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Abstract 

The location selection of a coffee shop is crucial for its success or failure. It should be 

decided in a strategical and comprehensive way. Geographic Information System 

(GIS) technology has rapidly become a popular tool for complicated location decision 

problems, because of its remarkable function for handling spatial and non-spatial data. 

In this particular project, based on GIS softwares, a spatial interaction model, the Huff 

model, and a decision making model, the Analytic Hierarchy Process (AHP), a multi-

criteria model, were used to determine the most promising area for opening a new 

coffee shop in San Francisco, United States. By using two GIS softwares, ArcMap 

and ERDAS, to analyze different kinds of criteria, which can be classified as 

socioeconomic and demographic, three customized optimizing location maps, the 

optimized location for Huff capture, the optimized location for AHP-based multi-

criteria model and the optimized location map for both Huff and AHP, were obtained. 

When these three maps were compared with the actual situation, the commercial 

district and the area that was surrounded by a university and parks were evaluated as 

the most suitable location for establishing a new coffee shop in San Francisco. The 

result shows that visitor flow rate was a primary factor that influences the operation of 

coffee shops. 

 

 

Keywords: coffee shop, site selection, GIS, MCA, AHP, Huff model. 
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1. Introduction  

1.1 Background 

Facility location decision is a multi-criteria decision method that is widely used in 

both private and public organizations, in order to locate, relocate or expand operation 

sites (Yang & Lei, 1997). It is a process for decision makers to evaluate feasible areas 

to decide promising locations for different kinds of facilities like shopping mall, 

warehouse, hospital, storage yard and hotel. For example, planners need to locate a 

site as agriculture land, or a firm wants to attract more patrons via locating branches. 

As Steingold (2003) wrote: “Real estate professionals are fond of saying that the three 

most important factors in choosing a business space are location, location, and 

location”. In the retail section, location decision is a core part for commercial 

operation because it not only has effect on the current yield but also will become the 

key reference for further strategy making, whose decision should be mainly according 

to the localized customer structures and requests, that directly influence the long-term 

outcomes (Alarcón, 2011). The business pattern can be changed by the transformation 

of the external environment, however, once the site is decided, it is not easy to move. 

For small businesses, location decision is regarded as almost a decisive component for 

its success or failure. The studies conducted by the National Economic Council (2011) 

illustrated that one of the major reasons for business failure was poor location. 

Meanwhile, poor location is the factor to limit the sound progress of a store. As Klara 

(2001) points out, for today’s shopper, few things are more challenging than finding a 

suitable location. 

 

In previous studies, a lot of cases have shown that location selection problems were 

solved with traditional simple methods with static models, such as according to past 

experience, preliminary calculations and preference (Cheng et al. 2007). Due to the 

lack of dynamical analysis for complicated and abstract location factors, such 

approaches cannot be considered scientific enough for making sound strategic 

decisions. With the development of computer science in the information age, a more 

systematic methodology, GIS-based multi-criteria decision analysis techniques (GIS-

MCDA), has been proposed and developed.  

 

By definition of the organization United States Geological Survey (USGS) (2007), a 

Geographic Information System (GIS) is “a computer system capable of assembling, 

storing, manipulating, and displaying geographically referenced information (that is 

data identified according to their locations)”. ESRI (2013b) also regarded it as a 

computer-based tool that “integrates hardware, software, and data for mapping, 

analyzing, and, displaying all forms of geographically referenced information”. This 

technology not only can handle large quantities of spatial or non-spatial data but can 

also connect digital maps with corresponding additional information for a specific 

purpose (Tierno, Puig, Vera & Verdu, 2013). Owing to the powerful function of GIS-

based technology, it has been widely used in many fields like urban planning and 
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management, emergency response and site selection analysis. For example, a GIS 

might be able to maximize the service scope of a communal facility for the rational 

allocation of resources or allow planners to design the optimal evacuation route when 

natural or man-made disasters or accidents occur (GIS Forum, 2005). In the facility 

selection side, according to the geographic features, GIS-based technology enables the 

handling of integration, visualization, management and analysis of large quantities of 

complex data that cannot be worked in tables and forms, leading to its specific roles in 

optimizing information for easy decision making (Cheng, Li & Yu, 2007). Depending 

on the capability of powerful graphic representation, efficient data organization and 

abundant spatial analysis experience, GIS-based technology plays a vital important 

role in commercial facility location selection process, and has become the significant 

visualization platform for analysis of localization problems (Wei, Qin, Guo & Lu, 

2008). The function of GIS visualization that can simplify complex data and realize 

interactions between the alternatives and decision makers is remarkable for making a 

good decision (Hernández, 2007). As Church (2002) declared, many successful 

applications for retail location selection will be related to GIS in the future because 

GIS software is capable of spatial data collection and able to support many 

elementary and progressive spatial data analysis methods which innovate the 

traditional business location selection analysis approach. 

 

A good selection for business location often involves multiple additional criteria such 

as resource distribution, market potential, traffic condition, topographic feature, 

environmental implication and so on. Many of these criteria are incommensurable and 

cannot be easily aggregated into a common unit (Kiker, Bridges, Varghese, Seager & 

Linkov, 2005). In addition, multiple thinking way and the intangible and conflicting 

factors are rarely included in the traditional decision making methods. All these 

illustrate that considerable studies of Multi-Criteria Decision Analysis (MCDA), 

whose method provides a possibility for the preferable decision among classified 

alternatives according to complex attributes, are necessary (Bakshi & Sarkar, 2011). 

