106.05 10.88 -9.75 <.0001 

R2 = 0.9565 

  

In the capacity regression model, CC1, CC2 and SRF were taken as the explanatory 

variables due to their contribution to the capacity. Table 4.6 shows that all the parameters were 

significant. The capacity regression model of these three parameters is formulated as:  

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 4013.67 − 495.46 ∗ 𝐶𝐶1 − 10.76 ∗ 𝐶𝐶2 − 113.33 ∗ 𝑆𝑅𝐹                 (4.8) 

where, Capacity is in vehicles/hr, CC1 is headway time in seconds, CC2 is following variation in 

feet and SRF is Safety Distance Reduction Factor.  

Table 4.6 Coefficient Significance Result of Capacity Model for I-44 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 4013.67 88.02 45.60 <.0001 

CC1 -495.46 44.98 -11.02 <.0001 

CC2 -10.76 0.78 -13.84 <.0001 

SRF -113.33 60.45 -1.87 0.0655 

R2 = 0.76 

 

 As the travel time regression model cannot be used for other work zone sites, delay 

regression models were also developed and recommended for future calibration. Table 4.7 shows 

the coefficient significance of the delay regression model. The result shows that all the explanatory 

variables and intercept were significant at α level of 0.05 with the R2 of 0.9565. The regression 

model was shown as follows:  
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𝐷𝑒𝑙𝑎𝑦 = −3169.78 + 1617.42 ∗ 𝐶𝐶1 + 36.60 ∗ 𝐶𝐶2 − 106.05 ∗ 𝐶𝐶7              (4.9) 

where, Delay is in minutes, CC1 is headway time in seconds and CC2 is following variation in 

feet.  

Table 4.7 Coefficient Significance Result of Delay for I-44 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -3169.78 65.58 -48.33 <.0001 

CC1 1617.42 30.50 53.02 <.0001 

CC2 36.60 0.92 39.71 <.0001 

CC7 -106.05 10.88 -9.75 <.0001 

R2 = 0.9565 

 

These three regression models can be used in VISSIM simulation for similar work zone 

sites in the future, especially for the capacity and delay regression model.  

Figure 4.8 is the X-Y Plot showing the contributions of CC1 and CC2 to the travel time. 

The plot verified the theory proposed in the calibration process. As is obvious from the figure, a 

higher CC1 should be matched with a lower CC2 to get the desired travel time value that is needed 

to be calibrated. One interval (5 ft) of CC2 was needed for reduction for every 0.1 sec of CC1 

increasing. Take travel time of 250 sec as an example: the CC2 was 40 ft when CC1 equaled 1.2 

sec, but it decreased to 35 ft when CC1 was 1.3 sec and then continued to drop to 30 ft when CC1 

increased to 1.4 sec.  
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Figure 4.8 X-Y Plot of CC1 vs. Travel Time with Varying CC2 

4) Calibration Analysis 

Figure 4.9 is the time series line chart of the simulation hourly travel time results compared 

to field data. The peak travel times of simulation and field data were not in the same hours. They 

have one hour hysteresis errors. The simulation peak travel time was at 8:00, while the field data 

peak was at 7:00. Therefore, in the following Paired T-Test and Mean Errors calculation process, 

the hourly simulation travel times were shifted backward for one hour in order to compare the 

corresponding value to the field data.  
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Figure 4.9 Hourly Actual and VISSIM Simulation Travel Times 

 Table 4.8 shows the shifting of hourly travel time to correct simulation and actual travel 

times in the same hour. Taking the parameter set of CC1=1.2, CC2=40 and CC7=0.8 as an example, 

simulation and actual peak travel time were not in the same hour. To fairly reduce comparison 

error, the simulation travel times were shifted backward for one hour, and the first interval travel 

time was moved as the last hour travel time.  
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Actual TT 1.0 50 0.40 1.0 50 0.80 1.0 50 1.20 1.1 45 0.40
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Table 4.8 Hourly Travel Time Shift Example of CC1=1.2 CC2=40 CC7=0.8 

Time Simulation TT (sec) Modified Simulation TT (sec) Actual TT (sec) 

0:00 138.645 138.344 144.55 

1:00 138.344 138.273 140.92 

2:00 138.273 138.527 140.65 

3:00 138.527 138.353 143.13 

4:00 138.353 138.731 136.85 

5:00 138.731 141.656 134.75 

6:00 141.656 198.698 164.10 

7:00 198.698 258.142 280.43 

8:00 258.142 145.045 243.83 

9:00 145.045 142.482 142.91 

10:00 142.482 141.612 143.14 

11:00 141.612 141.431 152.61 

12:00 141.431 141.619 144.09 

13:00 141.619 141.346 144.66 

14:00 141.346 141.937 142.92 

15:00 141.937 142.707 142.40 

16:00 142.707 142.564 141.91 

17:00 142.564 142.917 139.66 

18:00 142.917 141.782 139.28 

19:00 141.782 140.308 140.02 

20:00 140.308 139.748 140.04 

21:00 139.748 139.741 142.60 

22:00 139.741 139.004 142.86 

23:00 139.004 138.645 139.22 

 

Table 4.9 lists the calculated 15 candidate parameter sets. These candidate parameter sets 

has the closest value of travel time to the field data. In order to obtain the candidate parameter sets, 

the travel time of each parameter set were calculated by regression model and compared to the 

field data. As shown in Table 4.9, TT_Reg column was calculated by using the Equation 4.7. The 

differences to the field data were calculated in order to find the closest value of travel time. Table 

4.9 is the results of candidate parameters after sorting the difference. These candidate parameter 
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sets were performed in 10-time multiple runs with the purpose of ensuring the accuracy and the 

vehicle inputs in random situations. The multi-run results were averaged as the values studied in 

the statistical validation process.  

