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INTRODUCTION

The series Advances in Sustainable Development Research includes the Book of Abstracts and
selected Papers of the 23rd Congress of the International Sustainable Development Research
Society ISDRS held in Bogota-Colombia in the School of Management at Universidad de los Andes
in June 2017.

The abstracts and papers that were selected had a complete peer review process. They show the
richness in interdisciplinary approaches, theories, models and applied research presented in the
different streams and tracks designed for the conference.

This is an important contribution to the discussion of the state of the art in the different dimensions
of sustainable development. This is a conference that offers an academic space known for its
interdisciplinary approach as well as a space for academics and practitioners. Here, the reader will
find a broad approach including different visions, theoretical orientations to sustainable development
as well as a richness in research methodologies from quantitative to qualitative.

Inclusive sustainable development was the main theme of the conference. By inclusiveness, we
understand the objective of creating a more equitable society by ensuring wider access and
opportunities across social groups, regions and economic sectors as well as reducing the high
income disparities that occur today. How to achieve the objective of inclusiveness is a matter of
intense discussion and concern as the movement behind the sustainable development goals shows.
Governments, private enterprises and communities must play an important role on this process. We
believe that Universities must also be engaged in this societal purpose.

This Book of abstracts and proceedings clearly contribute to that important aim.
Sincerely,

Eduardo Wills Herrera
Academic Chair of 23 ISDRS Conference
Bogota - Colombia
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Abstract

Sustainability is a multidimensional concept that includes environmental, social, economic and
cultural dimensions. We propose in this study that the concept of sustainability is closely related to
the quality of life of a community. Under this view, the economic, social and environmental systems
that support the community should provide a healthy, meaningful and productive life for all the actual
and future members of that community. Some of the basic issues that must be considered in relation
to quality of life as sustainability include security, the quality of social relationships (social capital) and
satisfaction with life as a whole. In this study, we approach the dimension of security as perceptions
of insecurity, an individual variable that processes social conflict and violent environments in the
minds and emotions of individuals and communities. We also link social capital as the capacity to
associate, trust, reciprocity and belonging to social networks. The relationship between these
variables is explored in a rural context that has been affected by a long social conflict, and whose
intensity has substantially decreased in the last years. We explore also, the relations of perceptions of
quality of life and social capital at different levels, using the second phase of a survey from 1680 rural
producers in Colombia. The main findings of the empirical analysis show a positive relation of social
capital on sustainability measured as perceptions of well-being. At the same time, perceptions of
insecurity have a negative effect on both sustainability and social capital. We found regional
differences in the impact of these variables. These results allow policy-makers to strengthen rural
sustainability programs and encourage effective processes of post-conflict development.

Key words: sustainability, social capital, perceptions of insecurity, rural conflict.
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1. Introduction

Sustainability is a multidimensional concept that includes environmental, social, economic and
cultural dimensions. We understand social development as the increase of individual and social well-
being. Under this view, the economic, social and environmental systems that support the community
should provide a healthy, meaningful and a productive life for all the current and future members of
that community.

In this paper, we explore the relation of well-being, sustainability and social capital from the point of
view of rural producers in Colombia. We state that the concept of sustainability is closely related to
the measure of quality of life of an individual and a community. With that purpose in mind, we propose
subjective well-being- SWB- as a proxy of social sustainability. In particular, we relate this concept with
quality of life which includes the dimensions of security and the strength of social relationships.

In the last years, a new literature is emerging proposing definitions of sustainability as a measurement
of quality of life of communities and subjective well-being (Wills, 2015; De Vries, 2009). SWB is the
cognitive and affective evaluation that individuals do in relation to their satisfaction with life as a
whole. In particular, SWB explores the self-evaluations of individuals of how satisfied they are with
their lives. This can include both positive and negative evaluations.