The Department of Communities and Local Government (2009) of Great Britain 

defined MCDA as a method which ordered options to help the decision maker to 

judge the alternatives according to different kinds of criteria. It “provides a rich 

collection of techniques and procedures for structuring decision problems, and 

designing, evaluating and prioritizing alternative decisions.” (Malczewski, 2006). 

Spatial decision problems usually involve the solution of this type (multiple 

conflicting and incommensurable criteria) of situation, leading to the inevitable use of 

MCDA methodology (Vega, Peñate, González & Díaz, 2011). 

 

GIS technology is rapidly becoming a popular tool for solving the problem of 

localization, and selecting an appropriate place for store opening is really relevant to 

MCDA (Joerin, Thériault & Musy, 2001). The interaction and combination of these 

two distinctive research areas are actually complementary of each other (Cowen, 

1988). As Malczewski (2006) defined, GIS-based MCDA is a method that converts 

and integrates geographical data and decision maker’s preference to obtain simplified 
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information for prioritizing alternative decisions. From the view of GIS-based 

technology, it provides a possibility for decision makers to collect, analyze, visualize 

and store large numbers of complicated geospatial information and on this basis, 

MCDA provides the approach to structure collections and evaluate various 

alternatives to optimize the location decision process (Joerin et al, 2001).  

 

1.2 Aim of study 

In this research, two location decision models, the Huff model and a multi-criteria 

model solved by AHP technique, are used to obtain an optimized coffee shop location 

in San Francisco, United States. A good location of a coffee shop, which should be 

classified as small business, plays a decisive role for its successful operation and the 

selection is important for the follow-up promoter’s strategy (Park & Khan, 2006) 

Much business data possess geographic spatial properties while conventional models 

for location decision have limitations to deal with spatial information. Therefore, the 

study of GIS-based technology is necessary. The purpose of this study is to increase 

the understanding of different kinds of GIS-based site selection approaches on coffee-

shop site selection problems. 

 

This research is carried out from a geographic perspective and mainly focuses on the 

socioeconomic and demographic influencing factors. The method adopts GIS-based 

technology combined with multi-criteria decision modeling which is weighted by the 

AHP model and Huff model to select the optimum coffee shop location. The specific 

objectives are:  

1. through comparing the three resultant maps; best location map for the AHP model, 

best location map for the Huff model and best location map for both the AHP and 

Huff model, and combing this with the actual situation, the best location of 

coffeehouse will be found.  

2.  to investigate the similarities and differences of the two site selection models, the 

Huff model and the AHP based model.  

3.  to summarize the necessary factors that mainly influence coffee shop location.  

 

1.3 Organization of the thesis 

This research is composed of six parts and the remainder of this thesis is organized as 

follows. Chapter 2 describes some necessary background of the study area, and the 

process of data acquisition and preprocessing is presented. The specific methodology 

that is applied to locate an optimal coffee shop in this study is presented in Chapter 3, 

whereas Chapter 4 displays the three resultant maps which are separately obtained 

from the concept of Huff model, AHP based model and the combination of Huff and 

AHP. Two location selection models as well as the results are evaluated. In the 

discussion part, Chapter 5, the general processes of this research and the further 

implications are discussed. Finally, some conclusions are made in Chapter 6. 
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2. Materials 

2.1 Study area 

Due to the data availability and that the results obtained should be possible to use in 

other areas, San Francisco was chosen as a test area. San Francisco is located at the 

northern end of the San Francisco Peninsula (Figure 1), on the west coast of 

California, United States. It is a city with lots of hills covering about 122 square 

kilometers. The city is surrounded by water on three sides so that it not only has 

beautiful scenery, but also is an important trading port in California. San Francisco 

has irresistible charm to attract tourists coming. All these composite factors make San 

Francisco a popular urban destination leading to large quantities of human traffic 

which provide a possibility to facilitate local business development. According to a 

report of the San Francisco Travel (2012), there were around 16.5 million tourists 

visiting San Francisco contributing 8.93 billion dollars in local business. From this 

perspective, operating a coffee shop in San Francisco is a feasible choice. 

 

According to United States Census Bureau (2013), San Francisco has a population of 

825,863 which includes Whites, Asians, African Americans, Native Americans and 

Pacific Islanders. This noticeable phenomenon causes San Francisco to be a specific 

multicultural environment. The other obvious phenomenon is that there are so many 

coffee shops in San Francisco. As Pendergrast (1999) described, coffeehouses are 

historical sites which can be regarded as a neighborhood gathering place for dating or 

meeting for commercial, social or political purposes. People living in this city are 

used to meet friends, read papers and listen to poems at cafés and cafés act like a 

social centers. Therefore, coffee shops have a huge market in San Francisco. 

 

In the light of the statistics displayed by National Coffee Association (2013), there are 

over 75% of the U.S adults drinking coffee, and 58% of them drink coffee every day. 