In order to calibrate the module as closely as possible to the real world, 24-hour travel 

times were studied by applying Paired T-Test when claiming the results from the candidate 

parameter sets were equal to the field data. The null hypothesis was that each of the simulation 

hourly travel times was equal to each of the actual hourly travel times during the 24 hours. The 

simulation hourly travel time was the averaged value of 10 VISSIM runs. Table 4.10 shows the 

Paired T-Test results of all candidate parameter sets. The candidate parameter sets were calculated 

by using the travel time regression model that was developed in the previous step. This process 

was finished in an Excel spreadsheet. First, the travel time results of 200 parameter sets were 

calculated using the travel time regression model. Then, the parameter sets with least absolute 

travel time errors to the desired value (field travel time) were selected as the candidate parameter 

sets. The Paired T-Test results show that none of the candidate parameter sets have significant 

evidence to reject the H0. This means that all the simulation results of hourly travel times are 

generally equal to the whole-day field data.  
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Table 4.9 Calculations of 15 Candidate Parameter  

CC1 CC2 CC7 TT_Reg Difference to Field Data 

1.5 30 2.0 279.85 0.58 

1.0 50 1.2 288.3 7.87 

1.2 40 0.8 288.364 7.934 

1.4 30 0.4 288.428 7.998 

1.3 35 0.8 267.106 13.324 

1.1 45 1.2 267.042 13.388 

1.4 35 2.0 301.108 20.678 

1.1 45 0.8 309.622 29.192 

1.3 35 0.4 309.686 29.256 

1.4 30 0.8 245.848 34.582 

1.2 40 1.2 245.784 34.646 

1.0 50 1.6 245.72 34.71 

1.3 40 2.0 322.366 41.936 

1.5 30 1.6 322.43 42 

1.0 50 0.8 330.88 50.45 

 

Table 4.10 Paired T-Test Results for the VISSIM Travel Time 

NO. 
Parameter Set 

Hypothesis 
Mean 

Err 

Std 

Err 

t 

Value 

P 

Value 

Reject null 

hypothesis? CC1 CC2 CC7 

1 1.5 30 2.0 

H0: 

 

H1: 

 

1.60 5.29 0.30 0.7644 No 

2 1.0 50 1.2 4.07 4.36 0.93 0.3609 No 

3 1.2 40 0.8 3.05 4.62 0.66 0.5156 No 

4 1.4 30 0.4 1.42 5.15 0.27 0.786 No 

5 1.3 35 0.8 3.65 4.69 0.78 0.4445 No 

6 1.1 45 1.2 6.02 4.58 1.32 0.2013 No 

7 1.4 35 2.0 1.95 5.08 0.38 0.7047 No 

8 1.1 45 0.8 2.70 4.70 0.57 0.5711 No 

9 1.3 35 0.4 2.27 4.88 0.47 0.6462 No 

10 1.4 30 0.8 2.86 4.79 0.60 0.556 No 

11 1.2 40 1.2 4.54 4.57 0.99 0.331 No 

12 1.0 50 1.6 5.52 4.54 1.22 0.2463 No 

13 1.3 40 2.0 -0.56 5.85 -0.10 0.9241 No 

14 1.5 30 1.6 -1.31 6.22 -0.21 0.8356 No 

15 1.0 50 0.8 4.27 4.44 0.96 0.3462 No 
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Figure 4.10 shows the Distribution and QQ-plot of the difference of the parameter set 

CC1=1.2 CC2=40 CC7=0.8. The 24-hour travel time differences are generally normally 

distributed. They mostly focus around 0.  

 

Figure 4.10 Distribution and QQ-Plot of Difference of CC1=1.2 CC2=40 CC7=0.8 

Table 4.11 shows the results of mean errors calculation for the candidate parameter sets. 

Note that the mean error calculations were based on travel time in seconds. The smallest MSE, 

MAE and MAPE are highlighted in the table. The optimal parameter set was CC1=1.0 sec, 

CC2=50 ft, CC7=1.2 ft/s2.  
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Table 4.11 MSE, MAE and MAPE Calculation Results of Travel Time (in seconds) 

Parameter Set 
MSE MAE MAPE 

CC1 CC2 CC7 

1.5 30 2.0 591.53 9.48 0.05 

1.0 50 1.2 454.74 7.82 0.04 

1.2 40 0.8 500.61 8.77 0.05 

1.4 30 0.4 612.31 10.37 0.05 

1.3 35 0.8 519.53 8.98 0.05 

1.1 45 1.2 517.62 9.33 0.05 

1.4 35 2.0 643.77 10.71 0.06 

1.1 45 0.8 514.67 9.09 0.05 

1.3 35 0.4 551.82 9.57 0.05 

1.4 30 0.8 519.82 8.88 0.05 

1.2 40 1.2 500.53 9.07 0.05 

1.0 50 1.6 504.69 9.23 0.05 

1.3 40 2.0 815.37 12.34 0.06 

1.5 30 1.6 892.37 12.88 0.07 

1.0 50 0.8 471.13 8.62 0.05 

 

Table 4.12 shows the capacity, queue length and delay results produced by optimal 

parameters, CC1=1.0 sec CC2=50 CC7=1.2. The differences to the field data were also calculated. 

The simulation capacity value was 1496 veh/hr/ln. The simulation maximum queue length was 

1.02 mi with 0.78 mi smaller than the field queue length. The delay value was calculated from the 

simulation maximum travel time, which was 0.01 sec different from the field data. 

