
Interdicting International Drug Trafficking: a Network
Approach for Coordinated and Targeted Interventions

Luca Giommoni1 & Giulia Berlusconi2 & Alberto Aziani3

Accepted: 16 November 2020/
# The Author(s) 2021

Abstract
There is a relative dearth of literature on both the effects of cross-border interdic-
tions and the impact of different types of interventions on international drug
trafficking. This study identifies the main trafficking routes for cocaine and heroin,
along with comparing the disruptive effects induced by targeted and non-
coordinated interventions. It adopts a social network approach to identify the routes
along which cocaine and heroin are trafficked, and then simulates the impact of
different interdiction strategies on these two trafficking networks. The findings
indicate that targeting countries based on their respective positions in the networks,
as opposed to on the basis of the quantity of drugs exchanged, is more likely to
disrupt drug flows. More specifically, concentrating law enforcement resources on
countries with several incoming or outgoing trafficking connections, or those
countries that mediate between producer, transit and consumer countries, would
appear to be particularly effective in this regard. Interventions focused on specific
trafficking routes are also likely to be effective if these routes have high edge
betweenness centrality scores. This study contributes to extant understanding on
the vulnerability of cocaine and heroin international trafficking networks, and,
moreover, demonstrates that empirically-driven strategies are potentially more
effective at interdicting international trafficking than non-strategic and non-
coordinated interventions.
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Introduction

Drug law enforcement is the primary method for controlling illicit drugs across the globe
(Collins 2014; Mejía and Restrepo 2016). Indeed, even countries with a notably lenient
approach towards illicit drugs, such as the Netherlands, spend much more on enforcement
than they do on prevention, treatment and harm reduction combined (Rigter 2006). In 2018,
the US government allocated five billion USD to interdiction efforts—a 10% increase
compared to 2017—and one billion USD in an attempt to disrupt drug flows into the country
(Executive Office of the President of the United States 2017). Reducing the supply of illicit
drugs is also a key priority of the European Union (EU). The EU Drugs Strategy 2013–20 and
Action Plan (2013–16) aim to ‘contribute a measurable reduction of the availability of illicit
drugs, through the disruption of illicit drug trafficking, the dismantling of organised crime
groups […], efficient use of the criminal justice system, effective intelligence-led law enforce-
ment and increased intelligence sharing’ (Council of the European Union 2012, 15).

Despite the popularity and the significant investment in drug law enforcement, several
studies have questioned the outcomes of these interventions (e.g. Toth and Mitchell 2018),
while others argue that a key reason for the lack of effectiveness of drug law enforcement is the
dearth of research in this area (Caulkins 2017; Reuter 2017). This study builds on the scarce
literature on international drug interdiction by simulating the potential impact of different
strategies on international drug trafficking. More specifically, it takes advantage of publicly
available data on cocaine and heroin flows to assess the disruptive effects produced by targeted
interventions compared to non-coordinated ones.

The article is structured as follows. The next section discusses extant literature on both the
efficiency and effectiveness of international drug interdictions, before delineating the aim of
the current study. The proceeding sections present the methodology and the results of the
analysis, respectively. The final section considers the implications of this study for law
enforcement and policy. Technical details about the construction of the network are provided
in the appendices.

Drug Law Enforcement

As Reuter notes, ‘[drug law enforcement] literature is slight in volume and not yet very
insightful’ (2017, 160). More specifically, interdiction—including interventions aimed at
dismantling transnational drug trafficking—is an area in which empirical research is particu-
larly scarce (Reuter 2014). Indeed, there are only a handful of studies that seek to inform
counter-drug interdiction policy (Crane, Rivolo, and Comfort 1997; Magliocca et al. 2019;
Reuter et al. 1988; Toth and Mitchell 2018). Even then, these studies are, firstly, primarily
focused on the US context and cocaine, and secondly, invariably lack consistent evidence
(Crane, Rivolo, and Comfort 1997; Reuter et al. 1988). Moreover, with a few exceptions (e.g.
Magliocca et al. 2019; Toth and Mitchell 2018), most of these studies are dated.

Reuter et al. (1988) provided one of the first attempts to empirically investigate the impact
of interdiction events. They simulated the impact of increased military resources on disrupting
international drug trafficking flows, demonstrating that increasing counter-drug interdiction
efforts was unlikely to have an impact on either the availability of cocaine or its consumption
in the US. Indeed, the use of military assets has been found to have more of an impact on the
levels of importation of cannabis from other countries (with the exception of Mexico)
(Caulkins, Crawford, and Reuter 1993).
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Crane et al.’s (1997) study is perhaps one of the most cited and debated in this area. The
authors examined data on cocaine prices and purity, concluding that interdiction efforts
external to the US were a cost-effective strategy for increasing the price of cocaine, which,
in turn, reduced cocaine usage. However, their study has been heavily criticised. For instance,
a review by Manski et al. (2001) raised several concerns regarding the causal relationship
between interdiction events and increases in the cocaine price, highlighting flaws in the
method and data that were employed, and concluding that the study ‘does not yield useful
empirical findings on the cost-effectiveness of interdiction policies to reduce cocaine con-
sumption’ (Manski, Pepper, and Petrie 2001, 43).

Two more recent contributions focused on the US and cocaine, and suggested that the
impact of counter-drug interdictions was likely to only be temporary, if not wholly counter-
productive. Toth and Mitchell (2018) conducted interviews with high-level informants from
the US Drug Enforcement Administration. They showed that interdiction events produce only
temporary effects within international drug trafficking, and that traffickers adapt to drug law
enforcement by displacing their activities tactically, geographically or temporarily. Magliocca
et al. (2019) utilised a geographical agent-based model to predict traffickers’ adaptation to
interdiction initiatives. They found that traffickers adapt to interdictions by displacing to new
areas, which, in turn, makes international drug trafficking more widespread and resilient in the
aftermath of law enforcement interventions.

A growing area of research examines at micro-level how drug trafficking organisations
respond to disruption (e.g. Morselli and Petit 2007; Bright et al. 2017; Wood 2017). Based on
the analysis of criminal networks’ structure and features, most studies in this line of research
have focused on evaluating the immediate structural effects of interdiction strategies targeting
key actors along the drug supply chain (e.g. Morselli and Petit 2007; Malm and Bichler 2011;
Duxbury and Haynie 2018). By combining computational modelling and social network
analysis, a few authors (Duxbury and Haynie 2019; Duijn, Kashirin, and Sloot 2014) have
provided a further insight into how criminal groups can recover and adapt to network
disruptions. For instance, Duijn et al. (2014) discovered that criminal networks may even
become more resilient after targeted attacks. Although these studies offer valuable insights for
law enforcement authorities, they suffer from two main limitations for counter-drug interdic-
tion policies: (1) with the sole exception of Morselli and Petit (2007), they focus on domestic
rather than international drug trafficking organisations; (2) while pointing out the effect of an
intervention on a single group, they do not inform us on the overall impact of the intervention
on trafficking flows.

