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Abstract
We describe and discuss the development of scenarios for the Colombian mining industry. The scenarios were
developed with a large group of stakeholders from across the Colombian government, society, and commerce, all with
interest in and/or affected by the future of the mining sector. The process resulted in the creation of three different
scenarios for the Colombian mining sector to 2030. The article describes the participatory process used for involving the
stakeholders, including the workshops and the mapping technique that was used. It also outlines the three scenarios and
possible policies that should be considered by the Colombian government in order to prepare the sector for the future.
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1. Introduction

T

he mining sector has long been an important, and in many cases and countries,
a controversial sector. There is no doubt about the
economic impact of the sector, which for many
countries makes signiﬁcant contributions to their
economy, directly, through taxes paid to the
government and indirectly, in the form of
employment and ancillary services. Mining plays
an important role in the economy of developed
countries such as Australia and Canada, while
developing countries such as Angola and Congo
economies are more dependent on demand and
price of raw materials [1].
Mining has also created many environmental as
well as social problems. The environmental problems include, among others, pollution of rivers [2],
of underground drinking water [3], droughts

resulting from water being used in extraction [4],
and various health problems following from mining
[5]. In many cases, these problems have created
local as well as national and global protests from
environmental activists [6], who claim that some
areas are too sensitive for mining, or that regulations have not been followed [7]. Social conﬂicts
with local communities arise, for example, when
communities feel that they do not get any share of
the wealth from the mine [8]. Other conﬂicts occur
between farmers and mining companies over land
and water use [9].
Given the interaction of economic, environmental,
and social factors, mining becomes a complex and
complicated issue. Add to this the often large ﬂuctuations of the price of raw materials resulting in
signiﬁcant ﬂuctuations in the price of dependent
products, e.g. copper price fell by more than 50
percent from 2011 to 2016 [10]. Furthermore, mining
has been associated for many years with corruption,

Received 18 January 2019; revised 29 December 2019; accepted 23 February 2020.
Available online 5 October 2020.
* Corresponding author.
E-mail addresses: saarango@unal.edu.co (S. Arango-Aramburo), rasmithquintero@gmail.com (R. Smith), gpjarami@unal.edu.co (P. Jaramillo), yolayam@
unal.edu.co (Y. Olaya), casaldarriagai@unal.edu.co (A. Saldarriaga), ojrestre@unal.edu.co (O.J. Restrepo), yaarbole@unal.edu.co (Y. Arboleda), ruagoc@
usi.ch (C. Rua), sbernal@unal.edu.co (S. Bernal), pelondonog@unal.edu.co (P.E. Londono), erik.larsen@mgmt.au.dk (E.R. Larsen).
https://doi.org/10.46873/2300-3960.1007
2300-3960/© Central Mining Institute, Katowice, Poland. This is an open-access article under the CC-BY 4.0 license
(https://creativecommons.org/licenses/by/4.0/).

political instability, and international political deals
[11]. Taking all these dimensions of mining together
makes the management of an individual project, as
well as regional and national planning, a very uncertain and potentially contentious issue.
In the project described here, we look at the future
prospect of the mining sector in Colombia. The
question posed as a basis for the project was: “What
might be the future of the mining sector in
Colombia?” The mining sector in Colombia is
important to the economy, although not to the same
degree as in other South American countries such as
Chile. In Colombia, the sector counts for around 2.3
percent of GDP [12].
The project described here was started at the
request of the planning ofﬁce, Unidad de Planeaci
on
Minero Energ
etica (UPME), of the Ministry for Energy and Mining. UPME were interested in getting a
better understanding of the possible development of
the mining sector in Colombia. This included the
economic, social and environmental evolution
under a range of different sets of (possible) national
and global growth paths. The aim is to understand
and test which set of mining policies might provide
the best outcome across a range of scenarios while
also anticipating the possible negative side-effects
that such an optimal set of policies might have for
each of the different scenarios.
The paper is organized in the following way. We
begin with a brief overview of mining in Colombia
to highlight the general and speciﬁc characteristics
of the sector. We discuss the methodology that we
used and the organization of the process, including
the content of the workshops there was part of the
project. Next we discuss the scenarios developed
using the process. We continue with a discussion of
the implications for the Colombian mining sector
and ends with a conclusion.

2. Mining in Colombia
There has long been a mining industry in
Colombia; however, it has never achieved the same
dimensions and importance as in some of the
neighboring countries, and the sector plays only a
minor role in global mineral markets. Within the
Colombian mining sector, coal is the only mineral
produced on a large scale, accounting for around 70
percent of the domestic mining sector revenue. As
shown in Fig. 1, the production of coal almost
doubled in the decade from 2000.
The other two main mineral products are nickel
(for ferronickel production) and gold, accounting for
most of the remaining revenue from the mining

