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CHAPTER 1: INTRODUCTION AND OBJECTIVE 

Required security inspections and increased truck traffic at U.S.-Mexico border crossings create 
delays that are disruptive and costly to manufacturers, shippers and, ultimately, consumers. 
Shippers and carriers need the most current information available on traffic conditions, border 
wait times, and the economic costs of those delays to determine the best departure times and 
select the right land port of entry (LPOE). Traffic conditions can change several times a day, so 
it is important that the information provided to stakeholders be as close to real time as possible. 
With sufficient accurate information, shippers and carriers can build in a buffer time for some 
shipments, choose the LPOE with the lowest crossing time, or take other steps to adjust and 
minimize the cost of the delays. 
In FY2009, TTI researchers conducted an exhaustive literature review, examination of trends, and 
commodity profiles for the El Paso-Juárez region. A framework and a spreadsheet tool were also 
developed to estimate the direct costs of border-related delays. This project combined the use of 
archived crossing time information from radio frequency identification (RFID) along with 
historical information on crossing volumes, values, and weights into an interactive spreadsheet 
tool. In FY2010, researchers developed a dashboard to present delay information and related cost 
information for U.S. bound trucks to stakeholders. Interest in the subject of economic impacts of 
border delays has remained high in the Texas Legislature. CIITR researchers testified on the 
subject in 2013 and were requested again in FY2018 but declined due to the lack of an update on 
the subject. In March 2018, CIITR received a call from the White House Council of Economic 
Advisors requesting additional details on the 2009 study and asked if updated information was 
available. In summary, the economic impact of border delays remains a topic of the utmost interest 
by those directly affected by the delays and policy makers interested in a competitive economy. 
Since 2009, significant advances have taken place related to the availability of real-time 
commercial vehicle delay data and traffic volumes through the TTI developed Border Crossing 
Information System (BCIS) and other CIITR sponsored research. These advances, coupled with 
richer and more granular information about the commodities that cross the U.S.-Mexico border 
at each border crossing, make it feasible to develop and implement the concept of a dashboard to 
estimate and communicate the economic impacts of border delays in real time. 
The objective of this study was to update the work conducted in FY2009 and FY2010 and use it as 
a foundation to develop a connected economic impact estimation dashboard that uses the real time 
data to develop, communicate, and archive real-time economic costs of border delays in the 
El Paso-Juárez region. More specifically, researchers updated the research conducted in FY2009 
and FY2010 and identified new data sources that could be incorporated into the model to improve 
its accuracy. Subsequently, researchers developed a proof of concept of the dashboard tool adapted 
to the new data sources identified and applied to the Bridge of the Americas (BOTA) and 
Zaragoza-Ysleta (Zaragoza) LPOEs (1,2). Finally, researchers developed an implementation plan 
to move from the proof of concept to a web-based economic impact estimation dashboard. 
This report consists of six chapters. The present chapter serves as the introduction and provides 
the objective of the study. Chapter 2 presents the results of the literature review. Chapter 3 
describes the new data sources identified. Chapter 4 presents the proof of concept of the new tool 
adapted to the new sources identified, and Chapter 5 presents the results. Chapter 6 provides a 
brief description of the major tasks in which the implementation plan consists of.  



 

Center for International Intelligent Transportation Research 
Texas A&M Transportation Institute Page 10 

CHAPTER 2: BACKGROUND AND PREVIOUS WORK 

This chapter consists of two sections and summarizes the results of the two previous research 
projects conducted in FY2009 and FY2010.  

