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Abstract
Scientific studies of society increasingly rely on digital traces produced by various aspects of
human activity. In this paper, we exploit a relatively unexplored source of data–anonymized
records of bank card transactions collected in Spain by a big European bank, and propose a
new classification scheme of cities based on the economic behavior of their residents. First,
we study how individual spending behavior is qualitatively and quantitatively affected by vari-
ous factors such as customer’s age, gender, and size of his/her home city. We show that,
similar to other socioeconomic urban quantities, individual spending activity exhibits a statis-
tically significant superlinear scaling with city size. With respect to the general trends, we
quantify the distinctive signature of each city in terms of residents’ spending behavior, inde-
pendently from the effects of scale and demographic heterogeneity. Based on the compari-
son of city signatures, we build a novel classification of cities across Spain in three
categories. That classification exhibits a substantial stability over different city definitions and
connects with a meaningful socioeconomic interpretation. Furthermore, it corresponds with
the ability of cities to attract foreign visitors, which is a particularly remarkable finding given
that the classification was based exclusively on the behavioral patterns of city residents. This
highlights the far-reaching applicability of the presented classification approach and its ability
to discover patterns that go beyond the quantities directly involved in it.

Introduction
Laws and regularities in human behavior have been the subject of intense research for several
decades. In the age of ubiquitous digital media, different aspects of human activity are being
increasingly analyzed by means of their digital footprints, such as mobile call records [1–5],
vehicle GPS traces [6], social media activity [7–10], or smart card usage [11, 18]. The wide pop-
ularity of debit and credit cards, which are increasingly replacing cash spending, suggests the
appearance of yet another source of valuable information for scholars across a wide range of
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disciplines. Extensive transactions datasets, collected by banks and other providers of payment
systems, allow a glimpse into the daily activities of large numbers of individuals. While the spa-
tiotemporal granularity of this data may be sparser compared to previously explored sources,
such as call detail records (CDRs), incorporated contextual information such as spending cate-
gory, amount and place enables the analysis not only of movement patterns but also of the
semantic and context of human activity. Furthermore, demographic profiles of bank customers
provide an additional important layer to explain such activity.

In urban studies, the analysis of aggregated bank card data may provide novel insights in
the description and comparison of the economic dimension of cities, in a way that goes beyond
other types of digital records used in the past to investigate urban [12] and regional structure
[13], land use [14, 15], mobility [16, 17], or well-being [18]. Adequate and reliable metrics are
of a primary importance for a city management, especially in the context of the increasingly
competitive global economy [19]. In this paper, we propose to look at the socioeconomic con-
ditions of urban areas through the lens of their inhabitants spending activity, based on a dataset
that ensures uniform and up-to-date description of a multitude of cities and an approach that
compensates for their various sizes and characteristics.

Previous studies of individual economic activity were mostly based on field studies [20],
questionnaires [21], and surveys [22]. Direct analysis of individual bank card records has not
been extensive so far. Card transactions data is highly sensitive, includes a lot of private infor-
mation and requires extensive efforts to anonymize it appropriately. Therefore, its access has
been so far highly restricted. Hitherto applications have mostly been focused on the card sys-
tem itself [23, 24], rather than on the associated human behavior. More recently, Krumme
et al. [25] employed this new type of data to uncover the predictability of spending choices, and
their relationship to wealth. A comparable dataset of retail market transactions, treated as a
complex system encompassing customers and the products they purchased, was used to
uncover the hierarchy of customers’ needs and a propensity for shopping-driven travels [26].
The analysis of bank card data was also carried out in the field of regional delineation [27],
human mobility [28], as well as the assessment of city attractiveness for different groups of cus-
tomers [29, 30]. However, a comprehensive analysis of human spending behavior in cities has
yet to be performed—such is the scope of the present study.

Factors affecting individual economic activity of city residents
Shopping patterns of individuals were found to depend on demographic factors such as gender,
age, education, occupation, or income [22, 28, 31, 32]. However, their exact impact on the pro-
pensity for bank card usage is reported differently across various studies. Regarding gender,
some results indicate an increased likelihood of bank cards usage among women [33, 34], while
others point to their preference for checks over cash or cards [35]. Women are further reported
to spend more money and perform a higher number of transactions than men [28]. Age is
reported to either lower the probability of card usage [34], have no significant effect [35],
decrease or increase spending activity depending on gender [28]. Given those discrepancies, as
well as the possibly different characters of the analyzed cities, we begin this study with a
detailed analysis of the impact of demography on individual bank card transactions and then
normalize the aggregated spending profiles of cities accordingly.

Another important context for human economic activity is its geographic location. In the
case of urban customers, this notably concerns the city of residence and in particular its size,
quantified via its population. Due to agglomeration effects and intensified human interactions,
a variety of urban processes have been shown to vary with the number of inhabitants in the
form of scaling laws [36–39]. While urban infrastructure dimensions (e.g., total road surface)
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reveal a sublinear relation to city size, socioeconomic quantities (e.g., gross metropolitan prod-
uct, crime rate, patenting, and human interactions) usually increase in a superlinear manner
[40]. One can expect that human spending in urban areas holds similar property, which is one
of the hypothesis that will be tested below.

