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a  b  s  t  r  a  c  t

Drug  distributors  are  increasingly  turning  to online  markets  to  deliver  and procure  illegal  drugs.  Online
venues  allow  drug  vendors  to  span  broad  audiences,  reshape  organizational  structure,  and  remain
relatively  anonymous.  Such  trends  raise  fundamental  questions  regarding  the  structural  robustness,  topo-
ts

logical  characteristics,  and  tie formation  patterns  in online  drug  distribution  networks.  We  examine  one
online  illegal  opioid  transaction  network.  We  characterize  the  network’s  topology,  evaluate  selection
dynamics  that  sustain  and  facilitate  the  growth  of  the  drug  market,  and  investigate  network  vulnera-
bility.  Results  support  the  existence  of trust-based  preferential  attachment  and  give  insight  to how  the
network  reacts  to disruption.
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trade has gone digital. Users and curious individuals
ed to online marketplaces to make drug purchases, both

 illegal (Aldridge and Decary-Hetu, 2013; Eurobarometer,
ODC, 2016). Consequently, online drug marketplaces

liferated on both the surface web—all websites that
ccessed through a mainstream search engine—and the
—an encrypted region of the Internet only accessible
ymous ‘Tor’ browsers. These ‘Tor markets’2; engage in
ilar to that of the surface web, incorporating transaction

 private messaging, and bidding systems. Unlike surface
kets, however, they use anonymous currency to protect
and customers involved in illegal drug exchange from

 identification.
lative accessibility of drugs through the Internet and the
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 risk associated with drug purchasing (e.g. Barratt et al.,
as contributed to a rapid growth in online drug trade.
search estimates a 50% increase in the number of drug
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ddress: duxbury.5@osu.edu (S.W. Duxbury).
ally, the ‘Tor network’ employs an anonymizing ‘darknet.’ Most refer-
rknet activity refer to activity on the Tor network—currently the most
nymous web service. We use the term darknet here as it is more recog-
road audiences.

f the current literature refers to Tor markets as ‘cryptomarkets.’ We use
r market’ to avoid confusion with the specific market we study, named
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rldwide who have purchased from a Tor drug market over
wo  years (Barratt et al., 2014; Van Buskirk et al., 2016).3

, roughly one quarter of drug users report using Internet
for illegal drug purchasing (UNODC, 2016). Many of these
generate large amounts of revenue. Some larger Tor drug
generate over $180 million US in revenue per year (Soska
tin, 2015), with over half of all generated revenue coming

olesale purchases above $1000 US (Aldridge and Decary-
6), indicating that both mid-level retailers and users have

 Tor markets to procure drugs (Aldridge and Decary-Hetu,

l drug trade sits at the intersections of two growing
-related research areas: online commerce (Stephen and
009; Diekmann et al., 2014) and criminal networks
ta 2017; Morselli, 2009; Raab and Milward, 2003; Smith
christos, 2016)—particularly drug distribution networks
n, 2006; Wood, 2017). Network analysis of digital drug
provides rare insight to new forms of illicit trade, online
, and the interactive dynamics of an active drug mar-

att and Aldridge, 2016). Examination of these dynamics
 elucidate the resilience of digital drug markets and the
l processes that sustain and facilitate the growth of illicit
de.

r, online drug markets are an opportunity to evaluate how
enues affect the structure and operation of criminal net-
me research shows that criminal groups use social media

skirk et al. (2016) report 9.6% of global drug users interviewed use Tor
 drug procurement.
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inate over a much larger distance, draw on more resources,
ge in more crime than their offline counterparts (Patton
3, 2016). Similarly, terrorist organizations are increasingly

 Internet venues to advance political agendas and recruit
nts (Chen et al., 2008; Berton and Pawlak, 2015). Just as
net raised fundamental questions related to the social

 of everyday friendship networks (e.g. Lewis et al., 2008,
nbar et al., 2015), crime groups’ usage of the Internet to
e offending and recruit participants is now raising impor-
tions regarding the behavior and structure of offending
. What are the topological characteristics of online drug
on networks? What actor-level behaviors explain the for-
f this topology? And, how do online drug markets fare
isruption?

 article, we evaluate hypotheses drawn from research on
networks and online commerce. We  analyze one bipar-
pioid exchange network consisting of 1132 illegal drug
ns.4 We  characterize the topology of the network, utilize
ial random graph models (ERGM) to identify vendor selec-
rns in the network, and evaluate the network’s robustness
ion. Results have implications for drug market disruption,
ing, illegal commerce, criminal networks, and the grow-
f literature on online drug trade (see Barratt and Aldridge,

a review).

ses

rk topology gives insight to network resilience and net-
avior. Prior research on criminal networks suggests that
oncerns and constraints on efficient mobilization gener-
e network structures among criminal groups (Baker and
1993; Raab and Milward 2003; Morselli et al., 2007). Many
ribution networks rely on a hierarchical network struc-
re high profile distributors insulate themselves from the
the network activity by connecting to only a few actors
n 2006; Morselli et al., 2007; Breiger et al., 2014). This net-
cture constrains the behaviors of participants by reducing

ency of criminal activities while simultaneously limiting
f network disruption by protecting key actors.
atively, social commerce networks often form through
ial attachment, where highly desirable vendors attract
ase of customers (Diekmann et al., 2014; Stephen and

009). Networks that form through preferential attachment
degree scaling property, where the probability of degree

 k−� and � ≥ 1 is the distribution parameter (Barabasi and
99). In these cases, the degree distribution of the network
power-law and is said to be scale-free. This network struc-
mewhat unintuitive for a criminal network, as hubs in a

 network are easy to identify and their removal tends to
onounced disruptive effect on the entire network (Albert
4).
here is some rationale for anticipating that online black

ay  exhibit a scale-free network structure. First, research
e commerce finds that legitimate social commerce net-
en exhibit a degree scaling property (Stephen and Toubia,
is is because certain vendors span broad audiences
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 and Toubia, 2009) while others are perceived to be par-
reputable (Diekmann et al., 2014), both attracting a wide
uyers. Second, some case studies show that illicit com-

out the article, we refer to the network as both a drug distribution net-
rug market to indicate that while the network acts as a market, it is also
ternational drug distribution.
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tworks may  exhibit higher centralization than one would
 a criminal network. Decary-Hetu and Laferriere (2015)
iptive network analysis on a stolen credit card market,
at a few key vendors have particularly high degree cen-
is is suggestive of preferential attachment in online illicit

 markets. Since relative anonymity reduces the risk of
 for online offending (Aldridge and Decary-Hetu 2013;
is et al., 2016), we expect that the Tor opioid network

 will exhibit degree scaling.

sis 1. The drug distribution network on the Tor network
ale-free.

al attachment

asi  and Albert’s (1999) seminal paper on scale-free net-
esents preferential attachment as the mechanism that
le-free networks. However, research since then has deter-
at power-law degree distributions may  arise even when
ial attachment is not present (Newman et al., 2001;