In 2001, the number of coffee shops is over 20,000 and the combined profit is 

approximately to $10 billion (SBDCNet, 2012b). Americans in different ages show 

passionate obsession on coffee, especially specialty coffee (CNBC, 2013). As 

SBDCNet (2012a) referred, San Francisco is ranked as the first coffee consumption 

level in the US where 26% of adults have used a coffee house or coffee bar during the 

past 30 survey days. All the above indicates that going inside a coffee shop or just 

drinking a cup of coffee has become a kind of culture which means that coffee shops 

have a huge market in U.S, especially in the city of San Francisco. Moreover, from 

the retail owners’ view, there is an estimate that coffee shops have approximate 85% 

gross margin, which illustrates that the operation of coffee houses is profitable and 

relatively easy (SBDCNet, 2012a). 

   

For better site selecting analysis, this research focuses on the northeast part of San 

Francisco city, which coordinates are (-122.47, -122.38) in longitude, and (37.74, 

37.81) in latitude (Figure 1). This section is displayed as the prosperous area of the 
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city which shows an integrated functional community that includes mature business 

districts, residential areas, leisure places and so on. 

 

 

Figure 1. Location of study area in San Francisco (Source. OpenStreetMap, 2013) 

 

2.2 Data collection 

Data described by vector maps were obtained from OpenStreetMap (OSM) 

(http://www.openstreetmap.org/), which included points, lines and polygons to show the 

land use status of northeast part of San Francisco. A digital elevation model (DEM), 

obtained from United States Geological Survey (USGS) department, which contained 

the ground elevation value in each pixel, was used to create an aspect map. Another 

map, the census block map was retrieved from USGS (2010a&b). Data like geoID 

and shape area were contained in this map. While the others, such as the number of 

population and the median household income in San Francisco in 2010, were derived 

from excel files. 

 

2.3 Software used and data preprocessing 

In this project, four softwares were used to deal with the data: Quantum GIS 

(Quantum GIS, 2013), ArcGIS (ESRI, 2013a), ERDAS (IINTERGRAPH, 2013) and 

AHP (Brandt, 2006). Quantum GIS (QGIS) was used for obtaining data from OSM so 

that the land use map could be directly exported to ArcGIS. ArcGIS was used for 

transferring vector data to raster data, while ERDAS was used to create constraint 

images and factor images, and obtaining the final result which was taken from a 

model created by model maker. The relative importance of each factor is calculated by 

the method of pairwise comparison in AHP. 

http://www.openstreetmap.org/
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Since the base map was downloaded from OSM directly, there are many attributes 

contained in each feature and some of them may not be necessary. For better 

operations of the following steps, the attributes of interest and, also the factors which 

influenced the coffee shop location, were selected to create new shapefile layers. 

These shapefiles were then converted from vector into raster files so that they could 

be edited in ERDAS. 

 

Owing to the San Francisco’s census tract map lack of population data and median 

household income data, the available datasets, the data of population and median 

household income, had to be imported to the attribute table manually. After separating 

them as two maps, the population map and median household income map were 

converted into raster files based on different fields.  

 

The general processes of this project is shown in Figure 2. 
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3. Methods 

3.1 Multi-criteria analysis to locate a new coffee shop 

3.1.1 Criteria determination   

In empirical studies, when coming to the topic of restaurant site selection, factors such 

as traffic counts, access, visibility, store size, and demographics are always mentioned. 

Here, access concerning the parking and transportation accessibility and visibility 

referred to the ability of potential customers to visit a store via its sign from many 

advantage points (Lee & McCracken, 1982; Pillsbury, 1987; Simons, 1992; 

Timmermans, 1986). As McGuire (1993) identified, the factors of demographics, 

market range, residential versus commercial mix, accessibility, longevity, direct and 

indirect competition, and visibility were pertinent for competitive site location. In 

Khan’s books (1992 & 1999), the most important factors for restaurant location 

analysis were area characteristics, utilities, market, competition, visibility, traffic 

information, site position, service availability, cost consideration and the type and 

service of restaurant. 

 

In this research, the site selection processes were carried out with a geographic view, 

and due to the limitation of data availability, the major considered elements belong to 

the types of transport accessibility, market access, community access and competition 

(Table 1). 

 

Table 1. Considered factors in this study 

Types Element  Way of influence Huff/AHP/the Combined 

 

Transport 

Pedestrians 

Bus stops 

Main roads 

Constraint & Factor 

Constraint & Factor 

Constraint & Factor 

AHP/the Combined 

AHP/the Combined 

Huff/AHP/the Combined 

Market Plazas 

Median household income  

Constraint & Factor 

Factor 

AHP/the Combined 

AHP/the Combined 

 

Community 

 

Buildings (colleges, hospitals, 

office buildings and library)  

Parks 

Population 

Constraint & Factor 

 

Constraint & Factor 

Factor 

AHP/the Combined 

 

AHP/the Combined 

Huff/AHP/the Combined 

Competitiveness  Existing coffee shops Constraint & Factor Huff/AHP/the Combined 

Terrain  Aspect Constraint Huff/AHP/the Combined 

 

3.1.2 Constraint maps 

After converting vector into raster format, each preprocessed layer was imported into 

ERDAS and converted into separate images. Each image was already a boolean map, 

where the object itself had value 0 that appeared as black, and the rest were all 1, 

which was white. In constraint maps, the value 0 means impossible area while 1 is 

possible. Before recording these maps, it was necessary to resample each image since 
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it only kept its own pixel values but losing other values, which meant that the image 

had no limitation of the size of the area. After resampling, these images were recoded 

to make constraints. There are two constraint maps which are about café and bus stops 

(Figure 3 and 4), the others are displayed in Appendix C, figure d to h. 