Both Reuter (2014, 2017) and Caulkins (2017) identified several reasons for the lack of a
thriving drug law enforcement research agenda. First, there is a lack of funding in this specific
area of drug policy. This is because, while drug law enforcement absorbs most of the spending
on drug control, prevention and treatment receive the lion’s share of drug research funding
(Caulkins 2017; Reuter 2017). This contributes to the poor quality of data and estimates on
both interdiction intensity and drug trafficking routes, which makes it even more challenging
to produce sound policy analysis (Reuter 2014).

Second, drug law enforcement is a broad term which is used to designate a range of
interventions that lie on a continuum from eradication in source countries to arresting drug
users (Babor et al. 2010; Collins 2014), and whose assessment should therefore consider
different outcomes, locations, and research designs. For example, a successful intervention for
targeting cocaine trafficking may not be successful for cannabis, while what works for coastal
countries, such as Australia, might not work for land-locked countries, such as Austria. To
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further complicate matters, drug law enforcement can also have different goals. While
reducing drug use is often the primary objective, law enforcement agencies may also seek to
reduce drug-related violence or weaken criminal organisations’ territorial control (Reuter
2017).

Caulkins (2017) pinpoints academics’ antagonism towards drug law enforcement as a
further reason for the limited research on the topic. Given that they are often ideologically
opposed to drug law enforcement agencies, researchers thus aim to discredit their work by
drawing attention to their poor performance and various side-effects. Perhaps it is not a
surprise, then, that enforcement agencies and governments are not inclined to fund academic
research on drug law enforcement.

The scarcity of research in this area goes some way to explain why both so little has
changed over the years in terms of how Western drug enforcement agencies respond to
international drug trafficking, and why counter-drug interdictions have proven to be so
ineffective (Balbirnie et al. 2016; Caulkins and Reuter 2016; Collins 2014). A recent evalu-
ative study on the implementation and impact of the EU Drugs Strategy and related Action
Plan for the period 2013–2016 found that, although the latter has been implemented and
considerable progress has undoubtedly been made, there remains no evidence that the current
supply-side strategies have reduced the availability of illicit drugs in the EU (Balbirnie et al.
2016). In the US context, Marshall (1988) stressed the need for empirically-driven drug law
enforcement strategies more than 30 years ago, warning that ‘we are flying blind in the war on
drugs’ (Marshall 1988, 1605), and that greater resources should be invested in drug policy
analysis and strategy. Similarly, the European Council emphasised the need for more empirical
work in this important policy area, while the EU Drugs Strategy 2013–20 has called for more
research-driven action, arguing that drug law enforcement, among other things, should be
evidence-based and scientifically sound. Despite this, there remains a dearth of research on this
important security, policy, and strategic issue.

The Current Study

This study contributes to extant drug law enforcement literature by identifying which inter-
diction strategies are likely to impact on the international trafficking of cocaine and heroin.
Effective drug interdiction requires a high-level of coordination and information sharing
between the various law enforcement agencies involved in such interventions. This is espe-
cially relevant in the EU context, where ineffective interdiction strategies in a member state
can have knock-on effects on other states due to the free movement of goods, persons, and
capital across the region. In this respect, a shipment of cocaine entering Spain, or heroin
crossing the Greek border, can have implications for the entire EU, while, conversely, effective
interdictions in key countries can have impacts that extend to all member states.

Nonetheless, simply increasing the available resources for, and the intensity of, border controls
does not in itself ensure higher interdiction rates (Collins 2014; Kleiman 2011). Moreover, drug
law enforcement agencies should also avoid evenly allocating resources across potential targets,
which has proven to have limited effects in multiple fields. Instead, they should focus their
attention on countermeasures whose efficacy and efficiency has been proven by solid evidence
(Felbab-Brown 2014; Kleiman 1999). The current study shows that targeted interventions, whose
design is grounded in empirical data on drug trafficking between countries, have greater potential
to disrupt trafficking flows than non-coordinated interventions.
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This study focuses on the two primary targets of international counter-drug interventions:
cocaine and heroin. These two drugs are produced in specific geographical areas—cocaine in
the Andean region, and heroin in Southwest Asia—and typically need to cross multiple
borders before reaching consumer markets (Caulkins 2015). This makes interdiction a key
drug supply reduction strategy. Interdiction is of less relevance in the enforcement of the
supply of other drugs such as cannabis and synthetic drugs, which are often produced
domestically and, thus, are close to consumer markets (EMCDDA 2019; UNODC 2019a).

This paper contributes to extant drug law enforcement literature in three ways: (1) it
provides the first simulation of the impact of different interdiction strategies on cocaine and
heroin trafficking outside of the US; (2) it provides a tool through which to inform drug law
enforcement agencies’ decisions and enhance the efficiency of their interventions; (3) it
identifies key countries that, given their respective positions in the international drug traffick-
ing network, should mobilise and lead counter-drug interdictions.

Methodology

Cocaine and Heroin Trafficking Networks

This study conceives of cocaine and heroin trafficking as two weighted and directed networks,
in which nodes represent countries and edges identify drug trafficking between any two
countries. We used the methodology developed by the UNODC (2015b) to estimate the
presence and weight of the edges in the cocaine and heroin networks. This methodology is
based on five main steps (Fig. 1): (1) identification of connections between any two countries;
(2) estimation of the relative weight of each connection with respect to each country’s other
incoming flows; (3) estimation of the quantity of drug consumed and seized in each country;

Fig. 1 Steps taken to construct the cocaine and heroin trafficking networks

Interdicting International Drug Trafficking: a Network Approach for...



(4) estimation of the total quantity of drug imported by each country; (5) estimation of the
quantity of drug exchanged between any two countries. We produced year-by-year estimates
of both cocaine and heroin trafficking flows (2011–2016) and calculated their mean over the
entire period.

Step 1 identified connections—i.e. drug trafficking flows—between any two coun-
tries. To do this, we drew on the UNODC Individual Drug Seizure (IDS) dataset for
the period 2011–2016. Seizure data often includes information on the quantity of
drugs intercepted by law enforcement agencies, the country where the seizure oc-
curred, and the origin, transit, and—occasionally—destination country. For the years
2011–2016, the IDS dataset contains 13,021 records of seizures of coca derivatives
and 8052 records of seizures of opium and its derivatives providing indications of
19,155 and 11,652 connections in the cocaine and heroin trafficking networks,
respectively. The resulting cocaine network comprised 147 countries and 817 edges
while the heroin network included 137 countries and 437 edges.