2.1 Border Delays and Economic Impact to the Freight Sector: An Exploration of the 
El Paso Ports of Entry 
In this study (3), researchers attempted to establish a methodology to quantify the direct 
economic impacts of crossing delays at the U.S.-Mexico border using one of the commercial 
crossings between El Paso (United States) and Ciudad Juárez (Mexico) as a case study. The 
crossing studied was the BOTA LPOE that connects El Paso and Ciudad Juárez. Researchers 
obtained crossing times for commercial vehicles (i.e., trucks) by means of RFID technology. 
RFID sensors compute crossing time by reading transponders installed at the windshields of 
trucks traveling from Ciudad Juárez to El Paso via BOTA LPOE. Crossing time is defined as the 
time it takes, in minutes, for a vehicle to reach the exit of the LPOE on the U.S. side after 
arriving at the end of the queue on the Mexican side. Researchers collected crossing times from 
July through September 2009. They also collected traffic volumes and the distribution of goods 
transported. Using this information, researchers develop a methodology to estimate the delays 
along with an interactive spreadsheet tool called the Direct Cost Estimation Tool (DCET). 
Although the tool established the value of certain parameters as defaults based on previous 
research, it provided the user with the ability to modify the default values if desired. 
The research focused only on the direct costs associated with delays at the BOTA LPOE for 
shippers and carriers. The shipper costs considered were categorized as inventory costs, costs for 
exceeding buffer time, and damage to products. Meanwhile, the carrier costs considered were 
categorized as vehicle (fuel and maintenance) and labor costs. Some of these costs are time 
dependent, meaning they increase over time, while others are fixed. Three benchmarks were used 
to measure delays: the mean, median (50th percentile), and 95th percentile. Every minute over 
these benchmarks was considered as delay for the truck. 
Researchers found that most shipments transported across the BOTA LPOE were just-in-time 
(JIT) shipments (e.g., some auto parts). JIT commodities shipped from Ciudad Juárez to El Paso 
have a small time window to arrive to their destination. This means that there is a higher risk of 
added cost to shippers if they exceed the pre-arranged delivery time. Perishable commodities 
(e.g., produce) are also transported across the BOTA LPOE. Excessive delays on trucks 
transporting perishable commodities may lead to product spoilage. Researchers categorized 
commodities as manufactured, agricultural, and other commodity groups, with manufactured 
products subdivided into JIT and non-JIT, and agricultural products subdivided into perishable 
and non-perishable goods. 
The process of crossing the border consists of several steps, and any slowdown in a single step 
could lead to delay in the ones that follow. Researchers identified several aspects that might 
cause delays at the border such as the layout of checkpoints, number of open inspection booths, 
limited capacity of road lanes, and limited staff. Researchers also noted that better coordination 
between U.S. and Mexican parties involved and awareness of the complications that come from 
delays could make border crossing more efficient, and decrease delays and costs. 
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Some limitations of the data collected by RFID sensors were noted. First, RFID data cannot 
distinguish empty trucks from loaded trucks, or trucks using the Free and Secure Trade (FAST) 
lanes from trucks using standard lanes. Additionally, traffic volumes cannot be estimated with 
just the data acquired from the RFID readings since market penetration was not 100 percent. In 
order to obtain traffic volumes, researchers had to collect data from the Bureau of Transportation 
Statistics (BTS). BTS only publishes monthly traffic volumes of empty and loaded trucks, which 
researchers used to interpolate daily traffic volumes.  
Researchers concluded that cost of delay for trucks transporting JIT commodities was the highest 
among all categories of commodities considered. They also concluded that sources that could 
provide more detailed data at the LPOE level in real time would improve accuracy of the DCET. 

2.2 Enhancing the Communication of Delay Related Economic Costs at Border Ports of 
Entry 
This study introduced the DCET Dashboard as a tool to manage and report information that 
could be used by decision makers (4). The Dashboard provides quick access to the information 
that is most relevant to different stakeholder groups. More specifically, the DCET Dashboard 
was developed for El Paso-Ciudad Juárez border trade community (i.e., shippers and carriers), 
planners, and policy makers in the region. The study concluded that use of the DCET Dashboard 
could help the maquiladora industry (major shippers) and carriers in the El Paso-Juárez border 
region minimize the costs associated with transporting goods across the border. 

The DCET Dashboard provided the following information: 

• Crossing times of trucks traveling from Ciudad Juárez to El Paso. Specifically, users 
can access minimum, mean, median, and 95th percentile crossing time.  

• Buffer index, which estimates the amount of extra buffer time needed to be on-time 
95 percent of the time. 