                      

 

Figure 3. Cafés constraint map 

                          

                          

Figure 4. Bus stops constraint map 
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The collected DEM of the study area is shown below (Figure 5). There is a blank area, 

which has no data. It might be because of a cloud when the sensor was recording.  

         

                 Figure 5. The evaluation map of the study area 

              

According to previous studies, a slope map and an aspect map were considered as 

inevitable factors derived from the DEM when it comes to the topic of site selection 

(Chou, Lin, Chou & Huang, 2004; Han, Di, Zhao & Shao, 2012). Most objects were 

large so they had to consider the slope. However, in this research, the object coffee 

shop was actually small, so that the slope factor was negligible. In Waxman’s (2006) 

paper, nice climate and adequate sunlight were listed as imperative factors for a coffee 

shop. The aspect map (Figure 6) that was generated with the help of ArcGIS’ spatial 

analysis tool, was taken into account. In this case, to meet the lighting requirements, 

all aspects were valued to 0 except southeast, south and southwest, which were 

assigned to value 1.  
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                                                Figure 6. Constraint map of aspect 

3.1.3 Regular factor maps                                                                                 

A factor map is like a buffer around a feature, with continuous score from 0 to 255, 

which represent how bad or good the place is. The values decrease with increased 

distance, the higher the score, the better the place.  

 

To make all factor maps comparable, it was necessary to stretch the values in order to 

keep consistency with all other raster layers. Therefore, all raster layers were given a 

value range from 0 to 255, since the data were stored as 8 bits in this study. To stretch 

the data in the layers, a function was used to calculate the output pixel values. 

 

a
cd

ab
cPP inout 




 ))((  

 

In this function, a and b represented the lower and upper limits of the data (i.e. grey 

level in the figures), which were 0 and 255 in this study, respectively. c and d 

represented the lowest and highest pixel values of the original raster layer. Therefore, 

stretched files were created and could be used in the next processes. 

 

Below the factor maps of buildings and pedestrians are shown (Figure 7 and 8), while 

the others; the parks factor map, plaza factor map and main road factor map, are 

shown in Appendix C, figure i to m. The combination of constraint and factor map is 

shown figure 9. 
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                                          Figure 7. Buildings factor map 

 

    

                                             Figure 8. Pedestrians factor map 
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                            Figure 9. Combination of constraint and factor map 

3.1.4 Census tract maps 

A café’s customers flow volume is mainly depending on the population around the 

location (Park, 2002). In this study, a layer of population (Figure 10) reflected the 

population at each block. The population number changed smoothly at each block 

except in the eastern part of the city. Similarly, a layer of median household income 

was used to represent the consumption level. In the median income layer, it can be 

seen (cf. Appendix C, figure n) that there was an aggregation area located in almost 

the central part of the study area which were the central business district of San 

Francisco. Therefore, few residential areas were included. The denser the population 

is, or the higher the median income is, the higher is also the probability that the café 

should be located there.  
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     Figure 10. Population at each block (Source. United States Census Bureau, 2010a) 

 

When dealing with the census tract map in the software, the coordinate system of the 

initial data had to be reprojected. It was necessary to convert the projected coordinate 

system to a geographic coordinate system before processing the data. The geographic 

coordinate system in this case was the World Geodetic System 1984 (WGS 84).  

 

When both population and median income layers were converted into raster files, 

their values were kept depending on their attribute fields.   

3.1.5 Analytic Hierarchy Process based model 

The Analytic Hierarchy Process (AHP) is a widely used technique to deal with multi-

criteria decision analysis (MCDA) problems that help decision makers trade off both 

tangible and intangible factors to make strategic decisions (Saaty, 2008). It can 

reorganize complicated and unstructured factors which are displayed within a 

complex problem into a group of interconnected components (Saaty, 1982). Both 

quantitative and qualitative analyses can be used in decision making process on the 

basis of referring to individual’s preference. The AHP method is primarily conducted 

in three steps. First, the problem that needs to be solved is decomposed into a 

selection of elements and each element is sometimes decomposed into sub-elements. 

Then, according to the main objective, each factor is rated with the method of 

pairwise comparison. A rating scale is provided by decision makers through assigning 

values for the priority of each element. The last step is to calculate the relative weight 

of each feature, which is regarded as the final value that is used to rank the 

importance of each factor (Saaty, 1994). According to Saaty, a pairwise relation value 

of 1 signifies equal weights between two factors, while a value of 9 signifies extreme 

importance of one factor over the other factor. 
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In this study, the location decision problem has been solved by using AHP. Nine 

features, which are pedestrian, existing cafés, bus stops, buildings, plazas, parks and 

census tract maps, which included population and median income, were considered. 