 2003). In the case of online commerce networks, Stephen
ia (2009) demonstrate that selling diverse products may

 development of a power-law distribution in an online
e network because it opens the vendor up to a wide audi-
uyers. In such cases, a scale-free network topology does
sarily reflect preferential attachment in the market, but
a product of certain vendors spanning broad consumer

atively, trust often plays an important role in establishing
online markets (Diekmann et al., 2014). Similarly, much
tion in criminal and covert networks is driven by trust

 and Papachristos, 2017; Morselli et al., 2007; Smith and
tos, 2016; Tremblay, 1993; Weerman, 2003). In the case
ade, Weerman (2003) suggests that trust between dealers

 facilitates future transactions and that dealers are more
repeat transactions with buyers whom they trust. Draw-
this line of reasoning, a scale-free network topology may
eferential attachment towards trustworthy vendors in a
ne commerce network.
pect trust to dwarf product differentiation in this instance.
ugh the Internet reduces the risk associated with real
ug exchange (Barratt et al., 2016a), buyers are often con-
ith the purity of their product (Bancroft and Reid, 2016),
ith an undercover law enforcement officer (Aldridge and

017), or being scammed (Van Hout and Bingham, 2013),
 they may  disproportionately select vendors whom they
to be credible (e.g. Cox, 2016).

sis 2. As vendors’ trustworthiness increases, so do the
ttracting customers.

sis  3. Vendors who are accused of fraud will be less likely
 buyers.

r,  Tor drug purchasers often pay a higher premium on
es than real-world drug buyers (UNODC, 2016). This leaves
ibilities. The first is that buyers will seek to reduce costs
her, opting for the best deal. Alternatively, buyers may be
erned with costs because cost may  be taken as an indicator

 or because buyers may  expect to pay higher costs when
g drugs online. If there is little variation in the prices of

the observed network, there may  be little incentive for

 consider the price of products alongside the trustworthi-
ndors. Similarly, buyers may  be willing to pay a premium
orthy vendors when there is high uncertainty about the

f products (e.g. Bancroft and Reid, 2016).
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hile our total transaction network contains 1132 unique transactions, some
gs  are taken down while the user evaluation is still active. In these cases,

ation  on the product being sold or its cost was  unavailable.
chedule 1 is the highest regulation of drugs in the US.
f our sample of 771 actors, 8 were ‘anonymous’ users who  paid extra to conceal
S.W. Duxbury, D.L. Haynie / Social Netwo

sis 4. Buyers will exhibit less preferential attachment
rice when compared to vendors’ trustworthiness.

ss to disruption

owing area of research examines how criminal
—especially drug markets (Caulkins and Reuter, 2010;

, 2008)—respond to disruption (Duijn et al., 2014; Malm
ler, 2011; Morselli, 2009). Prior research suggests that
tworks avoid highly centralized topologies to reduce the
sruption (Morselli et al., 2007; Raab and Milward, 2003);
ely, scale-free networks are often highly vulnerable to

disruption or vertex removal (Albert et al., 2004). Since a
f highly connected actors account for most connections,
val of a highly-connected vertex often fractures the net-

 numerous distinct components (Holme and Zhao, 2007;
, 2002). This suggests that a scale-free drug distribution
exhibiting preferential attachment may  be particularly
le to vendor removal.
an (2002, 2003) suggests that the structural vulnerabil-
le-free networks is related to degree-mixing patterns.

 (2002) argues that networks in which highly connected
nnect to other highly connected actors (assortative mix-

 to be robust to vertex removal. On the other hand,
 in which highly connected actors tend to connect to low-

(dissortative mixing) are often vulnerable to key vertex
(also see Alm and Mack, 2017). Dissortative mixing is a
istic that has been observed in real-world drug distri-
tworks (Wood, 2017), rendering many real-world drug

vulnerable to targeted disruption (Kennedy, 2008). We
at the dissortative mixing in the Tor opioid distribution
will be relatively low. This is because there is relatively
n drug procurement when conducted through cyberspace
t al., 2016a), and many online drug market buyers report
nting with a wider variety of drugs than they would other-
ratt et al., 2016b). This suggests that buyers may be willing
witch vendors and to make repeat purchases, creating a
that is neither highly dissortative or assortative.

sis 5. The Tor opioid distribution network will exhibit
rtative mixing.

mon way to test the structural stability of a network is
e vertices in descending order of k score and to measure
rtion of network components as a function of the actor’s

(Albert et al., 2004; Wood 2017; Alm and Mack, 2017).
us declines in network cohesiveness indicate structural
ility. Kennedy (2008) argues that a more effective means to
e network activity—especially drug market activity—is to

eously remove multiple influential criminals in one effort.
sed deterrence’ prevents the development of a power
and cuts off the bulk of network activity at its source.
atively, some research suggests that those actors which
uctural holes may  be the most integral to many exchange,
ional, or political networks (Burt, 1992, 2004). McGloin
hoes this point, suggesting that targeting gang members

 local network clusters may  have a large disruptive effect
etworks (also see Morselli and Roy, 2008). Extending this
dors who span structural holes attract the most unique
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sis 6. Removing brokers will have a greater disrup-
t on the Tor opioid distribution network than leading k

ata comprises all transactions with opioid dealers on one
 drug distribution market (‘Cryptomarket’) during a six-
eriod (October 2015–April 2016). We  focus on opioid
ecause, behind marijuana transactions, it is the second
hly trafficked class of drugs on Cryptomarket. Second, the
gal consequences of scheduled opioid trafficking makes it
analyzing how buyers choose vendors when risk is high
n trust considerations are most salient). Indeed, of the
sactions6 with known products identified in the opioid
etwork, 253 were opioid exchanges. Of those, over half
edule 17 opioids (heroin and opium), while the rest were
ion only (e.g. fentanyl, oxycodone, methadone).
market was selected for three reasons: 1) it is one of the
d more popular drug markets; 2) it is one of the few
hat shows complete website specific usernames for most
3) it employs mandatory evaluations for all transactions.
d point is particularly important. Whereas most online
employ optional product reviews, Crytpomarket requires
uator comments are completed within two weeks of a
on or the account is banned. These publicly available com-
fer information on which buyers purchased from which
how the buyers evaluated the sale, the cost of the sale,
roduct being purchased. Taken in sum, these comments
o recreate the complete transaction network for all opioid
n Cryptomarket during the observation period.
llected data in a two-stage process. First, we identified
dor who  distributed opioids on Cryptomarket. We  then

ded the user-reviews for each individual vendor. Com-
 user-reviews are available for six months after each

on. As such, we were able to identify all transactions for
f vendors over a six-month period.
he next three months we  coded the comments for users’
ns, the amount of money exchanged, and who purchased
om.  We  coded vendor pages for attributional data, such
rs’ location, vendors’ reputation score, whether vendors

 as a group or individually, and how frequently ven-
 been accused of fraudulent practices (described in detail
We  created the transaction network (e.g. who  purchased
m) based on these comment pages. It is important to note
ugh all vendors distributed opioids, opioids were not the

 being exchanged in this network. Since there are no trans-
etween vendors in the network, we treat the network as
for all analyses.10 Table 1 presents characteristics of the
ames. These are not included in our analyses.
 coding allows us to create variables which may  be hard to automate
ine learning. For example, our scam-to-sale ratio (discussed below) or
al category of drugs, which vendors often mislabel to expand their view-
ile manual coding may introduce some human error in data collection,
ure is not remarkably different from entering the results of a survey
ire  into a datasheet.
e that it is possible for vendors purchase from one another; however, it
served in our network.
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Table  1
Network Characteristics.