Table 4.12 VISSIM Simulation Result Summary 

 VISSIM Results Field Data Difference 

Capacity 2991 veh/hr - - 

Queue length 1.02 mi 1.8 mi 0.78 mi 

Delay 2.36 min 2.37 min 0.01 min 

 

4.1.4 QuickZone Calibration and Validation 
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1) Network and Data Input 

Figure 4.11 is the I-44 Work Zone Network created in QuickZone. Due to the improved 

function of the network editor in QuickZone 2.0, a Google map was loaded with an appropriate 

scale when editing the network. Link 2, colored in red, was defined as the work zone. All links 

were defined as three lanes. The free flow speeds were entered as 65 mph for the work zone section, 

and 75 mph for the normal section, which was obtained using traffic sensor speeds as discussed 

previously. The jam density was kept the same as the default value of 190 veh/ln/hr. The input 

lane capacity values were consistent with the work zone capacity in the phase module when 

calibrated. This means that if the calibration parameter capacity was 1600 veh/hr/ln, the lane 

capacity input must be entered with the same value.  

 

Figure 4.11 Screenshot of QuickZone Network 

The AADT pattern was input based on the demand percentage of the average daily traffic. 

The K-value of everyday traffic was kept in the default value of 1. Figure 4.12 (a) is the screenshot 

of the Inbound AADT pattern. AADT, PCE and Truck Percentages were input in the Demand 
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Module. Then demand in vehicles and traffic counts was automatically calculated, as shown in 

Figure 4.12 (b). PCE was set as default 1.7. The truck percentage was set same as VISSIM model, 

which was 7%. The work zone start time was set from 0:00 to 24:00, because this site is a long-

term work zone with all-day lane closure. The user cost parameters were left as default because 

user cost was not studied in this research.  

 

(a) 
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  (b) 

Figure 4.12 Screenshot of QuickZone AADT Pattern and Demand Table 

2) Calibration Analysis 

The calibration was conducted based on delay and queue length. The least error calibration 

procedure is illustrated in Table 4.13 and Figure 4.13. The calibration parameter, capacity, varied 

from 2700 veh/hr to 3600 veh/hr. The total delay and total queue length errors computed for 

different capacity values are shown in Table 4.13. In delay-based calibration, error decreased as 

capacity increased from 2700 veh/hr to 3500 veh/hr, then increased again. A polynomial regression 

fitted to the delay error is shown in Figure 4.13. In Queue length based calibration, error decreased 

when capacity was from 2700 veh/hr to 2900 veh/hr, then increased again. The capacity value of 

3500 veh/hr was the calibrated parameter value that resulted in the least delay error, 2900 veh/hr 

was the calibrated capacity value that resulted in the least queue length error. The error results of 

calibration based on delay and queue length are shown in Table 4.14 and Table 4.15.  

Table 4.13 Delay and Queue Length Errors for QuickZone Calibration 

Capacity 

(veh/hr) 

Total Delay Error 

(min) 

Total Queue Length Error 

(mile) 

2700 76.24 3.85 

2800 52.11 3.23 

2900 31.41 2.6 

3000 18.49 2.63 

3100 7.46 2.73 

3200 7.08 3.05 

3300 5.08 3.23 

3400 3.95 3.4 

3500 3.73 3.58 

3600 5.95 3.6 
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Figure 4.13 Delay Errors vs. Capacity and Regression Fit 
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Table 4.14 Delay-Based Error Calculation with Calibrated Capacity Value for I-44 

Time Demand 

Actual 

Delay 

(min) 

Actual Queue 

Length (mile) 

Delay 

(min) 

Queue 

Length 

(mile) 

Delay 

Error 

(min) 

Queue 

Length 

Error (mile) 

0:00 434 0.1 0 0 0 0.1 0 

1:00 220 0.04 0 0 0 0.04 0 

2:00 212 0.04 0 0 0 0.04 0 

3:00 207 0.08 0 0 0 0.08 0 

4:00 227 -0.03 0 0 0 0.03 0 

5:00 552 -0.06 0 0 0 0.06 0 

6:00 2048 0.43 0 0 0 0.43 0 

7:00 3349 2.37 1.8 2.22 0.02 0.15 1.78 

8:00 2642 1.76 1.8 0 0 1.76 1.8 

9:00 2819 0.08 0 0 0 0.08 0 

10:00 2169 0.08 0 0 0 0.08 0 

11:00 2016 0.24 0 0 0 0.24 0 

12:00 1920 0.09 0 0 0 0.09 0 

13:00 2060 0.1 0 0 0 0.1 0 

14:00 1966 0.08 0 0 0 0.08 0 

15:00 2135 0.07 0 0 0 0.07 0 

16:00 2364 0.06 0 0 0 0.06 0 

17:00 2285 0.02 0 0 0 0.02 0 

18:00 2400 0.01 0 0 0 0.01 0 

19:00 1990 0.03 0 0 0 0.03 0 

20:00 1414 0.03 0 0 0 0.03 0 

21:00 1216 0.07 0 0 0 0.07 0 

22:00 1234 0.07 0 0 0 0.07 0 

23:00 721 0.01 0 0 0 0.01 0 

Total Absolute Error 3.73 3.58 
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Table 4.15 Queue-Length-Based Error Calculation with Calibrated Capacity Value 

Time Demand 

Actual 

Delay 

(min) 

Actual Queue 

Length (mile) 

Delay 

(min) 

Queue 

Length 

(mile) 

Delay 

Error 

(min) 

Queue 

Length 

Error (mile) 

0:00 434 0.1 0 0 0 0.1 0 

1:00 220 0.04 0 0 0 0.04 0 

2:00 212 0.04 0 0 0 0.04 0 

3:00 207 0.08 0 0 0 0.08 0 

4:00 227 -0.03 0 0 0 0.03 0 

5:00 552 -0.06 0 0 0 0.06 0 

6:00 2048 0.43 0 0 0 0.43 0 

7:00 3349 2.37 1.8 12.68 1.08 10.31 0.72 

8:00 2642 1.76 1.8 10 0.86 8.24 0.94 

9:00 2819 0.08 0 11.2 0.94 11.12 0.94 

10:00 2169 0.08 0 0 0 0.08 0 

11:00 2016 0.24 0 0 0 0.24 0 

12:00 1920 0.09 0 0 0 0.09 0 

13:00 2060 0.1 0 0 0 0.1 0 

14:00 1966 0.08 0 0 0 0.08 0 

15:00 2135 0.07 0 0 0 0.07 0 

16:00 2364 0.06 0 0 0 0.06 0 

17:00 2285 0.02 0 0 0 0.02 0 

18:00 2400 0.01 0 0 0 0.01 0 

19:00 1990 0.03 0 0 0 0.03 0 

20:00 1414 0.03 0 0 0 0.03 0 

21:00 1216 0.07 0 0 0 0.07 0 

22:00 1234 0.07 0 0 0 0.07 0 

23:00 721 0.01 0 0 0 0.01 0 

Total Absolute Error 31.41 2.6 

 