However, in this project, the different factor criteria have not been subdivided 

hierarchically, they have been placed at the same hierarchy level. Assuming the value 

of parks is 1. Conducting priority comparisons with all other factors, population and 

income are assigned very high values, which were 2 and 1.2, since they were the most 

important factors among the considered features. The relative importance of the 

following were: plaza and pedestrian were assigned to 1, while buildings and stops 

were 0.6. For the existing coffee shops, due to the layer is not important in the 

analysis, the factor was assigned to 0.25. The pairwise comparison matrix (Figure a in 

Appendix A) was later added with another criterion, shown in the next section, the 

Huff capture (cf. Figure 12). 

 

When the result was calculated, there was a need to check the consistency ratio (CR) 

which showed the consistency of weights. Generally, if CR was lower than 0.1, it 

implies that the weights were consistent. In this case, the CR value was 0.0132. The 

matrix figure is shown in Appendix A, figure a.  

 

The relevant weight values of criteria were used to calculate the final factor map 

which was created in the model maker in ERDAS. Each criterion multiplied its weight 

value and then added together in the function in order to get a final factor map. The 

general equation is shown below: 

 

The final factor map = fpopulation × 0.1910 + fincome × 0.1368 + fpark × 0.1266 + fplaza × 

0.1097 +fmainroad × 0.1061 + fpedestrian × 0.1020 + fbuilding × 0.0911 + fstop × 0.0793 + fcafé 

× 0.0573  

 

The factor maps represented the importance of the area, which showed the color from 

dark to light with cell values ranging from 0 to 255 (considered they had 8 bits). The 

final constraint map was easier to create compared to the final factor map since it was 

a result of the just multiplying all criteria maps together. The resulting two maps, the 

factor map and the constraint map, were then multiplied together to create the final 

map, which was used to find out the best location for a café. 

 

3.2 Huff model 

The Huff Model was proposed by Professor David Huff in 1963. It is a spatial 

interaction model, which analyzes the factors that influence the customer behavior 

and the customer flow to evaluate the scale of retail trade market (Huff, 1963). The 

basic law of the model is in analogy with the principle of gravitation, which 

demonstrates that the retail’s attraction for consumers is proportional to the 

attractiveness of the business area and inversely proportional to the distance.  
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According to the Huff model, the probability of patronage (Pij) that a customer located 

at i buys at a facility j, is given by: 

 



n
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j

ij
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where 

aj = a measure of attractiveness (usually default to size) of a facility j,  

dij = the distance (or travel time) that takes customer from demand point i to the service center j, 

m = the total number of facilities, 

α = the attractiveness parameter whose value is estimated empirically, and 

γ = the distance decay parameter whose value is estimated empirically. 

Thus, the probability of patronage for retail is equal to the attraction perceived by the 

customers for the new facility j to divide the total attractiveness of optionally existing 

retails.  

There is a toolbox, the Huff model tool, in ArcMap. It can be used to calculate the 

sales potential value, probability of patronage and market area of retails, with the 

concept of the Huff model (Flater, 2010). In this research, the function of the Huff 

model tool that could analyze the probability of customers coming was applied to 

handle two datasets: the existing coffee shops with their characteristics and the census 

block map, to generate the Huff capture. In Figure 11, “store locations” which here 

means those existing coffee shops that were used for the analysis of covering the 

market area of each café. Two fields of the layer were required in the Huff model tool: 

one was the café’s name, which were used to label different cafés in the map, while 

the other was café’s attractiveness, which was filled with sales values for each café. 

 

In the Huff model, distance from the demand point to the selected store or traveling 

time was negatively related to the probability of a customer patronizing a selected 

store: the farther the distance was, the less probable the customer coming. In the Huff 

model tool, there was an option for distance calculation which can be ignored if there 

is a lack of data. In this study, two approaches have been used. One with the distance 

calculation using the Huff model and one completely without distance calculation. 

There are two sample maps showing the results in Appendix B, figure b and c. 

Generally, the Huff distance calculation led to a more precise result than the other one. 

Thus, the use of distance calculation were accepted in the Huff model analysis and in 
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the following processes. In the original location, the census block map was selected 

for providing the number of population in each block for better analysis, and in the 

next, sales potential fields restricted the observation areas. 

 

 

Figure 11. Huff model toolbox 

 

After creating capture with patronage surface probability of each existing café, a 

general potential area which included all coffee shops was generated in both ArcMap 

and ERDAS. In ArcMap, all café captures were converted from vector to raster, and 

thereafter stretched from 0 to 255 in ERDAS. The final Huff capture for a new coffee 

shop was created by the combination of the customer patronage possibility map and 

an aspect constraint map of the study area.  

 

3.3 The combination of the Huff model and AHP based model 

In this part, Huff capture was also used as a criterion in the MCA analysis. When 

adding the Huff capture into the AHP to calculate its weight value, the importance of 

Huff capture compared to other criteria should be heavier since it already constitutes a 

result. For this reason, the corresponding value of the Huff capture is much higher 

than any other criteria, which was assigned to 3 in this case (Figure 12). The CR value 

was 0.016, which indicate that the consistency was very good. These weight values 

then were assigned to the relevant criteria when creating a final factor map, and then, 

the new factor map was multiplied with the final constraint map, which was already 

created in the previous process, to get a new result which also merged the Huff 

capture. The process to create a combined result was the same as when generating the 
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MCA based final capture.  