Organization of the paper
In this paper, individual purchase activity measured using bank card records is explored in
order to discover collective patterns of economic activity. Based on those, we propose a novel
approach to compare and classify Spanish cities in terms of the spending behavior of their
inhabitants. The results are presented in three main sections.

We start by asking a broad range of questions regarding the fundamental factors that impact
economic conduct. At first, we reveal the ways that demographic factors, such as age and gen-
der, influence five representative quantities of individual bank card spending in Spain during
the year 2011. That step allows us to look beyond the impact of the demographic heterogeneity
of cities. In the next part, we then investigate the impact of city of residence, studying whether
people from different places tend to spend their money in different ways. In line with previous
studies on the scaling laws governing urban quantities, we examine the impact of city size on
the economic activity of its inhabitants. The discovered trends give a good reference point for
the expected collective behavior in a city of a given size. However, each particular city demon-
strates a unique performance. Therefore in the final section, following the approach of [41], we
propose an index that measures the relative performance of cities based on the deviations of
spending parameters from the general trends, indirect effects of population specificity taken
into account. Such index allows for the comparison of cities of different population sizes and
forms the basis for a novel scale-free classification of Spanish cities based on the economic
behavior of the residents. The classification is given a thorough geographic and socioeconomic
interpretation, revealing meaningful patterns and different characters of urban areas in Spain.
We end the paper with the summary of its main findings and conclusions.

Materials and Methods
Data set of bank card transactions
Our study relies on the complete set of bank card transactions (both debit and credit) per-
formed by the Spanish customers of Banco Bilbao Vizcaya Argentaria (BBVA) within the
country in 2011. The total number of active customers reaches around 4.5 M, who executed
more than 178 M transactions, with a cumulative spending exceeding 10.3 billion euro. Due to
the sensitive nature of bank records, they were anonymized by BBVA prior to sharing, in
accordance to all local privacy protection laws and regulations. Randomly generated IDs of
customers are connected with certain demographic characteristics and an indication of a resi-
dence at the level of zip code, further aggregated into coarser spatial units. Each transaction is
denoted with its value, a time stamp, the location of the point of sale where it was performed,
and the business category it belonged to. The business classification includes 76 categories such
as restaurants, gas stations, supermarkets or travels. In order to compensate for the inhomoge-
neous penetration of BBVA on the individual banking market in Spain, we normalize—in the
first section concerning demography—the activity of customers by the BBVA market share in
their respective residence location (provided by the bank). Then, using conclusions from that
first section, we design a second normalization procedure to take into account demographic
differences between cities. The raw data set is protected by a nondisclosure agreement and is
not publicly available. However, certain aggregated and normalized data can be obtained from
http://senseable.mit.edu/BBVA/LUZ_CON_FUA_spendingSignatures.xlsx for the purpose of
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findings validation. For the three types of Spanish cities introduced below, the dataset contains
their names, population counts, location, normalized performance characteristics introduced
in the present paper (spending activity, average transaction amount, spending diversity, local
and distant mobility, attractiveness for foreign visitors), normalized statistical characteristics
(unemployment, household income, GDP) as well as the cities’membership in the clusters,
constructed in the paper. Additional aggregated and anonymized data could be shared (subject
to the bank’s approval and entering an appropriate non-disclosure agreement) upon request to
be addressed to María Hernández Rubio at maria.hernandezr@bbvadata.com.

Major characteristics of customers’ spending behavior
In order to characterize the spending behavior of customers, we consider five basic parameters
of bank card usage. Three of them are related to the economic dimension of transactions:

• The activity of each customer, defined as the total number of transactions performed during
a year

• The average value of a single transaction

• The spending diversity, measured as the inverse of the Herfindahl-Hirschman Index for busi-
ness categories visited by a given customer in 2011 (i.e. the inverse of the sum of the squared
visit frequencies to each business category).

Additionally, we introduce two characteristics of customers’mobility, following evidence
connecting human mobility and spending behavior provided by [26] and [28]:

• Distant mobility, measured as the percentage of transactions executed over 200 km from
home

• Local mobility, measured as the average distance between the customer’s home location and
the retail points (calculated based on transactions made within 100 km from home)

Correct computation of four of the aforementioned quantities (all but activity) requires the
customer to be using his bank card frequently enough (e.g., there is no point in measuring the
spending diversity or mobility of someone who used a card only a couple of times). In the fur-
ther analysis, we thus only consider customers who performed at least 50 transactions in 2011
(which gives an average close to one transaction per week). Moreover, we restrict the analysis
to customers active during the entire year i.e., those who performed transactions during at least
nine different months. All five characteristics of spending behavior are further considered at
the city scale–as an average value across the activity of residents.

