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ABSTRACT 

Growing population and changing demographics in North Carolina result in increased demand 
for DMV services, specifically for Real ID issuance. Considering the geographic distribution and 
the spatial characteristics of the demand, decision makers need to open new locations and/or 
reallocate limited resources among existing DMV locations to improve the operational efficiency 
and customer experience. The objective of this study is to provide an integrated approach for 
selecting the optimal DMV locations using expert knowledge, data mining, Analytic Hierarchy 
Process (AHP), Geographical Information System (GIS) and SAS Software. The proposed approach 
identifies sixteen location criteria through experts’ input as part of the AHP process, yielding 
demographic attributes, flexibility, efficiency, cost and access to public facilities. Following the 
weight assessment for all criteria and sub-criteria, normalized weights are used for location 
suitability analysis in ArcGIS. Based on our projections for the demand and related geospatial 
data, alternative DMV locations are determined and visualized through ArcGIS. Finally, the 
alternative locations are evaluated by AHP weights and the multi-criteria location selection 
problem is optimized to maximize the coverage across the state.  

INTRODUCTION 

Federal agencies will enforce tougher security standards at airport check-ins, federal buildings, 
military installations and nuclear sites at the beginning in 2020. This requirement is posing a 
challenge against the NCDMV to plan enough locations to handle the increased workload in all 
parts of the state including urban and rural areas. One of the most important decision-making 
processes is to optimally locate new physical and mobile locations to address the demand of 
prospect customers. This is an important concern as these locations will face the influx of ID 
conversion applications to meet the NC Real ID deadlines. 

 

Literature Review 

One of the oldest problems facing businesses, particularly small ones, in marketing and 
operations management is where to locate organizations (Stevenson, Hojati and Cao 2007). The 
location decision is strategic with long term impact on an organization’s capacity to serve its 
market and maximize benefits to the organization. Although globalization and emerging 
technologies, such as online retailing, change the way location decisions are made by many 
organizations, these factors have made location decisions even more important for brick and 
mortar retailers. A typical location decision involves identifying the market to be served by the 
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facility, searching for potential locations, and then selecting the best site.  This research provides 
a new twist on an established process. 

 From the earliest research (Hoover 1937; Czamanski 1981), location relative to customers 
has been identified as the central decision for industries including retailing (Reynolds and Wood 
2010). Methods and technologies for doing so have become increasingly sophisticated and are 
essential to today’s largest retailers as they select locations (Hernández and  Bennison 2000). 
While most studies on location decisions are theoretical with a major focus on cost factors, 
Karakaya and Canel (1998) provide empirical evidence to determine the importance of various 
location-related variables for different industries (manufacturing, retail, banking, insurance, and 
consulting) and for different company sizes. Even small and moderately sized retail firms are 
often familiar with basic location techniques and are increasingly using geographic information 
systems (GIS) to support their decision-making, although they may not be able to afford the more 
sophisticated methods such as neural networks and expert systems (Reynolds and Wood 2010).  
The most advanced location analysis techniques are usually employed by high-tech, energy and 
manufacturing industries with an emphasis on the forward facility location problem (Clark and 
Rowley 1995; Ghadge, Yang, Caldwell, Koenig and Tiware 2016; Seyedhosseini, Makui, 
Shahangaghi and Torkestani 2016; Torkestani, Seyedhosseini, Makui and Shahanaghi 2016).   

Typical focus on customer demographics & specific applications of facility location problems are 
studied by Clarke and Rowley, 1995; Clarke et al. 2003; Ghosh and McLafferty, 1987; Laulajainen, 
R., & Stafford, H., 1995. The literature on location analysis of nonprofits and government facilities 
remains an open area (Sirinesa and Shnoer, 2018). 

 

Figure 1. Expert Knowledge and Evidence-Based Location Methodology 

https://www.emeraldinsight.com/author/Reynolds%2C+Jonathan
https://www.emeraldinsight.com/author/Hern%C3%A1ndez%2C+Tony
https://www.emeraldinsight.com/author/Bennison%2C+David
https://www.emeraldinsight.com/author/Reynolds%2C+Jonathan
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METHODOLOGY  

In this study, we utilized Expert Knowledge and Evidence-Based Location Methodology (Figure 1), 
developed by Glackin and Adivar (2018). This framework structures the location decision by 
combining current business model search techniques with underlying lean startup methods and 
an overall analytical framework for location analysis.  We implement the Factor Rating Method 
(FRM) as a multicriteria decision-making (MCDM) tool which uses multiple location factors and 
their weights to evaluate alternative locations. AHP is applied to calculate weights for sixteen key 
factors which emerged from the third iteration of the NVDMV’s Business Model Canvas. The AHP 
method developed by Saaty (1994) helps to determine factor weights by assigning a score to each 
factor or criteria according to the decision maker’s pairwise comparisons with the other factor or 
criteria. 
  

