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to target the funding to impact the greatest number of people in a community. With regional 

level studies and reports, there is a lack of proximity-based research. These studies and reports 

tend to focus heavily on roadway traffic related freight impacts such as congestion and freight 

crashes which only occur along roadways (Memphis Urban Area Metropolitan Planning 

Organization 2012; Wilbur Smith Associates 2008). Atlanta Regional Commission (2014) and 

Memphis Urban Area Metropolitan Planning Organization (2012) both provide region wide 

assessment of transportation related air quality impacts but do not provide proximity based 

information regarding freight specific sources.  

The proposed freight influence framework is comprised of components illustrated in Fig. 3. The 

goal is to delineate freight-centric neighborhoods on a regional scale by bridging the gap 

between localized proximity based studies and regional studies which overlook these 

externalities and to analyze each source with respect to the number of affected households. 

 

Fig. 3. Key Framework Components 

Freight Influence Map 

The proposed boundaries are created by defining and overlaying freight influence zones 

onto a map of the regional study area. Influence zones consist of the areas of extent that radiate 

out from freight sources meeting threshold requirements tied to measurable distance related 

externalities. Freight sources and their suggested influence zones, thresholds and accompanying 

rationales are discussed in previous sections of this document and are summarized previously in 

Table 5. Fig. 4 provides guidelines for the creation of the freight influence map. 

FREIGHT 

INFLUENCE MAP 

HOUSEHOLD  

LOCATIONS MAP 

FREIGHT 

INFLUENCE COUNT 

ANALYSIS 

FREIGHT 

INFLUENCE AND 

HOUSEHOLD 

ANALYSIS 



  

 

 28 

 

Fig. 4. Freight Influence Map Guidelines 

CASE STUDY 

Shelby County, Tennessee was used as the regional study area for this case study. The 

ESRI ArcMap Version 10.1 software platform (ESRI 2016) was used to conduct all spatial 

overlays and analyses. The Memphis Urban Area Metropolitan Planning Organization (2012) 

report and the Memphis Metropolitan Planning Organization (2016) report were used to identify 

regional freight sources. Online resources were used to determine the exact location and the 

usage or type of regional freight sources. 

 

 

 

 

 

 

3. DETERMINE FREIGHT SOURCES MEETING  

MINIMUM THRESHOLD REQUIREMENTS 

1. GATHER USAGE (OR TYPE) AND LOCATION DATA  

OF REGIONAL FREIGHT SOURCES.  

2. USING GIS SOFTWARE, DELINEATE CENTERLINES AND/OR PROPERTY 

BOUNDARIES OF FREIGHT SOURCES. 

5. USING GIS SOFTWARE, BUFFER EACH FREIGHT SOURCE 

WITH ITS SUGGESTED INFLUENCE ZONE 

4. USING GIS SOFTWARE, KEEP ONLY FREIGHT SOURCES MEETING 

MINIMUM THRESHOLD REQUIREMENTS 
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Guideline Steps 1 and 2 

Determine and gather usage, type, and location data of regional freight sources. Using 

GIS software, delineate centerlines and/or property boundaries of freight sources. 

Roadways 

The location and usage of heavy truck traffic along roadways within Shelby County was 

determined using the Freight Analysis Framework Version 4 (Center for Transportation Analysis 

2016). Usage data was presented in the form of average annual daily truck traffic (AADTT) for 

the year of 2012 and was imported into ESRI ArcMap. 

Distribution Centers 

The location and size of distribution centers was determined by cross referencing the 

Memphis Metropolitan Planning Organization (2016) and the Memphis Urban Area 

Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world topographic 

map and Google Maps satellite imagery. Satellite imagery was also used to assess if the located 

distribution centers in the regional study area were active. Distribution centers deemed active had 

their building boundary sketched in ESRI ArcMap to determine square footage. Institute of 

Transportation Engineers (2012) provides an assumption of 0.64 heavy truck trips per 1000 

square feet for distribution centers that was used to determine if the selected distribution center 

was large enough to meet the usage threshold determined in the previous section. 

Railways 

The location and classification type (main line, yard line and branch line) of railway 

tracks was determined using the Federal Railroad Administration (FRA) GIS Web Application 

(Federal Railroad Administration 2016). Usage data were unavailable and so railway 

classification type was used instead. This datum was imported into ESRI ArcMap.  
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Rail Yards 

The location of rail yards was determined by cross referencing the Memphis Metropolitan 

Planning Organization (2016) and the Memphis Urban Area Metropolitan Planning Organization 

(2012) reports, zoning data, the ESRI world topographic map and Google Maps satellite 

imagery. Usage data were unavailable for the Shelby County regional area. The boundaries of 

each rail yard were delineated in ESRI ArcMap. 