4.2 Short-Term Work Zone: I-70 Eastbound near Blanchette Bridge 

4.2.1 Base Network Introduction 

The second work zone was located west of St. Louis on I-70 near the westbound of 

Blanchette Bridge. It was a short-term work zone with the closing of one out of three lanes. The 
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lane width of Blanchette Bridge was only 11 ft, which differed from the regular I-70 lane width of 

12 ft. The duration was from 20:00 to 24:00 on August 1, 2012. The speed limit was 45 mph.  

Figure 4.14 is the map showing the work zone and the locations of traffic sensors. 

Blanchette Bridge is indicated by a dark line in the figure. Field traffic data were collected by the 

three sensors in the westbound direction. Sensor 1 was located at the beginning of Blanchette 

Bridge, sensor 2 was at 0.602 mi upstream, and sensor 3 was 0.708 mi upstream from sensor 2. 

The travel time was collected for the section from S3 to S1. The total distance between S3 and S1 

was 1.4 mi. Queue data were collected at the point of S1.  

The study methodology, parameters, measures and assumptions were same as those for the 

I-44 Work Zone.   

 

Figure 4.14 Locations of I-70 Work Zone and Sensors  

4.2.2 Field Data Preparation 
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Similar to the I-44 Work Zone, the delay data was converted to travel time in order to make 

a comparison with the simulation data. Free flow travel time was calculated first. Unlike the I-44 

Work Zone, a speed limit of 45 mph was used as free flow speed instead of the speed-occupancy 

plot results. The reason for this was that the I-70 Work Zone only lasted a few hours, so that the 

speed data were not sufficient and reliable enough to determine the free flow speed. The travel 

time was collected for the section between S1 and S3, a total length of 1.4 mi. Applying Equation 

3.1, the free flow travel time calculation is shown as follows:  

𝐹𝑟𝑒𝑒 𝐹𝑙𝑜𝑤 𝑇𝑇 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝐹𝑟𝑒𝑒 𝐹𝑙𝑜𝑤 𝑆𝑝𝑒𝑒𝑑
=

1.4 𝑚𝑖

45 𝑚𝑝ℎ
= 0.0311 ℎ𝑟 = 112 𝑠𝑒𝑐               (4.6) 

Table 4.16 shows the 24-hour demand inputs for the westbound freeway. Actual delays 

were converted to travel time by applying Equation 3.2. The times highlighted in blue were the 

work zone working hours, from 20:00 to 24:00. The peak hour volume during the work zone 

working period was 3137 vehicles. The max delay and queue length occurred in the same hour, 

which were 432.085 sec and 1.38 mi at 23:00. The queue length only lasted for two hours. For the 

goals of the work zone study, only four hours of work zone period data were selected for study. 

Similar to the I-44 Work Zone, the calibration was based on the travel time.    
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Table 4.16 I-70 Work Zone Field Data 

Time Demand Actual Delay(min) Actual Delay(sec) Actual TT Actual Queue Length 

20:00 2493 0 0 112 0 

21:00 2164 1.88 112.75 224.75 0 

22:00 2322 0.67 39.91 151.91 0 

23:00 3137 5.33 320.08 432.09 1.38 

0:00 3194 0 0 112 1.38 

1:00 887 3.35 201.08 313.08 0 

2:00 472 0 0 112 0 

3:00 421 3.50 209.88 321.88 0 

4:00 521 0 0 112 0 

5:00 1088 2.99 179.53 291.53 0 

6:00 2080 0 0 112 0 

7:00 2416 3.01 180.37 292.37 0 

8:00 2707 0 0 112 0 

9:00 2740 3.05 182.97 294.97 0 

10:00 3137 0 0 112 0 

11:00 3388 3.03 181.70 293.70 0 

12:00 3646 0 0 112 0 

13:00 3747 3.06 183.65 295.65 0 

14:00 4150 0 0 112 0 

15:00 4140 3.23 193.70 305.70 0 

16:00 4250 0 0 112 0 

17:00 4181 3.28 196.89 308.89 0 

18:00 3608 0 0 112 0 

 

4.2.3 VISSIM Calibration and Validation 

1) Network and Base Data Creation 

The network of the I-70 Blanchette Bridge work zone created in the VISSIM is shown in 

Figure 4.14. The red area is the 3-to-2 with one lane closure work zone area, located downstream 

of the Blanchette Bridge. The simulation period was from 20:00 to 2:00 the following day, with 

two hours expanded for data collection out of the work zone working time.  
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The simulation vehicle volume inputs are shown in Table 4.16. A 900-second warm-up 

input of 2940 vehicles was set up at the beginning of the simulation prior to initiating data 

collection. The vehicle composite was also 93% passenger cars and 7% trucks with the same 

vehicle length settings for the I-44 Work Zone.  

The desired speed was set to the speed limit of 45 mph for this whole section, with no 

specific speed changing for the work zone. The desired speed distribution set in the VISSM was 

also default.  

The vehicle travel times, queue length and data collection travel time features were enabled 

for getting the simulation results of travel time, queue length and capacity. The simulation start 

time was set for 20:00, which is identical with the work zone start time in the field. The total 

simulation period was 22500 sec (6 hours).  