Step 2 involved estimating the relative weight (%) of each connection with respect
to each country’s other incoming flows. We used information on the quantity of drug
intercepted along the identified connections to obtain these estimates. We adjusted
each seizure case for its estimated purity, which was calculated as the average purity
of the drug at wholesale level in the importing and exporting countries.1 Finally, we
estimated the relevance of each edge with respect to the total seizures performed by
importing countries:

Fd;t; j←k ¼ Sd;t; j←k=∑K
k¼1Sd;t; j←k ð1Þ

where Sdt is the quantity of drug d seized in year t, j is the importing country, and k
is the exporting country. Figure 1 shows an example where 60% of the drugs seized
by country A were smuggled from country D, while 40% was coming from country
C. See Appendix 2 for further details.

A first limitation of this approach is that out of scale seizures may distort the estimates as
particularly large seizures may reflect either an increase in shipments or luckier law enforce-
ment operations (MacCoun and Reuter 2001; Kilmer and Hoorens 2010; Aziani 2018).2 This
is rarely the case for land and air routes because loads tend to be limited in scale; it may
however be more likely in the case of sea connections, whose shipments are possibly larger.
We used three-year moving averages to mitigate possible distortions driven by bulky seizures
or limited data reporting in any given year.3

Step 3 comprised estimating the total quantity of drug consumed and seized in each
country, i.e. the quantity of drug that a country needs to import in order to satisfy its

1 Not accounting for purity levels might inflate the relevance of flows occurring between downstream countries,
where drug might be more cut (Paoli, Greenfield, and Reuter 2009). Since the UNODC (2019a) does not provide
data on purities for all countries in the two networks, regional data on purity was used whenever national data
was not available, and macro-regional data was used in a few cases where regional data was also missing.
2 See Appendix 1 for further details on the distribution of cocaine and heroin seizure cases across countries.
Summary statistics on seizures cases by importing country are available on the authors’ Open Science Frame-
work project profile at https://osf.io/cbdqa/?view_only=ef82eec308b0403e99a753ace4cac690.
3 In any given year, the estimate of the seizures along each route (Sma, t) is a function of the seizures performed
along the route in the given year (St) as well as the seizures performed in the previous (St − 1) and following year
(St + 1). Seizures for the previous and following year enter in the calculus with a weight, which is half the weight

of the year under consideration: Sma;t ¼ St þ St−1=2ð Þ þ Stþ1=2ð Þ
2 .
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internal demand. To estimate the quantity of drug consumed in each country, we used a
combination of demand- and supply-based approaches. First, we estimated the total
quantities of cocaine and heroin available for consumption, starting from the UNODC
(2019b) estimates of the global production of the two drugs. Second, we divided these
quantities by the global estimates of the number of users of the two substances, thus
obtaining estimates of the annual consumption per user. Third, for each country, we
multiplied the estimated number of users by purity-adjusted estimated quantities of
cocaine and heroin consumed by each user (Kilmer et al. 2013, 2011; Legleye,
Lakhdar, and Spilka 2008; Wilkins, Bhatta, and Casswell 2002). Finally, we adjusted
seizures for purity to make them comparable across countries before adding them to the
total quantity of cocaine and heroin consumed (Paoli, Greenfield, and Reuter 2009).
See Appendix 3 for further details.

Step 4 estimated the total quantity of drug imported by each country. For non-producing
countries, this was equivalent to the sum of the quantity of drug consumed and seized (Step 3)
and the quantity of drug imported and then exported to other countries. In the toy model
proposed in Fig. 1, country C imported one ton of drug to meet its internal demand and an
additional 40% to export to country A, for a total of 1.4 tons.

Step 5 involved estimating the quantity of drug exchanged by any two countries. As Fig. 1
shows, country B required a total of two tons to satisfy its internal demand. Given that 100% of
the seized drugs came from country D, we assumed that country B imported the two tons from
country D. 60% of country A’s imports came from country D, while the remaining 40% came
from country C, which led to an estimate of 0.6 tons having been exchanged between country
D and country A, and 0.4 tons between country C and country A. See Appendix 4 for further
details on the algebra behind step 5. Finally, we calculated the average of all annual estimates
(2011–2016) to alleviate possible distortions due to exceptional events and episodic issues in
data reporting.

Producing, Transit, and Consumer Countries

We classified the countries in the cocaine and heroin networks into three groups—‘producer’,
‘transit’, and ‘consumer’ countries—according to the role that they play in international drug
trafficking. These labels identify the main role of countries, as only a few are exclusively
consumers (i.e. they do not export drugs), while none are exclusively a transit country (i.e. they
do not have any internal consumption). This classification will be used subsequently to
identify the most effective interception strategies.

‘Producer’ countries were identified based on data on coca and poppy cultivation
published by the UNODC (2019a). The main cocaine producers were Bolivia, Co-
lombia, Ecuador, and Peru, while the main heroin producers included Afghanistan,
Colombia, Laos, and Myanmar. We used information on drug imports and exports to
classify countries as ‘transit’ or ‘consumer’. The natural logarithm of the ratio
between total exports and consumption in each country was taken as a measure of
countries’ main role in transnational drug trafficking. That is to say, the higher the
ratio, the more pronounced the transiting role played by a country; the lower the ratio,
the more a country is a destination market. We then classified the countries by
partitioning them into two non-overlapping clusters through the use of a k-medians
method, as any threshold to discriminate between ‘transit and ‘consumer’ countries
would introduce an element of arbitrariness in the absence of further information. A
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list of the countries that make up the cocaine and heroin networks and their cluster is
available on the authors’ Open Science Framework project profile, while Table 1
provides a summary of the clusters.4

Network Statistics and Simulations

The first part of our analysis focused on providing descriptive statistics of the two
networks.5 We quantified network parameters by using social network analysis mea-
sures. More specifically, we used density (i.e. the proportion of edges in the network)
and mean degree (i.e. the average number of edges for the countries in the network)
to assess the degree of network cohesion (Wasserman and Faust 1994). We also used
centralisation measures to assess whether the networks were characterised by the
presence of a few trafficking hubs, or whether most of the countries had similar
levels of involvement in trafficking activities (Giommoni, Aziani, and Berlusconi
2017).

We also calculated statistics for every country within the two networks, namely, degree
centrality, betweenness centrality, and Gould and Fernandez’s (1989) brokerage measures.
Degree centrality measures the number of countries that a country imports drugs from (in-
degree) or exports drugs to (out-degree). Betweenness centrality measures the number of times
that a country is located along the shortest path between any other two countries in the network
(Wasserman and Faust 1994).