73

sector. There are further small productions of,
among others: silver, emeralds, and platinum [13].
Additionally, there is mining for building materials,
mainly for domestic markets, but providing little
revenue for the extraction companies and almost no
royalties for the government. In the ﬁrst decade of
this century, mineral prices had been relatively high
compared to historical averages. This also lead to
the highest collection of royalties in history; however, the years since have resulted in a downward
trend.
Despite the political and economic stability of
Colombia, the relatively high price for raw materials
for a decade, and the efforts to attract investment by
improving the quality of mining information and
institutions, no important big new mines have been
opened over the last twenty years. A reorganization
of the government institutions for the mining sector
took place in 2010 but these institutions are still
perceived by many investors as weak, uncoordinated, and lacking in clear policies for the sector
[14].
There are still many unresolved conﬂicts within
the Colombian mining sector. This includes disagreements between local authorities responsible
for territorial planning, local communities, and the
central government bodies responsible for environmental and ﬁscal planning. Among the speciﬁc
issues are disputes over land use and compensation, allocation of revenues, inﬂuence of the local
communities, and environmental issues [15]. A
further complication is informal mining that has no
operation permit. As there is no regulation and
oversight, informal mining generally follows bad
environmental practices, paying no attention to
miners’ safety, the environment,or the livelihoods
of surrounding and downstream communities,
among other negative impacts. On the other hand,
the informal sector also provides employment and
income for many families in areas where they
would otherwise be unable to ﬁnd employment
[16,17].
One consequence of these unresolved issues is
that a large part of the Colombian public sees
mining as a polluting activity. They believe, that it
contributes more to corruption and environmental
degradation than to the nation's development,
reinforcing the view that mining is not an attractive
industry for investment.
We consider the mining section in Colombia as
whole, i.e. the range from large-scale mineral
exploitation to artisanal small mining, including
illegal mining. Large-scale mines are normally
operated by multinational mining ﬁrms as direct
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Fig. 1. The evolution of coal production in Colombia (in millions of tons).

foreign investment, while artisanal miners are
mostly occupied with the extraction of gold using
methods [18]. The sector operates at different scales
simultaneously. There are, literally, unauthorized
miners operating inside large-scale mines. The
policies to attract foreign investment in large-scale
project, have often created disputes with and
disruption for artisanal mining [19,20].
This situation of simultaneous co-existing of
large-scale, artisanal and illegal mining creates a
complex problem with no easy solutions. Scenarios
analysis is a useful tool to help mapping-out and
make sense of this set of entangled issues, that cover
from environmental issues, local involvement,
proﬁtability and macro-economic considerations
just to mention a few. There is a consensus that the
government should legalize and formalize artisanal
mining. However, this requires a sector-speciﬁc
legislation in a sector that traditionally has focused
policies on stimulus for foreign investments in
large-scale mining. Little attention has been given to
artisanal mining which, due to its scale do not have
the same macro-economic effects [18]. It is important to note that artisanal miners will not stop, and
they will ﬁnd ways to continue with the activity as
long as their survival depends on it [21]. The problem is further complicated with the participation of
illegal armed groups in particular gold extraction, as
a form for money laundry, territorial control and
other criminal activities [18]. Illegal mining is not a
unique Colombian problem it takes place in many
other jurisdictions where regulation and enforcement is not strong enough to prevent it, examples
includes Asia (e.g. [22], Africa (e.g. [23], and other
Latin American countries (e.g. [24].

3. Methodology
There are a number of different methods for
beginning to understand a complex issue like the
future of mining in Colombia, ranging from economic forecasting, through political analysis to
Delphi methods. Mining in Colombia has a number
of complex and often interdependent issues such as:
 The large degree of uncertainty associated with
the mining sector, especially when the aim is to
take a long-term view. There are uncertainties
on demand and prices, as well as in requirements for environmental and social conditions, which can be inﬂuenced by both internal
(national) requirements as well as by international demands.
 Short- and long-term tradeoffs, e.g. raising
government revenue from mining versus the
long-term environmental impact, the employment possibilities for local communities versus
the possibilities after mining ends.
 Many stakeholders with diverse, and at times
opposing, interest and focus e.g. local activists,
local communities, environmentalist, governments, private and public mining companies etc.
There has for a long period been discussions in
the foresight community how best to deal with situations like these. How to get diverse groups of
organizations to reach a shared understanding of
the problems and potential opportunities. Scenarios
has been shown to be one of the methods that can
deal with the characteristics of the Colombian
mining sector. Scenarios has been used to deal with
multiple stakeholders, e.g. in the case of