Three levels of city definition
For a spatial definition of Spanish cities, we test three different types of units. The coarser city
level consists of 24 Large Urban Zones (LUZ) as defined by the European Urban Audit Survey
[42]. The intermediate level concerns 211 Conurbations (CON) identified within the AUDES
project (Aŕeas Urbanas de Espanã) [43], further limited to 205 due to data sparsity for some of
the smaller towns. For the finer spatial scale, we aggregate Administrative Cities of Urban
Audit into 40 Functional Urban Areas (FUA), so as to reflect metropolitan regions in agree-
ment with the Study on Urban Functions of the European Spatial Planning Observation Net-
work (ESPON) [44]. Population and socioeconomic statistics for LUZ and FUA levels were
obtained from Eurostat [42] and the Spanish National Statistics Institute [45]. Population fig-
ures for the CON level comes from the AUDES project [43].
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Impact of demography on customer behavior
Among the primary factors that affect human economic behavior are age and gender [22, 31,
32]. Important observations on the influence of sociodemographic characteristics on human
spending habits were already introduced by [28]. In this section, we verify and extend those
findings to our five measures of bank card usage (i.e., customer’s activity, average value of a
transaction, diversity of transactions, as well as distant and local mobility). Good understand-
ing of the demographic conditioning of those parameters is a crucial pre-processing step for
our analysis: a comparison of the aggregated spending patterns in demographically diverse cit-
ies across Spain.

We present results for respective parameters in Figs 1–3. From a global perspective, one can
observe that even though trends for both genders are substantially different quantitatively, in
most cases, they exhibit remarkable similarities in their shape from a qualitative viewpoint. For
instance, the number of transactions is usually higher for women, while the average value per
transaction is higher for men, who seem to concentrate their economic activity more than
women. Also, while the spending diversity of women customers is higher, their mobility is

Fig 1. Impact of age and gender on selected parameters of customers’ spending behavior. A: Average number of transactions per year. B: Average
value of a single purchase. Insets: Logarithmic distributions for both genders and different age groups.

doi:10.1371/journal.pone.0146291.g001

Fig 2. Impact of age and gender on customers’ spending diversity. A: Average spending diversity against age for men and women. B: Normalized
Herfindahl-Hirschman Index of visited business categories for the customers with different levels of spending activity.

doi:10.1371/journal.pone.0146291.g002
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substantially lower on average. Nevertheless, the tendency for both men and women, as well as
the important age thresholds where these tendencies change, remain strikingly similar. Looking
beyond the simple average values of each characteristic we also observe the steady and continu-
ous impact of customers’ demographics on the shape of parameters’ distributions. Let us now
take a closer look at the respective parameters.

Customer activity and average amount per transaction
In Fig 1A, the average number of transactions per year is plotted against age, for both men
(in black) and women (in red). We also aggregated the data into age groups and plotted
the distribution of the number of transactions (in log) for five-year brackets. One can see
that customer activity increases rapidly between 18 and 30 years old, as expected with the
entry into the workforce. After reaching its peak, it remains more or less constant for both
genders till 40 years, and then steadily decreases. From an economic point of view, it thus
appears that people are most active during their 30s. Moreover, comparing the two curves
shows that women make every year on average 15.8% more transactions; that number goes
up to 20.2% when considering customers in the 25–45 age group. Peak period of activity
and a higher number of transactions executed by women agrees with the observations intro-
duced in [28].

After the number of transactions, let us focus on their average amount (Fig 1B). It is quite
remarkable that this quantity grows with the customers’ age in a nearly linear way, doubling
between the youngest (18 years old) and the oldest (60 years old) customers. Intuitively, this
effect could be connected to the ability of older people to spend more or to buy more expensive
goods (earning more money as their career develops). Nevertheless, it does not go in line with
the pattern displayed by the total amount of spending, a quick increase till 40 years old and
then fewer variations (the actual graph can be found in S1 Fig). Thus, it seems more natural to
explain the steady increase of the average purchase value by a habit of concentrating purchases,
making fewer transactions but buying more each time.

As to gender differences, the average amount per transaction is smaller for women, who
appear to spend more often, but for smaller values. These two statements might be related to
the fact that between the age of 20 and 60 years old, only 75% of Spanish women compared to
89% of men are professionally active [45]. This indicates that, although the situation is evolving
(the percentage of working women was only 65% in 2005), women remain more involved in

Fig 3. Impact of age and gender on customermobility. A: Frequency of distant travels. B: Average distance to home of local transactions. Insets:
Logarithmic distributions for both genders and different age groups.

doi:10.1371/journal.pone.0146291.g003
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domestic tasks, in particular the essential shopping, using their bank card more frequently and
for smaller amounts.

Spending diversity
Given the data at hand, we are also able to analyze the diversity of human economic behaviors
based on a variety of places where people spend their money. In Fig 2, we correlate the inverse
of the Herfindahl-Hirschman Index for the number of visited business categories with custom-
ers’ age and gender. We considered the inverted index to make it an increasing function of
diversity. After a rapid increase until the age of 27–28, the diversity of spending declines
steadily in a linear way, showing that, while people spend more money growing old, they also
tend to spend it in fewer types of businesses. This abrupt change in the trend occurring in the
late 20s well matches the time one founds his/her family [46].