Gould and Fernandez’s (1989) brokerage measures afford the identification of the different
brokerage roles that countries perform in the cocaine and heroin networks, respectively. They
are based on the idea that ‘flows within groups should in general be distinguished from flows
between groups’ (1989, 91). While betweenness centrality is expedient for identifying the
countries that are located along drug trafficking routes, Gould and Fernandez’s brokerage roles
are valuable in terms of identifying the countries that liaise between ‘producer’, ‘transit’, and
‘consumer’ countries.

Gould and Fernandez (1989) identified five brokerage roles (Fig. 2):

& Coordinators mediate between two countries in the same cluster, such as in the case of a
‘transit’ country which lies along a drug trafficking route between two countries that are
also primarily involved in transit activities (Fig. 2A).

& Itinerants mediate between two countries from the same cluster, while belonging to a
different cluster (Fig. 2B). A ‘transit’ country connecting two ‘producer’ countries is an
example of this type of mediating role.

& Representatives and gatekeepers mediate between two countries from different clusters.
However, representatives share the same cluster as the country exporting drugs, whereas
gatekeepers share the same cluster as the country importing drugs (Fig. 2 C and D,
respectively).

& Liaisons mediate between two countries in two different clusters, while, simultaneously,
belonging to a third cluster. This relates to the case of a ‘transit’ country that lies on a drug
trafficking route between a ‘producer’ and ‘consumer’ country.

4 https://osf.io/cbdqa/?view_only=ef82eec308b0403e99a753ace4cac690.
5 The analyses were performed using the ‘network’ and ‘sna’ packages (Butts 2015, 2016) for R (R Core Team
2019).
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The inclusion of Gould and Fernandez’s brokerage roles allowed us to consider not only the
position of countries within the entire network—as indicated by betweenness centrality—but
also their capacity to connect different clusters. This is valuable information for developing
targeted interdiction strategies, given the different clusters that countries belong to in the
international trafficking of cocaine and heroin (i.e. producer, transit, and consumer). For
instance, intervening in a transit country that plays a coordinating role may produce a very
different impact on drug trafficking flows than intervening in the same country if it acts as a
liaison between ‘producer’ and ‘consumer’ countries, even if the betweenness centrality score
for that country is the same.

The second part of the analysis tested the impact of different interdiction strategies on the
level of connectivity within the networks, and on countries’ closeness to all other countries in
the network, in order to identify those strategies that were more likely to have a disruptive
effect on cocaine and heroin flows between countries. Specifically, we measured network
connectivity by producing the reachability matrix—i.e. the matrix that identifies whether any
two nodes are connected by one or more directed paths—and calculating its density to obtain
the fraction of all dyads (i.e. pairs of countries) that are connected through a directed path
(Wasserman and Faust 1994). We measured countries’ closeness by calculating the average
closeness centrality score for all countries in the network using Opsahl et al.’s (2010)
approach, which can be used for fully connected networks and networks with disconnected
components alike. We simulated two types of interdiction strategies.

The first strategy focused on countries. It was based on the removal of nodes (i.e. countries)
from the networks, and tested the disruptive effect of concentrating interdiction resources
within specific countries. Vertices were removed: (1) randomly; based on (2) unweighted and
(3) weighted in-degree centrality scores; based on (4) unweighted and (5) weighted out-degree
centrality scores; (6) based on betweenness centrality scores; and (7) based on the five
brokerage roles identified by Gould and Fernandez (1989). With respect to both random
removal and those cases in which more than one country had the same score, we simulated
node removal 100 times, and reported the average connectivity and closeness scores for the
100 replications.

Table 1 Countries’ clusters

Role Cocaine Heroin

Producer 4 (3%) 4 (3%)
Transit 32 (22%) 34 (25%)
Consumer 111 (75%) 99 (72%)

Fig. 2 Examples of Gould and Fernandez brokerage roles in the cocaine and heroin networks
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The second strategy focused on drug routes. It was based on the removal of edges from the
networks, and tested the effect of concentrating interdiction resources on specific trafficking
routes between countries. Edges were removed: (1) randomly; (2) based on their weight, i.e.
the estimated quantity of drugs exchanged between any two countries; (3) based on their edge
betweenness, i.e. the number of times an edge occurred on the shortest path between any two
countries (Freeman 1979); (4) based on whether they connected two countries in the same
cluster (e.g. two ‘transit’ countries); (5) and based on whether they connected two countries in
different clusters (e.g. a ‘transit’ and a ‘consumer’ country). Similar to above, for the purposes
of both random removal and those cases in which more than one edge had the same score or
fell within the same category, we simulated edge removal 100 times, and reported the average
connectivity and closeness scores for the 100 replications.

Supply-side reduction policies in producing countries have thus far been proven to
have only a marginal impact on the availability of drugs, if not actually being wholly
detrimental (Angrist and Kugler 2008; Collins 2014; Mejía and Restrepo 2016;
Veillette 2005). In consideration of previous literature which has already addressed
the limitations of supply-side interventions in producer countries, we excluded these
countries from node removal, and instead solely focused on ‘transit’ and ‘consumer’
countries. It should also be acknowledged that there is a cost factor associated with
removing nodes or edges that must be considered in the development of drug
interdictions strategies. For instance, although enforcing the border between Mexico
and the United States is likely to be more disruptive than interdiction strategies
targeting the connection between Belize and Mexico, the former also involves higher
costs. This paper focuses exclusively on the benefits that targeted interventions may
produce but overlooks their costs. This kind of cost-benefit analysis is outside the
scope of this paper but should be further investigated by future research.

Finally, it is worth emphasising here that the aim of our simulations is not to literally
remove a country or a trafficking route, as sealing borders and impeding illicit drugs from
penetrating a country has been found to not be practically achievable. Rather, our analysis aims
to inform drug law enforcement by showing where interdiction efforts are more likely to have
the most disruptive effects on the entire drug trafficking network. At a historical juncture
characterised by reduced public expenditure, our analysis can both inform how scarce
resources are allocated and increase the effectiveness of drug law enforcement.

Limitations

Our approach is not without its drawbacks. Specifically, seizures might not be fully represen-
tative of actual drug flows. First, it is reasonable to expect a degree of heterogeneity in the
effectiveness of different agencies’ enforcement activities, as drug policies vary across coun-
tries, and air and sea routes are easier to enforce than land routes (Reuter, 2014). Therefore,
seizure data are likely to over-estimate the relevance of drug trafficking within more aggressive
countries, and along sea and air routes.