 

 

Figure 12. AHP model with Huff capture 
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4. Results 

The results were three maps for coffee shop location with different site selection 

criteria. After all fragmentary criteria were united into one layer, the optimal potential 

location for café was obtained by selecting the pixels with the highest value of the 

attribute table. Below are results of the AHP based model (Figure 13) and the pure 

Huff model (Figure 14), where the orange parts were considered as the most feasible 

locations for establishing a new café. 

 

 

Figure 13. Final result of the AHP based model 

 

Figure 14. Final result of the pure Huff model 

 

From Figure 13, it is clear that it had a linear layout in the middle of the area, since 

there is a main road running through the whole city from north to south. In the 
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northeast parts of the city, there were a few possible sites because they are popular 

areas for tourism. At the bottom of the figure, some areas were chosen as potential 

areas since there were less competition and more population. In addition, in the 

southwest corner of the study area, the possible area was near to a university and a 

park, which might have a number of potential customers. In the Huff capture (Figure 

14), the result appeared as blocks that contained large areas, which was unexpected. 

That might be because the Huff capture was only based on the population at each 

block. Comparing the final result of Huff model with the result of AHP based model, 

although the appearances of the results were different due to the different concepts, 

the general selections were located in similar areas. 

 

The best location for the combined Huff and AHP-based models shows a less 

scattered picture. In Figure 15, there is still a big orange area at the southwest corner, 

which was near to a university. Along the north-south road, there were several 

potential areas on both sides of the road, which were close to some parks. Potential 

areas for cafés in this map were shifted a little to the north, compared to the AHP 

based result, which might be because the result was influenced by the Huff capture, 

i.e. the weight of Huff capture was very heavy in the consideration when joining it 

into the AHP model. 

 

 

 

Figure 15. Final result with a combination 
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Figure 16, which includes three results, AHP based result, Huff result and the 

combined result, shows the suitable areas for locating a café within the study area. It 

was converted into a shapefile in order to make the three results clearly visible. 

Polygons in blue represents the suitable areas for a café from the AHP based result, 

beige color represents the result of Huff capture and red represents the combined 

result. The remaining, background map is the census tract, which also represented the 

study area. Through the full view of the area, places in the middle to the upper part 

and the southwest corner were considered as the optimal choices for the final café’s 

location. There were both satisfied and unsatisfied areas according to the three results, 

some results were consistent to each other, while some results did not have such 

consistency. Therefore, four amplified figures are shown below (Figure 17 to 20), 

which also contained features like buildings, parks, etc. They may help to explain the 

feasibility of locating a café within the potential areas. 

 

 

Figure 16. Full view of northeast of San Francisco 
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There are diverse kinds of features, including parks, bus stops, main roads and 

pedestrians, around the potential area (Figure 17). Bus stops, pedestrians and main 

roads provide a possibility for customers coming. The overlapping area of the three 

results implies that it is the best location for a café if the chosen area is located within 

the north east part of the study area. 

 

Figure 17. Middle part of the study area 
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In Figure 18, the surroundings of the central parts of the study area had varying kinds 

of objects, like parks, plazas and buildings, which include office buildings, hospitals, 

etc. Areas were also close to bus stops, pedestrians and the main roads, which 

provides convenience for customers. There were many existing coffee shops, however, 

the possible areas for coffee shops still appeared in this area, which might be because 

that the potential market in this area was still very promising. There were also many 

buildings and this part of the area was considered as the busiest area in the city of San 

Francisco and a huge potential market attracted a café location there. What is more, in 

the northeast of the city, at the top of this figure, there was also a part of the area to be 

recommended since it has lots of tourist attractions. Comparing the three results, they 

were located in similar areas.  

 

 

                                 Figure 18. Middle south part of the study area 
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In Figure 19, the southwest corner of the study area is shown, which had university 

and parks around. There are as well several parks, a park which called Golden Gate 

Park has a very large area, which was located to the north of the university. Parks also 

guarantees potential customers for a suggested café. Since the Huff result appeared as 

blocks, a precise location within a block could not be shown. In this figure, by the 

influence of Huff result, the combined result has shifted a little to the west, compared 

to the AHP based result. 

 

 

Figure 19. Southwest corner of the study area 
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In the northern area, however, the three results displayed are not so satisfying (Figure 

20). Here the Huff result appeared at the bottom, in the middle there was the AHP 

based results and on the top the combined result appeared. They did not have an 

intersection and even more, these potential areas are scatteredly distributed. There 

might be two reasons that cause such a bad appearance: 1. except for bus stops, the 

area was an open area since it did not contain many criteria to fulfill the requirements 

to open a café; 2. it also might be because the result was impacted by the Huff result, 

which had a second high value in the attribute table. Due to the poor result in this area, 

none of the models could be used as a reference for a café site selection.  

