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1. Introduction 

As cities grow, more goods need to be delivered into urban centers to satisfy growing and varying 
consumption demands. Although a critical enabler of sustainable growth and quality of life, the 
urban freight system that delivers these goods is often seen as a nuisance from the public 
perspective, in large because commercial vehicles contribute to traffic congestion and make use 
of public spaces such as loading zones. In this sense, the appropriate usage of public infrastructure 
by freight vehicles is critical to reduce the impact on society. Local authorities are responsible of 
providing the adequate quantity at proper locations of public loading zones to satisfy the delivery 
intensity of a particular city area and regulating the use of them. However, there is a lack of 
delivery data and suitable models that support local authorities for effective decision and policy 
making. 

In this project, we propose a high-resolution methodology that balances theoretical and data-
driven analysis to design loading zones in order to help local authorities to better deploy loading 
zones in critical logistics areas so that stakeholders make an efficient use of public infrastructure. 
Initially we conducted a field study to collect primary data in Cambridge, MA. This data 
collection process involved gathering information about business establishments, parking 
infrastructure and freight deliveries in the area studied. Then we quantify the number of delivery 
zones required based on the delivery intensity and use location-allocation modeling to locate 
delivery zones on potential parking locations. Finally, we assess the results using discrete event 
simulation. As a result, the new deployment of loading zones resulted in a 10% reduction of the 
time that freight vehicles spend parked in the area which means more public spaces for other 
purposes. 

2. Problem Description 

The problem under analysis consists on designing loading zones. There are two dimensions that 
need to be taken into consideration to design loading zones: the spatial and temporal dimensions. 
The spatial dimension reflects the nature of the problem. This problem requires to situate loading 
zones in convenient locations to satisfy the parking demand of commercial vehicles that deliver 
products to business establishments nearby. The temporal dimension describes the seasonal 
behavior of freight activity during the day. This delivery pattern concentrates most of freight 
deliveries at particular hours of the day or peak hours putting extra burden over loading zones 
during these hours. On the other hand, off-peak hours experience a lowered occurrence of freight 
deliveries reducing the occupancy of loading zones significantly. 

A critical issue when tackling the design of loading zones is data collection. Traditionally, 
researchers have used surveys as the main method of data collection. Nevertheless, there might be 
discrepancies in what is reported in a survey and the reality (Muñuzuri, Cuberos, Abaurrea, & 
Escudero, 2017). Retailers tend to underestimate the duration of deliveries while answering a 
survey for example. That is why there is an increasing interest to collect data using direct 
observation as found in (Muñuzuri, Cuberos, Abaurrea, & Escudero, 2017), (Alho, De Abreu e 
Silva, & Pinho de Sousa, 2014) and (Dezi, Dondi, & Sangiorgi, 2010). In this project, we rely on 
direct observation as a means to collect data. 



  
 

        
          

        
 

 
      

       
         

         
        

           
       

        
          

 
 

 
  

   
 

      
     
      

     
     

          
 

 

   
  

      
         

      
        

3. Methodology 

In this section, we present a data-driven methodology that aims to help local authorities to better 
deploy loading zones in critical logistics areas so that stakeholders can make a better use of public 
infrastructure. The methodology developed (see Figure 1) is divided in three phases: Data 
collection, Quantitative modeling and Analysis of results. 

The data collection intents to gather relevant information about business establishments, parking 
conditions and freight deliveries in the area. Direct observation and surveys to businesses 
managers are used during this stage depending on the data to be collected. The data collection 
effort allows us to capture high-resolution data to describe the commercial activity and estimate 
the freight delivery intensity by hour of the day in the area. Using the data collected as an input, a 
mathematical model is built to identify the optimal loading bays' locations to minimize the total 
deliveries duration and consequently the commercial vehicle parking time. The model also decides 
the best allocation of loading zones to business establishments to minimize the objective function. 
Finally, we analyze the results obtained and test the sensitivity of the model changing the values 
of key parameters. 