Network measures
Total  actors 763
Isolates 13
Total edges 1132
Total unique edges 874
Density 0.002
Opioid transactions 44.01%a

Vendors
Total 57
Mean k 30.71
kmin 0
kmax 254

Buyers
Total 706
Mean k 1.82
kmin 1
kmax 25
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s a binary variable indicating whether a vendor sells more than
class of drug (e.g. hallucinogen, opioid, stimulant).15 This vari-

 captures whether preferential attachment is actually present,

ecause the lowest ranked vendor had a reputation of −5, we added an arbitrary
 of six to everyone in the matrix. This allowed us to maintain zero as a mean-
l category for all buyers and to give all vendors a minimum reputation score of
e determined the robustness of this decision by comparing it to z-score, log-
ic, and square root transformations. All transformations yielded comparable

s.
e created a rate variable instead of a binary variable because vendors who

 many sales may be more likely to be accused of scamming simply because
ave more customers.

xamples of fraud accusations include failure to deliver a drug, a drug not being
red  as described in the listing, or shipping smaller portions of the drug than

uyer paid for.
e reran the models measuring vendors’ affordability as the average unit price
endor, encountering the same results (described below). We elect to use aver-
s not include missing data for the product being exchanged, which were
51.14% of transactions.

nalytic strategy proceeds in three steps. First, we char-
he topology of the observed network. Second, we  use
ial random graph models (ERGM) to test preferential
nt in our network. Since we are interested in both initial
at transactions between buyers and vendors, we uti-

 Bernoulli (e.g. Robins et al., 2007) and Poisson ERGMs
, 2012). Third, we report degree mixing and use vertex

simulations to gauge the robustness of the network to
disruption.

free networks follow a power-law degree distribution
 and Albert, 1999; Newman et al., 2001). One way  to test
er-law distribution is to fit the network’s degree dis-

 to a regression line in log–log space. This approach is
in social networks research (Moody, 2004; Stephen and
009). However, it is not without draw-backs (see Jones
cock, 2003). Clauset et al. (2009) critique that the method

 ‘qualitative’ appeals, rather than quantitative analysis.
hey propose a method that uses Kolmogorov-Smirnov
etermine the goodness of fit of the power-law distribu-
e empirical degree distribution. The resulting test statistic
determines fit of the distribution, whereas the p value

 whether the empirical data could come from a power-
e case of the former, a smaller KS-stat indicates better
lly, a KS-stat of 0.10 is considered adequate. In the lat-
ll p indicates that the data does not follow a power-law.
lauset et al. (2009) recommend comparing the fitted dis-

 to alternative degree distributions using log-likelihood
ong) tests. This confirms the robustness of the results,
degree distributions may  be fit to power-laws without
r-law distribution offering the best fit. We  follow Clauset
009) recommendations to evaluate the topology of our

e ERGM to test for 1) preferential attachment in the Tor
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to model the likelihood of ties forming in the network
 actors’ attributes and network characteristics.
terest is in both repeat purchases and initial vendor selec-
erential attachment in the drug market may  be a blend
teristics that attract new buyers as well as certain prac-

 retain old ones. Thus, we  utilize a Bernoulli ERGM of a
twork (e.g. Robins et al., 2007) as well as a Poisson ERGM
e edge values are weighted by the frequency with which
rchase from certain vendors (Krivitsky, 2012). Since the
us effects for Poisson and Bernoulli ERGMs are not always

, we  review the exogenous variables used in both models
ndogenous effects in the Poisson and Bernoulli ERGMs

y.

s variables
 research in clandestine networks suggests that trust is a
onent guiding network selection patterns (e.g. Morselli

007; Smith and Papachristos, 2016; Tremblay, 1993;
, 2003). We  use two measures of vendors’ trustworthi-

 first is vendors’ cumulative reputation score—a common
of trust in similar research (Decary-Hetu and Laferriere,
ekmann et al., 2014; Dupont et al., 2016; Van Hout and
, 2014). After a transaction, every buyer evaluates the sale

 from −5 to 5. The sum of these values is listed as a cumu-
utation score for buyers to view, where negative values
ow trust and positive values indicate smooth transactions
or reliability. We  use this composite measure to evaluate
ustworthiness.11 Our second is a measure of perceived
t practices. We  constructed a continuous scam-to-sale
ging from 0 to 1). The scam-to-sale ratio is a measure of
y times a vendor has been accused of scamming by buy-
d by their total amount of sales.12 Higher values indicate
endor has been accused of fraud more frequently relative
ount of transactions they have conducted, lower values
he opposite.13

mpare the effects of trust to other mechanisms that may
 a power-law distribution. One obvious counter-point to
f trust may  be that buyers simply shop for the best deal,

gh reputation vendors may  have high reputation because
e the most sales and list the lowest prices. We control for
affordability by creating a measure of average transaction
endors. This measure was constructed by dividing the sum
ll transactions with a given vendor by the total amount
or which price data were available.14 Fig. 1 shows the
y distribution of cumulative reputation score, number of

 average transaction cost for all vendors. Our final predic-
tion cost to restrict missing edge values, which were more common when
th the unit size of purchases.
any vendors may miscategorize their listings or may be uninformed

h drugs belong to certain chemical categories, we hand-coded this vari-
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er-law distribution forms simply because high k vendors
d consumer bases (e.g. Stephen and Toubia, 2009).16

levant control variable to consider is buyers’ concern with
ent legitimacy of vendors (Van Hout and Bingham, 2013).
city for vendors to provide professional services and to
legitimacy likely increases depending on how many indi-
re involved in distribution. Group organization allows for

vend
of a 

their
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ence
 of labor and more consistent services (DellaPosta, 2017).
p distribution variable—taken as a proxy for profession-

 efficient service—is a binary variable indicating whether

on the actual chemical classification of drug, rather than how a vendor
rug.
e here that outliers are not a statistical problem in ERGM. Instead, out-

 be interpreted as highly influential and structurally embedded actors
t al., 2008).
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dvertise themselves as operating independently or as part
tion. Each vendor provides a summary of their services on
page. If the vendor describes their services using second
.g. ‘we’, ‘us’), it is coded ‘1’; if they used first person, it
‘0’. We  also control for geographic location, as tastes for
rugs may  be affected by regional availability, local prefer-

 lower shipping costs for proximal regions. Unfortunately,
aphic region of buyers is unavailable. We  include the geo-
ocation of each vendor as a control for potential regional

 in purchasing patterns, treating the United States as the
 category. Table 2 shares descriptive statistics for actor-
ables.
effects: Bernoulli ERGM
ain concern of our Bernoulli ERGM is to evaluate why
nnect to vendors from whom they have never purchased
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Table  2
Descriptive Attributional Variables.