As far as gender is concerned, we notice that women tend to visit a larger number of busi-
ness categories. This raises a question, however. In Fig 2A, the average was taken on every cus-
tomer of a given age regardless of their total number of transactions, and we have seen that age
greatly impacts the transaction activity (which in turn could impact diversity). To ensure that
diversity measures are not biased by different activity levels at different ages, we group custom-
ers according to their level of activity (from 50 +/- 2 to 140 +/- 2) and plot in Fig 2B the nor-
malized number of visited business categories for each group. We also plot the same quantity
for the entire set of customers (the thick black and red lines). The graphs exhibit the pattern
already seen in Fig 2A, which confirms our previous conclusions.

Customer’s mobility
While the home location of a customer is irrelevant to the aforementioned considerations, it
becomes essential when studying human mobility. In the data, for each anonymized customer
ID is given a zip code of the residency address. However, as far as each individual customer is
concerned, the exactness of this formal zip code is questionable (e.g., students registered at
their parents’ home, people moving and not informing their bank, etc.). To get rid of that bias,
we compute the fraction of transactions that took place in the daily accessible neighborhood of
the reported home zip code and discard all customers for which said value is smaller than 60%.
They represent around 18% of customers.

In Fig 3, we plot the two parameters of customers’mobility (percentage of transactions
performed more than 200 km away from home and average distance traveled to businesses
less than 100 km from home) against age for both genders. The distant mobility (Fig 3A) is
the first quantity displaying a big difference in trends between men and women under 40
years old. While for men, the fraction of distant purchases increases with age in a roughly lin-
ear way, distant mobility of women first stagnates, then decreases until 40 years old, and
finally starts to increase similarly to the curve observed for men. In a parallel way to the anal-
ysis of activity, this difference can be connected with a societal explanation. The average age
for childbearing in Spain is 29.8 years old [46], which strikingly corresponds to the change in
the curve evolution. Regarding local mobility, an interesting pattern can be identified in Fig
3B. While local mobility of men remains nearly stable after 25–30 years old, with only a very
slight tendency to decrease with age, women exhibit significant and stable decrease of the
average distance to visited local retailers. They tend to shop closer to their home when grow-
ing older, which, together with the overall shorter distance of local purchases, well agrees
with the findings of [28]. Additionally, from the propensity for shopping-driven travels per-
spective (proven to increase with the sophistication level of purchased products [26]), we can
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confirm here as well that women are more involved in basic shopping needs, as already sug-
gested in the section dedicated to the average value of purchases.

Bigger cities boost up spending activity
It is well established that living in a bigger city boosts up many aspects of human life: intensity
of interactions [39], creativity [41], economic efficiency measured in GDP [40], as well as cer-
tain negative aspects such as crime [41]. In the following section, we examine whether this
property holds true for the individual economic activity of city residents. To do so, the average
values of five bank card usage characteristics are quantified and their dependence on city size
(expressed in terms of population) is analyzed. As the urban scaling laws were found sensitive
to the selection of city boundaries [47], we test and compare three levels of city definition,
namely, Large Urban Zones (LUZ), Functional Urban Areas (FUA), and Conurbations (CON).

In the previous section, we prove individual economic behaviors to depend on customers’
demography. It thus appears necessary to take into account possible variations of demographic
profiles between different cities. As a matter of fact, age and gender vary quite significantly
from one city to another. Among the 24 LUZ, for instance, the fraction of male customers var-
ies between 47.5% and 51%, the average customer age goes from 41 to 48 years old, and the
respective fractions of different age groups change up to a factor of 1.7. In order to correct for
that demographic heterogeneity, we normalize each of the city characteristics by their expected
value (computed using the demographic composition of the city and the average parameters
estimated on the entire set of customers; for more details, see S1 Text).

In Fig 4, the total activity of each Conurbation is plotted against its size at the log-log scale.
We observe a superlinear scaling with the exponent of 1.045. Statistical significance of the
trend is further validated by considering the confidence interval for the exponent. Fig 5 con-
firms this finding for the two other levels of city definition (LUZ and FUA). Importantly, the
exponents for all city levels are approximately the same (around 1.05), indicating that the
uncovered scaling is a distinctive feature of urban areas, regardless of the chosen city boundary.

Fig 4. Superlinear scaling of total spending activity with city size for the Conurbation level. Total
spending activity is defined as the cumulative number of transactions made by city residents. Scaling
exponent: 1.045, confidence interval: [1.03,1.06], p-value: 4 ! 10−205, R2 = 99.0%.

doi:10.1371/journal.pone.0146291.g004
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As we have just demonstrated, the bank card spending of individuals follows the same pat-
tern that has been found for other socioeconomic parameters—they are boosted up in bigger
cities. However, the exponent we obtained is lower than those obtained for other aspects of
human activity (e.g. human communication scales with the exponent of 1.12 [39]). One of the
reasons might be that the considered total spending actually includes a broad range of pur-
chases of different goods and services. Some of them are common needs, which exist regardless
of the place of residence (buying food for instance), and their volume does not depend on city
size that much, while there are also more specific purchases that largely depend on the available
options and might even be -at least partially—motivated by those. The hierarchy of purchases
and its triangular composition was explored by [26], who suggested that its specific structure
may indeed be place-dependent.