understanding skills in the building sector [25],
scenarios for the Brazilian Amazon [26].
As the characteristics of the Colombian mining
issues are well aligned with the reason for using
scenarios discussed above was scenarios chosen as
the method in thie case. Scenarios support
 The possibility exists for involving a large
number and diverse range of stakeholders,
including public and private organization, as
well as NGOs and academics as mention above.
 It is possible to include a large amount of data
and take account of a wide range of expectations
in the discussion, making it an open project
without prejudging the mining industry's
evolving directions.
 A scenario approach provides the ability to deal
with the effect of large investments, long startup
lags, long-term production, and social and
environmental impacts.
Scenario methods are able to deal with all these
concerns, particularly the great uncertainty that
characterizes the sector. While there are different
deﬁnitions of scenarios, they all develop a set of
future possible worlds. The starting point being that
it is impossible to predict the future, so the unit of
analysis (e.g. organization, country etc.) needs to be
able to be sustainable in a variety of different
possible futures. When the scenarios are developed,
they are used to verify the robustness and suitability
of various strategies and policies relevant in the
speciﬁc situation.We see scenarios, in the context it
is used here, as a clear description of conceivable
futures in line with [27]. Our approach here belongs
to what is sometimes known as the intuitive logics
school [28].
Scenarios have been used since the Sixties as
a way of helping private and public organizations to
understand the long-term development of both
small and large issues where the uncertainty has
been too big to use more traditional forecasting
[29,30]. They have been used to help create understanding on a diverse set of issues, including but not
limited to: global warming and sustainability [31]:
[32], countries, e.g. the future of South Africa [33],
public sectors such as teaching and learning [34,35],
and industrial sectors such as wind and photo voltics [36e38]. They are also used by organizations
such as Shell [39], as well as NGOs such as [40].
Scenarios have been used in the areas of energy
and of raw materials and mining, at least since Shell
introduced them into their planning process in the
late Sixties [29]. Recent examples include the energy
sector in Colombia [41], where scenarios were used
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to evaluate the future of the electricity sector. Due to
the inherent uncertainty in most mining projects,
scenarios have been used for a long time in the
mining industry too (e.g. [42e44].
It has been claimed that there is no single way to
generate scenarios [28]. Our aim in this paper is to
focused on a scenario approach that enable as
diverse and broad an involvement of the stakeholders as possible. We used a variety of methods
from the scenarios literature, including secondary
material, interviews [45], interactive workshops [46],
causal mapping [37] and expert-panels[47].
A scenario process has (often) two general parts:
the development of the scenarios, followed by the
use of these scenarios for testing and developing
new strategies and policies. In this paper, we are
only concerned with the development of the scenarios. That is getting to the stage where we have a
set of possible worlds representing different directions in which the mining sector in Colombia
evolve over the next two decades. The actual use of
these scenariosis outside the scope of this paper.
3.1. Stakeholders in the scenario development
process
The convoluted issues that characterize the minerals sector in Colombia requires the collaboration
of academic scientiﬁc/technical, mining professionals/experts and government sector representatives. There is abundant evidence that to solve
complex problems one need to involve the central
stakeholders, e.g. in preparing for climate change
[48], Sustainability [49], and mining [50].
The project management considered and consulted on which groups of stakeholders were
essential for the success of the scenario project. The
stakeholders were after the discussions been
thought off as four groups: A coordination group in
charge of the project planning and execution. This
group included members from the decision-making group of the Universidad Nacional de
Colombia (UNAL), the UPME and national and
international consultants. The second group was a
support group of experts, whose main purpose was
to provide technical insight, access to information
and general technical knowledge on mining. This
group consisted of participants such as professors
from different departments of UNAL, e.g.the
Department of Geosciences and Environment, and
the Department of Materials and Minerals. The
third group was the largest, an interdisciplinary
group representing the different stakeholders in
the Colombian mining sector. This group included,
among others, private-sector mining experts,
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managers from the private sector, environmentalists, government ofﬁcials, academics, and consultants. The ﬁnal group, called Oracle, supported and
validated all project ﬁndings. In total, more than
100 people were involved in the project. The total
duration of the project was eight months,in which
the ﬁrst three months involved setting up and
performing the interviews; running the workshops
took an additional four months. Appendix 1 list the
organizations and institutions from where the
participants came; all the participants had knowledge of the Colombian or international mining
sector.
3.2. Activities in the scenario development process
The process that we followed for the development
of the scenarios can be seen in terms of three
workshops with the stakeholders and additional
meetings with the expert and coordination group.
The process is outlined in Table 1 and discussed in
more detail below. The project, including the
workshops, interviews and writing of the results,
took place over a six months period.
3.2.1. Collecting information from literature and
interviews
The initially task was to create an overview of the
current state of the Colombian mining sector. This
was done through secondary sources, including

information from ofﬁcial sources, available information from private companies and from international organizations as well as relevant news items
over the last decade. Furthermore, a search and
review of national and international studies of the
mining sector was performed. This made it possible
to characterize the past and present of the Colombian mining sector. It also provided an initial basis
for understanding what the critical issues for the
future of the mining sector in Colombia might be.
The understanding obtained from the review made
it possible to create a set of questions for a semistructured questionnaire, that followed from this
initial review.
Relevant stakeholders and opinion makers were
interviewed. The interview had two purposes. First,
it allowed for a “reality” check on the issues and
understanding developed during the review of data
and other secondary material. Second, it raised new
issues and concerns related to the industry. In
particular, it provided for the possibility of
increasing the diversity of views involved and so
making sure that all points of view are covered. Due
to the use of a semi-structured interview, the
different responses from the interviews could be
compared and contrasted. In total,58people were
interviewed, including private-sector mining experts, managers from the private sector, environmentalists, government ofﬁcials, academics and
consultants.

Table 1. The steps involved in creating the scenarios for the Colombian mining sector.
Phase

Activity

Outcome

Overview

Secondary data collection

Interview

Interviewing diverse range of selected stakeholders
in the Colombian mining industry

Workshop I

Identifying variables and classifying these variables
as certain or uncertain

Workshop II

Establishing the importance and influence of the
selected variables
Selecting the combination of events and assigning
probabilities to them
Selecting the events that create the backbone of the
scenarios, based on the assigned probabilities and
the outline of a story for each scenario
Panel discussion with recognized experts in the
Colombian mining industry

Creation of an overview of the current state of the
Colombian mining sector, including stakeholders,
economic and social impacts, current and past issues
and conflicts, government initiatives, etc.
Diverse inputs to the formation of an initial
understanding of the current main issues and main
future concerns for the mining industry
A relatively large set of relevant variables (concepts)
for the mining sector, split into two groups.
Verification of the issues in the sector
A list of the most influential variables, which will
provide the basis for the scenario development
A (large) set of connected events organized in
a timeline, each with a probability
Three scenario outlines, based on consecutive
events. Some basic story elements and discussion of
potential policy options.
Discussion of possible unexpected events and
further development of the stories around each
scenario
A set of three developed and documented scenarios

Workshop III

Panel of experts

Writing of scenarios

Development of the stories underlying the scenarios
and selected major events.