In the first quarter of 2017, after many years seeking for a Peace agreement, Colombia reached the
end of a long conflict with one of the oldest guerrillas in the world. Colombia’s conflict has been
characterized for being hard and persistent in the rural area. On average, the terrorism rate per
100.000 inhabitants, measured by the number of terrorist attacks, is higher in the rural than in the
urban area in Colombia, which may lead to feelings of mistrust, insecurity, lack of support and
cooperation, also it affects confidence on public institutions. Thus, we are interested in understand
the social dynamics in the rural regions in Colombia and its impact on individual’s decisions and
perceptions.

Social capital can be considered as the set of values and norms shared by a community, manifested
through cooperation, reciprocity and trust. It can be understood as the “glue that holds societies
together and without which there can be no economic growth or human well-being” (Serageldin
2000). Social capital in this context “refers to the set of resources that inheres in those relations and
the structure of those relationships (Putman, 2015). In this way, we can identify three dimensions of
social capital, cooperation, reciprocity and trust.

Conflict has been known to be a strong barrier in the accumulation of any type of capital, due to its
negative effects on investment, violence and destruction of human and physical capital. The
accumulation of capital is an important determinant in a country’s development. Evidence shows that
not only the accumulation of capital contributes to the development of a country or region, but also
human and social capital has an important role. Knack and Keefer (1997) find that trust has a positive
impact on economic growth. In the same way, Cuartas (2016) argues that the inequality and poverty
have a negative correlation with social capital. La Porta et al, also shows that the increase of the
country -level trust has a positive effect regarding the efficiency of public institutions and also reduces
corruption.

Does social capital have a different behavior at a macro (regional and local levels) and at a micro level
(individual level)? How is it influenced by individual perceptions of insecurity? On the other hand, how
do perceptions of insecurity influence subjective wellbeing and how does social capital moderate this
relationship? These are the main questions that are addressed in this paper. To answer these
questions, we used the information from the Unidades Productivas survey to propose a measure of
Social Capital, perception variables and as well as to measure subjective wellbeing.
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In this paper we explore how perceptions of insecurity of rural producers vary along individual, local
and regional variables. | addition, we analyze the determinants of social capital at the individual and
regional level. In this way, we show how social capital (understood as capacity to associate-social
networks-, reciprocity and trust) influence the different levels of subjective well-being. In sum, we are
particularly interested in understand how social capital and perception of insecurity are related to
satisfaction with life as a whole. We consider that this approach is an important contribution in the
literature since sustainability traditionally has been only studied from an environmental point of view.

The main results that we obtained are as follows. Social capital and insecurity perceptions have
opposite effects on subjective wellbeing. In particular, insecurity perceptions have a negative effect
on both measurements. In addition, social capital has multiple dimensions that can be studied
individually. Our results suggest that the demographic variables of rural producers and the different
perceptions of insecurity have a different effect on the two distinct measures of social capital that we
used in this study; a-) as trust and reciprocity and b-) voluntary affiliation to social networks. We found
that subjective insecurity has mixed effects on social capital variables. Second, our results show that
the different types of land property have a small statistical effect on social capital. Finally, we found
important variations in the level of social capital regarding the type of region that was considered.

The rest of the paper is organized as follows. First, we realize a review of the literature on social capital
and subjective wellbeing, in particular its definition and possible determinants. Consequently, we
describe the data used in the empirical approach and, in the next section we describe the methods
used in the empirical approach. In the fifth section, we discuss the results of the empirical study.
Finally, we address some conclusions and public policy implications.

2. Literature review: Subjective Wellbeing, as indicator of sustainability, perceptions of
insecurity, Social Capital and its implications.

In 2015, the Universidad de los Andes and the Departamento Nacional de Planeacién- DNP collected
information of a set of variables through the Unidades Productivas survey as a second phase of the
project Seguridad y Asociatividad rural of 2007. This project attempted to understand the dimensions
of social capital related to violence, insecurity perceptions, and the capacity of producers to associate
and create economic associations in conflict affected areas in Colombia. In this first stage, the aim was
also to understand how these aspects relate.