% or Mean(SD) Range

Geographic Region
USA  60.9
France  9.7
Netherlands  7.3
UK  12.2
Germany  2.4
Canada  9.7

Distribution  Variables
Group  distribution 38.6
Sells  > 1 product 82.4
Average  transaction cost (mean) 46.29 (13.80) 17–149

Vendor Trust
Scam  to sale ratio (mean) 0.174 (0.32) 0–1
Reputation score (mean) 114.58 (219.29) 1–1158
Number of buyers 706
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e  include three network controls: buyers’ k, vendors’ k,17

her the buyer has made more than one purchase.18 Lusher
nd (2011) note that the omission of k statistics may  over
e the effects of actor level variables. This may  be especially
ower-law distributions, where a few actors account for
nections. Additionally, including a vendor’s k score allows
trol for the independent effects of a vendor’s cumulative
n and how many sales a vendor has made. Similarly, con-
r buyers who make more than one purchase allows us to

or those buyers who may  purchase once and never return
rket.

ffects: Poisson ERGM
n ERGMs model weighted edge outcomes. In our model,
e frequency with which buyers purchase from specific
ranging from 1 to 11). Since the model evaluates count
, the intercept is the sum of edge values instead of the
edges in the network (Krivitsky, 2012). We  parameter-
oisson ERGM with a non-zero constant, which measures
t of non-zero dyads in the network. This parameteriza-
ommended for networks in which the count of zeroes is

 high, but those interactions which do occur are relatively
(Krivitsky, 2012). Since the Poisson ERGM explicitly mod-
values, degree parameters are not a meaningful control.

e control for dyads whose edge value is <2—transactions
a vendor and a buyer which are never repeated.19 This

 to focus on the effects of preferential attachment in repeat
s. We  provide evaluations of model fit in the Appendix A.

s to disruption
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the network. Newman (2002) provides a method to eval-
rtative and dissortative degree mixing by calculating a
ixing coefficient r that is mathematically akin to Pear-

relation coefficient. The value of r ranges from −1 to 1,

ameterize both degree scores with the geometrically weighted degree
The decay parameter for both variables is fixed at 0.5.
asure this as b1mindeg(2) in the statnet ergm package, which adds a
o the model for buyers who have a minimum degree score of 2.
ed as the atmost(2) specification in statnet’s ergm.count suite. This term
hether an edge has a value above or below 2.
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sitive values indicate increasing assortativity, and nega-
s indicate increasing dissortativity. Newman (2003) also

 a jack-knifing method—a variant of bootstrapping—to
 the standard error of the mixing coefficient. This will pro-
is to evaluate the structural capacity of the network to be
ainst key actor removal.

oval simulations
ing  successful methods in prior research (Albert et al.,

wman, 2002; Wood, 2017), we utilize a k based removal
Vendors are removed in order of decreasing k. Decreas-
eal for examining drug market disruption because most
ent agencies seek to prosecute high profile offenders. We
e impact of each vendor removal as the number of com-
emaining in the graph, the size of the largest component,
umber of remaining isolates. This captures the number of
nts that are split from the largest component, the extent

 each removal impacts the size of the largest component,
ount of buyers who  are rendered isolates with each split.
st buyers in our network never make more than one pur-

 run additional simulations with only buyers with a k > 1.
s us to target active members of the drug market, rather

pheral members who may  never make a second purchase.
dvance this method further to evaluate the impact of
eterrence on the network structure (e.g. Kennedy, 2008).

 we  identify all those vendors with k > 50 in our weighted
(7 total). We  then remove these actors in all possible tri-
binations (35 unique combinations total) and evaluate the
mpact of the removals on the network. This gives insight
tent that a coordinated enforcement effort on high pro-
butors disrupts online drug market activity. To evaluate
dors situated over structural holes impact the network,
are the results of these calculations to triadic removal of
hat broker structural holes.20 Since most brokerage mea-
ts have been developed for one-mode networks (e.g. Burt,
d because one-mode projections tend to over-estimate
tering (Opsahl, 2013), we use Jasny and Lubell’s (2015)
of brokerage for two-mode networks.

hows the fitted cumulative degree distribution in log–log
e results from our Kolmogorov-Smirnov yield a KS-stat
d a p of 0.95. These results indicate that the data can be

bly fit to a power-law. The resulting � is equal to 2.24. This
ent with prior empirical research on power law distribu-
ere this value tends to fall between 2 and 3 (Barabasi and
99; Stephen and Toubia, 2009).

our degree distribution is continuous, we compared the
w fit to the exponential distribution—which has been

 in other drug distribution networks (Wood, 2017)—and
ormal distribution, which is also heavy tailed. The com-
f power-law to the exponential distribution yields a highly
t fit (LLR = 6.47; p < 0.001), indicating that the data fits the
w distribution better than the exponential distribution.
arison of the power-law to the log-normal distribution,

, indicates no discernible difference (LLR = 0.36; p = 0.64).

t surprising, as both distributions are heavily left-skewed

 form through preferential attachment. Though we can-
mine whether the degree distribution of the network is

ggregate network, leading k vendors were also those vendors who bro-
tural holes. Thus, we did not repeat the analysis for the entire network.



244 S.W. Duxbury, D.L. Haynie / Social Networks 52 (2018) 238–250

 Log–

better fit
indicate t
works, su
distributi

Testing pr

Some  

preferent
networks
for the Be
1 specifie
transactio
group dis
ers’ purc
reflected
rare for b
cate that
US for ven
operate a
vendors w
diversity 

Mode
variables
nificant; 

inclusion
ity of ven
of vendo
dance of 

of high re
tion for v
the bivar
−0.19.

In the
significan
that as a
sales a ve
ing decre
the inclus
selling m
attachme
attention
trust para

2) re
 incre
e od
eput
unt o
able 

ns b
tatio
t effe
ix o
nflat
). Re
h are
h ar

e des
Cana
crea
ts, re

 incr
socia
ode
ts o
estin

direc
use v
r pro
el, al
ciate

 who
 thos

 with
kets (
Bing
ontr
son E
cy o
y dis
el. It
ts is 
Fig. 2. Power-Law Distribution in

 to a power-law or a log-normal distribution, the results
hat the network exhibits key features of scale-free net-
ch as highly connected hubs and a left-skewed degree
on (Hypothesis 1).

eferential attachment

researchers note that degree scaling may  emerge without
ial attachment (Vazquez, 2003), especially in commerce

 (Stephen and Toubia, 2009). Table 3 introduces the results
rnoulli ERGM predicting initial vendor attachment. Model
s distribution variables—product diversity and average
n cost—along with controls. Significant controls include
tribution, geographic region, degree statistics, and buy-

hasing habits. The infrequency of repeat transactions is
 in this last coefficient, which shows that it is extremely
uyers to make a second purchase. Further, controls indi-

 France and the Netherlands are more desirable than the
dor location, while Canada is less desirable. Vendors who

s a group are more likely to attract initial connections than
ho operate independently. Interestingly, neither product

or average transaction cost are statistically significant.
l  2 includes trust variables and removes distribution
. Only the cumulative reputation score is statistically sig-
the scam-to-sale ratio is not statistically significant. The

 of the trust parameters mediates the relative desirabil-
dors in the Netherlands and the relative undesirability

rs in Canada. This suggests that there may  be an abun-
high reputation vendors in the Netherlands and a paucity
putation vendors in Canada. Indeed, the bivariate correla-
endors in Netherland and reputation is 0.89; alternatively,
iate correlation for vendors in Canada and reputation is

 full model (Model 3), both trust variables are statistically
t. The significant effect of the scam-to-sale ratio indicates
ccusations of fraud increase relative to the number of
ndor has made, the odds of being selected for purchas-
ase. The suppressed effect of scamming is uncovered by
ion of distribution variables (average transaction cost and
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Log Space.

putation scores cover a wide range of values. While a one
ase in reputation is correlated with a mere 0.2% increase

ds of attachment (exp(0.002) = 1.002), the range of poten-
ation scores stretches from 1 to 1158—indicating a large
f variation in vendor appeal.