3.2.2. Workshops
We describe here the three workshops that took
place with the stakeholders, the method and the
outcome of each workshop.
3.2.2.1. Workshop 1: Identifying key variables. The ﬁrst
workshop lasted three and a half hours and was
aimed at identifying key variables for the evolution
of the sector as well asa classiﬁcation of selected
variables. One group of key drivers was designated
as “certain”, i.e. events that it was generally agreed
would take place, whatever happened, over the next
20 years. This included e.g., the impact of climate
change and a possible consolidation of mining industries. The second group of drivers was designated as “variable”, being seen as uncertain. A
variable can be uncertain in two different dimensions. First, “Will a particular event take place?
“For example, will there be another Black Monday
or not. The second dimension of uncertainty is that
the event will take place but it is impossible to say
when; it could happen sooner or later, e.g. “When
will the price recover? “Furthermore, the variables
were ranked in their perceived importance for the
sector, e.g. corruption was seen as more important
than new infra-structure for the development of the
mining sector.
Those participating in this workshop were the
third group mentioned above, together with the
coordination
group.The
underlying
method
employed was a combination of structured approaches known as “Safari" and "World Cafe”
[51,52]. These methodologies allow for a more
structured, focused, and intense process, which was
suitably efﬁcient for carrying out the collective work.
These methods also make sure that all participants
are involved in the process, making facilitation
easier and ensuring that all their available knowledge and expertise are used in the process. The
workshop identiﬁed, at this stage, a total of ten

variables that were seen as important for the evolution of the mining sector in Colombia.
3.2.2.2. The second workshop: establishing certainties
and uncertainties. The second workshop followed two
months later and continued the work from the ﬁrst
and lasted two days. The number of variables from the
ﬁrst workshop needed to be reduced to make it
feasible to create a set of scenarios. While there are
some certainties in all the scenarios, by deﬁnition, not
all of them might be equally relevant or inﬂuential. For
uncertainties, we need to get to consensus about
which are the most relevant and inﬂuential, as it
would create too many combinations of possible developments if they were all included. Participants in
the workshop were asked to identify direct inﬂuences
among uncertain variables using a cross-impact matrix [53]. The structural analysis ranked variables according to their perceived importance for the sector.
The consensus was that the most inﬂuential variables
were stability, legal coherence and institutional coordination along with conﬂicts over control and land use
management. Table 2 lists the ﬁnal set of uncertainties
(left column). We then group this set of nine uncertainties into ﬁve broad categories that make it
possible to represent them in a limited number of
scenarios (shown in the right-side column in Table 2).
We used a structural analysis technique, known as
cross-impact analysis, to be able to establish which
of the uncertainties were the most inﬂuential [53].
The evaluation is done qualitatively, evaluating oneway causality among the variables where, in the
matrix, a value ranges from zero, which implies no
inﬂuence,to three, indicating a strong inﬂuence. The
sums of the rows and columns of each variable in
the cross-impact matrix provide a set of two numbers
that establish how inﬂuenced the variable is by
other variables and how much it inﬂuence others
[53]. For the full matrix see the Table (A1) in Appendix 2.

Table 2. A list of the ﬁnal set of uncertainties.
Identiﬁed uncertainties/issues

Final group of uncertainties











 Institutions

Stability, legal coherence and coordination
Illegality culture (corruption, fraud, terrorism)
Strengthening institutions in the mining sector
Ability and capacity for monitoring and law enforcement
Infrastructure (railways, energy resources)
Knowledge about available natural resources
Conﬂicts over control, land use management
Connection between the mining and environmental sector
Tax policies (taxes, royalties, public spending, government income)

 Economic development
 Community attitudes towards mining
 Environmental sustainability
 Mining production and revenues
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Fig. 2. Scatter plot of the main uncertain variables, showing their inﬂuence over the other variables (y-axis) versus how much they are inﬂuenced by
other variables (x-axis).

The results from the exercise for the nine variables
are shown in the scatter plot in Fig. 2. The diagram
represents the aggregated values of the variables.
Variables in the upper left quadrant are variables
that are not inﬂuenced much by other variables (low
value on the x-axis) while they have a large inﬂuence on other variables (high values on the y-axis).
The opposite is true for the variables in the lower
right quadrant: they do not inﬂuence other variables
(low value on the y-axis) but are themselves highly
inﬂuenced by other variables (high value on the xaxis). While variables in the upper right quadrant
are “connectors”, inﬂuenced and inﬂuencing other
variables, conversely, variables in the lower left
quadrant are more or less isolated in the system.
When we are choosing which uncertain variables
the scenario should be built around, the variables in
the upper quadrants are more relevant as they are
likely to have much more inﬂuence on the development across the sector. However, the relative

strength of variables cannot be seen in Fig. 2, but
can be seen in the Appendix 2 where the ﬁnal cross
impact matrix is shown.
As we can see in Fig. 2, the variables that seem to
have little inﬂuence are Infrastructure followed by
Knowledge about the available natural resources and Tax
policies. We can conclude that these are the variables
that have the least inﬂuence on the future development of the sector. The variables with the most inﬂuence are Stability, legal coherence and coordination as
along with Conﬂicts and control over land use.
Based on the matrix (Appendix 2), it is also
possible to visualize the causal inﬂuences among
the variables, providing a systemic view of the interconnections among the variables that drive the
sector. In this case, we have chosen only the strongest links between the variables, as shown in Fig. 3,
where the causal link is indicated with an arrow. As
indicated in Fig. 3, we can cluster the variables into
ﬁve groups. One representing the mining activities
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Stability, Legal
Coherence and
Coordination
Tax Policies (Tax,
Royalties etc)