To answer if social capital has a different behavior at a micro and at a macro level, we use this data
to estimate a group of statistical models to answer the questions proposed. We include multilevel
statistical models to explore not only individual variables but also variables at the municipal and
regional level. We also refine our measure of social capital distinguishing between two different
dimensions of it: i-) trust and reciprocity in the relationship formed by social producers and
contribution to social networks that are formed at the local and regional level in order to strengthen
social ties and interact with public policies and state agencies. In particular, we follow the
multidimensional approach of social capital in Wills et al. (2013) and in Pefia (2016), which identify
trust, cooperation and reciprocity as its three main components.

The perception indexes refer to 4 dimensions of subjective insecurity as explored by (Orozco, Forero,
& Wills, 2013). Similarly, we construct two subjective wellbeing indexes, at the personal and
community level. A subjective wellbeing index has been proposed and constructed taking into account
7 parameters related to satisfaction of personal life (Cummings in (Orozco, Forero, & Wills, 2013)) that
has been evaluated in Australia, Colombia and Spain. This is also an important contribution since the
literature of subjective wellbeing has been mainly based at the individual level and has not clearly
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explored how these perceptions are influenced by communitarian contact and interaction. Last, we
propose two social capital indexes, one that describes trust and reciprocity and the other that give a
measure of the existent networks. We use data at individual and regional level to explore the relation
of social capital with insecurity, demographic characteristics, and wellbeing. We explore also the
regional differences of the measure of social capital.

Durston (2002) gathers various definitions of social capital and proposes three dimensions identified
as part of the social structure and relationships. These dimensions are expressed in forms of attitudes
of trust, cooperation and reciprocity. The latter can be identified as capital since it can be accumulated
over time and combined with other forms of capital can increase other forms of capital, like human
and produced capital (Coleman in Bebbington and Perreault 2002 and Durston 2002). Thus, the
dimensions of social capital describe the relationships and social institutions where they are
embedded. For this reason, we decided to embrace this definition because it encloses the others, and
better describe the social capital present in the data we used for our analysis.

Trust is the first dimension taken into account. It reflects the vulnerability of an individual on the
expected behavior of another person with whom he/she has relation (Durston, 2002). It derives from
repetition of social exchange, better explained by game theory, where each player determines its
strategies based on past encounters. In other words, players take into account previous decisions and
the opponent’s past decisions. Like in the prisoners’ dilemma if there is more than one encounter, the
best strategy of neighbors is to cooperate, in this case neighbors have incentives to behave reliably to
maintain the trust acquired.

Second, reciprocity plays an important role in maintaining and developing relationships. Reciprocity is
part of the actions that can be rewarded directly or indirectly at any point in time. It implies, that
resources, as time, or labor are available to another person. Third, cooperation is also a result of
repeated encounters that can be traduced in the search of common objectives. It can be reflected in
the construction and formation of social associations or other forms of participation. Putman,
concludes that the reinforcement of these dimensions, strengthen social relations and nurture social
capital in @ community. Finally, Durston concludes that we can define social capital in terms of
individuals and as a collective asset. Nevertheless, others conclude that social capital is more an
individual asset embedded in social interactions (Magnani & Struffi, 2009).

Various studies had analyzed social capital in rural areas (Bebbington & Perreault, 1999) (Magnani &
Struffi, 2009) (Durston, 2002) (Orozco, Forero, & Wills, 2013) (Sorensen, 2000). Rural communities
have characteristics that allow us to study social capital more closely. Rural communities are
conformed by groups of people that have close ties and share values and norms. Because they are
small and sometimes isolated social units, their traditions and views are more similar than in urban
areas where there is more dissociation. Durston, defines rural communities as entities conformed by
households that exploit natural resources.