4 introduces the Poisson ERGM for the frequency of trans-
etween a vendor and a buyer. Model 1 includes vendors’
n score, the scam-to-sale ratio, and controls. The signif-
ct of the nonzero constant indicates that the affiliation

f the network has a high count of zero dyads and that
ed specification is the correct modelling choice (Krivitsky,
sults show that transactions between a buyer and a vendor

 never repeated are much more likely to occur than those
e repeated. Further, vendors in France and Germany are
irable than those in the US, while those in the Netherlands
da are less desirable. Group distribution is associated with
se in the log-odds of vendor selection. In terms of main
sults show that increasing reputation score is associated

easing desirability, whereas increasing scam-to-sale ratio
ted with decreasing desirability.
l 2 adds distribution variables to the Poisson ERGM. The
f vendor trustworthiness persist in size and strength.
gly, the inclusion of distribution parameters changes

tion of the coefficient for the Netherlands. This is likely
endors in the Netherlands may  offer higher prices or sell
ducts compared to US vendors. In contrast to the Bernoulli
l distribution parameters are significant. Increasing cost is
d with a decrease in the log-odds of tie formation and ven-

 sell more than one type of drug attract more transactions
e who sell only one type of drug. These results are consis-

 research in social commerce networks and online drug
Barratt et al., 2016b; Stephen and Toubia, 2009; Van Hout

ham, 2014).
asting  with the results from the Bernoulli model, the
RGM suggests that trust may  be less dominant in the fre-
f transactions when compared to initial selection since
tribution parameters are only significant in the Poisson

 is also worth noting that the strength of the coeffi-
relatively low for the distribution variables compared to
 variables in the Poisson ERGM. The average transaction
meter operates over a range of 17–149 ($US), whereas
ation parameter operates over a range of 1–1158. Simi-
dors who  sell more than one chemical class of drug are
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Table  3
Bernoulli ERGM Testing Preferential Attachment Mechanisms in Initial Transactions.

Model 1 Model 2 Model 3

Distribution variables
Sells  > 1 product 0.097 (0.083) 0.159 (0.104)
Average  transaction cost 0.000 (0.000) −0.002 (0.001)

Vendor  trust
Scam  to sale ratio −0.231 (0.157) −0.369* (0.153)
Reputation  score 0.002*** (0.000) 0.002*** (0.000)

Controls
Edges  (Constant) −5.360***  (0.246) −5.442*** (0.171) −5.636*** (0.200)
Vendors’  GWDEGREE (decay = 0.5) −6.662*** (0.523) −5.782*** (0.427) −5.059*** (0.484)
Buyers’  GWDEGREE (decay = 0.5) 7.057*** (1.054) 6.995*** (0.037) 7.006*** (0.039)
Buyer  has made >1 purchase −2.935*** (0.333) −2.937*** (0.227) −2.950*** (0.229)
Group  distribution 0.569*** (0.087) 0.267*** (0.076) 0.369*** (0.092)

Location  of vendor
France  0.708*** (0.118) 0.534*** (0.107) 0.801*** (0.131)
Netherlands  1.464*** (0.089) 0.161 (0.126) 0.165 (0.128)
UK  −0.086 (0.100) 0.061 (0.113) 0.096 (0.123)
Germany  0.006 (0.227) 0.337 (0.231) 0.13 (0.234)
Canada  −0.623*** (0.158) −0.072 (0.134) −0.310 (0.193)

AIC  6568 6222 6201
BIC  6679 6336 6330

N = 763; N of vendors = 57; N of buyers = 706.
*p < 0.05; ***p < 0.001.

Table 4
Poisson ERGM Testing Preferential Attachment Mechanisms in Valued
Transactions.a

Model 1 Model 2

Distribution variables
Sells  > 1 product 0.008* (0.003)
Average transaction cost −0.001*** (0.000)

Vendor trust
Scam  to sale ratio −1.700*** (0.008) −1.558*** (0.002)
Reputation score 0.001*** (0.000) 0.001*** (0.000)

Controls
Sum (Constant) −0.452*** (0.048) 1.036*** (0.027)
Nonzero (Constant) −3.801*** (0.054) −5.297*** (0.043)
Single transaction

between buyer and vendor
1.311*** (0.061) 4.911*** (0.229)

Group distribution 0.350*** (0.062) 0.543***(0.248)

Location of vendor
France  0.447*** (0.069) 0.722*** (0.003)
Netherlands −0.542*** (0.075) 0.269*** (0.004)
UK 0.088 (0.106) 0.064 (0.005)
Germany 0.438** (0.149) 0.019 (0.016)
Canada −0.671*** (0.016) −0.889*** (0.015)

AIC −70,388 −63,718
BIC −70,302 −63,597

N = 763; N of vendors = 57; N of buyers = 706.
* p < 0.05.

** p < 0.01.
*** p < 0.001.
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 more likely to attract buyers than those who do not.
ates that, while there is evidence of audience spanning
hen and Toubia, 2009), the effect is negligible. Further,
it increase in the scam-to-sale ratio is associated with a
ease (exp(−1.558) = 0.21) in the incidence rate of vendor
nt. Thus, while distribution variables yield a more pro-
effect in repeat purchases compared to initial purchases,
inues to play the strongest role in preferential attachment
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disru
 drug markets.
esults also suggest that there is a marginal decrease in the
ust after a buyer has made their initial purchase. While

appear to
relatively
ness base
ge transaction cost parameter is not statistically signifi-
e Bernoulli ERGM, the Poisson ERGM focusing on repeat

on shows a negative effect. This suggests that buyers may
inclined to evaluate vendors based on the quality of prior
ons after an initial purchase. A second possibility is that
ay  only consider affordability when choosing between a
ustworthy vendors. Fig. 3 plots the bivariate relationship
average transaction cost and vendors’ number of sales and
cumulative reputation score. It shows that without con-
r relevant confounders, high reputation vendors tend to
er average transaction costs than low reputation vendors.
f the negative correlation between transaction costs and
ency of purchases in the Poisson ERGM, this suggests that
lity may  help buyers choose between trustworthy ven-

 results lend support to our hypotheses. We  find evidence
ntial attachment towards trustworthy vendors (Hypothe-

d 3). We  also find evidence of preferential attachment
ow prices (refute Hypothesis 4), but the effect size is very

 contingent on buyers’ previous purchasing habits and the
ustworthy vendors.

ss  to disruption

many criminal networks are particularly concerned with
tness of their network structure (e.g. Raab and Milward,

orselli et al., 2007), the existence of a scale-free crimi-
ork formed through preferential attachment is somewhat
ve. A scale-free network structure suggests that the net-
y  be especially vulnerable to key actor removal (Albert
04). Results indicate a slight inclination towards dissor-
highly connected actors tend to connect to low k actors)
). This inclination is much smaller than in comparable
d drug distribution networks (Wood, 2017), suggesting
e drug distribution networks may be less vulnerable to
 be robust (Hypothesis 5). Notably, the standard error is
 large compared to r, and thus interpretations of robust-
d on degree-mixing must be taken with a grain of salt.
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Fig. 3. Association between average transaction cost and vendors’ reputation and amount of sales.
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oad audiences, but rather forms through buyers’ desire

orthy and affordable vendors. These results are consis-
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Fig. 6. a. Goodness of fit for degree distribution. b. Goodness of fit for geodesic distances.