Knowledge about
Available Resources

Strengthening of
Institutions in the Mining
Sector

Culture of Corruption,
Fraud and Terrorism

Connection between
Mining and Environment
Ability for Monitoring
and Law Enforcement

Conflicts over Control,
Land Use Management

Corruption and
Politicization

Fig. 3. Causal relationships between the variables with the highest inﬂuence, from the cross-impact matrix shown in Appendix 2.

and revenues, one dealing with the environment,
another with socio economic factors, one centered
on the public institutions, and ﬁnally,one with the
issues that are outside the sector.
3.2.2.3. The third workshop: Identifying scenarios
The third workshop, following two months later and
lasting one and a half day, contained three parts. In the
ﬁrst part of the third workshop, possible futures were
explored, from the present to 2032, by combining the
possible states of the driving variables. Through
morphological analysis [53], we identiﬁed diverse
combinations of possible states of these key variables
and selected those most consistent with the views of
the workshop participants. To achieve this, a combinatorial tree analysis was developed for all the
possible states of the key variables, and conditional
probabilities were assigned to them. In the tree, the
nodes correspond to the driving variables and each
branch corresponds to a possible value of that variable
in the future. The workshop participants assigned the
probabilities, so they are “subjective”, but agreed
probabilities from the participants. To deal with the
subjectivity, participants answered with “high”,“medium”, or “low” as estimates of the probabilities, to
which quantitative values were assigned afterwards.
The second part of the workshop aimed to reduce the
set of combinations based on the tree of probabilities

developed in the second workshop. We focused on
combinations with the highest probability. From the
beginning of the workshop it was the intention that we
should end with a maximum of four scenarios as
research and experience have shown that if the
number of scenarios becomes larger than four, then it
is difﬁcult to distinguish and communicate them [29].
After discussion in the group, the “routes” were
selected, i.e. a set of events from the initial node to the
ﬁnal branch. These were the three sets of “routes” that
had the highest conditional probability among the
many possible paths through the tree. After a further
(longer) discussion it was decided that adding more
sets of “routes”would not create further value. This led
to the decision that there would be just three scenarios, each based on one of the sets of events that
created a path through the tree.
In the ﬁnal part of the third workshop we started to
outline the scenarios, in terms of events and issues
that would create the backbone of the stories that
would illustrate each scenario. There was also a
discussion of various strategies, each corresponding
to speciﬁc policies, e.g. a change of government
regulations or major infrastructure construction that
might affect the transportation of minerals. The
strategic options can be used as potential decisions
that can be evaluated in the different scenarios,
looking for the most robust set of policies that
perform well across all the different scenarios.
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Table 3. Expected changes of key variables for each scenario for 2032 with respect to 2013. An up-arrow means that the variable increased with
respect to its 2013 levels, while a down-arrow means that the variable decreased. Horizontal arrows indicate no changes with respectto 2013.
Variable

Quality of institutions
Mining rents
Mineral production and revenues
Economic development
Environmental sustainability
Society's attitude towards mining
Communities' perception of mining
Transparency and accountability
Social control

Changes in 2032 with respect to 2013
Wonderful Years

Ups and Downs

Running after Two Hares

[

↔

↔

[
[
[

[
↔
Y

Y
Y
Y

[
[
[

Y
↔
[

Y
Y
[

[ increase, Y decrease, ↔ unchanged.

3.2.3. Final expert meeting
In the ﬁnal meeting among the expert group, there
was a discussion of possible unexpected events that
should be included in the scenarios. These included,
among others,a sharp drop in the price of gold, a
serious accident with great loss of life, and a loss of
natural resources that affects the relationship between a local community and mining. The meeting
also developed the stories around each scenario
further, based on the collected information and the
discussions in the previous workshops.

4. Scenarios
4.1. Creating the scenarios
We used the method outlined above to reach
a consensus on possible scenarios for the mining
industry in Colombia. The workshops created basic
pillars on which to create the scenarios, following
broadly the structure outline by [54]. For constructing the ﬁnal version of the scenarios it is important
to make sure that they are (i) have involved the right
participants [54] (ii) provide insight into current
problems and concerns, i.e. be relevant to the
stakeholders, (iii) they have to be internal consistent
[29] and (xii) be plausible and surprising [54]. These
criteria were covered through the broad involvement of the stakeholders, both from the industry,
the regulator and NGOs. We had the users involved
directly, i.e. UPME and while the scenarios were
plausible they are maybe less surprising.
4.2. The scenarios
We create three scenarios, which allow us to
capture the main implications of the uncertainties
developed in Table 2: institutions, mining production and revenues, environmental sustainability,
economic development, and community attitudes
towards mining. Using these variables as the main