Figure 1. Methodology 

4. Data Collection 

During the data collection phase, a field study is conducted to collect primary data. The field study 
involves gathering information about business establishments, parking conditions and freight 
deliveries based on observation. Additionally, a survey might be conducted to complement the 
information that could not be observed (e.g. number of employees, night deliveries, etc.). Direct 
observation captures more adequately the reality of deliveries than surveys (Muñuzuri, Cuberos, 
Abaurrea, & Escudero, 2017). To the best of our knowledge, this project is the first one to capture 
freight deliveries data based on observations and to use it to inform decision models. 

4.1. Establishment Inventory 

The objective of the establishment inventory is to identify and record information about all 
business establishments in the area analyzed. Most of the information to be collected do not require 
interaction with business owners or managers thus can be gathered simply observing the 
information deployed in the storefront and the activities taking place inside the store. If some 



         
      

    
         

 
 

        
    
       

 
 

  
        

  
  
        
  
       

 
  

 
      

         
 

 

   
 

       
      

        
        
       

    
 

 

        
 

  
  
         

 
   

                                                
                  

          

information requires assistance from business managers, a short survey might complement the 
observation. The information to be collected might be recorded using mobile applications (e.g. 
Flocktracker app) or paper-based forms. Mobile-based collecting data methods save time needed 
to translate paper written results into electronic format but also provide a means to collect 
geographical information of the establishment making use of the device's GPS. 

The data collection effort depends on the number of business establishment to be inventoried and 
the information to be collected. We concentrated on collecting key information for the study and 
that required about 5 minutes per establishment of fieldwork. The information gathered can be 
summarized as follows: 

• Establishment name: Commercial name of business establishment. 
• Type of business: Type of business establishment based on the North American Industry 

Classification System (NAICS)1 or equivalent system. 
• Address: Address where the establishment is currently operating.  
• Geographical coordinates: Latitude and longitude of the establishment's main entrance. 
• Private loading area: Availability or lack of exclusive-use loading zone. 
• Private loading area length and width: Dimensions of the private loading zone if 

available. 
• Number of employees: Number of people currently employed at the establishment. 

Many cities, via statistics and economics institutes, already provide this type of information. 
However, it is very important to validate and update this information through a fieldwork at least 
once a year since the openings and closings rates of retailer stores are very high. 

4.2. Parking Infrastructure Inventory 

The parking infrastructure inventory aims to collect information about parking conditions in the 
area. This study involves inventorying every single parking spot in the area of analysis. Similarly, 
to the previous study, this field study might be based only on direct observation and make use of 
mobile apps to record the data and coordinates of parking spots. Again, the data collection effort 
depends on the number of parking spots to be inventoried and the information to be gathered. We 
concentrated on collecting crucial information for the study which required about 3 minutes per 
parking spot of fieldwork. This information could be described as follows: 

• Type of parking spot: The parking spots are classified according to their use (loading 
zone, parking area, reserved parking, bus stop, taxi stop). 

• Geographical coordinates: Latitude and longitude of the parking spot. 
• Dimensions: Length and width of the parking spot. 
• Regulation: When the parking spot is open for public use (day of week and hours of the 

day) and maximum parking duration allowed. 
• Payment method: How public can access to the parking spot (e.g. permit, meter, free). 

1 NAICS is the standard used by Federal statistical agencies in classifying business establishments for the purpose of 
collecting, analyzing, and publishing statistical data related to the U.S. business economy. 



   
 

          
       

   
 

        
      

       
         

         
         

          
           
 

 
  
        

    
 

     
 

      
 

  
  

 
        
       

      
    

 

 
  

 
        

        
      

        
        

4.3. Freight Delivery Tracking 

This study aims to collect information about freight deliveries taking place in the area of study. It 
involves recording fundamental information about the delivery and tracking the movements of the 
delivery man as soon as the truck stops on a parking spot until it leaves. 