 
Figure 2. NCDMV’s Business Model Canvas 

 
Business Model Framework 
Understanding the business model of the NCDMV was critical in determining the correct criteria 
for the location selection decision. Therefore, the Business Model Canvas for NCDMV was created 
and iteratively changed over several weeks.  The canvas, presented in Figure 2, identifies the key 
factors involved in creating and capturing value to provide social benefits through contributions 
of proceeds to the mission-driven activities of the affiliate. The business model canvas suggested 
population density, cost, sustainability, land availability/ownership flexibility and convenience as 
important criteria to be considered in the analytical framework.  
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Analytical Framework 
In this section, we present our 7-step algorithm that includes data analytics, analytical hierarchy 
process and factor rating method. 

Step 1. Identification of quantifiable location criteria 
Step 2. Using pairwise comparison matrices to calculate AHP weights 
Step 3. Determining alternative locations 
Step 4. Data mining for scoring 
Step 5. Processing and standardizing data 
Step 6. Factor rating method to determine total weighted scores 
Step 7. Ranking for selecting the best location(s) 

 
SAS 9.4 has been used in Steps 2,5,6 and 7. We used ArcGIS to determine alternative DMV 
locations based on current and required geographic coverage. Details are presented below. 
 
Step 1. Identification of quantifiable location criteria. NCDMV’s Business Model Canvas and 
literature review suggested using the following location criteria (C1 to C16) to quantify 
population density, cost, sustainability, land availability/ownership flexibility and convenience. 

C1 - Population Density of the County (15+) 
C2 - Cost of Living  
C3 - Housing Rent (Ave County) 
C4 - Housing value 
C5 - County Overall Tax Rates (sales) 
C6 - All Transit Performance Score - mass transit infrastructure (county) 
C7 - Natural Disaster Index 
C8 - Unemployment 
C9 - Recent Job Growth (over past Year) 
C10 -Future Job Growth (Over the next 10 years) 
C11 - Clean energy index - Capacity (MW) (County) 
C12 - Number of Companies with 500+ Employees (2011) 
C13 - Proximity to Shopping Malls 
C14 - Proximity to Hospitals 
C15 - Proximity to Universities 
C16 - Proximity to Highways 

 
Step 2. Using pairwise comparison matrices to calculate AHP weights. After forming a 16x16 
square matrix of factors identified in Step 2, we asked experts to make the judgement of the 
dominance of one factor over another factor based on the following AHP preference scale. 
 

Error! Reference source not found. AHP Preference Scale 

Intensity 
of 

Importance 

Definition Explanation 

1 Equal importance Two factors contribute equally 

3 Moderate importance Experience and judgment slightly favor one factor 

over another 
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5 Strong importance Experience and judgment strongly favor one factor 

over another 

7 Very strong or demonstrated importance A factor is favored very strongly over another, its 

dominance demonstrated in practice. 

9 Extreme importance The evidence favoring one factor over another is of 

the highest possible order of affirmation. 

Reciprocals 

of above 

If factor i has one of the above nonzero 

numbers assigned to it when compared 

with factor j, then j has the reciprocal 

value when compared with i 

A comparison mandated by choosing the smaller 

element as the unit to estimate the larger one as a 

multiple of that unit 

 
An example comparison matrix is shown below. Once all the AHP preference values are assigned 
for all pairs in the upper diagonal, we calculated the weight of each factor by calculating and 
normalizing the Geometric Mean. For each expert, we calculated the individual weights using 
SAS. The finalized weights were considered the average of “weights” of all the individuals. 

 

 
Error! Reference source not found. Screen Capture for the Pairwise Comparison.  

 
Overall, the most important criteria were found to be C1 – population density (14.55%), C13 – 
proximity to shopping malls (14.28%) and C16 – proximity to highways (11.77%). The AHP 
weights that have been used in the remainder of the study are presented below. 
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Error! Reference source not found. Screen Capture for the AHP Weights Location Criteria.  