Second, while seizures account for a large share of inflows in several countries, they are
limited and only account for a small fraction of total inflows in other countries—see Appendix
5 for the share of cocaine and heroin seized, consumed and exported by each country.
Moreover, some countries do not report information on drug seizures to the UNODC every
year, while others report only certain cases or avoid sharing any information at all (UNODC
2019b). Certain trafficking connections thus emerged from limited evidence. Finally, as
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already discussed, particularly large seizures might introduce an upward bias in the estimate of
the relative relevance of a specific connection between two countries.

The combined use of information from multiple countries in multiple years helps
mitigate the consequences stemming from countries’ differences in counter-drug ef-
forts and seizure reporting, changes in countries’ border control activities, and excep-
tionally large seizures that might skew our estimates (Berlusconi, Aziani, and
Giommoni 2017). Moreover, while working on the 1998–2014 UNODC cocaine
IDS, Aziani (2018) noted that importing countries provide the vast majority of
information actually usable to build a network. Since the relevance of each connection
is estimated with respect to the importing country—i.e. through a comparison of
incoming flows—this fact further reduces the biases due to different law enforcement
and reporting systems, as these differences are likely to be more severe between
countries than within countries. Nonetheless, the extent to which seizures represent
actual flows or enforcement capacity remains unknown (MacCoun and Reuter 2001;
Kilmer and Hoorens 2010); therefore, the resulting networks are an approximation of
the drug trafficking activities taking place worldwide rather than their faithful
reconstruction.

There are further uncertainties pertaining to our assumptions about users and their
consumption, along with drug purity. The heterogeneity of data available across
countries forces us to rely, from time to time, on linear interpolations and eventually
on regional values. The lack of estimates is particularly severe with respect to
quantities of drug consumed by the average user, which has thus been estimated
starting from drug production data (see Appendix 3 for details). A series of incon-
sistent reports by government agencies and international organizations, together with
the impossibility to state the exact time lag between drug production and consump-
tion, led several authors to be sceptical about supply-side estimations (Reuter and
Greenfield 2001; Kilmer, Reuter, and Giommoni 2015). While we do agree with this
position, in the context of the current study, the limits of this strategy primarily
concern the lack of adjustments for national consumption values per user and even-
tually a bias in the relative weight of consumption and seizures. Uncertainties about
the time lag between production and consumption are instead likely to affect only
marginally our analyses because we combine estimates referring to multiple years, and
because the analysis of law enforcement interventions is not performed on a dynamic
network.

Despite these aforesaid limitations, the approach adopted in this study has been extensively
applied in other studies because of its unique capacity to produce new information on the
existence of trafficking activities from available data (Dugato and Aziani 2020). Paoli,
Greenfield, and Reuter (2009) were the first to conceive of international drug trafficking as
a series of trading relations across countries. Boivin (2013, 2014a, 2014b) utilised information
from seizures to study the network structure of international drug trafficking, while Chandra
et al. (2011, 2014, 2015) used a similar approach to analyse drug trafficking flows across
countries, albeit they constructed their networks with price-based data rather than seizure data.
The UNODC (2015b) developed a model to estimate heroin trafficking flows along the Balkan
route, with the same methodology subsequently being used in academic articles on cocaine
and heroin trafficking (Aziani, Berlusconi, and Giommoni 2019; Berlusconi, Aziani, and
Giommoni 2017; Giommoni, Aziani, and Berlusconi 2017). Hence, this is an established
method through which to estimate drug trafficking across countries.
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Results

The Structure of Cocaine and Heroin Trafficking Networks

The cocaine and heroin trafficking networks comprise 147 and 137 nodes, respectively
(Table 2). While both networks show a low density, countries involved in heroin trafficking
have, on average, fewer direct connections than those within the cocaine network, thus
suggesting that heroin tends to be concentrated along fewer routes than cocaine, which is
trafficked along several alternative routes. The production of heroin takes place in three
distinct areas—Afghanistan, South-East Asia, and Latin America— and with respect to heroin
trafficking, specific source and trafficking countries serve specific consumer countries (Paoli,
Greenfield, and Reuter 2009; Meylakhs 2017). Conversely, cocaine is produced exclusively in
few Andean countries; from there cocaine reaches its final markets located in all continents.
These differences between the two illicit markets might explain the lower number of direct
connections in the heroin trafficking network in comparison to the cocaine network.

Centralisation measures indicate that incoming and outcoming edges are not equally
distributed in the two networks. This is particularly true for the latter, suggesting that most
countries export to only one or a few other countries, while a small number of exporters have
several outgoing edges. This is reinforced by Fig. 3, which shows some differences in the
distribution of edges between the countries in the two networks, and with respect to the
analysis of countries’ centrality scores. Centrality scores for the countries in the two networks
are available on the authors’ Open Science Framework project profile.6

The countries with the highest centrality scores in the cocaine network are Spain (121),
Ecuador (72), Venezuela (72), Italy (70) and Portugal (67). Almost all the connections for
Ecuador and Venezuela are outgoing, thus indicating that these countries are mainly exporters,
while Spain has a similar number of incoming and outgoing edges. Pakistan (67), Spain (43),
Bulgaria (31), Italy (30) and Germany (26) are the countries with the highest centrality scores
within the heroin network. While for Pakistan most of these connections are outgoing, Italy
primarily has incoming edges, which suggests that the country imports heroin from several
exporters. It is important to stress here that a high centrality score in and of itself does not
necessarily indicate that a country exchanges large quantities of drugs, while, conversely, a
low centrality score does not necessarily indicate a low-volume of imports or exports. Indeed,
a single connection may be enough to either satisfy a country’s demand for drugs, or exchange
large quantities of drugs. The analysis of betweenness centrality scores suggests that Spain,
Portugal, Germany, Italy and France are the countries that most regularly are located along the

Table 2 Network statistics

Statistics Cocaine Heroin

Network size 147 137
Network edge count 817 437
Density 0.04 0.02
Mean degree 11.12 6.38
In-degree centralisation 0.35 0.19
Out-degree centralisation 0.46 0.45
Betweenness centralisation 0.26 0.28

6 https://osf.io/cbdqa/?view_only=ef82eec308b0403e99a753ace4cac690.
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shortest path between any other two countries in the cocaine network, thus indicating that these
countries are important trafficking hubs. Spain, who has the highest betweenness centrality
score, also plays a key role in the heroin trafficking network, while Pakistan, the United
Kingdom, Bulgaria and Russia are also located along several trafficking routes. The high
betweenness centrality score for Spain in the cocaine network has a partial explanation in the
fact that Spain is a fundamental point of entry of shipments coming from Latin America. The
increase in production of heroin in Latin America, which has been taking place in the last
years, might give Spain a more central role in the heroin network, too.