In a similar way to previous studies, freight delivery tracking does not require assistance from 
delivery crew or business managers. All the information could be collected based on direct 
observation. Paper-based forms are preferred over mobile-based forms to collect this type of 
information due to the dynamic nature of deliveries. Simultaneous deliveries are quite frequent 
which are better captured with paper forms. The data collection effort is more intense in this type 
of study. At least one week of data collection is required to capture seasonal patterns along the 
hour of the day and day of the week. One person is able to cover a street segment (one block's 
face) and collect data from two sides of the street at the same time. The information to be gather 
is the following: 

• Arrival time: Delivery vehicle arrival time at parking spot. 
• Parking place: Type of parking spot where the delivery vehicle parked (private loading 

zone, loading area on street, parking area on street, reserved parking, bus stop, taxi stop, 
double parking). 

• Vehicle type: Type of delivery vehicle (rigid truck, articulated truck, van, pick-up truck, 
motorbike, car, other). 

• Equipment: Equipment used to deliver the goods (delivery dolly, pallet jack, none, 
other). 

• Establishment: Business establishments visited during the stop. 
• Departure time: Commercial vehicle departure time from parking spot. 

As stated previously, the delivery man's movements are tracked in detail in this study. Basically, 
the different activities the delivery man performs are registered and measured how long they take. 
This provides high-resolution data by decomposing the commercial vehicle parking duration into 
three main activities as shown in Figure 2: Unloading/Loading, Service duration and Walking. 

Figure 2. Composition of delivery vehicle parking duration 

Unloading and loading involves all the activities needed to unload the goods and equipment from 
the truck before the delivery and to load returned products and equipment to the vehicle after the 
delivery. Walking implies carrying the merchandise by hand or with the help of an equipment (e.g. 
dolly) towards and from the store. Finally, the delivery itself, which takes places inside the store, 
comprises the physical transfer of goods and payment collection. The duration of these activities 



     
          

 

   
 

          
         

        
 

 
      

     
          

 
 

      
        

          
      

       
     

 
 

          
    

 
 

 
 

 
      
        
         
 

 
         
          
        
        

    
 

 
      
        

                                                
        

(unloading/loading time, walking time and service duration) constitutes the freight delivery 
duration that is equivalent to the time that the commercial vehicle remained parked also known as 
parking duration. 

5. Quantitative Modeling 

In this section, the mathematical model is presented. The model locates the loading zones and 
allocates business establishments to them in such a way that commercial vehicles' total parking 
duration is minimized. Reducing the parking duration will free loading zone's time that could be 
used for other deliveries or purposes. 

Each business establishment identified during the establishment inventory should be served from 
the loading zones to be located. Similarly, every parking spot inventoried in the parking 
infrastructure study is considered as a potential loading zone. Our time frame is one day (from 
6:00 a.m. to 6:00 p.m.) which is divided in one-hour periods. 

To quantify the parking duration (Eq. 1), five parameters are defined based on the conceptual 
model shown in Figure 2. The number of trips2, unloading/loading time and service time that an 
establishment requires at a particular time of the day are directly extracted from the freight delivery 
tracking study. The distance between an establishment and a parking spot is easily estimated given 
the geographical coordinates captured during the business establishment and parking infrastructure 
inventories respectively. Lastly, the delivery man walking speed relies upon the distance computed 
and the walking duration obtained also from the delivery tracking study. 

The number of loading zones to locate varies according to the time of the day to fit the freight 
deliveries daily seasonality observed. Usually all loading zones are fully occupied during peak 
hours while most of them remain idle during off-peak hours. 