With the data at our disposal, we are also able to distinguish different target categories of
businesses. Table 1 gives the scaling exponents for a few major business categories. To confirm
the validity of the trends, we also provide confidence intervals and p-values. The fraction of
activity represented by the corresponding business category is in the last column. As can be
seen, entertaining activities like traveling, going out for a drink, diner or a party are strongly
boosted by city size, with a scaling exponent over 1.1. In bigger cities, people seem to engage
more easily in social activities, which confirms the suggestion of [39]. Similarly, categories such

Fig 5. Superlinear scaling of total spending activity with city size. A: For the level of Large Urban Zones. Scaling exponent: 1.052, CI: [1.00,1.10], p-
value: 5 ! 10−23, R2 = 98.90%. B: For the level of Functional Urban Areas. Scaling exponent: 1.044, CI: [1.00,1.08], p-value: 1 ! 10−37, R2 = 98.71%. Total
spending activity is defined as the cumulative number of transactions made by city residents.

doi:10.1371/journal.pone.0146291.g005

Table 1. Scaling of customers’ activity with CON size for different business categories.

Business category Exponent Confidence intervals p-value Fraction of activity

Everyone 1.045 [1.03,1.06] 4e-205% 100%

Bars, restaurants, and clubs 1.170 [1.13, 1.21] 1e-6% 6.95%

Travels 1.118 [1.070,1.167] 2.8e-6% 6.44%

Health institutions 1.075 [1.042, 1.107] 1.0e-5% 4.78%

Entertainment 1.145 [1.085, 1.204] 2.9e-6% 0.45%

Gas 1.004 [0.974,1.032] 76.0% 10.01%

Supermarkets 1.027 [0.990,1.055] 5.84% 29.47%

Wellness, beauty and fashion 1.082 [1.052, 1.112] 1.8e-7% 16.92%

Others 1.070 [1.023, 1.116] 0.35% 24.97%

doi:10.1371/journal.pone.0146291.t001

Cities through the Prism of People’s Spending Behavior

PLOS ONE | DOI:10.1371/journal.pone.0146291 February 5, 2016 9 / 19



as wellness, beauty, and fashion also possess higher-than-average, statistically significant expo-
nents. On the contrary, fundamental needs are less impacted by city size, with exponent values
almost equal to 1. Living in a big or a small town does not affect one’s attendance to grocery
stores, supermarkets or gas stations. And since those activities cover 40% of the total spending,
they considerably lower the overall scaling exponent.

The other spending parameters considered in this paper demonstrate diverse behaviors in
terms of scaling. Let us go over a few quantities (all others, together with graphs for diversity,
can be found in S1 Table and S2 Fig). The average amount per transaction seems to be gener-
ally independent from city size. Conversely, a statistically significant scaling trend appears for
individual average spending diversity, suggesting that customers from larger cities have a
slightly broader variety of purchases. The exponent of 0.08 together with a p-value of 6 !
10−22% for Conurbations proves the increasing trend for the average diversity with nearly
100% confidence. The trend is also statistically significant for LUZ and FUA. In case of mobil-
ity, the patterns are mixed. The most meaningful relation is observed for the CON level: local
mobility exhibits a downward trend, with a scaling exponent of -0.076, while distant travels
show a positive scaling with a noticeable exponent of 0.130. It appears that in larger cities, peo-
ple are able to satisfy their shopping needs closer to their home, thus sparing them from longer
journeys to perform local transactions. The uncovered trend for distant mobility (strongly
increasing with population) indicates that inhabitants of large cities explore the country on a
wider scale. Nevertheless, mobility trends strongly depend on the city definition level. The pat-
terns at the level of LUZ are quite different from those at a core city scale.

Classification of Spanish cities beyond the impact of demography
and scale
Scaling laws described in the previous section explain how the economic behavior of city resi-
dents is expected to change with city size. However, the actual values of spending parameters
deviate from the estimations. For example, as can be seen from S1 Table, even when the trends
are statistically significant, the portion of the observed variations they are able to explain (R2)
sometimes happens to be as low as 20%. Values higher than the corresponding trend can be
treated as overperformance of the city. On the contrary, values below the trend may be inter-
preted as underperformance. Similarly to [41], we quantify those deviations using log-scale
residuals (i.e., the difference between the decimal logarithm of the actual city characteristic and
the decimal logarithm of the corresponding trend estimation). These residuals are computed in
relation to size-specific estimates and can therefore be used for a qualitative comparison of dif-
ferent cities, regardless of their population. Since the five urban parameters were normalized
beforehand for age and gender variability, the residuals are also free from the impact of demog-
raphy. Altogether, this approach allows the definition of a novel classification of Spanish cities,
revealing the impact of local circumstances on residents’ spending behavior.