Gould and Fernandez’s brokerage measures offer a more nuanced analysis of countries’
brokerage roles. While some countries have relatively high scores for all brokerage measures
(e.g. Spain in the cocaine network), many others have high scores for only one or two
measures, which suggests that their brokerage role is limited to facilitating exchanges between
or within clusters. For instance, in the cocaine network, Italy is the main coordinator, insofar
that it is a ‘consumer’ country that mediates between several pairs of ‘consumer’ countries.
Portugal is second only to Spain in its liaison and representative role, which suggests that it
either regularly liaises between producer and consumer countries, or mediates between another
country that is primarily involved in trafficking activities and a country from a different cluster.
The brokerage measures also highlight the role of Venezuela—mainly in a liaison role—and
Nigeria—mainly in terms of a gatekeeper—in facilitating the exchange of cocaine between
countries. Nigeria also ranks as the third highest coordinator within the heroin network, while
the Netherlands, a well-known redistribution centre for heroin in Europe, is one of the leading
countries in terms of playing an itinerant and representative role.

Simulation of Drug Interdiction Strategies

Figure 4 shows the impact of different interdiction strategies on the level of connectivity within
the cocaine network. The initial network connectivity was 0.52, i.e. 52% of pairs of countries
were connected through a directed path. The network connectivity decreased as we removed

Fig. 3 The cocaine (left) and heroin (right) networks. The chord diagrams for cocaine and heroin flows were
created using the ‘chorddiag’ package (Flor, 2019) for R (R Core Team, 2019). Interactive versions of the
diagrams are available at http://rpubs.com/gberlu/cocaineflows and http://rpubs.com/gberlu/heroinflows,
respectively
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vertices randomly, as well as based on countries’ degree, betweenness, and brokerage scores.
Of the eleven node removal strategies tested, random removal proved to be the least effective,
while targeted interventions were found to have a differential impact depending on the number
of nodes that were removed. After the removal of five nodes, several strategies—based on
unweighted in-degree, betweenness, and coordinator roles—appeared to have a similar impact.
When ten nodes were removed, targeting coordinators, i.e. those that mediate between two
countries in the same cluster, appeared to be the most effective strategy, followed by targeting
gatekeepers and nodes with the highest betweenness scores. Targeting countries that operate in
a gatekeeper role became especially valuable after the removal of approximately twenty nodes,
and remained one of the most disruptive strategies when half of the nodes were removed
together with countries with the highest betweenness scores. Targeting countries based on their
position in the network, rather than, say, based on the quantity of cocaine exchanged, would
thus appear to be an effective interdiction strategy. Indeed, targeting countries that import or
export large quantities of cocaine did not appear to be as disruptive as targeting countries that
played a key role in the trafficking network, and whose removal had a considerable impact on
the overall network structure.

The simulation of interdiction strategies that targeted countries involved in heroin traffick-
ing produced similar results (Fig. 5). The initial network connectivity was 0.56, i.e. 56% of
pairs of countries were connected through a directed path. Random strategies were found to be
the least efficient, while targeting countries with the highest betweenness scores proved to be
particularly effective after the removal of five nodes and, allied with the targeting of coordi-
nators and gatekeepers, ten nodes. As the number of nodes removed increased, targeting
gatekeepers remained a valuable strategy, albeit interdiction strategies based on in-degree and
out-degree centrality also became relevant.

Figure 6 reports the impact of edge removal on the connectivity of the cocaine and heroin
networks. Overall, node removal had a greater impact on connectivity than edge removal, as
the removal of a node was likely to disrupt several drug routes at once. The simulation
demonstrated that the removal of up to ten edges had little impact on the connectivity of the

Fig. 4 Impact of different node removal strategies on the level of connectivity of the cocaine network
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network, while there was little difference between random and targeted interventions. How-
ever, the removal of edges with high betweenness scores slightly outperformed the other
strategies, and became the most effective approach as the number of edges removed from the
network increased. Targeting edges that connected countries in different clusters was among
the most effective approaches through which to disrupt the heroin network, whereas removing
edges that connected countries in the same cluster was a particularly effective strategy for
reducing the supply of cocaine. An interesting feature of interdiction strategies that target
specific drug routes rather than countries is that targeted interventions are not necessarily more

Fig. 5 Impact of different node removal strategies on the level of connectivity of the heroin network

Fig. 6 Impact of different edge removal strategies on the level of connectivity of the cocaine (left) and heroin
(right) networks
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efficient than random interventions, particularly when interdiction focuses on a limited number
of edges. Indeed, random interventions can be more disruptive than interventions that target
edges based on their weight, i.e. the estimated quantity of drugs exchanged between any two
countries.

Figures 7, 8, and 9 report the impact of node and edge removal on countries’ mean
closeness in the cocaine and heroin networks. The results corroborate those already observed
for network connectivity. Among the node removal strategies tested, random removal was
always the least effective, while targeted interventions were found to have a differential impact
according to the number of nodes that were removed. Here as well targeting countries based on
the role they played in the network was more disruptive than removing countries based on the
quantity of drug exported or imported.

The results of the edge removal show some similarities but also an important difference.
Edge removal had a smaller impact on closeness than node removal, as already observed for
connectivity. The removal of edges based on their betweenness scores had a greater impact
than the other strategies, and was found to be the most effective approach. Perhaps more
importantly, the results show that the removal of edges based on the quantity of drug
exchanged (i.e. the edge weight) is not necessarily an effective strategy at increasing the
distance between countries in the two networks, i.e. increasing the number of steps needed to
move the drug along the transnational supply chain.

Discussion

The density and mean degree of the two networks suggest that heroin tends to be concentrated
along fewer routes than cocaine, although in both cases traffickers exploit only a limited
number of selected routes, which is in accordance with the findings of previous studies (Boivin
2014b; Chandra and Joba 2015; Giommoni, Aziani, and Berlusconi 2017). This draws
attention to the non-random nature of drug trafficking routes. Rather, social, economic, and

Fig. 7 Impact of different node removal strategies on the mean closeness of countries in the cocaine network
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geographical drivers—e.g. geographical proximity, levels of corruption, migration flows, size
of the market—all strongly influence the formation of drug trafficking flows (Aziani,
Berlusconi, and Giommoni 2019; Giommoni, Aziani, and Berlusconi 2017; Paoli,
Greenfield, and Reuter 2009; Reuter 2014).

The results also confirm the notable role played by specific countries in international drug
trafficking. For instance, the integral role played by Spain, Ecuador and Venezuela in cocaine
trafficking should not come as a surprise considering their geographical and social proximity
to producer countries in the Andes (Aziani, Berlusconi, and Giommoni 2019). Likewise, the
study confirms the important role played by Pakistan and Bulgaria in the trafficking of heroin.