The model is described as follows: 

Indexes: 
i = business establishment, I = {1, 2,.., ni} 
j = potential loading zone, J = {1, 2,.., nj} 
t = time of the day, T = {6:00, 7:00,..., 17:00} 

Parameters: 
bit = number of trips to establishment i at time t 
lit = un/loading time to serve establishment i at time t (min) 
hit = service time spent in establishment i at time t (min) 
dij = distance from loading zone j to establishment i (m) 
s = walking speed (m/min) 

Inputs: 
Pmin = minimum number of loading zones to locate 
Pmax = maximum number of loading zones to locate 

2 A (round) trip is defined as the delivery man's truck-store-truck tour. 



 

 

 

 

 

 

 
     

       
            

       
          

       
   

    
 

         
 

 
         

      
     

        
          

           
 

 

Decision variables: 

Objective function: 

Subject to: 

The objective function, (1), minimizes the total parking duration (or delivery duration) reducing 
the walked distance between each business establishment and its nearest loading zone. The 
constraints insure that the various properties of the problem are enforced. Equation 2 requires that 
each establishment is assigned to exactly one loading zone. Eq. 3 guarantees that every loading 
zone is used less than 60 minutes per hour. Eq. 4 requires that the number of loading zones to be 
located remains within the bounds. Eq. 5 links the location variables and the allocation variables. 
Finally, 6 and 7 insure that the location variables (x) and allocation variables (y) are binary. 

6. Analysis of Results 

The goal of this section is to assess the suitability of the solution obtained by the mathematical 
model, that is to say, the location of loading zones and the allocation to business establishments. 

To evaluate the rightness of the tentative deployment of loading zones, two metrics are considered: 
walked distance and occupation rate. Walked distance determines the proximity of a loading zone 
to assigned business establishments. Loading zones close to establishments they serve, allow to 
decrease walked time carrying the merchandise and, consequently, the commercial vehicle parking 
duration. Occupation rate indicates the percentage of the time that a loading zone is being utilized. 
Low occupation rates might indicate that a loading zone is not justified. Both measures can be 
computed per loading zone or at a system level. 



       
            
       

        
        

  
 

 
  

        
         

       
       

        
     

  

   
 

      
      

        
       

       
 

 

On the other hand, the solution provided by the mathematical model is based on average and 
maximum values of the freight delivery intensity. It does not capture the stochastic nature of freight 
deliveries (e.g. random trucks arrival times, random duration of activities). Discrete event 
simulation offers a means to assess the impact of stochasticity on the solution proposed and act 
accordingly. In this sense, we propose a simulation model that resembles the variability observed 
in data collected and evaluates the proposed solution. 

Figure 3. Simulation schematic view 

In the simulation model (see simulation scheme in Figure 3) trucks arrive to loading zones 
following an empirical distribution that resembles the data collected. Each truck has a priority list 
of loading zones where to park based on the proximity to the business establishment that triggered 
the delivery. If the preferred loading zone is available, the delivery takes place. Otherwise, the 
vehicle searches the nearest loading zone to park and so on. The commercial vehicle parking 
duration that encompasses time for unloading and loading, walking and servicing the customer is 
randomly generated following an empirical distribution based on the observed data. 

7. Case Study 

The case study takes place in Massachusetts Avenue corridor, Cambridge, MA, specifically in 
Central Square’s surroundings. Central Square constitutes itself an emerging dining destination, a 
transit hub for the region, a diverse residential neighborhood, an entertainment zone, a social 
service node and an emerging arts district (Red Ribbon Comission, 2011). Four street segments on 
Massachusetts Ave., between Pleasant St. and Sidney St., were analyzed as can be seen in Figure 
4. 



 
  

   
 

       
     

 
 

       
     

        
            

       
       

     
   

 

 
   

Figure 4. Area analyzed 

7.1. Establishment Inventory 

As described before, the data collection phase involves gathering information about business 
establishments, parking infrastructure and freight deliveries. This phase provides high resolution 
data that allows us to characterize the delivery activity in the surroundings of Central Square. 

The business establishment inventory was based on direct observation using a mobile app called 
Flocktracker and a paper-based survey to establishment owners or managers. The data collection 
effort involved around 8 hours of fieldwork. There are 80 different business establishments in the 
area that belong to 27 distinct business types. This means that there is one business establishment 
every 15 meters in the area. Restaurants show the highest concentration of establishments 
accounting for one third of the establishments in the area. Banks and grocery stores also experience 
high density of establishments representing 11% and 6% of the establishments accordingly as 
shown in Figure 5. 