generators of different possible futures allows us to
describe possible futures for the Colombian mining
sector. All the scenarios start in year 2013 and end
by 2032, a twenty-year development, which is
a reasonable period due to the time lags in the industry. We provide here a short overview of the
stories behind the three scenarios.
The three scenarios are named: The Wonderful
Years, With Ups and Downs, and If you run after Two
Hares, you will catch neither. Table 3 summarizes the
changes of key variables in each scenario.
As can be seen in Table 3, the Wonderful Years
scenario involves a world where almost everything
goes well: there is a general increase in production
and revenues, making mining a ﬁnancially attractive
sector. With new technology, increasing transparency has created an environmentally sustainable
sector, which has led to a situation where there is
a harmonious relationship with local communities
affected by the mining activities and other environmental groups. This is a world where the mining
industry has found a stable, sustainable equilibrium
that beneﬁts most of the stakeholders in the industry. Including the government, mining companies, and local communities,and which is also
promoted via a strengthening of institutions generally, in Colombia. By 2032, institutions are strong
and accountable and society rejects corrupt practices. The Colombian Geological Service provides
reliable and up-to-date information; environmental
and mining laws are coherent, and the potential
conﬂict between them is regulated in a fair and
transparent manner. The approval process for new
mining projects is simpliﬁed, reducing lead times,
and mining laws and regulations are enforced.
Colombia becomes attractive for investors as
a result of this new transparency. Mineral prices
have been high during most of the period due to
world demand for Colombian raw materials. The
high prices has driven the expansion of the mining
industry, an industry that adopts the best available

environmental techniques and practices, and embraces social responsibility. Growth is not limited to
the mining industry. Industries that provide resources and services to the mining sector are
expanding or newly created, and ﬁrms that add
value to minerals are growing. Mining improves the
living standards of local communities, which, in
turn, accept mining projects. The rent from the
growing mining industry is well managed and
invested efﬁciently, and as a result, the entire
Colombian economy expands.
The contrast is the scenariocalled If you run after
Two Hares, you will catch neither. Here we have
a world where many, if not most things, have
deteriorated. There is no increase in prices of raw
materials and production has not picked up. This
has had a negative effect on the transparency of the
industry. Corruption has increased, many stakeholders, including the local communities, feel that
they have had a bad deal as they have seen little
beneﬁt from mining, and the environmental situation has worsened. Although there is a bit more
social control regarding illegal mining and other
violations of the rules, it is not enough to stop the
negative spiral that mining is causing. As a result of
low prices, the lift we saw in the previous scenario
never happens in this world. By 2032, the institutions have not progressed as compared with
2013, but decision makers are less accountable, as
there has been no improvement in the transparency
and enforcement of regulations and laws. A long
period of low prices has followed the expansion
cycle for minerals that ended in the early 2010s.
This, combined with costly barriers to entry into the
Colombian mining sector, delays in project development, and uncertainty about the application of
regulation makes Colombia unattractive for investors. New exploration and development are
stagnant, and most of the production comes from
mines that were already operating by 2013. Informal
and illegal mining continues in many parts of the
country because regulation and enforcement have
failed. The environmental situation relating to
mining has not improved signiﬁcantly over the last
twenty years and environment regulation and
enforcement is still relatively lax. Some mining
leases are not renewed and environmental liabilities
from abandoned mining operations increase,
without any effort to allocate responsibility or
enforce clean-up. Although there is increased social
control, communities are not consulted on decisions
that directly affect them, further increasing the
conﬂict between the mining sector and local communities. The tax contribution from the mining
sector to GDP is below the 2013 levels, as there is no
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new activity and the existing mines have declining
output. Unemployment inthe sector is high, and
general economic growth is low, as reﬂected in the
low raw material prices. There have been several
unsuccessful attempts to increase government income from the mining sector in order to ﬁnance
public spending.Rents from the mining sector are
poorly managed and invested, and the contribution
of mining to local and national development is
lower than it was in 2013.
In the remaining scenario, Ups and Downs, mineral
prices increase, which should provide some beneﬁts
for all the stakeholders. However, transparency is
not improved and there is no successful attempt to
increase the environmental sustainability of the
mining sector. This results in a situation where local
communities feel that they are not getting any share
of the new prosperity that the increased prices have
created. Neither in terms of economic development,
nor from an environmental point of view as pollution has not improved because corruption has not
declined. By 2032, in this scenario, there is still
corruption and a lack of coordination among mining
institutions. However, the accountability of decision
makers remains unchanged and the society is less
tolerant of corruption than was the case in 2013.
Despite the delays and barriers to development of
mining projects in Colombia, mineral prices are
high, and new proﬁtable projects are being established. Government income from the mining sector
increases following the increased activity; however,
the rent is not well managed by the central government and does not beneﬁt other economic sectors. At the regional level, weak institutions and
corruption squander mining rents, hindering the
development of the mining regions. The programs
for reducing informal and illegal mines have had
limited success, and informal mining continues.
Although there are more environmental controls
than in 2013, mining companies tend to comply with
standards only minimally.No efforts are made to
develop or adopt new technologies for preventing or
mitigating the environmental impacts from mining.
Social responsibility programs are small and out of
touch with the needs of communities. As a result of
environmental impacts and lack of community
engagement, by 2032, the public image of mining is
as negative as it was in 2013.
The three scenarios described above consider
gradual and internally-consistent changes in the
operating conditions within the mining sector. We
know that when we develop scenarios, hardly ever
will any of them actually become a reality. However,
for the use of the scenarios this is not an issue, as the
main use is for testing how robust and desirable
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policies are across the various scenarios. This allows
us to understand the shortcomings of current and
potential future policies, and thus have opportunities to improve them.
In the following section we discuss the long-term
strategies for the Colombian mining sector that
were developed, taking the risks of unforeseen
events into account, in order to reach the most
robust scenarios.