• Monthly commercial vehicle volume for the El Paso POE (i.e., BOTA and Zaragoza 
LPOEs combined).  

• Economic information such as freight value, volume trends, direct economic costs 
that affect the shipper margins, and exchange rates.  

• Time dependent costs for shippers and carriers. Shipper costs estimated are inventory 
carrying capital costs, inventory damage costs for perishables, and scheduled delay 
related logistic costs for JIT commodities. Carrier costs estimated consist of operating 
costs, maintenance costs, and driver wage costs. 

In developing the DCET Dashboard for this study, researchers involved regional stakeholders 
with the objective of making it more useful and user friendly for them. The concept included 
providing access to the DCET Dashboard to stakeholders and other users through a public 
domain website that allows users to select the border crossing and time period of their interest 
and corresponding results displayed. The results are based on default parameter inputs proposed 
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by researchers, but users are able to adjust the DCET Dashboard parameters according to their 
knowledge or availability of new sources of information. 
This research report concluded that the DCET Dashboard could offer significant potential 
benefits to shippers and carriers by informing them about the direct economic costs due to delays 
at LPOEs. Researchers also acknowledged some limitations, including the inability to distinguish 
between FAST/non-FAST lanes and empty/loaded shipments. 
Table 1 lists data inputs required by the DCET Dashboard and provides their respective source 
and description. Table 2 lists and describes the DCET Dashboard main economic cost estimation 
processes. Table 3 presents the DCET Dashboard outputs.  
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Table 1. DCET Dashboard Inputs 
Variable Source Description 

Commercial 
Vehicle 
Volumes 

Bureau of Transportation Statistics (BTS): 
https://www.bts.gov/transborder 

Monthly volumes of loaded and empty commercial vehicles traveling from 
Mexico to the U.S. (northbound) via El Paso POE (BOTA+Zaragoza). They are 
used to estimate daily volumes. 

Crossing 
Times 

Border Crossing Information System (BCIS): 
http://bcis.tamu.edu/ 

Time required for commercial vehicles to cross the border in northbound 
direction expressed in minutes. BCIS data are collected by RFID sensors 
installed at Zaragoza and BOTA LPOEs. 

Commodity 
Distribution 

Texas Center for Border Economic and 
Enterprise Development 
http://texascenter.tamiu.edu/dt-top-trade.shtml 

USD value of the top 25 commodities transported across the El Paso POE. 
Commodities are categorized using Standard International Trade Classification 
(SITC) Codes. SITC codes are used to group commodities into five categories: 
(i) Just-In-Time; (ii) Non Just-In-Time; (iii) Perishable; (iv) Non-Perishable; 
and (v) Other.  

Average 
Cargo Value 

Bureau of Transportation Statistics (BTS): 
https://www.bts.gov/transborder 

Average cargo value (USD) per loaded commercial vehicle is calculated from 
monthly cargo values and volumes for the El Paso POE obtained from BTS.  

Inventory 
Costs Council of Supply Chain Management 

Inventory costs consist of inventory capital cost and inventory risk costs. 
Inventory capital cost is equal to 3.25% of average cargo value for JIT, Non-
JIT, Perishable, Non-Perishable, and Other commodity categories. Inventory 
risk costs are equal to 18% of the average cargo value for JIT commodity 
category, and 9% of the average cargo value for Perishable commodity 
category. Inventory costs only affect shippers and are expressed in USD per 
hour. This is not necessarily cost of time in the warehouse but cost of time 
while in transit. 

Additional 
Logistics 
Costs 

Small, K., R. Noland., X, Chu and D. Lewis. 
Valuation of Travel-Time Savings and 
Predictability in Congested Conditions for 
Highway User-Cost Estimation, NCHRP 431, 
1999. 

Additional Logistics Costs consist of reliability cost for buffer time and 
reliability cost for schedule delay. Reliability cost for buffer time is equal to 
168.53 USD per hour for both JIT and Perishable commodity categories. 
Reliability cost for schedule delay is equal to 371.33 USD per hour for JIT 
commodity category 

Carrier Cost  Texas Workforce Commission Carrier cost consists of driver wages and other fringe costs. It is equal to 24.90 
USD per hour. 