Residuals of the five urban parameters represent the distinctive signature of a city. We con-
sider each city definition separately, which results in three separate sets of city signatures. In
order to bring the residuals of different parameters on a common scale, we normalize them by
their standard deviation (the mean being always zero by definition of a trend). Similarity
between the signatures of cities within a given level is assessed with the k-means clustering
algorithm [48]. In order to stabilize the separation of clusters, we apply the majority voting
across several dozens of iterations. According to the silhouette metric [49], the most optimal
solution divides cities into three clusters at all levels but LUZs (see S2 Text and S3 Fig for a
detailed description of the metric and computed values). However, at all levels, the division
into three clusters forms a pattern that is meaningful for the qualitative interpretation of
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results. Interestingly, we also observe a largely consistent hierarchy between the two- and
three-cluster cases, quantified as 90% agreement for CON, 85% for FUA, and 100% for LUZ
(given as proportion of cities remaining in the same cluster, under the assumption that one of
the two clusters remains and the other one splits in two). Such properties were not observed
with larger numbers of clusters. Therefore, the classification into three categories of cities is
selected as the basic one for the next results presentation.

Spending profiles of the received categories of Spanish cities
Each of the received city clusters can be characterized with a distinct profile of residents’ spend-
ing behavior. Differences between particular profiles are well recognizable from the deviations
of particular bank card usage parameters (Fig 6). Major distinctions are provided by the combi-
nation of spending activity and diversity, as well as distant mobility. The first two parameters,
which are in any case correlated as higher number of transactions implies higher diversity,
explain the separation of cluster A (red). The variations of distant mobility justify the addi-
tional split of clusters B (blue) and C (green). More importantly, those distinctions are consis-
tent across the city levels.

Received clusters can be further interpreted based on their spatial alignment (Fig 7), which
exhibits a high robustness across the three city definitions. The variations can be attributed, to
a large degree, to the changes of sample size and spatial scale (e.g., different mobility patterns
within LUZ and CON). In general, a good agreement across city levels is observed and can
serve as additional evidence for the consistency and stability of the approach. Below, we present
a detailed interpretation of the three received city clusters.

The most distinctive city category is the red cluster, covering cities located along the most vis-
ited part of the Mediterranean coast and on the islands. This pattern clearly refers to the most
touristic parts of Spain, which is further supported by the incorporation of Toledo, a World

Fig 6. Deviations of spending parameters from their respective scaling trends with city size, for the cities defined at the level Large Urban Zones
(LUZ), Functional Urban Areas (FUA), and Conurbations (CON). Colors indicate three clusters of cities obtained based on the k-mean clustering, in
accordance with Fig 7.

doi:10.1371/journal.pone.0146291.g006
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Heritage Site by UNESCO. The appearance of this “touristic” cluster is interesting, as our proce-
dure relies exclusively on the economic activity of city residents—indicating that inhabitants of
this type of cities have a distinctive economic behavior. The spending profile of the red cluster is
characterized by an intensified spending activity and diversity, which are accompanied by an
underperformance of the average purchase. This indicates that residents use their bank cards
more often than for the occasional shopping, covering all types of small, everyday purchases.
Negative deviations recorded for the distant mobility parameter are well understandable from
the perspective of the geographic distribution of cities, especially for the isolated island cities.

The core of the blue cluster includes Santiago de Compostela and cities from the Basque
and Navarra regions. In case of LUZ, it also covers Madrid and Barcelona. In case of CON, it
expands into a much wider area in the north as well as part of the Spanish interior. Cities
grouped within this cluster exhibit negative, or close to average, residuals for the activity and
diversity parameters, while the residuals for the average purchase tend to be positive. The latter
goes in line with the economic profile of the core cities in the blue cluster—wealthy industrial
cities in the northern part of Spain, such as Bilbao or Pamplona. Higher purchase power may
also be the reason for the distant transaction values, which are much higher than expected
from the scaling trend. However, this larger spending potential is combined with a decreased
intensity of card usage. This points to a conclusion opposite to that of the red cluster—bank
cards are used for substantial amounts of money but quite rarely.

Green cluster concentrates cities of the Spanish interior and the remaining ones from the
north. Similar to the blue cluster, it is characterized by negative residuals for activity and diver-
sity. Deviations of the remaining three parameters are of a different type. The average purchase
values are close to the baseline provided by the general trend. At the same time, distant mobil-
ity mainly records negative deviations, especially at the level of CON. Accompanied by a larger
local mobility for CON, this observation suggests an economic activity of residents concen-
trated around their cities, which are satisfying most of their needs. It agrees well with the fact
that the green cluster consists of many service-oriented cities, serving as administrative capitals
for big territories, such as Valladolid and Zaragoza (at the levels of LUZ and FUA).