Table 5
Impact of Triadic Vendor Removal.

Measures Full network Repeat transactions network

Initial value Mean SD Range Initial value Mean SD Range

Components 24 168.86 41.09 101–254 20 26 7.91 20–51
Isolates  14 158.43 40.68 91–244 18 23.71 7.64 18–47
Largest  component 699 546.86 46.35 454–619 153 143.57 8.41 116–150
Network  size 763 174

Vendors with k > 50 in the weighted network removed in random triads across 35 possible unique combinations.
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Table  6
Triadic Removal of Brokers.

Measures Repeat transactions network

Random (mean) Lead k Brokers

Components 26 44 51
Isolates 23.71 39 47
Largest co

offline dr
(structura
side a hig
that onlin
structure
gests tha
much larg
crime tha
promisin
network 

ate how t
technolog

Our ex
greater s
uct differ
attachme
preferent
ing, and v

As a d
action ne
co-offend
increasin
In our ca
to play th
examine 

if the rol
ond, trus
compared
character
gests that
they may
work or i
lead offen
a relative
time. How
will have

Consis
Wood, 20
sequentia
However
in the net
This is a u
of online
market.

The ef
parable t
prior rese
vendors 

activity s
or random
ing high-
unusual l
lific vend
holes ma
ket more
these app

tive  effec
with thos

Future
ficking is
necessary
ers, carry

e ne
help
stin
lts fr
offer
gain
ork 

endi

 line
f ERG
esic 

e ne

renc

t, Rek
orth A
ge, Ju
yptom

nforce
ge, Ju
yptom

es. Ne
ge,  Ju
pacit

x.doi.o
Jerem
ulnera
oft,  A
arket

 Drug 

asi,  A
etwor
tt, Mo
bout d
tt, Mo
gulat
rug Ed
tt, Mo
ryptom
), 24–

tt,  Mo
ou live
efore,  

), 50–
n,  Bea

 the E
816/7
ard,  M
unts?
stice 

er,  Ron
014. C

 study
Ronal
ocial S
Ronal
ins, Jo
rices. 

tte, Y
-offen
cnet.

,  Hsinc
xplora
forma

56053
et, Aaron, Rohilla Shalizi, Cosma, Newman, Mark E.J., 2009. Power-law
mponent 143.57 126 116

ug networks (e.g. Wood, 2017), we find relative robustness
l security) in the degree mixing of the network along-

hly efficient network structure (scale-free). This suggests
e offending may  facilitate much more efficient network

s than real-world offending. Indeed, some research sug-
t criminal groups use social media to co-ordinate over a
er distance, draw on more resources, and engage in more
n their offline counterparts (Patton et al., 2013, 2016). A

g future avenue of inquiry is to compare offline criminal
structures to digital criminal network structures to evalu-
he efficiency of offending is facilitated by inter-connective
ies.
amination of preferential attachment mechanisms lends

upport to the influence of trust than the effect of prod-
entiation or affordability. We  find strong preferential
nt towards trustworthy vendors and somewhat weaker
ial attachment towards affordable vendors, group vend-
endors who offer many products.
rug distribution network, the Cryptomarket opioid trans-
twork may  also give some insight to dynamics of online
ing. First, as Tremblay (1993) suggests, trust may  become
gly important as the size of potential co-offenders grows.
se study of 763 drug buyers and vendors, trust appears
e greatest role in vendor selection. Future research can
this directly using longitudinal methods to determine
e of trust increases in tandem with network size. Sec-
t may  be more important in online co-offending when

 to offline co-offending because uncertainty about the
istics of co-offenders is especially high online. This sug-

 while online co-offending networks may  be much larger,
 also be far less stable, as co-offenders drop out of the net-
ncriminate one another more frequently. Consequently,
der detection may  be easier in online networks as only

ly small portion of the network will remain active across
ever, such trends are beyond the scope of this study and

 to be confirmed by future research.
tent with research in drug distribution networks (e.g.
17), we find that removing the most prolific vendors in
l order fragments the network in relatively little time.

, when focusing on the most active subgraph of buyers
work, we find much higher robustness to vertex removal.
nique result, and may  indicate that the active components

 drug markets are harder to disrupt than the aggregate

fects of triadic removal in the aggregate network are com-
o the effects of decreasing k removal. Consistent with
arch (McGloin, 2005; Morselli and Roy, 2008), removing

with the fewest redundant connections disrupts high-
egments of the market more than either decreasing k

 triadic removal. This offers unique insight to disrupt-
activity segments of drug-markets, which may  exhibit
evels of resilience. Rather than targeting the most pro-
ors, removing high profile vendors who  broker structural

crim
will 

by te
Resu
and 

ory a
netw

App

In
fit o
geod
to th

Refe

Alber
n

Aldrid
cr
e

Aldrid
cr
R

Aldrid
ca
d

Alm, 

v
Bancr

m
J.

Barab
n

Barra
a

Barra
re
D

Barra
C
(1

Barra
y
b
(1

Berto
to
2

Bouch
co
Ju

Breig
2
a

Burt, 

S
Burt, 

Caulk
p

Chare
co
so

Chen
e
In
4

Claus
y  fragment relatively dense regions of an active drug mar-
 so than focusing on vendors’ activity alone. Combining
roaches, law enforcement may  find the greatest disrup-

distribu
Cox,  Joseph

reviews
Monito
 (2018) 238–250 249

t when targeting the most active drug dealers in tandem
e with the fewest redundant connections.

 research faces a few tasks. Online drug trade and traf-
 a burgeoning trend. Networks research in this area is

 to understand how criminal organizations recruit offend-
 out offending, and how co-offenders select into digital
tworks. Similarly, research into illicit materials markets

 examine how black markets operate via online venues
g hypotheses from commerce research and criminology.
om such studies will shed light on online drug trafficking
s the potential to test long-standing criminological the-
st the effects of inter-connective technology on criminal
composition, evolution, and stability (Fig. 6).

x A.

 with Hunter et al. (2008), we evaluate the goodness of
M by comparing a distribution of degree statistics and

distance from networks simulated from ERGM parameters
twork statistics of the empirical network.

es

a, Albert, I., Nakarado, Gary L., 2004. Structural vulnerability of the
merican power grid. Phys. Rev. E 69, 025103.
dith, Askew, Rebecca, 2017. Delivery dilemmas: how drug
arket users identify and seek to reduce their risk of detection by law

ment. Int. J. Drug Policy 41, 101–109.
dith, Decary-Hetu, David, 2013. Not an ‘Ebay for Drugs’: the
arket ‘Silk Road’ as a paradigm shifting criminal innovation. Soc. Sci.