Operating 
Cost --- 

Operating cost consists of fuel price and other operating costs. Fuel price 
assured was 2.536 USD per gallon, and other operating costs are equal to 4.84 
USD per hour. Commercial vehicle fuel consumption rate is equal to 4 gallons 
per hour. 

https://www.bts.gov/transborder
http://bcis.tamu.edu/
https://www.bts.gov/transborder
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Table 2. DCET Dashboard Processes 
Variable Description 

Delay Costs 

Costs that shippers and carriers have to pay every hour that they are delayed. These costs 
are computed by adding up all the costs mentioned in Table 1. Per-Hour Delay Cost is 
computed for each commodity category if the truck is loaded, and it is also computed for 
empty trucks. 

Average Delays 

Delay is defined as the amount of time (in minutes) over a chosen benchmark. Researchers 
used the average crossing time measured as the benchmark. Average delays are computed 
by subtracting the average crossing time from the average of all crossing times over the 
50th percentile.  

Daily Number of Commercial Vehicles 
Experiencing Delays 

It is defined as the daily number of commercial vehicles with a crossing time over the 
average crossing time benchmark. This number is calculated by applying the percentage of 
crossing times over the average crossing time obtained from BCIS to daily volumes of 
loaded and empty commercial vehicles.  

Average Daily Schedule Delay Cost by 
95%tile Buffer Time 

Costs added to vehicles with JIT shipments that exceed the 95th percentile of the crossing 
times measured.  

Table 3. DCET Dashboard Outputs 
Variable Description 

Daily Direct Delay Costs 
Daily Direct Delay Costs quantifies the cost associated to delays experienced by 
commercial vehicles at LPOEs. They are expressed in USD per day. Daily Direct Delay 
Costs are categorized into shipper and carrier costs. 

Monthly Direct Delay Costs 
Monthly Direct Delay Costs are estimated by multiplying the Daily Direct Delay Costs by 
the average number of hours LPOEs operate every month. Monthly Direct Delay Costs are 
also categorized into shipper and carrier costs. 

Annual Direct Delay Costs 
Annual Direct Delay Costs are estimated by multiplying the Daily Direct Delay Costs by 
the average number of hours LPOEs operate every year. Annual Direct Delay Costs are also 
categorized into shipper and carrier costs. 
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CHAPTER 3: NEW DATA SOURCES 

This chapter describes the new sources of data identified as available since the conclusion of the 
previous research reports that help overcome many of the limitations and improve the accuracy 
of the DCET and the Dashboard developed earlier.  
Researchers identified two new data sources: Datamyne and Light-Emitting Diode (LED) 
volume sensors. These new data sources provide commodity distribution, average cargo value, 
and commercial vehicle volumes at the LPOE level (i.e., BOTA and Zaragoza separately). 
Datamyne provides access to a searchable database of import-export trade between the United 
States and Mexico. Specifically, this database provides the timestamp of each shipment and 
details about its origin, destination, commodity transported, shipment value, and weight among 
other information. Using these data, researchers recalculated average cargo value that was 
originally calculated using monthly volumes and monthly cargo value from BTS for El Paso 
POE (see Table 1). Moreover, researchers recalculated the commodity distribution that was 
originally obtained from the Texas Center for Border Economic and Enterprise Development 
website for El Paso POE also shown in Table 1. Using Datamyne data, researchers were able to 
calculate commodity distributions and average cargo value for each LPOE analyzed (BOTA and 
Zaragoza). 
LED volume sensors provide commercial vehicle volumes at Zaragoza LPOE in real time. 
Commercial vehicle volumes were originally calculated by using monthly volumes from BTS 
(see Table 1). Combining volume data with commodity information acquired from Datamyne, 
researchers were able to estimate how many commercial vehicles are empty and how many 
commercial vehicles transport JIT, non-JIT, perishable, non-perishable, and other commodities 
every day. At the time this research was being conducted, LED sensors were being installed at 
the BOTA LPOE. As a result, researchers had to use monthly commercial vehicle volumes for 
BOTA LPOE from BCIS.  
Finally, the source for crossing times used in the original version of the DCET (i.e., BCIS) is 
now capable of providing crossing times for FAST and non-FAST lanes in real time for both the 
BOTA and Zaragoza LPOEs. This additional piece of information allows the new DCET to 
estimate delay costs for commercial vehicles enrolled in the FAST program. 
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CHAPTER 4: PROOF OF CONCEPT 