 

  

Figure 20. Northern part of the study area 
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Since there were few previous studies introduced how important each factor is, to test 

the accuracy of the rate scale, a sensitivity analysis was conducted. In Figure 21, there 

are two optimized results for both Huff and AHP, they were generated by using the 

same method but assigned with different weight values, which here were 3 and 5, in 

Huff capture layer. Crosshatch areas in blue represent the combined result with the 

weight value 5 while areas in red represent the value of 3. The two results look 

similarity in the figure, though some areas are shifted a little bit from each other 

because of the differences of the weight value. 

 

 

                  Figure 21. Combined results with different weights of Huff captures 

 

 

In general, there were four considerable locations for opening a new café. Three of 

them were located in the commercial area, while the other was near to a university 

and parks.  
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5. Discussion 

5.1 Criteria analysis 

Since a coffee shop is a place that gathers people and make them talk, read and pass 

the time, it is now considered as a center of social interaction in a certain area. A good 

location for a small business is a determinant for a success. When considering the 

criteria of site selection, there were few papers that discussed how to site a coffee 

shop. Instead, restaurants and fast food restaurants were more popular. Therefore, in 

this study, criteria considered depended on previous studies with small business site 

selection topic and empirical experiences. 

 

Park (2002) investigated the criteria that different fast food restaurants required and 

found that aspects like demographics, parking, visibility and traffic patterns were the 

most general and important criteria that retailers should consider. However, in this 

study, the criterion visibility could not be expressed, only if a 3D model was taken 

into the consideration. The others, like parking areas and traffic patterns could be 

processed through the map which contained much statistical data, while demographics 

data could be inserted in the attribute table of the census tract map. Actually, in reality, 

to locate a coffee shop, there are many non-geographic criteria that should be thought 

about. More than considering the factors like visibility, costs in the café, the level and 

the decoration of the house, many other hidden factors such as aroma, adequate 

lighting and comfortable furniture also should be considered. However, due to the 

time limitation of the study, such investigations were eliminated from consideration. 

 

The census tract map could be decomposed into two maps, which were the population 

map and the median household income map. Obviously, a coffee shop relies on a base 

of a large number of people, while, through the map, median household income could 

not reflect the attractiveness of one area directly. This is because some areas were 

commercial areas, which did not contain much residential area. According to the 

report of the Department of Census and Statistics (2011), in Sri Lanka, the group with 

high value of mean income led to a high value of food expenditure. Both mean 

household income and median household income can reflect the average food 

expenditure level in a certain area. Therefore, it still could be considered within the 

study since it is likely that a high value area of median income has a potential market 

for a coffee shop.    

 

5.2 Data acquisition  

Three original data were needed for this study. They were a vector map with statistical 

data, a digital elevation model and a census tract map of San Francisco. According to 

the criteria analysis, a map with much statistical data which included the 

predetermined elements was required. For acquiring such kinds of maps from OSM, 

where the downloaded areas had a limited size, QGIS was used. Compered to the 
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operation of digitizing maps manually, the adoption of QGIS is better, because it can 

eliminate the error of features location. When collecting data in OSM, there was one 

area did not cover all kinds of forms in the urban of San Francisco. Thus, in this study, 

two adjacent areas were downloaded through QGIS.  

 

After opening the DEM in ArcMap, it had a small blank area without data. In this case, 

it might be because the lack of initial data when surveying or it might be due to some 

obstructions in the air when the camera was shooting. However, it did not have a large 

impact on deciding the final choice for the coffee shop.  

 

Since three original maps came from three different sources, it might have subtle 

differences when covering the area or when fixed features were shifted from one layer 

to the other, due to different coordinate systems for the maps and even more, the 

resolution of the DEM. In this study, since the unit of the coordinate is decimal degree, 

the resolution with 1 arcsecond may also affect the results. 

 

When working on the Huff model, attractiveness of the business facility is required. 

There are many aspects that can be considered as attractiveness criteria, while in this 

study, the attractiveness was chosen to be the sales of a café. Sales of a café reflect the 

popularity of the coffee shop, rather than the size of facilities for businesses like 

supermarkets or shopping malls, which also can be thought as an attractiveness factor 

when the considered business facility area is large enough. However, it is not easy to 

find out all sales for all coffee shops in San Francisco in the past few years. Thus, in 

this case, public comments, including numbers of stars (up to 5 stars), average cost 

per person and cleanliness grade, were considered. 

 

5.3 Methodology 

When the factor maps were generated from relevant constraint maps, there were some 

dark areas which appeared at the factor map corners (cf. Figure 7&8). They were 

often far away from the objects so there might be missing data areas and then, 

consequently, showing on the map as the lowest-value areas. To combine all factor 

maps into a final factor map with the use of AHP software, each relevant value was 

based on empirical experiences. Although there were previous literature studies (Park, 

2006; Startup, 2013) that state that the demographic and traffic patterns were very 

important while the foot paths were becoming popular when considering the potential 

location for the café, the importance of each other is not certain. Hence the values 

which are assigned to the respective criteria are not official or generally agreed upon. 

  

5.4 Result assessment  

The study area of San Francisco contains a part of water, which is surrounded by land. 

Since the water part cannot be restricted by DEM in this project, some potential areas 

for cafés might be located in the “water”. This is a shortcoming of the study. It can be 
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improved by extracting polygons on the map by using the software. 