Social Capital is strongly related to the construction of subjective wellbeing. Wellbeing has been
related with measures of development. Given the actual environmental conditions it is necessary to
encourage a sustainable development to preserve communities. Subjective wellbeing can be
understood as an indicator of “how the individual evaluates the overall quality of his or her life” (Pena-
Lépez, Sanchez, & Membiela, 2016). We introduce the idea of quality of life from a subjective
perspective, as subjective wellbeing, the cognitive and affective evaluation that individuals do in
relation to their satisfaction of life as a whole. Subjective wellbeing was proposed as an alternative to
measure social development. Satisfaction with life as a whole or subjective wellbeing (Diener, 2003)
can be explained by satisfaction of the individuals with particular dimensions of life. This variable is a
subjective appraisal which includes a cognitive and an affective dimension (Wills, 2009). SWB is a
multidimensional that encompasses individual, social and environmental domains (Wills et al. 2009).
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Individuals measure their SWB in a number of different ways (Kim-Prieto, 2005) rating their
satisfaction with different life domains (particularly the quality of social relationships and security,) in
a bottom-up procedure (Cummins 1996; Brief et al. 1993). Diener (1985) proposes satisfaction of life
as a whole is a five items scale. Moreover, Cummins et al (2003) propose a Personal Wellbeing Index
that take into account 7 domains; i) satisfaction with health, ii) personal relationships, iii) safety, iv)
standard of living, v) achieving goals, vi) community connectedness, and vii) future security. Wills
(2009) takes into account these domains to build a Personal Wellbeing Index in Colombia and includes
the spiritual domain.

Bebbington and Perreault also link social capital to sustainability. In a study case in the highland of
Ecuador, they understand sustainability in two dimensions. One, as access to different forms of capital
and as the process of formation and strengthening of social capital as a vehicle to access to other
forms of capital (produced, human, and natural Capital). They follow a rural community that had little
or no access to means of production. The intervention of national policies and the work of NGOs
started a process that boosted the formation and accumulation of social capital. As a result,
community associations were born, networks where consolidated, and this allowed the community
to renegotiate political power. After 40 years, the dynamics of the region changed. The area went
from being controlled by hacienda landowners who made the political and economic decisions of the
region to being governed by the local and indigenous communities. In addition, after the process of
social capital construction, land use was intensified; a high percentage of population now has access
to natural capital and to education. In other words, the region became a model of development, with
high levels of cooperation and strengthening of social networks and relationships (Bebbington and
Perreault).

Insecurity perceptions in turn are related to feelings and cognitions of wellbeing (SWB) via the quality
of the social relationships between the members of rural communities that have been affected by a
prolonged state of social and armed conflict. In this way, SWB is influenced by these perceptions, since
it reflects the lack of control the environment. These perceptions are linked with feelings of loss. Under
some conditions, as violent environments, an adaptation process may occur; people can develop
strategies to maintain SWB despite of the environment. Insecurity perceptions have a local character
(Barker and Crawford, 2006) and can be divided in different dimensions related to personal feelings
of insecurity, economic insecurity and communitarian insecurity. In turn, these dimensions vary
according to the contextual changes that have occurred in rural areas of Colombia where objective
indicators of violence have declined considerably in time in the process to a post-conflict society at
the same time that economic uncertainties and insecurities for the population of these areas has
increased.

Objective insecurity is measured as the frequency and intensity of crimes and violence. Authors as Sen
(1999) and Mahbub-ul Hags (1999) introduce the concept of security in the human development
discourse, with the aim to humanize this concept and to integrate the definitions at different levels.
Mahbub-ul Hags (1999) redefine the concept of security to take into account “the capacity and
abilities of individuals and communities to control their environments and secure basic conditions for
a good life”. In this way, the concept introduces subjective traits, since it takes into account the way
that individuals internalize the threats (personal, political, economic and wellbeing threats). In this
way, the objective measures of insecurity differ from the subjective measures of it.

In an early work, (Orozco, Forero, & Wills, 2013) analyzed the behavior of subjective wellbeing of rural
producers in conflict affected regions in Colombia. They found a significant relation among insecurity
perceptions, subjective wellbeing and social capital. Their findings show that insecurity perceptions
have a negative effect on subjective wellbeing. In contrast, social capital has a positive effect on
subjective wellbeing and it reduces the negative impact that insecurity perceptions have. They found
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also little or no correlation between subjective insecurity and objective insecurity measured as the
number of murders in 2005.