5. Long-term strategies for the Colombian
mining sector
Policies and strategies for the mining sector in
Colombia could have a number of speciﬁc objectives, such as:to maximize the rents for the government,as it has been discussed by e.g. [55]; be
environmentally sustainable.e.g. [56] for an overview and [57] for an example involving gold; provide incentives for national and international ﬁrms
to invest in the sector,for a discussion see e.g. [58];
increase the local inﬂuence, for a discussion see e.g.
[59] and [60]; provide transparency, etc. However,
any set of policies that will be implemented needs to
share some characteristics, of which the most
important is to be able to evolve and respond to new
information and developments in the sector.
Following discussion of the scenarios there was a
further discussion of what policies would need to be
implemented to provide a positive impact on the
mining sector, given the current situation and the
insights obtained from the three scenarios. That is,
what policies would allow the government to achieve some of the objectives mentioned above, and
generally nudge the mining sector to become a noncontroversial and contributing factor to the economic development of Colombia?
Currently, some of the strategies have already
been proposed (P), and even partially implemented
(PI),while others are new (N). The strategies are
grouped by topics, in order to provide an overview
and focus on the fundamental insights and results of
discussions from the workshop.
Social impact (P): Set up policies that allow for
positive impacts from mining on the development of
the communities where mining is taking place. To
monitor these impacts, it is necessary to improve the
social indicators of development and production in
connection with mining in order to be able to track,
in speciﬁc cases, whether or not there is progress
[60]. This is also linked to the monitoring the sustainability of the local operations [50]. It will be
important to monitor the social, sustainable and
economic impact of mining on local communities,
not only at a regional or national level. It is

understood the need to bring net beneﬁt to the local
communities to ensure that there is an acceptance of
the mining operations [61].The short-term option
for archiving this would be to change the distribution of royalties so that territories directly affected
have real beneﬁt from mining and from the value
chains of the mining industry. The long-term and
more sustainable solution would be to strengthen
the regional presence of the mining institutions so
that they are closely connected with the area where
mining takes place.However, this is a complex area
as experience from other places has shown, see e.g.
[62] and [63]. Despite the potential problems this is
as seen from the outcome in the analysis shown in
Fig. 2, conﬂicts over control, land use management, one
of the most effective points to focus on.
Trade and supply chains (P): The ﬁrst step would be
to understand the mineral trade routes that pass
through Colombia and identify the business opportunities relating to these routes. This would
include an understanding of the details of the global
supply chains for different minerals and an exploration of available opportunities. Can Colombia add
more value to any of the steps in the supply chain,
e.g. by increasing the value added to the minerals
instead of just exporting raw materials? This would
enable the creation of vertical and horizontal linkages in the mining sector, e.g. the establishment of
a strong service sector that would have the possibility of expanding also beyond Colombia.This is,
however, a complex issue, as added value can be
meet with e.g. higher tariffs when it is exported [50].
In the longer term it might be an advantageforthe
government to become directly involved as a partner, perhaps through a state mining company to
facilitate this process.Furthermore, there is an
increasing focus on sustainable supply chain management across the whole value chain, Colombia
might encourage the mining companies to develop
this practice, not only to obtain a bigger role in the
global supply chain, but also to help regarding the
previous discussed social impact [64].
Administration (N): With regard to administrative
procedures, the approval process for mining projects should be simpliﬁed and channeled via a
“single window”. This is something which could be
done within a relative short-time horizon. Different
government ofﬁces must be coordinated and
aligned according to public sector policies. It is a
task for the national government to create a legal
framework for the consistency and coherence
among related government institutions, including
the mining and environmental component, e.g. as is
the case in Germany for large scale infra-structure
projects [65]. There is currently globally focus on

developing standards for environmental impact assessments, which has been used in a number of
countries, e.g. Peru [66]. In the same category, but
already in the implementation phase, is a need for
more detailed and fully credible knowledge of the
ground-level conditions and conditions underground, for the beneﬁt of national and international
mining concerns. For this to succeed there needs to
be sufﬁcient investment to improve both the quality
and quantity of available geological and geophysical
information.This implies that the second proposal
might take longer time to establish as it might
require signiﬁcant resource.
Integral transparency scheme (N): In order to increase
transparency and facilitate accountability, the
Colombian Mining Information System (SIMCO)
should be expanded and strengthened. Such expansion should follow the principles of information
transparency, e.g. adherence to the Extractive Industries Transparency Initiative. In the short-term an
ombudsman for the Colombian mining sector should
be established and empowered to empower and
formalize citizen oversight. Finally, to improve transparency further, the public sector should adhere to a
meritocratic system when ﬁlling its positions, another
initiative that could be implemented quickly. In the
longer term, new contracts for the development of
mining projects should include requirements
regarding technology transfer issues and technological development in Colombia. The analysis represented in Fig. 2, indicates that the area of corruption
and political interference as well as stability, legal
coherence and coordination have signiﬁcant inﬂuence
on the rest of the mining sector, making this one of the
key points to focus on.There is evidence that opening
a mine increases corruption in an area [67] and that
smaller companies are more likely to participate in
corruption when they explore [68], this should be
prevented by creating more transparency around new
projects and the local decision makers.
Regulation and enforcement (PI): The establishment
of regulation schemes for mining-related issues
such as environmental permits, and requirements
for prior consultation with stakeholders, etc. This
ensure that there are opportunities to observe
whether the rules are followed, and if necessary ﬂag
transgressions. With respect to the environment it is
particularly important that consultations take place
as mining can have a signiﬁcant inﬂuence on the
local environment. The consultation process should
be rethought, so that it is the State and not individuals who consult communities on the granting
of mining rights. Furthermore, the capacity of mining and environmental authorities for the exercise of
control, oversight, and prosecution should be
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signiﬁcantly strengthened. This will increase the
legitimacy and sovereignty of the State, in the
effective control of territory and in their ability to
provide public goods and essential services.
Other initiatives (P): Improve and implement education programs for mining, for all levels from the
basic level of education to advanced research programs. However, this should not only include
technical education but the whole range from mining impacts on the environment, from its economic
aspects through to the social and human impacts.