The simulation travel time collection points were set at the same location as the two sensor 

locations in the actual field. The end point of the travel time collection was at the beginning of 

Blanchette Bridge, and the start point was 1.4 mi upstream. The total length of this travel time 

collection segment is equivalent to 7239 ft in the VISSIM.  The average travel time, including 

waiting or dwell times, was determined as the time required by a vehicle to cross between the start 

and destination points.   

The queue length counter was at the work zone taper. The output contained the value of 

average queue length and maximum queue length. Simulation capacity was collected by the output 

of the number of vehicles in the data collection feature in the VISSIM. The collection point was at 

the same location as that of queue length. In the simulation output of this data collection, the largest 

value of number of vehicles was taken as the capacity.  
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2) Initial Calibration and Parameter Model Development 

Table 4.17 shows the initial calibration results with randomly selected parameter sets. The 

parameter set values and maximum travel time were applied for regression model development.   

Table 4.17 Calibration Result of Max Daily Travel Time with One-Time Running 

NO. 
CC1 

(sec) 

CC2 

(ft) 

CC7 

(ft/s2) 
TT (sec) NO. 

CC1 

(sec) 

CC2 

(ft) 

CC7 

(ft/s2) 
TT (sec) 

1 1.20 50 0.40 402.82 16 1.50 40 1.20 454.75 

2 1.30 45 0.40 383.67 17 1.50 40 1.60 426.13 

3 1.30 50 0.40 466.59 18 1.50 45 2.00 455.98 

4 1.30 50 0.80 457 19 1.50 50 1.60 506.8 

5 1.30 50 1.20 427.15 20 1.50 50 2.00 496.35 

6 1.40 40 0.40 388.2 21 1.60 35 0.80 475.49 

7 1.40 40 0.80 351.16 22 1.60 35 1.20 459.96 

8 1.40 45 0.40 473.5 23 1.60 35 1.60 434.56 

9 1.40 45 0.80 456.45 24 1.60 35 2.00 399.46 

10 1.40 45 1.20 434.01 25 1.60 40 1.60 451 

11 1.40 45 1.60 421.06 26 1.60 40 2.00 337.55 

12 1.40 50 2.00 453.71 27 1.60 45 2.00 498.21 

13 1.50 35 0.40 391.41 28 1.70 30 0.80 476.07 

14 1.50 40 0.40 480.48 29 1.70 30 1.20 463.83 

15 1.50 40 0.80 463.38 30 1.70 30 2.00 418.24 

 

Figure 4.15 is the observed varying travel time from 8:00 to 24:00. The peak travel time 

value was very close to the actual travel time. However, the value from VISSIM simulation rose 

one hour later than field data, which was same as for the I-44 work zone sites. Therefore, the data 

used for following process of MSE, MAE, MAPE and Paired T-Test were shifted one hour as well.  
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Figure 4.15 Hourly Actual and VISSIM simulation Travel Times 

 Table 4.18 show the Coefficient Significance Results for Travel Time Model on the I-70 

Work Zone. Both explanatory parameters (CC1, CC2 and CC7) and intercept have significant 

coefficient in the model at 95% confidence level. Table 4.18 (a) was the model developed by 30 

random selected parameter sets. The R square value was satisfied with a value of 0.59. This model 

is very close to that developed by all 200 parameter sets. The R-square of the 200 parameter sets 

model is 0.88, which is higher. The regression model developed by all 200 parameter sets was 

formulated as follows:  

𝑇𝑇 = −1061.90 + 721.42 ∗ 𝐶𝐶1 + 11.72 ∗ 𝐶𝐶2 − 45.61 ∗ 𝐶𝐶7                  (4.10) 

where, TT is travel time in seconds, CC1 is headway time in seconds and CC2 is following 

variation in feet.  

Table 4.18 Coefficient Significance Result of Travel Time Model for I-70 

(a) Model of Randomly Selected 30 Parameter Sets 
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20:00 21:00 22:00 23:00 0:00

Actual TT 1.3 50 0.8 1.3 50 1.2

1.4 45 0.8 1.4 45 1.2 1.4 45 1.6
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Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -834.38 205.49 -4.06 0.0004 

CC1 603.95 99.58 6.06 <.0001 

CC2 10.60 1.78 5.94 <.0001 

CC7 -52.53 13.079 -4.02 0.0004 

R2 = 0.59 

 

(c) Model of All 200 Parameter Sets 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -1061.90 49.84 -22.31 <.0001 

CC1 721.42 22.59 31.93 <.0001 

CC2 11.72 0.65 18.08 <.0001 

CC7 -45.61 7.38 -6.18 <.0001 

R2 = 0.88 

 

The delay regression model was also developed. Table 4.19 shows the coefficient 

significance result of the delay regression model. The explanatory variables and intercept were all 

significant to the delay at α level of 0.05 with the R2 of 0.88. The regression model can be 

represented as:  

𝐷𝑒𝑙𝑎𝑦 = −1173.90 + 721.42 ∗ 𝐶𝐶1 + 11.72 ∗ 𝐶𝐶2 − 45.61 ∗ 𝐶𝐶7                 (4.11) 

where, Delay is in minutes, CC1 is headway time in seconds and CC2 is following variation in 

feet.  

Table 4.19 Coefficient Significance Result of Delay Model for I-70 

Variable Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -1173.90 49.84 -24.56 <.0001 

CC1 721.42 22.59 31.93 <.0001 

CC2 11.72 0.65 18.08 <.0001 

CC7 -45.61 7.38 -6.18 <.0001 

R2 = 0.88 

 

3) Calibration Analysis 
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The Paired T-Test results of candidate parameter sets are shown in Table 4.20. The null 

hypothesis (H0) is that the averaged multi-run travel times for each simulated hours are equal to 

the actual hourly travel times. The results showed that there was no significant evidence to reject 

the null hypothesis for all candidate parameter sets. This means these simulation travel time results 

were identical with the field data.  