tw., http://dx.doi.org/10.2139/ssrn.2436643.
dith, Decary-Hetu, David, 2016. Hidden wholesale: the drug diffusing
y of online drug cryptomarkets. Int. J. Drug Policy 35 (1), 7–15, http://
rg/10.1016/j.drug.po.2016.04.020.

y F., Mack, Kennan M.L., 2017. Degree-correlation, robustness, and
bility in finite scale-free networks. Phys. Soc., arXiv:1606.08768.

ngus, Reid, Scott, 2016. Concepts of illicit drug quality among darknet
 users: purity, embodied experience, craft and chemical knowledge. Int.
Policy 35, 42–49.
lbert-Laszlo, Albert, Reka, 1999. Emergence of scaling in random
ks. Science 286, 509–512.
nica J., Aldridge, Judith, 2016. Everything you always wanted to know
rug cryptomarkets* (*but were afraid to ask). Int. J. Drug Policy 35, 1–6.
nica J., Lenton, Simon, Allen, Matthew, 2014. Internet content
ion, public drug websites, and the growth in hidden Internet services.
uc. Prevent. Policy 20 (3), 195–202.

nica J., Ferris, Jason A., Winstock, Adam, 2016a. Safer scoring?
arkets, social supply and drug market violence. Int. J. Drug Policy 35

31, http://dx.doi.org/10.1016/j.drugpo.2016.04.019, Online first.
nica J., Lenton, Simon, Maddox, Alexia, Allen, Matthew, 2016b. ‘What if

 on top of a bakery and you like cakes?’—Drug use and harm trajectories
during, and after the emergence of the Silk Road. Int. J. Drug Policy 35
57, http://dx.doi.org/10.1016/j.drugpo.2016.04.006, Online first.
trice, Pawlak, Patryk, 2015. Cyber jihadists and their web. In: Brief Issue
uropean Union Institute for Security Studies., http://dx.doi.org/10.
7528.

artin, Nyugen, Holly, 2010. Is it who you know or how many that
 Criminal networks and cost avoidance in a sample of young offenders.

Q. 21 (1), 130–158.
ald, Schoon, Eric, Melamed, David, Asal, Victor, Rethesmeyed, Karl,

omparative configurational analysis as a two-mode network problem:
 of terrorist group engagement in the drug trade. Soc. Netw. 36, 23–39.
d, 1992. Toward a Structural Theory of Action: Network Models of
tructure, Perception, and Action. Academic Press, New York.
d, 2004. Structural holes and good ideas. Am.  J. Sociol. 110 (2), 349–399.
hnathan, Reuter, Peter, 2010. How drug enforcement affects drug
Crime Justice 39 (1), 213–271.
anick, Papachristos, Andrew V., 2017. The network dynamics of

ding careers. Soc. Netw. 51 (1), 3–13, http://dx.doi.org/10.1016/j.
2016.12.005.
hun, Thoms, Sven, Fu, Tianjun, 2008. Cyber extremism in web 2.0: an
tory study of international jihadist groups. Intelligence and Security
tics Conference Presentation, http://dx.doi.org/10.1109/ISI.2008.
7.
tion in empirical data. SIAM Rev. 51 (4), 661–703.
, 2016. Reputation is everything: the role of ratings, feedback, and

 in cryptomarkets. The Internet and Drug Markets, vol. 21. European
ring Centre for Drugs and Drugs Addiction: Insights, pp. 49–54.

http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0010
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.2139/ssrn.2436643
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
dx.doi.org/10.1016/j.drug.po.2016.04.020
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0025
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0030
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0035
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0040
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0045
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.019
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.1016/j.drugpo.2016.04.006
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
dx.doi.org/10.2816/77528
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0065
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0070
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0075
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0080
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0085
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1016/j.socnet.2016.12.005
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
dx.doi.org/10.1109/ISI.2008.4560537
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0100
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0105


250 rks 52

Decary-Het
crimina
Networ

DellaPosta, 

century
1016/j.s

Diekmann,  

Reputat
market

Duijn, Paul,
crimina

Dunbar, R.I
structu
39–47.

Dupont, Be
ecology

Eurobarom
from: h

Holme,  Pett
networ

Hunter, Dav
social n

Jasny,  Lorie
Netw. 4

Jones,  Jame
attachm
Lond. S

Kennedy, D
Prospec

Koskinen, Jo
Actors–
Models
researc

Krivitsky, P
Electron

Lewis,  Kevi
Nichola
Faceboo

Lewis, Kevi
influenc

Lusher, Dea
social m

Malm,  Aili, 

structu
271–29

McGloin, Je
analysis

Moody,  Jam
discipli

Morselli, Ca
Crimino

Morselli, Ca
in  crim

Morselli, C.

an, M
rbitrar

an, M
08701

an, M
hl, Tor
nd loc
n,  Des
ends 

uman
n, D., L
e dig

ommu
46144

 Jorg, 

es. Th
s,  Gar

xpone
73–19
, Chri
ultipl

44–66
, Kyle
nline a
ecurit
en, An
istribu
blay, P
. (Eds

7–36.
takis,

016. T
ptimiz
olicy 3
d  Nat
ia: htt
df.
uskirk

enton,
atthe

et ma
 Drug 

out, M
arket

85–39
out, M

onsum
5 (2), 

ez, A
S.W. Duxbury, D.L. Haynie / Social Netwo

u, David, Laferriere, Dominique, 2015. Discrediting vendors in online
l markets. In: Maim,  Ali, Bichler, Gisela (Eds.), Disrupting Criminal
ks: Network Analysis in Crime Prevention. Lynne Rienner, Boulder, USA.
Daniel., 2017. Network cohesion and integration in the mid-20th

 American Mafia. Soc. Netw. 51 (1), 148–157, http://dx.doi.org/10.
ocnet.2016.11.005.
Andreas, Jann, Ben, Przepiorka, Wojtek, Wherli, Stefan, 2014.
ion formation and the evolution of cooperation in anonymous online

s. Am.  Sociol. Rev. 79, 65–85.
 Kashirin, Victor, Sloot, Peter, 2014. The relative ineffectiveness of
l network disruption. Sci. Rep. 4, 4238.
.M., Arnaboldi, Valerio, Conti, Marco, Passarella, Andrea, 2015. The
re of online networks mirrors those in the offline world. Soc. Netw. 43,

noit, Cote, Anne-Marie, Savine, Claire, Decary-Hetu, David, 2016. The
 of trust among hackers. Global Crime 17 (2), 129–151.
eter, 2014. Young People and Drugs: Results Per Country, Retrieved
ttp://ec.europa.eu/public opinion/flash/fl 401 en.pdf.
er, Zhao, Jing, 2007. Exploring the assortativity-clustering space of a
k’s degree sequence. Phys. Rev. E, 75.
id R., Goodreau, Steven M.,  Handcock, Mark. S., 2008. Goodness of fit of
etwork models. J. Am.  Stat. Assoc. 103 (481), 248–258.
n, Lubell, Mark, 2015. Two-mode brokerage in policy networks. Soc.
1, 36–47.
s Holland, Handcock, Mark, 2003. An assessment of preferential
ent as a mechanism for human sexual network formation. Proc. R. Soc.