Socioeconomic profiles of the clusters
Three Spanish cities classifications have been built solely based on the individual economic
activity of their residents. In this section, we examine how well these clusters agree with

Fig 7. Classification of Spanish cities into three categories based on the spending behavior of their residents. Classification was performed
separately for the three different city definition levels–Large Urban Zones (LUZ), Functional Urban Areas (FUA), and Conurbations (CON). Clustering into two
categories can be, to large extent, recreated by merging clusters B and C into one (the consistency between the two- and three-cluster cases was quantified
as high as 100% for LUZ, 98% for FUA, and 97% for CON).

doi:10.1371/journal.pone.0146291.g007
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standard socioeconomic statistics. We picked three major urban indicators, available for LUZ
and FUA thanks the Urban Audit Survey [42] and the Spanish National Statistics Institute
(INE) [45]. These are Gross Domestic Product (GDP, estimated based on the province quanti-
ties), unemployment (in absolute numbers), and the average disposable annual household
income (further referred to as income). All statistics reflect the state in 2011, with the exception
of the unemployment figures for LUZ, available only for 2009. Data at the CON level were not
available to the authors. Additionally, we compare LUZ spendings with the Household Budget
Survey of INE from 2011 (Total expenditure, further referred to as households’ expenditure),
available only at the coarse spatial resolution of Autonomous Communities.

As already mentioned, socioeconomic indicators are proven to scale superlinearly with city
size [37, 40]. We confirmed that this property holds also for our socioeconomic data, with the
exception of the income at the level of FUA, where the relation with city population is rather
linear. Therefore, we construct socioeconomic metrics in the same way as our five spending
parameters, based on the log deviations from the scaling estimates. This way, the metrics indi-
cate if city scores are better or worse than the expected performance of a city of that size. For
the households’ expenditure, residuals obtained for the Autonomous Communities were
assigned to corresponding LUZ. Residuals for all socioeconomic indicators are available at
http://senseable.mit.edu/BBVA/LUZ_CON_FUA_spendingSignatures.xlsx.

Thorough linear correlation can only be observed for average purchase amount. It is partic-
ularly strong for the households’ expenditure at the LUZ level (R2 = 0.78), showing a big oppor-
tunity for bank card data to extend this standard statistics with a better spatial and, potentially,
temporal resolution, and with a much larger sample size (4.5 million of BBVA customers vs.
24,000 of surveyed households). As far as other parameters are concerned, the average pur-
chase value is negatively correlated with unemployment (R2 = 0.82 / LUZ and 0.65 / FUA) and
positively correlated with income (R2 = 0.49 / LUZ and 0.37 / FUA) and GDP (R2 = 0.55 / LUZ
0.34 / FUA). Weaker, though still visible, correlations can also be noted between the aforemen-
tioned indicators and distant mobility. The other spending parameters do not show a direct lin-
ear correlation with socioeconomic statistics.

Nevertheless, interesting patterns appear when crossing the deviations of socioeconomic
metrics with the three received city clusters (Fig 8). The most distinctive observation concerns
cluster B (blue), where the majority of cities exhibit high positive residuals for income, GDP
and households’ expenditure (with the exception of Santiago de Compostela, values of which
is very close to the trend line) and negative residuals for unemployment. It confirms a good
socioeconomic condition in the cities of the blue cluster and agrees well with their spending
profile—higher than expected average purchase values and distant mobility. The situation
seems to be just the opposite for cluster A (red). A majority of cities record high residuals for
unemployment and underperformance in terms of households’ expenditure, income, and
GDP, which may indicate both social and economic problems. Individually, these go hand in
hand with the decreased average purchase values and distant mobility but still allow a high
level of general spending activity. Interpretation for cluster C (green), characterized by a mix
of residuals’ values, does not seem to be as straightforward as for the previous ones; however,
we observe a slight tendency to underperform in GDP, while the income and expenditure
residuals stay close to the trend. Together with the previously reported low levels of spending
activity and diversity, this suggests that although the average income of households is at the
expected level, it is spent for a rather limited number of purchases, and does not contribute to
the improvement of the economic well-being of cities. Observations on the correspondence of
the three city clusters and socioeconomic statistics are generally consistent across city levels
(with the exception of households’ expenditure, complete data not being available), which
supports their validity.
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Attractiveness of the clusters to foreign visitors
We have already mentioned that, even though clustering was performed solely based on the
activity of city residents without taking visitors into account, many touristic parts of Spain are
gathered in cluster A. To explore this observation in a more quantitative manner, we compared
our clusters with Spanish cities attractiveness to foreign visitors. As proposed in [29, 30], city
attractiveness can be captured using the spending activity of its foreign visitors. This activity
exhibits a strong superlinear scaling with city size, with an exponent of around 1.5 [30]. There-
fore, residuals from the scaling trends at each city level indicate how much a city is attractive to
foreigners relative to the average expectation of any city of the same size. That measure, con-
structed in the same manner that the five spending parameters for residents, can be put in rela-
tion with the distribution of cities in clusters. We perform that comparison using data
containing bank card purchases of foreigners visiting Spain, its results can be found in Fig 9.
Most of the cities gathered in cluster A are indeed characterized by a foreigners spending activ-
ity way above the trend line, while a majority of the cities from the remaining clusters tend to
underperform on this measure. The pattern is especially evident at the level of CON, but to a
minor extent, it is also visible for LUZ and FUA. In general, the correspondence of foreign
attractiveness and spending habits of city residents is an interesting observation, which shows
the great extent to which the touristic profile of a city affects the individual life of its