Table 4.20 Paired T-Test Results for the VISSIM Travel Time 

No. 
Parameter Set 

Hypothesis 
Mean 

Err 

Std 

Err 

t 

Value 

P 

Value 

Reject null  

Hypothesis? CC1 CC2 CC7 

1 1.5 40 1.2 

H0: 

 

H1: 

 

-3.02 2.72 -1.11 0.3491 No 

2 1.6 35 1.6 -84.38 63.86 -1.32 0.2781 No 

3 1.6 30 0.4 -1.22 0.86 -1.42 0.2504 No 

4 1.3 50 0.8 3.2 3.23 0.99 0.3943 No 

5 1.4 45 0.8 4.42 4.49 0.98 0.3974 No 

6 1.7 30 2.0 16 24.25 0.66 0.5453 No 

7 1.4 50 2.0 1.97 2.24 0.88 0.4438 No 

8 1.7 30 1.6 -86.25 65.07 -1.33 0.2769 No 

9 1.4 45 1.2 -3.29 3.14 -1.05 0.3724 No 

10 1.3 50 0.4 5.68 28.38 0.2 0.8512 No 

11 1.6 35 1.2 -71.4 71.02 -1.01 0.3887 No 

12 1.5 40 1.6 -0.45 0.3 -0.15 0.8896 No 

13 1.5 35 0.4 -2.75 2.54 -1.08 0.3581 No 

14 1.5 40 0.8 3.31 3.51 0.94 0.4161 No 

15 1.6 35 2.0 23.16 22.54 1.03 0.3622 No 

 

 

Table 4.21 shows the travel time mean errors of five observed hours. The travel times were 

calculated in seconds. The simulation travel time was the average value of the results of 10-time 

multiple runs in order to ensure accuracy. The MSE, MAE and MAPE values were generally 

greater than those for the I-44 long-term work zone calibration results. The smallest MSE, MAE 
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and MAPE values were 2624.45, 28.370 and 0.131 with the parameter set of CC1=1.5 sec, CC2=35 

ft and CC7=0.4ft/s2.  

Table 4.21 MSE, MAE and MAPE Calculation Results of Travel Time (in seconds) 

Parameter Set 
MSE MAE MAPE 

CC1 CC2 CC7 

1.5 40 1.2 2850.54 33.91 0.15 

1.6 35 1.6 2720.76 31.49 0.14 

1.6 30 0.4 2536.61 25.13 0.12 

1.3 50 0.8 2845.03 33.72 0.15 

1.4 45 0.8 2971.74 35.80 0.16 

1.7 30 2.0 2608.94 28.81 0.13 

1.4 50 2.0 2965.64 35.68 0.16 

1.7 30 1.6 2941.70 35.55 0.16 

1.4 45 1.2 2727.06 31.33 0.14 

1.3 50 0.4 3254.36 39.38 0.17 

1.6 35 1.2 2986.12 36.20 0.16 

1.5 40 1.6 2581.14 26.73 0.12 

1.5 35 0.4 2545.59 25.69 0.11 

1.5 40 0.8 3123.64 38.01 0.17 

1.6 35 2.0 2567.99 26.85 0.12 

 

 Table 4.22 was the result of capacity and queue length produced optimal parameter sets. 

The simulation capacity value was 2881 veh/hr/ln, which is only 0.66% of difference to the field 

data. There was no significant queue length difference between parameter sets. The calibration 

queue length was 2.221 mi with 0.841 mi difference to the field data.   

 

Table 4.22 VISSIM Simulation Result Summary for I-70 

 VISSIM Results Field Data Difference 

Capacity 2900 veh/hr - - 

Queue length 2.22 mi 1.38 mi 0.84 mi 

Delay 5.18 min 5.33 min 0.15 min 
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4.2.4 QuickZone Calibration and Validation 

1) Network and Data Inputs 

The I-70 Blanchette Work Zone Network was also created in the QuickZone Network 

Editor by loading the scaled Google map. Links and nodes were defined as the identical lengths 

and positions as those of the field. The number of link lanes was three. The speed limit of 45 mph 

was used as the free flow speed which was discussed previously. The jam density was kept the 

same as the default value of 190 veh/ln/hr. The input lane capacity value was entered with the 

same parameter value of work zone capacity for each calibration. The AADT pattern was input 

based on the demand percentage of the average daily traffic. The K-value of every day was kept 

at the default value of 1. PCE was set as default 1.7, and Truck Percentage was set same as VISSIM 

model, which was 7%. The short-term work zone phase time was set from 20:00 to 24:00.  

2) Calibration Analysis 

The delay and queue length least error estimation process used for the I-44 site was applied 

again for the I-70 site. Unlike the I-44 site, only the work zone period (20:00 to 24:00) was used 

for study. The least error calibration procedure is illustrated in Table 4.23 and Figure 4.16. The 

calibration parameter, capacity range were same as that of I-44. The total delay and total queue 

length errors computed for different capacity values are shown in Table 4.23. In delay-based 

calibration, error decreased as capacity increased from 2700 veh/hr to 3100 veh/hr, then increased 

again. A second degree polynomial regression fitted to the delay error is shown in Figure 4.16. In 

queue length based calibration, errors decreased when the capacity was from 2700 veh/hr to 2900 

veh/hr, then increased again. The capacity value of 3200 veh/hr was the calibrated parameter value 
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that resulted the least delay error, and 2900 veh/hr was the calibrated capacity value that resulted 

the least queue length error. The error results of calibration based on delay and queue length are 

shown in Table 4.24 and Table 4.25. From the time serial queue length figure (Figure 4.17), it 

was found that the queue starting time was in 21:00 pm which was same as for the field.  