This paper contributes to the existing literature of social capital at micro and macro level. It suggests
a way to study sustainability through personal wellbeing and social capital. We propose different
dimensions of social capital and a way to measure it. We implement, factor analysis to measure the
correlation of the variables of social capital, and conclude that the dimensions of trust and reciprocity
are strongly correlated, while the networks’ dimension of social capital constitutes measure by itself.
We used the correlated variables to construct proxies through the methodology of item response
theory given the nature of the variables. The empirical research helps to understand the relations of
individual and municipality characteristics of social capital, subjective wellbeing and subjective
insecurity. In addition, it gives a glance of the evolution of the impact of conflict in the areas studied
and allows exploring opportunities that help accumulate social capital in a community. This
constitutes an interesting contribution to the literature since it clarifies how variable at different levels
of analysis interact and how the different components of social capital are differently related to
individual, local and regional variables and how they differently influence the relationship between
perceptions of insecurity and social capital. In addition, we construct a set of indexes that measure
perception, social capital and wellbeing.

2. Data and Methods

The dataset we utilize in this paper was constructed from different sources that included
socioeconomic, geographic, crime, and perception variables. These data came from five sources. First,
we use the Unidades Productivas survey that was part of the second stage project Seguridad y
Asociatividad rural, carried out by the Universidad de los Andes and the Departamento Nacional de
Planeacién in 2015.

The survey was collected in eight zones in Colombia, taking into account 56 municipalities, 3 areas of
each municipality. The areas were randomly selected and have heterogeneous security conditions.
However, the regions selected have a conflict heritage or were affected by conflict. The survey
contains personal information of a sample of 1680 participants in 7 municipalities per area and in each
area 10 producers were surveyed. In particular, the 8 regions are Antioquia, Huila, Magdalena Medio,
Meta, Montes de Maria, Narifio, Tolima, and Norte de Santander. The survey also included questions
of insecurity, cooperation and wellbeing perceptions from the area where the participants live. In
particular, the participants were owners or managers of units of land from (in) the rural area of these
regions where they develop their productive activities.

The Unidades Productivas survey is divided in 14 modules of questions related to land production and
tenancy, commerce of agricultural products, security perception, networks, subjective wellbeing,
assets and demographic characteristics. The questions related to land production; assets, networks,
and commerce have a binary response. The questions related to perception were measured either in
a binary orin a Likert Scale. The binary responses describe yes or no questions. The Likert Scale is used
to describe attitudes or opinions. This scale is an ordinal measure that describes levels of agreement
or disagreement. The former questions were used to construct perception indexes used in our
estimations.

Second, our survey data was complemented with the panel data of Centro de Estudios sobre
Desarrollo Econdmico. This is a panel at the municipality level that contains socioeconomic,
geographic and demographic information in Colombia. In particular, it includes education rates, per
capita incomes, and conflict and violence rates. Third, we use the insecurity panel data of the
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Departamento Administrativo Nacional de Estadistica that contains crime variables from 1995 to
2015, such as homicides, kidnappings, robberies, and extortions in Colombian municipalities. Fourth,
we include to our data, a set of variables of the of land tenancy from the Censo Nacional Agropecuario
from the year 2014 that contains statistic information related to the rural area in Colombia. Finally,
we use the data of the Colombian road system provided by the Sistema de Informacidon Geografica
para la Planeacién y el Ordenamiento Territorial that records and produces spatial and geographic
information at different levels.

Table 1 and Table 2 show the descriptive statistics of the principal variables used in the estimations.
We find that 65% of the participants were male and the most common level of education in women
and men in the regions where the survey took place was primary school. In addition, more than a half
of the participants earn less than the minimum wage in 2015 and most of them have lived their
lifetimes in the area where they were surveyed. The 8 areas where the survey was applied are regions
that were affected by violence and conflict. Table 2 also shows the descriptive statistics of the
crime/violence variables per 100,000 habitants. We find that, from1985 to 2014 the type of violence
more frequent was homicides with an average of 21 homicides per 100,000 habitants, and the region
most affected was Meta with an average of 6.0 homicides per 100,000 habitants. Table 3 shows the
descriptive statistics of the variables we construct from the survey responses.