The new DCET resulted from modifications made in the original DCET to incorporate data 
available from new sources (see Chapter 3). Additionally, the definition of delay was modified. 
In the original version of the tool, delay was defined as the extra time required by a truck to cross 
the border over the average crossing time. In the new DCET, delay is defined as the extra time 
required by a truck to cross the border over the 10th percentile crossing time. This is a better 
measure of delay, as the 10th percentile is likely the closest crossing time that could potentially 
be experienced by a truck crossing the border if there is no congestion. 
In terms of the DCET outputs, the original version provided total daily, monthly, and yearly 
delay costs for carriers and shippers as a whole. The new DCET also provides an average carrier 
and shipper cost per truck. 
Researchers used the new DCET to estimate costs due to delay for October 2016. As mentioned 
in the previous chapter, the RFID technology used to measure crossing times is now capable of 
providing crossing times for FAST and non-FAST lanes. Therefore, researchers were able to use 
the new DCET to estimate costs on both FAST and non-FAST lanes of both the BOTA and 
Zaragoza LPOEs. 
Figure 1 presents the inputs, processes, and outputs of the new DCET and their respective units. 
They are described in the sections that follow. 

 
Figure 1. New DCET 

4.1 Inputs 

Although the new DCET generally consists of the same inputs as the original version, the 
accuracy and granularity for several of them has been improved: 
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(hours)
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Shippers Direct 
Delay Costs
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Outputs
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ruck)
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• Commercial Vehicle Volumes. As described in Table 1, in the original DCET, the 
number of commercial vehicles per day was estimated using BTS monthly data for the 
El Paso POE. However, in the new DCET, daily volumes are obtained from LED sensors 
in the case of Zaragoza LPOE, and monthly volumes from BCIS in the case of BOTA 
LPOE. 

• Crossing Times. The new DCET obtains crossing times from BCIS in the same way the 
original version of the tool did (see Table 1). However, BCIS is now capable of providing 
crossing times for FAST and non-FAST lanes separately.  

• Commodity Distribution. As described in Table 1, in the original version of the DCET, 
the commodity distribution among the five commodity categories defined (i.e., JIT, non-
JIT, perishable, non-perishable, and other) was estimated using the USD value of the top 
25 commodities transported across the El Paso POE. In the new DCET, commodity 
distribution for Zaragoza and BOTA was estimated using Datamyne data as explained in 
Chapter 3. 

• Average Cargo Value. As described in Table 1, in the original version of the DCET, 
average cargo value was calculated using monthly BTS data for El Paso POE. In the new 
DCET, average cargo values for Zaragoza and BOTA LPOEs were estimated using 
Datamyne data as explained in Chapter 3. 

• Costs. The new DCET obtains inventory costs, additional logistics costs, carrier costs, 
and operating cost from the same sources than the original DCET (see Table 1).  

4.2 Processes 

Once inputs are collected, the new DCET processes the data calculating: 

• Delay Costs. Delay costs account for Inventory Costs, Additional Logistics Costs, Carrier 
Costs, and Operating Costs. They are calculated for loaded and empty trucks. In the case 
of loaded trucks, delay cost is calculated for each of the five commodity categories 
defined (i.e., JIT, non-JIT, perishable, non-perishable, and other). As shown in Table 2, 
delay costs are expressed in USD per hour. The new DCET follows the same 
methodology of the original version to calculate delay costs. 