Table 4.23 Delay and Queue Length Errors for I-70 QuickZone Calibration 

Capacity 

(Veh/hr) 

Delay Error 

(min) 

Queue Length Error 

(mile) 

2700 24.78 0.8 

2800 19.51 0.45 

2900 14.60 0.09 

3000 10.02 0.26 

3100 5.74 0.61 

3200 6.96 1.29 

3300 7.88 1.38 

3400 7.88 1.38 

3500 7.88 1.38 

3600 7.88 1.38 

 

 

Figure 4.16 Delay Errors vs. Capacity and Regression Fit for I-70 Work Zone 
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Table 4.24 Delay-Based Error Calculation with Calibrated Capacity Value 

Time Demand 

Actual 

Delay 

(min) 

Actual Queue 

Length (mile) 

Delay 

(min) 

Queue 

Length 

(mile) 

Delay 

Error 

(min) 

Queue 

Length 

Error (mile) 

20:00 2492.63 0.00 0.00 0.00 0.00 0.00 0.00 

21:00 2164.00 1.88 0.00 0.00 0.00 1.88 0.00 

22:00 2322.00 0.67 0.00 0.00 0.00 0.67 0.00 

23:00 3136.55 5.33 1.38 8.53 0.77 3.20 0.61 

Total Absolute Error 5.74 0.61 

 

Table 4.25 Queue-Length-Based Error Calculation with Calibrated Capacity Value 

Time Demand 

Actual 

Delay 

(min) 

Actual Queue 

Length (mile) 

Delay 

(min) 

Queue 

Length 

(mile) 

Delay 

Error 

(min) 

Queue 

Length 

Error (mile) 

0.83 2492.63 0.00 0.00 0.00 0.00 0.00 0.00 

0.88 2164.00 1.88 0.00 0.00 0.00 1.88 0.00 

0.92 2322.00 0.67 0.00 0.00 0.00 0.67 0.00 

0.96 3136.55 5.33 1.38 17.39 1.47 12.06 0.09 

Total Absolute Error 14.60 0.09 

 

 

Figure 4.17 QuickZone Queue Length Estimation 

4.3 Results Analysis 
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Kolmogorov–Smirnov (K-S) Tests were conducted to compare VISSIM calibrated travel 

time distribution and field time distribution. The test p-value and plot results of two work zones 

are shown in Table 4.26 and Figure 4.18. The p-values showed that the VISSIM hourly travel 

time distributions in the two sites were both significantly identical to the field data. The calibrated 

parameter sets were CC1=1.0 CC2=50 CC7=1.2 for I-44 work zone and CC1=1.5 CC2=35 

SRF=0.4 for the I-70 work zone.  

Table 4.26 K-S Test Result of VISSIM Travel Time Result 

Site P-Value 

I-44 Work Zone 0.139 

I-70 Work Zone 0.819 

 

 

(a) I-44 Work Zone 

 

(b) I-70 Work Zone 

Figure 4.18 K-S Test Plot for VISSIM Travel Time Result 
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The QuickZone calibration procedure discussed previously was intended to minimize total 

errors in two forms - delay-based and queue length-based. The calibration results are shown in 

Table 4.27. Based on these values from the two site studies, it was concluded that delay-based 

calibration produced better estimation both on delay and queue length. The calibration based on 

queue length generated extremely high delay error.  

Table 4.27 Comparison of Delay-Based and Queue Length-Based Calibration for Two Sites 

  Capacity Total Delay Error (min) Total Queue Length Error (mile) 

I-44 
Delay-Based 3500 3.73 3.58 

Queue Length-Based 2900 31.41 2.6 

I-70 
Delay-Based 3100 5.47 0.61 

Queue Length-Based 2900 14.6 0.09 

 

Table 4.28 shows the delay MAE, MSE and MAPE results for VISSIM and QuickZone 

calibration. These delay errors were all in minutes. From these values, it was concluded that the 

VISSIM was more accurate in calibration, since it produced smaller values of MAE, MSE and 

MAPE.  Both pieces of software had better calibrations in the long-term work zone than in the 

short-term work zone. The calibrated parameter values producing lowest errors for the two pieces 

of software are provided and recommended for future calibration.  

Table 4.28 Comparison of Calibration Delay Errors and Parameter Results 

  MAE MSE MAPE Parameter 

I-44 
VISSIM 0.13 0.13 4.16% CC1=1.0 sec  CC2=50 ft  CC7=1.2 

QuickZone Delay-Based 0.16 0.14 - Work Zone Capacity = 3500 

I-70 
VISSIM 0.71 0.43 11.35% CC1=1.5 sec  CC2=35 ft  CC7=0.4 

QuickZone Delay-Based 1.43 3.55 - Work Zone Capacity = 3100 

 

The calibrated capacity values for two work zone sites are shown in Figure 4.19. In 

QuickZone, it was shown that the calibration results based on delay and queue length were quite 
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different. This means that QuickZone could not produce a unified estimation on delay and queue 

length under a fixed capacity value. The average capacity values from VISSIM and QuickZone 

were 1470 veh/hr/ln and 1650 veh/hr/ln (delay-based), 1450 Veh/hr/ln (queue length-Based).  

 

Figure 4.19 Calibrated Capacity Results 

Figure 4.20 and Figure 4.21 are the delay and queue length results of the I-44 long-term 

work zone and the I-70 Blanchette Bridge short-term work zone as returned in VISSIM and 

QuickZone. From the Delay table, VISSIM has the best results in both sites after the calibration. 

The queue length results returned in QuickZone were very accurate when the calibration was based 

on queue length. The queue length estimations in VISSIM were not accurate, since the calibration 

was based on the travel time, and the parameter set was not compatible with queue length. It was 

underestimated in I-44 work zone, but overestimated in the I-70 Blanchette Bridge work zone.  
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Figure 4.20 Two Sites Delay in Field Data, VISSIM and QuickZone 

 

Figure 4.21 Two Sites Queue Length in Field Data, VISSIM and QuickZone 
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CHAPTER 5: CONCLUSIONS 

 The VISSIM and QuickZone models were calibrated using data from two work zones in 

Missouri. Both work zones involved a one-lane closure on a three-lane section of a freeway. The 

I-44 work zone was a long-term construction work zone, while the I-70 work zone was temporary, 

lasting only a few hours.  