Ports  

The location and type (truck terminal versus rail terminal) of ports was determined by 

cross referencing the the Memphis Metropolitan Planning Organization (2016) and the Memphis 

Urban Area Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world 

topographic map and Google Maps satellite imagery. Usage data were unavailable for the Shelby 

County regional area. The boundaries of each port were delineated in ESRI ArcMap. 

Airways and Airports 

The location and type (cargo versus non-cargo) of airports was determined by cross 

referencing the Memphis Metropolitan Planning Organization (2016) and the Memphis Urban 

Area Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world 

topographic map, Google Maps satellite imagery and the URS (2015) report. The boundaries of 

each cargo airport were delineated in ESRI ArcMap. 

Guideline Steps 3 and 4  

Determine freight sources meeting minimum threshold requirements. Using GIS 

software, retain the freight sources meeting minimum threshold requirements. Using the 

categorical thresholds as show in Table 5, freight sources meeting the minimum requirements 
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were determined. Freight sources below the threshold were removed. This process is seen in Fig. 

5, were only roadways designated by the gold lines were retained for the analysis.  

 

Fig. 5. Truck Traffic Over Threshold 

Guideline Step 5  

Using GIS software, buffer each freight source with its suggested influence zone. After 

freight source boundaries were defined, the proposed influences zones were buffered to create 

the overall freight-centric neighborhood boundary. This process is displayed in Fig. 6. 
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Fig. 6. Step 5 within ESRI ArcMAP 

FREIGHT INFLUENCE COUNT ANALYSIS 

With the influence map complete, the next component in the framework consists of 

creating the freight influence count map. ArcGIS relies on either point or line data to create a 

standard density map but influence zones are in the form of polygons. To show freight source 

influence density, a map that counts overlapping polygons was created. A single layer consisting 

of no overlapping polygons for each freight source (roadways, distribution centers, railways, rail 

yards, ports, airways and airports) was created. These layers were then merged to create one 

layer with overlapping polygons. The ArcGIS tool count overlapping polygons was used to 

generate a map layer which gives a numerical value between 1 and 7 based on the total number 

of different overlapping influence factors. Areas with higher numerical values were considered 

more heavily influenced. Each influencing factor was given equal weight. Fig. 7 shows the 

freight influence density map for the Shelby County regional area. The highest score in the 

density influence map is 5. No point within the study area contained 6 or 7 overlapping influence 

factors. 
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Fig. 7. Freight Source Influence Count 

Household Map 

The next component within the framework was the creation of the household map. True 

population counts provided by the United States Census Bureau are relegated to census blocks at 

the smallest level. While the geographical unit of the census block provide adequate detail within 

densely populated urban cores, that detail begins to dissipate when the urbanized core transitions 

to a less densely populated suburban or rural area within the region. Household locations 

obtained from the Tennessee Information for Public Safety (TIPS) dataset are shown in Fig. 8 

were used as a proxy for population location (Tennessee Department of Commerce and 

Insurance, 2016).  
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Fig. 8. Example Household Map (TIPS dataset) 

Freight Source Influence on Households Analysis 

The spatial join function within ESRI ArcMap was used to determine the freight sources 

that influenced the greatest number of households within Shelby County. The results are 

indicated in Fig. 9. Based on extent of influence alone, railways impact the greatest number of 

households within Shelby County and ports impact the least.  
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Fig. 9. Household Influence by Freight Sources 

The next metric is the total area of influence in square miles. Fig. 10 reveals that 

roadways have the largest area of influence within Shelby County, closely followed by railways. 

 

Fig. 10. Total Area Influence by Freight Sources 

As a means of comparison, the administrative boundary delineation method, in the form 

of census blocks and tracts, was also used to determine the total number of households and the 
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area of influence by freight source. Fig. 11 shows the comparison of household influence 

between the freight-centric buffer approach, census block approach and census tract approach. 

The census block and tract approach for airways relied on the property boundary of the airport. 

 

Fig. 11. Comparison of Influenced Households 

Based on this comparison at the regional level, a large overestimation can be seen when 

using census tracts to estimate the number of influenced households, except for the case of rail 

yards and airways. They had the largest buffer zones. The census block approach is shown to 

underestimate the number of influenced households when compared to the freight-centric buffer 

approach. 

Fig. 12 shows the comparison of area of influence between the freight-centric buffer approach, 

census block approach and census tract approach. 
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Fig. 12. Comparison of Areas of Influence 

The comparison shows a large overestimation when using census tracts to estimate the 

total area of influence in all cases except for airways and airports and so the census block 

approach can be seen to both overestimate or underestimate area in comparison to the freight-

centric buffer approach.  