• Average Delay. It is defined as the excess of time required for commercial vehicles to 
cross the border over the 10th percentile crossing time. Average Delay is calculated by 
subtracting the 10th percentile from the average of crossing times over the 10th percentile. 
Average Delay is expressed in hours. In the original DCET, Average Delay was 
calculated using average crossing time instead of the 10th percentile crossing time (see 
Table 2). 

• Number of Trucks Experiencing Delay. It is calculated using the percentage of trucks 
experiencing crossing times over the 10th percentile crossing time. This percentage is 
applied to the number of commercial vehicles crossing the border per day. The new 
DCET follows the same methodology of the original version to calculate the number of 
trucks experiencing delay. However, in the original DCET, Number of Trucks 



 

Center for International Intelligent Transportation Research 
Texas A&M Transportation Institute Page 18 

Experiencing Delay was calculated using average crossing time instead of the 10th 
percentile crossing time (see Table 2). 

4.3 Outputs  
Direct delay costs for shippers and carriers are calculated multiplying delay costs by average 
delay and by daily number of trucks experiencing delays. Then, costs are multiplied by the 
number of days LPOEs operate per month and per year to obtain monthly and annual delay cost 
for shippers and carriers. Daily, monthly, and annual delay cost are calculated using the same 
methodology followed in the original DECT (see Table 3). As mentioned above, the new DCET 
also provides direct delay costs per truck. These are calculated by multiplying delay costs by 
average delay. The new DCET provides daily, monthly, annual, and per truck delay costs for 
each of the five commodity categories defined (i.e., JIT, non-JIT, perishable, non-perishable, and 
other) and for empty trucks. 
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CHAPTER 5: RESULTS 

This chapter presents the results of the estimation of the direct cost of delay calculated by the 
new DCET for the BOTA and Zaragoza LPOEs. Researchers used the tool to estimate the costs 
at these two LPOEs for FAST and standard lanes using data obtained for October 2016. Table 4 
presents daily, monthly, and annual cost of delay for loaded and empty trucks. Annual costs were 
estimated assuming monthly costs remain constant throughout 2016 and equal to the costs 
computed for October 2016. In the case of loaded trucks, Table 4 provides cost of delay of each 
of the five commodity categories defined. These costs result from the summation of shippers’ 
and carriers’ cost of delay presented in the Appendix. 

Table 4. Cost of Delay 
Type of Truck Commodity Group Daily Cost Monthly Cost Annual Cost 

BOTA FAST 

Loaded 

JIT  $3,274   $75,949   $902,219  
Non-JIT  $123   $2,843   $33,774  
Perishable  $550   $12,750   $151,460  
Non-Perishable  $61   $1,405   $16,692  
Other  $108   $2,510   $29,819  

Empty  ---  $690   $16,009   $190,172  
Total  $4,805   $111,466   $1,324,136  

BOTA Standard 

Loaded 

JIT  $26,000   $603,198   $7,165,579  
Non-JIT  $1,031   $23,924   $284,200  
Perishable  $4,624   $107,288   $1,274,509  
Non-Perishable  $510   $11,824   $140,462  
Other  $910   $21,122   $250,919  

Empty  ---  $5,806   $134,710   $1,600,265  
Total  $38,882   $902,067   $10,715,935  

Zaragoza FAST 

Loaded 

JIT  $13,169   $305,522   $3,629,391  
Non-JIT  $413   $9,577   $113,767  
Perishable  $1,317   $30,561   $363,039  
Non-Perishable  $97   $2,260   $26,850  
Other  $460   $10,665   $126,692  

Empty  ---  $2,563   $59,470   $706,465  
Total  $18,020   $418,055   $4,966,205  

Zaragoza Standard 

Loaded 

JIT  $64,384   $1,493,717   $17,744,328  
Non-JIT  $2,073   $48,090   $571,278  
Perishable  $6,615   $153,459   $1,822,987  
Non-Perishable  $489   $11,350   $134,828  
Other  $2,308   $53,554   $636,179  

Empty  ---  $12,872   $298,627   $3,547,487  
Total  $88,741   $2,058,797   $24,457,085  
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Figure 2 presents shippers’ and carriers’ cost of delay per loaded truck for BOTA and Zaragoza 
FAST and standard lanes, as well as a graph for empty trucks that experience delays. In the case 
of loaded trucks, Figure 2 provides cost of delay of each of the five commodity categories 
defined. It can be observed how trucks using BOTA incur smaller delay costs than trucks using 
Zaragoza. Moreover, trucks using FAST lanes incur smaller delay costs than trucks using 
standard lanes. Data used to generate the charts presented in Figure 2 correspond to the data in 
the Appendix. 