This study developed a new method of calibration which uses a regression model to 

calculate candidate parameters. Because of the intensive input data requirements, VISSIM needs 

a significant amount of time for calibration before providing meaningful simulation results. The 

new method improved effectiveness in VISSIM calibration and validation which saved time and 

reduced the number of calibrations of meaningless parameter sets. Take I-44 as an example: the 

traditional calibration method needs 2000 simulation runs when there are 10 multiple runs (for 

different initial seeds) for each parameter set of total 200 sets (200*10). In contrast, the new 

method recommended in this thesis only required 350 simulation runs, 200 for regression model 

development, and 150 for evaluating the 15 candidate parameter sets. Instead of comparing the 

maximum measured value for calibrating VISSIM model, a statistical test on hourly measure 

values is a better method to verify that the model matches the real world. Paired T-Test applied for 

testing the hourly travel time from VISSIM simulation and field data showed that the calculated 

candidate parameter sets all produced statistically significant results. 

Parameter sensitivities on travel time and capacity were also tested in this study. Both CC1 

and CC2 have significant positive effects on travel time, while CC7 has a moderate negative effect 

on travel time. Larger CC1 should be combined with a lower CC2 in order to get the desired travel 

time value. If the CC1 increases 0.1 sec, CC2 needs to be decreased 50 ft. CC1, CC2 and SRF 
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have negative effects on capacity. CC1 and CC2 were more significant than SRF. Regression 

models for travel time were developed with the independent variables of CC1, CC2 and CC7. Also, 

regression model for capacity was developed with the independent variables of CC1, CC2 and 

SRF. These regression models are recommended for future calibration applications.  

For QuickZone calibration, the input value of capacity was selected as the calibration 

parameter, and the hourly delay and queue length were chosen as the measures of effectiveness. 

The QuickZone calibration was conducted in two forms to minimize the total delay error and the 

queue length error. The results from the two work zone sites showed that the calibration based on 

the queue length generated high delay errors. The total delay and queue length were computed by 

summing the errors over the entire observation period.  The delay-based estimation produced 

acceptable values of both delay and queue length. 

The calibrated parameter values are recommended for use for the same work zone types in 

the future. The VISSIM calibrated parameter values for the I-44 short-term work zone were: 

CC1=1.0 sec, CC2=50 ft and CC7=1.2 ft/s2. The resulting delay, queue length and capacity were 

2.36 min, 1.02 mi and 1496 veh/hr/ln. For the I-70 temporary work zone, the calibrated parameters 

were CC1=1.5 sec, CC2=35 ft and CC7=0.4 ft/s2, with the corresponding delay, queue length and 

capacity values of 5.18 min, 2.22 mi and 1450 veh/hr/ln. In the QuickZone tool, the queue length 

based calibrated capacity value was 1450 for both work zones, which was closer to the VISSIM 

result. The calibrated queue lengths were 1.08 mile for I-44 and 1.47 mile for I-70 work zone. The 

delay-based calibrated apacity values were 1750 veh/hr/ln for the I-44 work zone and 1550 

veh/hr/ln for the I-70 work zone. The calibrated delay results were 2.22 min for I-44 and 8.53 min 

for I-70 work zone. The field delay and queue length were 2.36 min and 1.8 mile in I-44 work 

zone, and 5.33 min and 1.38 mile in the I -70 Blanchette Bridge work zone.  
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After calibration, VISSIM outperformed QuickZone for the two case studies. The delay 

MAE, MSE and MAPE results from VISSIM were all lower than those from QuickZone. However, 

these two pieces of software both have the shortcoming that the calibration results were different 

in delay-based (or travel time-based) and queue length-based approaches. In VISSIM, the 

calibration was based on travel time. The simulation queue length result under the calibrated 

condition was not identical to the field queue length. In QuickZone, the calibrated capacity values 

based on delay calibration were 3500 veh/hr for the I-44 work zone and 3100 veh/hr for the I-70 

work zone, while the calibrated capacities based queue length calibrations were 2900 veh/hr for 

both work zones.  

The hourly travel time results simulated from VISSIM are one-hour lagging to the actual 

traffic. The actual daily maximum travel times in the I-44 long-term work zone and I-70 short-

term work zone were at 7:00 and 23:00, whereas the simulation results were at 8:00 and 24:00. To 

avoid this problem, warm-up input is recommended to decrease the discrepancy for future 

calibration. In QuickZone, the queue length start times were the same as for the field data. 

The selection of appropriate simulation software is very important to the evaluation of work 

zones.  Different work zone software has different strengths. The selection should consider the 

scenario situation and the evaluation needs. According to the study results, VISSIM had an 

excellent performance on travel time evaluation both on long-term and short-term work zones. 

However, the VISSIM calibration is more complex than for QuickZone. The queue length results 

returned in VISSIM were not as accurate when calibration was based on travel time. The calibrated 

parameter set for queue length and travel time calibration were not the same. QuickZone is an 

easy-to-use work zone software which can estimate delay and queue length using a deterministic 

queuing model. However, the QuickZone calibration effort showed that accurate delay and queue 
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length estimation require experimentation with different capacity values. Finally, QuickZone does 

not currently have the feature of analyzing delay and queue length for a specific link and indicating 

which links are causing the queue.    

This thesis focused on two of the more commonly used work zone impact analysis 

programs. The VISSIM model is a microscopic traffic simulation model that has some similarities 

with other microscopic models. Similarly, the Quick Zone model has similarities with other 

macroscopic HCM-based work zone models. The overall framework developed in this study for 

calibrating work zones can be translated to other work zone impact analysis programs in the future.  
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