er. B–Biol. Sci. 270, 1123–1128.
avid, 2008. Deterrence and Crime Prevention: Reconsidering the
t of Sanction. Routledge, London.
han, Wang, Peng, Robins, Garry, Pattison, Phillipa, 2008. Extreme

Outliers and Influential Observations in Exponential Random Graph
 (p-star) Models. Working Paper, Available from: https://www.
h.manchester.ac.uk/portal/files/33808073/FULL  TEXT.PDF.
aolo N., 2012. Exponential random graph models for valued networks.
. J. Stat. 6, 110–1128.

n, Kaufman, Jason, Gonzalez, Marco, Wimmer, Andreas, Christakis,
s, 2008. Taste, ties, and time: a new social network dataset using
k.com. Soc. Netw. 30, 330–342.

n, Gonzalez, Marco, Kaufman, Jason, 2012. Social selection and peer
e in an online social network. Proc. Natl. Acad. Sci. U. S. A. 109, 68–72.
n, Ackland, Robert, 2011. A relational hyperlink analysis of an online
ovement. J. Soc. Struct. 12 (5).

Bichler, Gisela, 2011. Networks of collaborating criminals: assessing the
ral vulnerability of drug markets. J. Res. Crime Delinquency 48,
7.
an Marie, 2005. Policy intervention and the considerations of a network

 of street gangs. Criminol. Public Policy 4 (3), 607–636.
es, 2004. The structure of a social science collaboration network:

nary cohesion from 1963 to 1999. Am. Sociol. Rev. 69, 213–238.

Newm
a

Newm
2

Newm
Opsa

a
Patto

tr
H

Patto
th
c
1

Raab,
R

Robin
e
1

Smith
m
6

Soska
o
S

Steph
d

Trem
M
1

Tzane
2
o
P

Unite
v
p

Van  B
L
M
n
J.

Van  H
m
3

Van H
c
2

Vazqu

rlo, Roy, Julie, 2008. Brokerage qualifications in ringing operations.
logy 46 (1), 71–98.
rlo, Giguere, Cynthia, Petit, Kate, 2007. The efficiency/security trade off

inal networks. Soc. Netw. 29 (1), 143–153.
, 2009. Inside Criminal Networks. Springer, New York.

clusteri
Weerman, 

398–41
Wood, Geo

collabo
 (2018) 238–250

ark E.J., Strogatz, Steven J., Watts, Duncan J., 2001. Random graphs with
y degree distributions and their applications. Phys. Rev. E 64, 026118.
ark E.J., 2002. Assortative mixing in networks. Phys. Rev. Lett. 89,

.
ark E.J., 2003. Mixing patterns in networks. Phys. Rev. E 67, 026126.

e, 2013. Triadic closure in two-mode networks: redefining the global
al clustering coefficients. Soc. Netw. 35 (2), 159–167.
mond U., Eshmann, Robert, Butler, David, 2013. Internet banging: new
in social media, gang violence, masculinity, and hip hop. Comput.

 Behav. 29 (5), A54–A59.
ane, J., Leonard, P., Macbeth, J., Smith-Lee, J., 2016. Gang violence on

ital street: case study of a South Side Chicago gang member’s Twitter
nication. New Media Soc. 19 (7), 1000–1018, http://dx.doi.org/10.1177/
4815625949.
Milward, Brinton H., 2003. Dark networks as problems. J. Public Adm.
eory 13 (4), 413–439.
ry, Pattison, Pip, Kalish, Yuval, Lusher, Dean, 2007. An introduction to
ntial random graph (p*) models for social networks. Soc. Netw. 29 (2),
1.
s M.,  Papachristos, Andrew V., 2016. ‘Trust thy crooked neighbor’:
exity in Chicago organized crime networks. Am. Sociol. Rev. 81 (4),
7.
, Christin, Nicholas, 2015. Measuring the longitudinal evolution of the
nonymous marketplace ecosystem. Proceedings of the 24th Usenix

y Symposium.
drew T., Toubia, Olivier, 2009. Explaining the power-law degree
tion in a social commerce network. Soc. Netw. 31, 262–270.
ierre, 1993. Searching for suitable co-offenders. In: Clarke, R.V., Felson,
.), Routine Activity and Rational Choice. Transaction Books, NJ, pp.

 Meropi, Kamphausen, Gerrit, Werse, Bernd, von Laufenberg, Roger,
he transparency paradox. Building trust, resolving disputes, and
ing logistics on conventional and online drug markets. Int. J. Drug
5, 58–68.

ions Office on Drugs and Crime, 2016. World Drug Report, Accessible
ps://www.unodc.org/doc/wdr2016/WORLD DRUG REPORT 2016 web.

, Joe, Roxburgh, Amanda, Bruno, Raimondo, Naicker, Sundresan,
 Simon, Sutherland, Rachel, Whittaker, Elizabeth, Sindicich, Natasha,
ws, Allison, Butler, Kerryn, Burns, Lucinda, 2016. Characterising dark
rketplace purchasers in a sample of regular psychostimulant users. Int.
Policy 35, 32–37.

arie Claire, Bingham, Tim, 2013. ‘Silk Road’, the virtual drug
place: a single case study of user experiences. Int. J. Drug Policy 24,
1.
arie Claire, Bingham, Tim, 2014. Responsible vendors, intelligent

ers: silk road, the online revolution in drug trading. Int. J. Drug Policy
183–189.
lexei, 2003. Growing network with local rules: preferential attachment,

ng hierarchy, and degree correlations. Phys. Rev. E 67, 056104.
Frank, 2003. Co-offending as social exchange. Br. J. Criminol. 43 (2),
8.
rge, 2017. The structure and vulnerability of a drug trafficking
ration network. Soc. Netw. 48, 1–9.

http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0110
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
dx.doi.org/10.1016/j.socnet.2016.11.005
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0120
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0125
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0130
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0135
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_401_en.pdf
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0145
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0150
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0155
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0160
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0165
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
https://www.research.manchester.ac.uk/portal/files/33808073/FULL_TEXT.PDF
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0175
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0180
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0185
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0190
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0195
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0200
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0205
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0210
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0215
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0220
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0225
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0230
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0235
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0240
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0245
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
dx.doi.org/10.1177/1461444815625949
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0255
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0260
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0265
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0270
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0275
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0280
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0285
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0295
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0300
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0305
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0310
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0315
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320
http://refhub.elsevier.com/S0378-8733(17)30171-5/sbref0320

	Building them up, breaking them down: Topology, vendor selection patterns, and a digital drug market’s robustness to disru...
	Hypotheses
	Topology
	Preferential attachment
	Robustness to disruption

	Data
	Methods
	Topology
	ERGM
	Exogenous variables
	Network effects: Bernoulli ERGM
	Network effects: Poisson ERGM

	Robustness to disruption
	Degree mixing
	Vertex removal simulations


	Results
	Topology
	Testing preferential attachment
	Robustness to disruption

	Discussion
	References
	References