Fig. 8 Impact of different node removal strategies on the mean closeness of countries in the heroin network

Fig. 9 Impact of different edge removal strategies on the mean closeness of countries in the cocaine (left) and
heroin (right) networks
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Pakistan borders Afghanistan, which means that it is located at the very beginning of
transnational supply chains of heroin. Bulgaria plays a crucial role in the Balkan route—the
largest heroin trafficking route in the world—as it is one of the main entry points for Afghan
opioids to Europe (UNODC 2015b).

However, some of our findings on the structure of the two networks have hitherto not been
consolidated in extant literature on transnational drug trafficking. For instance, Spain had one
of the highest degree and betweenness centrality scores, which signals its role as both an
importer and exporter of cocaine and heroin. While its role in heroin trafficking is perhaps
unexpected, this pattern may indicate the increased relevance of the Southern route
(EMCDDA 2015, 2019; UNODC 2015a). Through the Southern route, heroin shipments from
Iran and Pakistan are trafficked through African countries on their way to entering Europe,
especially via Spain. For many years, the Balkan route has been the principal route through
which heroin makes its way to Europe (UNODC 2015b). In recent years, instability within
many African countries has presented new smuggling opportunities characterised by a lower
risk of arrest for traffickers (Shaw and Tuesday 2019).

This study is the first to apply Gould and Fernandez’s (1989) brokerage measures to
international drug trafficking. While brokerage and betweenness centrality measures are highly
correlated, the former provides a more precise indication of the specific roles that countries
play in connecting different clusters. More specifically, brokerage measures reveal the nodes
that connect producer, transit and consumer countries, which, in turn, make it possible for drug
shipments to move along the transnational supply chain. For instance, the Netherlands often
perform a representative role, along with playing a crucial role in connecting trafficking
countries with consumer countries.

These results offer suggestions for developing targeted interventions aimed towards
disrupting cocaine and heroin international trafficking. The study has shown that
concentrating interdiction resources within the ten countries identified in this research
as being integral to the cocaine trafficking network may prove to be more effective
than the non-coordinated enforcement of cocaine flows within fifty countries. Similar
indications emerge from the simulations conducted in relation to the heroin trafficking
network. Enforcement strategies that focused on as few as three countries, which were
selected according to their betweenness centrality, produced better results than the
non-coordinated allocation of resources across thirty countries. Similarly, strategies
that target drug routes, rather than countries, also showed some differences with
respect to strategic and non-strategic interventions. Targeted interventions that were
either driven by edge betweenness or focusing on the connections between countries
in either different or similar clusters were found to be systematically more effective
than random interventions, when at least twenty edges were targeted. Hence, while
coordinating countermeasures at an international level is anything but straightforward,
the improvements in terms of efficiency alone could be hugely substantial.

Given that countries have multiple connections in trafficking networks, targeting a limited
number of countries is likely to reduce network connectivity more quickly than concentrating
interdiction efforts on specific connections between countries. In fact, our analysis appears to
suggest that targeting nodes is, from a network perspective, altogether more efficient. How-
ever, in practice, targeting specific connections—especially along land and air routes—may
simply be easier for law enforcement agencies.

The aim of our simulations is to provide a support tool for drug interdiction, rather than
putting forward a one-size-fits-all solution. Counter-drug strategies should thus be adjusted
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according to the number of countries or drug routes that law enforcement agencies can and
want to focus their attention on, as well as the type of drugs. If the amount of allocated
resources is limited, then the results from our simulations suggest that law enforcement
authorities should base their interventions on countries with high betweenness scores or on
those that play a coordinator or gatekeeper role. Conversely, if drug law enforcement author-
ities have a greater available budget—or face more difficulties in effectively coordinating
between each other—, then degree-based interventions are also effective for disrupting
international drug trafficking.

The results of our analysis could also be used to identify the set of countries that would
cause the maximum amount of disruption within the two networks. Although cocaine and
heroin are produced in different geographical areas, and are often trafficked by distinct
criminal groups via different routes, this study identifies the points at which cocaine and
heroin networks overlap. For instance, Spain emerges as the country where the allocation of
proper resources could cause the greatest amount of disruption to both cocaine and heroin
trafficking. Similarly, if we were to focus on only a single connection, then targeting drug
flows between Portugal and Spain would likely have a disruptive effect on both cocaine and
heroin cross-border trafficking. Indeed, the connection between the two countries was in the
top ten for edge betweenness within both networks.

Transnational drug trafficking operates as a complex ecosystem. What happens, or
does not happen, in one country can influence the entire trafficking network. For
instance, the extent of cocaine or heroin trafficking in Ireland may have more to do
with interventions in other key trafficking countries than it does with enforcement of
the Irish borders. This predicate especially applies to countries within regional com-
munities (e.g. European Union), where internal borders are minimal in order to
facilitate trade between member states. Hence, even if Irish drug law enforcement
were to heavily invest in counter-drug interdiction efforts, this would have little
impact if the trafficking of cocaine and heroin continued to flow easily via Spain
and other key countries within the EU. Conversely, countries like Ireland may achieve
better results vis-à-vis disrupting trafficking flows by joining or financing interdiction
activities in countries that play a key role in the cocaine and heroin networks.

Finally, it is worthwhile to discuss the main limitation of our simulations, i.e. the
fact that they do not consider the fact that traffickers adapt to interdiction activities.
For instance, drug traffickers can respond to law enforcement interventions by shifting
to alternative routes, a phenomenon which is known as the ‘balloon effect’, or by
resorting to alternative modes of transportation and/or hiding techniques (Friesendorf
2005; Guerette 2009; Magliocca et al. 2019; Reuter 2014; Toth and Mitchell 2018).
Future research should thus seek to include a dynamic component within their
simulations, in order to account for how trafficking activities can be displaced as a
consequence of law enforcement interventions. Research in this area has hitherto been
particularly scarce, in part because this kind of studies requires greater information
about both traffickers’ decision-making and the intensity of the interdiction.

Conclusions

The national and international drug control agenda is marked by a sharp misalliance,
which pertains to the fact that the enforcement of illicit drugs receives the majority of
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the available funding, while the majority of drug control research focuses on treatment
and interventions (Caulkins 2017). Moreover, research on drug treatment and preven-
tion is far more voluminous and, generally, of a better scientific standard than research
on drug enforcement (Caulkins 2017; Reuter 2017). These studies continuously develop
new interventions aimed at determining what works best, for whom, and under which
circumstances (Fischer et al. 2015; Stockings et al. 2016; Wu, Zhu, and Swartz 2016).
In comparison, this kind of refined analysis is almost completely absent in the drug law
enforcement literature (Reuter 2014).