Figure 5. Business establishments 



     
        

 
 

  
  
  
  

 
          

      
   

 
   

   
     

 
    
    

     

     
    
       
    

              
   

      
        

The parking infrastructure study was also based on direct observations using Flocktracker app and 
it required two hours of fieldwork. 58 parking spots (see Figure 6) are available for private and 
public vehicles in the area. These spaces are classified as follows: 

• 42 metered parking spaces available for passenger vehicles. 
• 7 loading zones used for freight activities. 
• 5 reserved parking spaces accessible for disabled. 
• 2 bus stops and 2 permanent taxi stops 

There is one loading zone every 167 meters that serves to 11 business establishments. Most of the 
loading zones (4 out of 7) run from 8 a.m. to 6 p.m. which leads to 76 hours of freight parking 
availability per day (see Table 1). 

Figure 6. Available parking spots 

To 

From 

6 p.m. 7 p.m. 8 p.m. 
7 a.m. 1 1 
8 a.m. 4 1 

Table 1. Loading zones availability 

The freight delivery tracking study was based on direct observation using paper-based forms. The 
data was collected Monday to Friday from 6:00 a.m. to 6:00 p.m. during four weeks (1 week per 
street segment). We have observed 402 deliveries in total which means around 100 deliveries per 
street segment per week. The delivery intensity observed (number of deliveries and delivery 
duration) varies along the time of a day as can be seen in Figure 1. Figure 7 shows the average and 
maximum delivery intensity experienced by hour of the day. The delivery intensity daily 
seasonality refutes the common practice of deploying a fixed number of loading zones regardless 
the time of the day. Under this policy, loading zones might not have enough capacity during peak 



           
 

 
   

   
 

      
      

 
 

       
         

     
    

     
 

 

 
  

hours while remain underutilized the rest of the day. In the case of Central Sq., this might explain 
why 11% of the trucks double parked unable to find an available loading zone. 

Figure 7. Delivery intensity 

7.2. Quantitative Modeling 

As described in section 5, each one of the 80 business establishments identified during the 
establishment inventory should be served from the loading zones to be located. Similarly, every 
parking spot out of the 58 parking spots is considered a potential loading zone. 

To compute some of the parameters required by the mathematical model, establishments within 
the same NAICS category were grouped together. Table 2 shows the number of establishments, 
daily delivery frequency (deliveries per day), average number of trips per delivery, average service 
duration per day (min) and average service duration per hour of the day (min) per business type. 
Similarly, the unloading and loading time was aggregated by establishment type and spread over 
the day. 

Table 2. Delivery information aggregated by business type 



        
       

     
     
        

   
      

        
     

      
    

 

 
   

 
  

 
  

The minimum and maximum number of loading zones to be considered in the mathematical model 
were defined based on the delivery intensity observed. Figure 8 shows the parking availability or 
capacity of existing loading zones and our proposal. The current capacity fails to provide enough 
parking space for deliveries occurring during peak hours. However, there is excess capacity during 
off-peak hours at which loading zones remain idle. On the contrary, our proposal better copes the 
delivery variability observed during the day by varying the number of loading zones deployed. 
The day begins with only 2 loading zones (6:00 to 8:00). At 8 a.m. two additional loading zones 
are included to the system (8:00 to 10:00). Four extra loading zones are added at 10 a.m. (10:00 to 
14:00) to cope maximum delivery intensity. After peak hours, the number of loading zones is 
reduced at 2 p.m. and 4 p.m. to 4 and 2 respectively. Table 3 summarizes the number of loading 
zones proposed per hour of the day and Figure 9 shows their location. 