 
Step 3. Determining alternative locations. Following the weight assessment for all 16 criteria, 
normalized weights are used for location suitability analysis in ArcGIS. Suitability and service 
coverage analysis with ArcGIS resulted in full-service coverage with a 20-mile radius around the 
existing 114 physical and 27 mobile facilities (Figure 3).  

 
Figure 3. Current coverage with a 20-mile radius 
 
After simulating various radius values for the proximity analysis in ArcGIS, it is observed that the 
15-mile proximity offers more convenience and delivers the best results for finding new 
locations. Based on our projections for the demand and related geospatial data, 18 new 
alternative DMV locations are determined and visualized through ArcGIS. Figure 4 displays the 
new alternative locations overlaid with 15-mile-radius service coverage with the existing 
locations, where “yellow asterisks” represents current mobile locations (27), “blue circle” 

represents the potential alternate Locations (18). 
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Figure 4. 18 Alternative locations with a 15-mile radius 

 
Step 4. Data mining for scoring. In this step, web search and data collection are used to score 
each alternative location with respect to sixteen location criteria. The resulting scores are 
presented below. 
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Error! Reference source not found. Screen Capture for the Scores Transposed.  

 
Step 5. Processing and standardizing data. After gathering data from various sources in Step 4 
for all the factors or criteria, we standardized it by using 
 
PROC STANDARD DATA=mylib.scores_transposed  MEAN=0 STD=1 OUT=mylib.zScores; 

RUN; 

 

proc transpose data=mylib.zscores NAME=Criteria 

out=mylib.stdScores; 

id City; 

run;  
 
The following display has the part of the standardized data set, which was considered in the next 
steps. 
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Error! Reference source not found. Screen Capture for the Standardized Scores.  

 
Step 6. Factor rating method to determine total weighted scores 
We used the location Factor Rating Method or Multicriteria Decision method which uses multiple 

criteria, their scores and AHP weights to identify the ranking for the alternative locations. We 

first merged the weights to the standard scores table and used PROC MEAN to calculate the total 

weighted score for each of the 18 alternative locations. 

 
PROC SQL; 

Create table mylib.FactorRating2 as 

select * from mylib.stdScores as x, mylib.Weights as y 

where x.Criteria=y.Criteria; 

quit;  

 

PROC MEANS data=mylib.FactorRating2 maxdec=3 descend mean stddev; 

weight weight; 

var Cherokee BlackMountain Casar Collettsville Pinnacle Locust

 Climax Moncure Middlesex Farmville Leland Vanceboro

 SouthMills Maysville Bahama JacksonSprings FourOaks

 Gibsonville; 

output  out=mylib.FRM ; 

title1 'Total Weighted Standard Scores'; 

run; 
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Error! Reference source not found. Screen Capture for the Total Weighted Standard Scores.  

 

Step 7. Ranking for selecting the best location(s). We used PROC SORT to rank the alternative 
locations with respect to their weighted scores.  
 
proc sort data=mylib.wlist 

out=mylib.finalranking; 

by descending MEAN; 

run; 

Proc print data=mylib.finalranking; 

var City Mean; 

label Mean='Total Weighted Score' 

title 'AHP Ranking for the DMV Locations'; 

run; 
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Error! Reference source not found. Screen Capture for the Ranked Total Weighted Standard Scores.  

CONCLUSION 

As part of the study, it has been learned that the federal agencies will enforce tougher security 

standards at airport check-ins, federal buildings, military installations, and nuclear sites at the 

beginning in 2020. This requirement is posing a challenge against the NCDMV to plan enough 

locations to handle the increased workload in all parts of the state, including urban and rural 

areas. This study used several methodologies to find 18 alternative locations to maximize the 

coverage and to address the current demand & supply. Data-Driven Decision-making techniques 

have been leveraged to identify new DMV locations to maximize the coverage in the urban and 

rural area, and the locations have been suggested in the range of 15-20 miles radius from the 

existing locations. The study utilized the expert knowledge, data mining, Analytic Hierarchy 

Process (AHP), Geographical Information System (GIS), and SAS Software for selecting DMV 

locations.  SAS PROC MEAN was also utilized to calculate the total weighted score for each of the 

18 alternative locations. To continue the study, further optimization models can be used by 

leveraging SAS optimization procedure (PROC OPTMODEL on SAS Viya) to evaluate the excess or 

insufficient capacity and to find a count of Mobile vs. Physical alternative locations. Several other 

important steps may also be taken to increase the awareness and importance of the Real ID 

conversion to expedite the process and better customer services. 