Table 1 Demographic Characteristics of the surveyed

Category Frequency | Percentage

None 305 18.15%

Primary School 967 57.56%

Level _Of Secondary School 339 20.18%
education

Technical Education 34 2.02%

University 35 2.08%

< $644,350 883 52.56%

S 644,35 497 29.58%

Income [$644,350, S1.5 millions) 253 15.06%

[S1.5 million, $4.5 millions) 43 2.56%

<4.5 millions 4 0.24%

Masculine 1,076 64.05%

Gender [Feminine 601 35.77%

Other 3 0.18%

(0, 1 year) 85 5.06%

Time of [1,5 years) 194 11.55%

residence |<5 years 650 38.69%

Lifetime 751 44.70%

Table 2 Descriptive statistics of the variables of interest

Variable Obs. Mean Std. Dev. Min Max
Age 1680 47.44 14.65 18 93
Number of children 1680 3.22 2.38 0 13
Associability 1680 2.56 2.00 0 16
Distance to nearest town 1225 51.74 51.82 3 420
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Km of roads 1680 269.93 306.09 32 1,784.88
Population density 1680 42.47 44.21 0 236.89
Size of the productive

unit 1680 35.96 214.56 0.00005 6,400
Homicides 1665 20.69 52.35 0 1,222.11
Robs 1665 13.11 36.58 0 522.41
Kidnapping 1665 1.32 6.33 0 118.31
Extortion 1665 2.24 8.13 0 105.76
Terrorism 1665 3.04 17.11 0 339.05

Table 3 Descriptive statistics of the indexes

Variable Obs. Mean Std. Dev. Min Max

Personal insecurity index 1680 0.6082472 0.3334849 0.0036235 0.9477386
Economic insecurity index 1680 0.122632 0.2147835 0.000108 0.8387873
Community insecurity index 1680 0.5860548 0.2853175 0.0248186 0.9039785
Inner circle insecurity index 1680 0.5577657 0.2648111 0.0073683 0.8329413

Trust and reciprocity social
capital index

Networks social capital index 1680 0.4708815 0.1500477 0.0389042 0.6625535
Community subjective
wellbeing index

Personal subjective wellbeing
index

1680 0.0336858 0.0429898 0.0013226 0.4627675

1680 0.0067826 0.0269081 0 0.6414062

1680 0.0126912 0.0451946 0.0000772 0.9651071

The empirical strategy used to answer our questions of interest was developed in two stages. First, as
in Pena-Lopez et al and Ciliers et al (2016), we used a statistical approach to construct a set of latent
variables that, from now on, we are going to call indexes. The first step to build our indexes was to
use factor analysis. We wanted to study the correlation among the perception variables in order to
group those that were more likely to relate. Factor analysis is a statistical technique used to group a
large number of variables into a smaller set of correlated variables.

In addition, the perception variables responses are measured in an ordinal scale and factor analysis
assumes that the variables are continuous. For this reason, we use the item response estimation
theory, IRT. IRT measures categorical responses through latent variables. The IRT uses statistical
models to find the relationship between item responses and a latent variable. Given the methodology
described above we create 8 indexes; 4 insecurity indexes, 2 social capital indexes, and 2 subjective
wellbeing indexes.

Second, we used the regression analysis to explain the relation of our variables of interest. We applied
3 methods of estimation. For the variables at the individual level, as in the first stage of the project,
we used ordinary least squares (OLS) with cross-sectional data. In addition, the nature of the data
allowed us to explore the relations of the variables at different levels. For that reason, to explore the
variance of the data at the regional level, we introduced a multilevel analysis; in particular, we
estimated hierarchical models.