Figure 8. Current and proposed freight vehicles parking capacity (in minutes) 

6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 
Current 0 2 7 7 7 7 7 7 7 7 7 7 
Proposed 2 2 4 4 8 8 8 8 4 4 2 2 

Table 3. Number of loading zones 

Figure 9. Proposed loading zones 



    
 

     
     

         
          

       
         
       

 
 

 Walked 
distance 

   Occupation 
rate 

Parking time 

Current  location 22.10 Km 34.0% 1,469 min 
Proposed 13.45 Km 37.4% 1,257 min 
Improvement 39.1% 10.0% 14.4%  

  

         
       

      
        

   
 

       
      

       
        

       
      

        
  

 
 Walked 

distance 
Occupation rate Parking time 

Current  location 24.20 Km 43.0% 1,856 min 
Proposed 18.30 Km 49.6% 1,667 min 
Improvement 24.4% 15.5% 10.2%  

  

         
       

           
  

 

7.3. Analysis of Results 

As described in section 6, the proposed deployment of loading zones is assessed and compared 
with the current scenario based on two metrics: walked distance and occupation rate. The proposed 
location of loading zones reduces the daily walked distance by 39% as can be seen in Table 4. This 
means that the proposed loading zones are closer to those business establishments where the 
deliveries are taking place reducing the total parking time per day by 14%. Even though the parking 
time is reduced, the average occupation rate is increased, that is to say, the loading zones are also 
better utilized. This is explained because the loading zones availability is reduced from 72 to 56 
hours daily releasing infrastructure for other uses. 

Table 4. Comparison of current and proposed deployment of loading zones based on mathematical model 

As stated before, the mathematical model does not capture the stochasticity of freight deliveries. 
Delivery trucks arrive to Central Sq. randomly and the duration of the different activities 
(loading/unloading, walking and service) has also a random component. We simulated the arrivals 
of freight trucks to resemble the arrival rate observed in the data. Similarly, the unloading/loading 
time, walking speed and service duration are also simulated based on the data collected. 

We simulated 10,000 days and compared the performance of the current and proposed solutions 
based on the metrics defined previously. Our solution experiences a reduction of 24% in the total 
walked distance per day compared with the current situation. This means that a delivery man 
visiting the area would walk less due to the convenient location of the loading zones improving 
his productivity. Moreover, the reduction in the walked distances causes a decrement of 10% of 
the commercial vehicles total parking duration per day. On the other hand, the proposed 
deployment of loading zones makes a better use of infrastructure which is reflected in a higher 
occupation rate (increment of 15.5%). 

Table 5. Comparison of current and proposed deployment of loading zones based on simulation 

Additionally, a third metric is incorporated to handle the stochastic nature of the problem: failed 
delivery rate. A failed delivery occurs when a freight vehicle cannot find any available loading 
zone (all the loading zones are occupied at the same time). This percentage is tracked by hour of 
the day as can be seen in Figure 10. 



 
  

  
 

      
        
         

      
 

 
          

        
        

     
     

         
 

 
      

        
 

 
       

      
         

   
  

Figure 10. Failure rate per hour of the day 

8. Conclusions 

In this project, we developed a data driven methodology to design loading zones in order to help 
local authorities to better deploy loading zones into critical logistics areas so that stakeholders 
make an efficient use of public infrastructure. The methodology is structured in three phases that 
involve data collection, quantitative modeling and analysis of results. The methodology was 
applied to Central Square in Cambridge, MA. 

The new deployment of loading zones resulted in a 10% reduction of the time that freight vehicles
spend parked in the area which means more public spaces for other purposes. In addition, the
proposed deployment of loading zones makes a better use of infrastructure which is reflected in a
higher occupation rate (increment of 15.5%). Finally, the solution proposed experiences a 
reduction of 24% in the total walked distance per day compared with the current situation. Which 
at the end, has an impact in the service level provided to the establishments, providing a better 
service level. 

The data-driven methodology developed in this project can be applied to different cities and other 
logistics congested areas, to help local authorities to better use of the public infrastructure to 
support freight activities. 

As future developments, the methodology can be complemented using cameras to collect data in 
specific areas. Among the benefits of using cameras we can mention 24/7 hours of observation, 
the opportunity to observe night deliveries and analyze the benefit of implementing new policies
that contribute to a more efficient freight delivery system in urban logistics congested areas. 
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