 
  



12 

 

REFERENCES 

Alexander, Andrew, David Cryer, and Steve Wood (2008). ‘Location Planning in Charity Retailing,’ International 
Journal of Retail & Distribution Management, 36(7), 536-550, 
https://doi.org/10.1108/09590550810880570. 

Clarke, I., and J. Rowley (1995). ‘A Case for Spatial Decision‐Support Systems in Retail Location Planning,’ 
International Journal of Retail & Distribution Management, 23(3), 4-10. 

Clarke, I., W. Mackaness, and B. Ball (2003). ‘Modelling Intuition in Retail Site Assessment (MIRSA): Making Sense 
of Retail Location Using Retailer’s Intuitive Judgments as Support for Decision-Making,’ International 
Review of Retail, Distribution and Consumer Research, 13(2), 175-193. 

Czamanski, D. Z. (1981), 'Some Considerations Concerning Industrial Location Decisions,’ European Journal of 
Operations Research, 6, 227-31. 

Ghadge, A., Q. Yang, N. Caldwell, C. König, and M. K. Tiware (2016). ‘Facility Locations for a Closed-Loop 
Distribution Network: A Hybrid Approach,’ International Journal of Retail & Distribution Management, 
44(9), 884-902. 

Ghosh, A., and S. L. McLafferty (1987). Location Strategies for Retail and Service Firms. Lexington, Mass. and 
Toronto: Heath, Lexington Books. 

Glackin, C. , Adivar, B., USASBE Annual Conference 2019, "Coloring Outside the Lines: Combining Customer 
Discovery & Multicriteria Decision Making Approaches in the Case of a Habitat for Humanity ReStore," 
United States Association for Small Business & Entrepreneurship (USASBE), St. Pete Beach, FL. (January 
2019) 

Hernández, T., and D. Bennison (2000). ‘The Art and Science of Retail Location Decisions,’ International Journal of 
Retail & Distribution Management, 28(8), 357-367, https://doi.org/10.1108/09590550010337391 

Hoover, E. M. (1937). Location Theory and the Shoe and Leather Industries. Cambridge, Mass.: Harvard University 
Press. 

Laulajainen, R., and H. Stafford, (1995). Corporate Geography: Business Location Principles and Cases.  Dordrecht: 
Springer Science+Business Media. 

Reynolds, J., and S. Wood (2010). ‘Location Decision Making in Retail Firms: Evolution and Challenge,’ International 
Journal of Retail & Distribution Management, 38(11/12), 828-845, 
https://doi.org/10.1108/09590551011085939 

Saaty, T. L. (1994). How to make a decision: the analytic hierarchy process. Interfaces, 24(6), 19-43. 
Seyedhosseini, S. M., A. Makui, K. Shahanaghi, and S. S. Torkestani (2016). ‘Models, Solution, Methods and Their 

Applicability of Dynamic Location Problems (DLPs) (a gap analysis for further research),’ Journal of 
Industrial Engineering International, 12(3), 311-341. 

Sirinesa, B., and R. Shnoer (2018).  ‘Understanding International Location Decisions of Poverty Alleviation Non-
Profit Organizations,’ International Journal of Emerging Markets, 13(1), 2-26. 

Stevenson, W. J., M. Hojati, and J. Cao (2007). Operations Management (Vol. 8). Boston, Mass.: McGraw-Hill/Irwin. 
Torkestani, S. S., S. M. Seyedhosseini, A. Makui, and K. Shahanaghi (2016). ‘Hierarchical Facility Location and Hub 
Network Problems: A Literature Review,’ Journal of Industrial and Systems Engineering, 9, 1-22. 
 

CONTACT INFORMATION   

Your comments and questions are valued and encouraged. Contact the author at: 

Majed Al-Ghandour  
NCDOT  
malghandour@ncdot.gov  
  

 

https://www.emeraldinsight.com/author/Alexander%2C+Andrew
https://doi.org/10.1108/09590550810880570
https://www.emeraldinsight.com/author/Clarke%2C+Ian
https://www.emeraldinsight.com/author/Rowley%2C+Jennifer
https://www.emeraldinsight.com/author/Hern%C3%A1ndez%2C+Tony
https://www.emeraldinsight.com/author/Bennison%2C+David
https://doi.org/10.1108/09590550010337391
https://www.emeraldinsight.com/author/Reynolds%2C+Jonathan
https://doi.org/10.1108/09590551011085939