  

  

  
Figure 2. Cost of Delay per Truck
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CHAPTER 6: IMPLEMENTATION PLAN 

The next step for the implementation of the DCET Dashboard is to move from the proof of 
concept to a web-based economic impact estimation dashboard to communicate and archive real-
time economic costs of border delays in the El Paso-Juárez region. In order to accomplish this, 
researchers propose the following major tasks: 

1. Review new real time data sources added in FY2018 and incorporate them into the proof 
of concept. In FY 2018, new real time volume counter locations are being deployed that 
will need to be incorporated into the Dashboard proof of concept. 

2. Stakeholder Outreach. Researchers should plan on conducting a briefing for public and 
private sector stakeholders to review the dashboard capabilities and seek feedback on the 
level of detail and aggregation of the information that the web-based dashboard is 
expected to provide. 

3. Develop High Level and Detailed Design for the Dashboard. Based on stakeholder 
feedback, researchers will develop a concept for the layout and information that the 
dashboard will display as part of a high-level design. Once the high-level design is 
complete, researchers will develop a detailed design and conduct a walkthrough of the 
Detailed Design with stakeholders. 

4. Develop Web-Based Dashboard. Researchers will develop the database structures, design 
the web portal, develop the dashboard interfaces with other systems (e.g., BCIS), and 
develop the user interface. 

5. Test, Verify, and Validate the Web-Based Dashboard. 
6. Go Live. 
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APPENDIX 

Table 5. Results Zaragoza FAST October 2016 
Type of 
Truck 

Commodity 
Group Type of Cost Daily Cost Monthly 

Cost Annual Cost Per Truck 

Loaded 
Trucks 

JIT 
Carrier  $2,268   $52,613   $625,011   $17.97  
Shipper  $10,901   $252,909   $3,004,380   $86.36  
Subtotal  $13,169   $305,522   $3,629,391   $104.33  

Non-JIT 
Carrier  $410   $9,522   $113,115   $17.97  
Shipper  $2   $55   $652   $0.10  
Subtotal  $413   $9,577   $113,767   $18.07  

Perishable 
Carrier  $243   $5,649   $67,102   $17.97  
Shipper  $1,074   $24,912   $295,937   $79.24  
Subtotal  $1,317   $30,561   $363,039   $97.20  

Non-Perishable 
Carrier  $97   $2,259   $26,841   $17.97  
Shipper  $0   $1   $9   $0.01  
Subtotal  $97   $2,260   $26,850   $17.97  

Other 
Carrier  $459   $10,652   $126,536   $17.97  
Shipper  $1   $13   $156   $0.02  
Subtotal  $460   $10,665   $126,692   $17.99  

Empty 
Trucks --- 

Carrier  $2,563   $59,470   $706,465   $17.97  
Shipper  $0   $0  $0  $0 
Subtotal  $2,563   $59,470   $706,465   $17.97  

Total Delay Cost  $18,020   $418,055   $4,966,205  -- 
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Table 6. Results Zaragoza Standard October 2016 
Type of 
Truck 

Commodity 
Group Type of Cost Daily Cost Monthly 

Cost Annual Cost Per Truck 

Loaded 
Trucks 

JIT 
Carrier  $11,388   $264,196   $3,138,466   $22.57  
Shipper  $52,997   $1,229,521   $14,605,862   $105.06  
Subtotal  $64,384   $1,493,717   $17,744,328   $127.63  

Non-JIT 
Carrier  $2,061   $47,815   $568,005   $22.57  
Shipper  $12   $276   $3,273   $0.13  
Subtotal  $2,073   $48,090   $571,278   $22.70  