6. Concluding remarks
In this paper, we apply a structured design
method to developing scenarios, using what can be
seen as a modiﬁed version of the classical Godet
proposal [53]. Using this method, we have developed a set of scenarios for the Colombian mining
industry, which allow us to shed some light on the
possible future development of the sector. We have
also explored some of the possible strategies that
could be used by the Colombian government, for
whom the scenarios were developed, to establish a
more long-term and sustainable mining sector.
Colombia's mineral production expanded in the
2004-2013 period, during an international context of
increasing demand for minerals and metals, particularly in the ﬁrst part of the period. This global
trend in the mining industry is expected to continue
in the future, given the projected trends in global
GDP growth towards 2030 [69]. Besides growing
demand, another factor was the incentives provided
to investors by Colombian government offers to
investors, which led to an increase in foreign direct
investment in mining projects in Colombia.
Colombia's mining sector is not attractive enough
for most foreign investors. There are a number of
reasons for this such as unclear regulation, and
conﬂicts with local communities, just to mention a
few. However, in recent years, different weak points
have improved signiﬁcantly; e.g., the internal conﬂict that had lasted more than ﬁfty years. Other
South American countries have signiﬁcantly higher
levels of foreign investment directed to the extraction of minerals, than does Colombia [14]. This
project has tried to help understand what the future
might hold for the Colombian mining sector, and
what factors might prevent the Colombian mining
sector from reaching its full potential. In collaboration with the main stakeholders we have identiﬁed,
via the scenarios,the domestic factors that will affect
Colombia's ability to attract foreign investment.
Previous scenarios for the mining and extraction
industry indicate that global economic performance is
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a worry.A number of internal and regional issues
arise from communities that are directly or indirectly affected by mining activity, changing technology, and environmental concerns; these factors,
together with regional politics,all play an important
role (e.g.[70,71]. This is also conﬁrmed in this study,
where community attitudes towards mining and environmental sustainability are among the most important uncertainties that will affect the development of
Colombia's minerals and extraction industry over
the next 20 years. Moreover, the study identiﬁed
three other key uncertainties that might be central
for the next two decades: quality of institutions
(transparency), economic development, and social control. These six variables were the basis for the construction of the scenarios presented in this paper.
Many of the problems that we have highlighted
here are not unique to Colombia, e.g. the problematic issues facing the local population, pollution,
how the government can capture value from the
process while still ensuring foreign investments.
Other countries, in a similar situation, i.e. having
substantial mineral reserves but are not critical
dependent on them, will beneﬁt from a similar
process. While many of the issue will be similar, it is
also likely that there will be speciﬁc national characteristics that will make at least some of the conclusions drawn her different.
Scenarios are subjective, their construction depends heavily on the method, and the people
involved in developing them. In other words, we
have not developed the perfect scenarios for
Colombia's mining sector, as nobody can. We have
based the scenarios on the available data in the
literature and in the planning unit UPME, combined with a signiﬁcant number of experts and
other stakeholders in the industry, to create a set of
credible and possible futures for the mining sector.
The true value of the scenarios developed here can
only be accessed in the longer term, if they help in
shaping the policies of the Colombian mining
sector. The scenarios described here has been used
as the basis for a detailed analysis using simulation, to be able to understand the qualitative inﬂuence on the different stakeholders in the
scenarios [72].
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Appendix.
Appendix 1
List of organizations that was represented in the
scenario development process. Note that there can
be more than one participant from an organization.

Workshop Participant
Universidad Nacional de Colombia
consulate of Australia
ARGOS
Nausan Corp
Universidad de los Andes
Sector de la Minería a Gran Escala - SMGE
Agencia Nacional de Minería - ANM
ASOGRAVAS
Unidad de Planeaci
on Minero Energ
etica - UPME
Nausan Corp
Autoridad Nacional de Licencias Ambientales
Ministerio de Minas y Energia
Sector de la Minería a Gran Escala - SMGE
ANDI
AngloGold Ashanti
Minas Paz del Río SA
Angencia Nacional de Minería
Logemin SA
Instituto Humboldt
New Mexico Institute of Mining and Technology
Departamento Nacional de Planeaci
on - DNP
Independent mining consultants
Termotasajero SA ESP
Gemexco
AngloGold Ashanti
Cerromatoso
Nausan Corp
Gmaslab consultores
Colciencias
Minas Paz del Río SA
Consulate of Australia
Sector de la Minería a Gran Escala - SMGE
ASOGRAVAS
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Appendix Table A1: The average of the cross-impact matrices across the groups.
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