 

The most important result is the combined result in this study. It is based on a MCA 

model and the Huff model that considered relatively comprehensive factors to be 

more objective. Large parts of them were consistent, while some discrepancies 

occurred. Although the Huff result appeared as blocks, the AHP based result was 

usually located within the blocks highlighted in the Huff result. According to these 

results, it should be noticed that the aggregated three optimal locations are all situated 

in (or near) the areas that are easy to access and have constant flow of potential 

customers passing by, which implies that both traffic patterns and population are very 

important for the coffee shop site selection. 

 

Differences between AHP based result and Huff result should be less since two 

methods are used widely in different areas, AHP is used for analyzing complex 

decisions, while Huff model is used for selecting a site for commercial area. Both of 

them have mature theories since they have been proposed, used and improved for 

more than forty years. However, due to the non-objective data of each café’s sales, 

which were obtained according to public comments, and the preference values 

assigned in the AHP procedure, the result has an inherent shortcoming in this study. 

To make the result better, accurate data are required, as well as considering more 

factors. There was also a problem with the resultant figure. The full view of the three 

results looks a little messy, which is due to the conversion of the result. Through this 

work, raster files were converted to polygons, which was difficult for areas with only 

one pixel. In this case, the conversion was still done and where the area contained 

only one pixel, a single triangle was produced, which could be seen throughout all 

final maps in the result part. 

 

Two weighted values of Huff results were assigned separately to generate the 

combined result of the potential area for the café. They have some intersection areas 

while some others are shifted. They did not have big differences, according to the 

final combined results. Therefore, it can be said that the weight value of each criterion 

in AHP model is probably ok. However, the Huff model also includes the same data 

that was used in the other factors in the MCA, which means the population element 

was counted twice in the procedure of AHP, then the finally general results would be 

slightly wrong. 

 

5.5 Future suggestions 

The research can be improved by adding new criteria, whether in the MCA model or 

the Huff model. More factors that may have an effect on patronage or strategic 

management should be considered. To enhance the understanding of the crucial 

factors that influence the operation of coffee shop, a case study is a feasible direction 

to be investigated in further study. By sending questionnaires, conducting interviews, 

survey the successful operating cases and focusing on a specific group of coffee shops, 
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it will be possible to learn how location factors affect customers’ behavior, so that the 

relative importance of each factor can improve its validity in the analysis process. 

Also, the same attributes may have different influences for specific types of coffee 

houses, and the classification of stores for careful analysis may be more accurate for 

site selection, despite that the information for each coffee shop’s type is not easy to 

collect. The individual preference is kind of a characteristic of the AHP. Therefore the 

factor value evaluation, which mainly is based on the empirical experiences, is still 

subjective at some extent. Thus, more strategic way about assigning values should be 

inquired in the future line of work. 

 

6. Conclusion 

This study is mainly concentrated on using two different models, the Huff model and 

AHP based MCA model, to select the most feasible areas for coffee shop location. 

The project did not only compare the two models, the Huff capture was also used as a 

criterion to join into the AHP analysis to get a combined result. The general result 

provides a solution if there are few intersection areas between the AHP based result 

and the Huff result. The procedures can be considered as a reference for coffee shop 

location selection in other cases.  

 

Below is the whole processes that was operated in this project: 

 

 Introduce the necessary background of the study and present the process of 

data acquisition and preprocessing; 

 Use MCA model to create both constraint maps and factor maps to generate a 

AHP based result for the coffee shop site selection, while using Huff model to get 

a Huff capture, combined with the terrain constraint map to produce a Huff result; 

 Join the two results and get a combined result; 

 Compare the three results which are separately obtained from the different 

methods; 

 Evaluate the processes when doing this project, including criteria analysis, data 

acquisition, result assessment and limitation of the study.  

 

Through comparing three results, four selections are suggested for locating a coffee 

house, one of which is close to a university and a park, while the other three are close 

to busy commercial districts. Combining a serious of deep analyses in this study with 

previous literatures, the most important factors that influence coffee shop location are 

the population and traffic patterns. For further research, more accurate and 

comprehensive data are needed, and a profound conception is required. 
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Appendix A 
 

 
Figure a. AHP pairwise comparison matrix, without Huff capture 
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Appendix B 
 

 
Figure b. Probability of service covering area with distance calculation, La Boulange 

Café, San Francisco. 

 

 

 
Figure c. Probability of service covering area without distance calculation, La Boulange 

Café, San Francisco. 
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Appendix C 
 

 

    
Figure d. Main roads constraint map        Figure e. Buildings constraint map 

 

    
          Figure f. Parks constraint map                     Figure g. Plazas constraint map 

 

    
Figure h. Footways constraint map                       Figure i. Parks factor map 
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Figure j. Plazas factor map                 Figure k. Main roads factor map 

    
                Figure l. Cafés factor map                              Figure m. Bus stops factor map 

 

 
Figure n. Stretched Median Household Income in San Francisco (United States Census 

Bureau, 2010b). 
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Figure o. Final constraint map without       Figure p. constraint map with Huff capture 

                   Huff capture  

 

 

  
Figure q. Final factor map without                   Figure r. factor map with Huff 

               Huff capture 