Perishable 
Carrier  $1,223   $28,365   $336,952   $22.57  
Shipper  $5,392   $125,094   $1,486,035   $99.56  
Subtotal  $6,615   $153,459   $1,822,987   $122.13  

Non-Perishable 
Carrier  $489   $11,346   $134,781   $22.57  
Shipper  $0   $4   $47   $0.01  
Subtotal  $489   $11,350   $134,828   $22.58  

Other 
Carrier  $2,305   $53,488   $635,395   $22.57  
Shipper  $3   $66   $784   $0.03  
Subtotal  $2,308   $53,554   $636,179   $22.60  

Empty 
Trucks --- 

Carrier  $12,872   $298,627   $3,547,487   $22.57  
Shipper  $0   $0  $0  $0 
Subtotal  $12,872   $298,627   $3,547,487   $22.57  

Total Delay Cost  $88,741   $2,058,797   $24,457,085  -- 
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Table 7. Results BOTA FAST October 2016 
BOTA FAST October 2016 (benchmark 15 min) 

Type of 
Truck 

Commodity 
Group Type of Cost Daily Cost Monthly 

Cost Annual Cost Per Truck 

Loaded 
Trucks 

JIT 
Carrier  $516   $11,963   $142,110   $14.54  
Shipper  $2,758   $63,986   $760,109   $77.75  
Subtotal  $3,274   $75,949   $902,219   $92.29  

Non-JIT 
Carrier  $122   $2,831   $33,626   $14.54  
Shipper  $1   $12   $148   $0.06  
Subtotal  $123   $2,843   $33,774   $14.60  

Perishable 
Carrier  $102   $2,357   $27,997   $14.54  
Shipper  $448   $10,393   $123,464   $64.11  
Subtotal  $550   $12,750   $151,460   $78.64  

Non-Perishable 
Carrier  $61   $1,405   $16,688   $14.54  
Shipper  $0   $0   $4   $0  
Subtotal  $61   $1,405   $16,692   $14.54  

Other 
Carrier  $108   $2,506   $29,773   $8.15  
Shipper  $0   $4   $46   $0 
Subtotal  $108   $2,510   $29,819   $8.15  

Empty 
Trucks --- 

Carrier  $690   $16,009   $190,172   $14.54  
Shipper  $0   $0  $0  $0 
Subtotal  $690   $16,009   $190,172   $14.54  

Total Delay Cost  $4,805   $111,466   $1,324,136  -- 
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Table 8. Results BOTA Standard October 2016 
BOTA Standard October 2016 (benchmark 15 min) 

Type of 
Truck 

Commodity 
Group Type of Cost Daily Cost Monthly 

Cost Annual Cost Per Truck 

Loaded 
Trucks 

JIT 
Carrier  $4,339   $100,665   $1,195,829   $18.05  
Shipper  $21,661   $502,533   $5,969,750   $90.12  
Subtotal  $26,000   $603,198   $7,165,579   $108.17  

Non-JIT 
Carrier  $1,027   $23,819   $282,957   $18.05  
Shipper  $5   $105   $1,244   $0.08  
Subtotal  $1,031   $23,924   $284,200   $18.13  

Perishable 
Carrier  $855   $19,832   $235,587   $18.05  
Shipper  $3,770   $87,456   $1,038,923   $79.61  
Subtotal  $4,624   $107,288   $1,274,509   $97.66  

Non-Perishable 
Carrier  $510   $11,821   $140,426   $18.05  
Shipper  $0   $3   $37   $0.00  
Subtotal  $510   $11,824   $140,462   $18.06  

Other 
Carrier  $909   $21,090   $250,534   $18.05  
Shipper  $1   $32   $385   $0.03  
Subtotal  $910   $21,122   $250,919   $18.08  

Empty 
Trucks --- 

Carrier  $5,806   $134,710   $1,600,265   $18.05  
Shipper  $0   $0  $0  $0 
Subtotal  $5,806   $134,710   $1,600,265   $18.05  

Total Delay Cost  $38,882   $902,067   $10,715,935  -- 
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