This study provides a tool through which to help drug law enforcement agencies become
more effective in their attempts to dismantle international drug trafficking. This study does not
question the validity of supply-side policies per se. Rather, it provides empirical evidence
about the vulnerability of cocaine and heroin international trafficking networks, in conjunction
with identifying where drug law enforcement agencies interventions are most likely to cause
the maximum amount of disruption. More importantly, the study demonstrates that
empirically-driven strategies can be twice as effective as non-strategic and non-coordinated
interventions, while, simultaneously, using half of the resources. Consequently, this research
does not simply indicate strategic interventions, but can also help to reduce costs, and, in turn,
improve the overall cost-effectiveness of interdiction interventions.

The corollary of this study, and of a more active drug law enforcement research agenda
generally, is that it can free up funding while, simultaneously, reducing the burden of
countering strategies for the involved populations. Simply put, drug law enforcement inter-
ventions can achieve more with less, if they are informed by empirical evidence. Hence, the
additional funding that would be made available as a consequence of designing more cost-
effective interventions could be reinvested in other under-resourced areas, such as drug
enforcement research or treatment and prevention interventions. Research into drug law
enforcement can thus be beneficial for the entire drug policy agenda.
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Appendix 1. Distribution of Cocaine (Top) and Heroin (Bottom) Seizure
Cases by Importing Country (2011–2016)
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Appendix 2. Identification of Drug Connections Among Countries

We can represent the trafficking network of drug d in year t by Nd, t = (Id, t, Fd, t), such that {id, t,

1, id, t, 2,…, id, t, n} are the nodes, and Fd, t = {(j, k)} are the weighted edges. The structure of Fd, t

was estimated based on information retrieved from the UNODC IDS dataset, as done in
previous studies (e.g. Berlusconi, Aziani, and Giommoni 2017; Boivin 2013; Giommoni,
Aziani, and Berlusconi 2017).

First, opium poppy derivatives (29,559 seizures) were transformed to heroin-equivalent
quantities according to conversion rates retrieved from the literature (Sanzharovskaya et al.
2013; UNODC 2019b). Similarly, quantities of coca derivatives (237,000 seizures) were
converted to cocaine (UNODC 2010).

Second, we matched importing (id, t, j) and exporting (id, t, k) countries exploiting information
on countries of production, departure, and destination of the seized drug loads, whenever
available. After several checks (e.g. that id, t, j is not equal to id, t, k), we were left with 13,021
seizure cases that provided information on edges in the cocaine trafficking network and 8052
seizure cases with information on edges in the heroin network. As certain seizure cases
provided information on multiple connections, records of seizures of coca derivatives helped
us identify 19,155 connections, while the connections emerging from the records of seizures of
opium were 11,652.

Appendix 3. Consumption and Purity Adjusted Seizures

The study combined a demand- and a supply-side approach to the estimate of the size of the
national markets for illicit drugs (Md, t, i). The size of a national market was given by the sum of

total consumption, Cp adj
d;t;i —expressed in pure quantity of consumed drug—and purity-adjusted

seizures, Sp adj
d;t;i . Annual estimates were produced for the years (t) 2011–2016:

Md;t;i ¼ Cp adj
d;t;i þ Sp adj

d;t;i ð2Þ

The consumption was given by the product of the prevalence of consumption in the 15–64
population (prd, t, i) multiplied by the 15–64 population (Popt, i), and by the estimated
consumption per user at the global level (cd, t):

Cp adj
d;t;i ¼ prd;t;i � Popd;t;i � cd;t ð3Þ

The UNODC (2019a) provides time-series data on the prevalence of use of cocaine and heroin.
Missing years were imputed through linear interpolation and extrapolation; whenever data for
a country were missing for the entire 2011–2016 period, regional values were used to impute
missing values. Population data were retrieved from the UNDESA (2019). Having estimates
on prevalence and population size, it was possible to obtain the number of consumers per
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country. Data on consumption of drug per user are currently unavailable for most of the
countries of the world. Therefore, the estimate of the consumption per user was obtained by
adopting a supply-side approach. In particular, the estimates of the global productions of
opium poppy and coca leaves gathered from the UNODC (2019b) were converted in equiv-
alent masses of pure cocaine and heroin by adopting the conversion rates provided by the
UNODC (2010). The total masses of available cocaine and heroin were then divided by the
overall number of consumers, which was obtained by multiplying the prevalence of use by the
population size in each country, and then summing the national estimates. This gave us an
average consumption per user, which does not vary neither across countries nor by user type—
i.e. light and heavy users. The estimate of the annual average consumption of cocaine per user
ranges between 4.7 g of perfectly pure cocaine in 2013 and 7.8 pure grams in 2016. The annual
consumption of heroin per user is between 3.6 pure grams in 2012 and 6.0 pure grams in 2014.
Data on the global production of cocaine and heroin came from the UNODC (2019a).

To obtain purity-adjusted seizures, the registered volume of seizures Sd, i was multiplied by
the typical purity pud, i of drug at the wholesale level in the country:

Sp adj
d;t;i ¼ Sd;t;i:pud;t;i ð4Þ

Both data on total seizures and typical purity were retrieved from the UNODC (2019a).
Missing observations on the purity level were estimated through linear interpolation and
extrapolation. When no data on purity were available, regional and macro-regional averages
were used to impute missing data.

Appendix 4. Algebra Behind Import and Export Flows

Except for producing countries, in year t, each country i belonging to the global trafficking
network of the drug d imports from K different countries a quantity of drug apt to satisfy its
own internal demand—i.e. consumption (C) and seizures (S). The actual flow of drug entering
the i country is larger because of drug loads (E) that are transiting through the country to reach
other markets (l). All these flows are bilateral so that exports from a given country are mirrored
by imports from all other countries, and vice versa. As discussed in Appendix 2, it is possible

to estimate consumption (Ċ) and seizures (Ṡ) separately. Therefore, by solving a system of
equations describing the relationship between internal demand and international flows for all
the countries that are part of the trafficking network, it is possible to estimate the size of
incoming and outgoing flows of drug:

∑K
k¼1Id;t;i←k ¼ Ċd;t;i þ Ṡd;t;i

� �
þ ∑L

l¼1Ed;t;i→l

∑L
l¼1Ed;t;i→l ¼ ∑L

l¼1Id;t;l←i

(
ð5Þ
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Appendix 5. Share of Imports of Cocaine (Top) and Heroin (Bottom)
Which Are Seized, Consumed, and Exported by Importing Country
(Average 2011-2016)
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