LIVABILITY SURVEY RESULTS AND DISCUSSION 

As a final investigation, the freight-centric neighborhood boundaries obtained using the 

framework were used to analyze survey data obtained from the Rápalo et al. (2016) study. The 

data was used to determine if there was any apparent impact of freight on perceptions of 

livability. The Rápalo et al. (2016) study obtained a total of 496 survey responses from 

respondents located within the tri-state area surrounding Memphis, Tennessee. Because 266 of 

the 496 respondents were located outside of the case study area of Shelby County, 230 of the 496 

responses were used. The survey contained eighteen open-ended, ranking, and rating questions to 
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determine residental opinions regarding freight traffic. One question: “How do you rate your 

neighborhood for livability? 10 being very livable,” was used to analyze the perceptions of 

livability for respondents living within freight-centric neighborhoods.  

Descriptive statistics associated with perceived livability ranking across four levels of freight 

influence using the freight-centric boundaries developed from the framework are reported in 

Table 6. Survey respondents only resided in areas containing zero, one, two, or three freight 

influences and did not reside in areas containing four or five freight influences. Residing in a 

freight-centric neighborhood with only one freight influence was associated with the numerically 

highest mean level of perceived livability (M = 7.79) and the freight-centric area with three 

freight influencers was associated with the numerically lowest mean (M = 5.95). To test the null 

hypothesis that residing in an area with a different number of freight influencers (zero, one, two, 

three) had no effect on perceived livability, a one-way analysis of variance (ANOVA) was 

conducted. The results are shown in Fig. 13. The ANOVA test yielded a statistically significant 

result, F (3, 226) = 7.20, p = 0.0001 and a Bonferroni corrected post-test t-test indicated that 

living in the presence of either zero or one freight influence was significantly different from 

living in the presence of three freight influencers, t (67) = 3.80, p = 0.003, t (101) = 4.51, p = 

0.00002, respectively. 

TABLE 6. Descriptive Statistics for Perceived Livability of Respondents 

Number of Freight Influences Count Mean Standard Deviation 

Zero 67 7.73 1.97 

One 101 7.79 1.73 

Two 41 7.01 1.97 

Three 21 5.95 1.56 
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Fig. 13. Perceived Livability of Respondents Based on Number of Freight Influences 

The null hypothesis was rejected and it was shown that residents living within the 

influence of three freight sources showed a significant decline in perceived livability when 

compared to residents living within the influence of zero or one source. Prior research has 

focused on observing differences between residents living within freight-centric neighborhoods 

versus residents living within non-freight-centric neighborhoods, using administrative 

boundaries to construct the distinction between these groups. This research refines that scope to 

analyze differences between residents based upon freight influence zones and further examines 

differences in perceptions of residents impacted by varying numbers of freight sources.  

This framework is limited by several factors, most notably in areas where the extent or 

distance of known externalities is lacking. This was most notable for ports and waterways. The 

framework could improve with the addition of a method to weight each externality for its overall 

impact on the perceived livability of the study population. This could be achieved by 

determining each freight source’s effect on livability independent of other freight sources. 
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Additionally, a mechanism for integrating measures of congestion and other types of 

externalities may also lead to even greater value for assessing impact of freight on communities. 

CONCLUSIONS 

One objective of this research was to determine a cohesive definition of the term freight-

centric neighborhood. Based on an extensive literature review, the definition of a geographic 

unit of limited size containing a cluster of residences concentrated about areas affected by 

externalities associated with the movement of goods was proposed for the term freight-centric 

neighborhood. Using data found in the current literature, areas of influence and minimum 

thresholds were determined for seven different types of freight sources to create a freight-centric 

neighborhood delineation and analysis framework. The framework developed was applied in 

constructing a more complete delineation of neighborhood boundaries for Shelby County, 

Tennessee, while identifying populations within the region highly impacted by freight. This 

research adds to the body of literature regarding freight and perceived livability.  

Besides the goals of determining a cohesive definition and determining a more 

representative method for delineating freight-centric neighborhoods, another goal of this research 

was to determine the effect living near multiple freight sources has on perceived livability. Based 

on the outcomes of this research, it appears that there is no significant difference between living 

near zero, one or two freight sources but residents living within the influence of three freight 

sources showed a significant decline in perceived livability when compared to residents living 

within the influence of zero or one source. While this has only been examined for a case study in 

Shelby County, this technique for delineation and analysis could be used in other metropolitan 

areas to determine if residing within the boundaries of multiple freight influence sources has the 

same correlation with residents’ perceptions of livability. If this holds true in general for regional 
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areas with multiple freight influencers after applying this framework to other communities and 

larger samples within Shelby County, a threshold of three freight influencers could be applied to 

the definition of the term freight-centric neighborhood. It could also allow planners and policy 

makers to create guidelines for siting multiple freight sources within the same area to limit 

disparities in livability, or to prioritize investments for improving community livability.  As both 

overestimation and underestimation of impact are seen when using administrative boundaries to 

delineate freight-centric neighborhoods, the freight-centric buffer approach can lead to a better 

alignment of funds for varying regional level projects dealing with freight-neighborhood 

interactions. 
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