Fig 8. Deviations of standard socioeconomic statistics within the three clusters of Spanish cities at the level of LUZ, and FUA.Unemployment,
Disposal Annual Income of Households, and Gross Domestic Product were available for both city levels. Total Expenditure of Households, from the
Household Budget Survey, was available only for the Autonomous Communities and reassigned to the corresponding LUZ. The data comes for the Urban
Audit survey of Eurostat [42] and the Spanish National Statistics Institute [45]. Socioeconomic parameters were quantified as log residuals from their
respective scaling trends with city size. Colors correspond to the three clusters of cities obtained based on the spending behavior of city residents, as
presented in Fig 7.

doi:10.1371/journal.pone.0146291.g008
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inhabitants. At the same time, it also puts the proposed classification in a much broader per-
spective going beyond the original idea of the impact of cities on the economic behavior of
their residents.

Conclusions
In the present study we explored individual economic behavior of urban residents by means of
their bank card transactions, quantified through five parameters: customer activity, average
value of transactions, spending diversity, local mobility, and distant mobility. On a general
level, we confirmed the substantial impact of age, gender and place of residence on human
spending behavior. In particular, we found out that all of the above parameters scale quantita-
tively with city population, and thus form a good basis for a bottom-up economic descriptors
of urban well-being, which was confirmed with the creation of a new and meaningful clustering
of Spanish cities.

Exploring the connection between individual economic activity and demographics, we
extended the findings of [28], showing that age and gender have a major impact on all of the
bank card spending parameters. Consistent trends were obtained when correlating them with
age, and the curves for genders were different from one another, similar in shape but not in
absolute terms. For instance, the average purchase amount demonstrates a surprisingly steady
linear increase with customer age. This phenomenon can be interpreted as a general tendency
to group purchases when growing old. Also, the spending diversity peaks around 30 years old,
a fact consistent with the average age of first childbirth, and then starts to decrease. The con-
firmed impact of customers’ demographics on their bank card activity implies the necessity to
compensate for such factors while building and comparing aggregated patterns—in our case,
the spending profiles of different urban areas.

Next, we found that the size of the city of residence has a noticeable impact on all the char-
acteristics of individual spending behavior, except for the average amount of purchases, in a
way that can often be described as a statistically significant power law scaling. The overall
spending activity scales superlinearly with city size—a fact that goes in line with the previous
findings regarding other socioeconomic urban quantities. At the same time, individual spend-
ing in different types of businesses shows a substantially different scaling behavior, which hints
to a noticeable shift in the categories of customer activity within cities of different scales.

However, each city posseses its own unique characteristics in terms of spending parameters,
different from the general superlinear scaling. We demonstrated that the deviations from the
trends’ baselines can be regarded as distinct signatures of cities, forming a solid basis for a
scale-free comparison and classification of urban areas. The approach was tested on Spanish
cities defined at three different scales—Large Urban Zones, Functional Urban Areas and Con-
urbations. This purely data-driven classification, independent from any spatial or topological

Fig 9. Correspondence of the received clusters of Spanish cities with the attractiveness of these cities. Attractiveness is calculated based on the
spending activity of foreign visitors. Presented deviations are quantified as log residuals from their respective scaling trends with city size at the levels of LUZ,
FUA and CON. Colors correspond to the three clusters of cities obtained based on the spending behavior of city residents, as presented in Fig 7.

doi:10.1371/journal.pone.0146291.g009
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considerations, revealed three meaningful categories of Spanish cities. The categories have
shown to be distinct in terms of spending patterns of their residents, geographic alignment and
the standard socioeconomic statistics (derived from the external metrics of GDP, unemploy-
ment and income). At the level of LUZ, they also corresponded well with the Spanish House-
hold Budget Survey, available at the far coarser spatial resolution of Autonomous
Communities. In particular, the average value of bank transactions exhibited a high correlation
with households’ expenditures, 78%, showing the potential of bank card data for extending
some of the standard statistics with a better spatial and, potentially, temporal resolution. Fur-
thermore, the obtained clustering results were found to capture meaningful economic patterns
beyond the scope of the considered data—certain categories, while being derived solely based
on the behavior of city residents, corresponded well with the attractiveness of those cities to
foreign visitors.

As a final remark, we should point out that the proposed classification remained, to a certain
extent, stable for the different city definitions, which constitutes additional evidence of its
robustness. Moreover, although in the paper the approach is applied to Spain, we believe it to
be widely applicable to any other country, provided that the appropriate data is available.
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