We estimate an OLS regression where the personal and community SWB indexes depend on the
individual characteristics, the measurements of social capital and the perceptions of insecurity of the
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sample as in equation 1, where X is the vector of individual variables, and W the vector of insecurity
perceptions.

SWB. = By + X;B1 + B, W; + & (1a)
SWBy, = By + X;B1 + B, W; + & (1b)
Second, we explored the relation of the individual variables and the perception of insecurity on the

social capital. In this case, the dependents variables were the social capital indexes. Equation 2 shows
the estimation model.

SKi = Bo + XiB1 + B, W + ¢ (2a)
SKy = Bo + XiB1 + B,W; + &; (2b)

To evaluate the relation of the regional variables and social capital we estimate equation 3, where Z
is the vector of land tenancy, and C is the vector of control variables.

SK, = ag + Z;ay + Ciaz + & (3a)

SKZ = ao + Zlal + Cla3 + gi (3b)

The multilevel regressions allow analysis of data with different patterns of variability, and with a
hierarchical structure, for example, workers nested in firms and firms nested in industries. In this case,
we have rural producers in municipalities and municipalities arranged in different regions, where
there is variability between producers and also between regions. “This technique allows identifying
contextual effects that have an effect on the relationships sought through the hypothesis. If the
responses of individuals in the same group are similar to those of other individuals in the same group,
there is a contextual effect.” (Orozco, Forero, & Wills, 2013).

To explore the existence of regional differences due to social capital in the insecurity perceptions,
equation 4 shows the multilevel model at the regional level and the variables related; insecurity
contains the 4 insecurity indexes of insecurity perceptions, the vector of demographic characteristics
and social capital variables.
Insecurity;; = Boj + B1jX1ij + BaXaij + -+ BnXnij + €15 (4)
Boj = Yoo + Hoj
Bij = Y10 t M1

X1ij - Xnij = Social Capital index




23rd International Sustainable Development Research Society Conference

Xij - Xpnij = controls

3. Results

Our results on SWB are presented in Table 5. As it was found in the first stage of the project Unidades
Productivas, insecurity perceptions have a negative effect on SWB. Here we introduce a second
dimension of SWB at the community level. In particular, the personal and inner circle insecurity
indexes reduce the personal SWB in 0.0141 and 0.0385 standard deviations. We found that, in the
second stage of the project the economic and the community insecurity indexes have no explanatory
capacity on the personal SWB. Additionally, the time of residence in the municipality has a negative
impact on the personal SWB against the base outcome (less than a year). Predictably, the individuals
with lower income have lower personal SWB against the base outcome (less than the minimum wage).
Consistent with the first stage of the project, personal SWB is higher for the individuals with a higher
social capital index of trust and reciprocity. However, the variable of social capital index of networks
has no explanatory capacity on the dependent variable.

For the community SWB index the impact of the variables differ slightly. Individuals with lower income
have lower community SWB against the base outcome (less than the minimum wage). We find that
the individuals with higher community, personal and inner circle insecurity index have a lower
community SWB index. In particular, an increase in 1 standard deviation of the insecurities index,
reduce the community SWB in 0.00784, 0.0121 and 0.0727 standard deviations respectively. The
social capital index of reciprocity and trust increase the community SWB index in 0.0727 standard
deviations. Pena-Lopez et al. found similar results for Spain, where variables as income and education
have a weak or no impact on SWB. Nevertheless, we have to take into account the effect of conflict
on perceived wellbeing, for that reason we included the insecurity indexes. Cilliers et al. (2016) found
that despite the efforts of reconciliation after conflict it has a negative effect on individual wellbeing.

Table 4 OLS Subjective Wellbeing, social capital and insecurity perceptions

Dependent variable: Subjective wellbeing

Observations 1,225 1,225
Prob>chi2 0 0
R-squared 0.127 0.084
Independent variables and controls Persc:,:\’::li:?rj];ctlve Comm‘:lnelltI\L:iunI:;ectlve
Age -0.000196 -0.000349
(0.000537) (0.000344)
Age”?2 3.39e-07 1.53e-06
(5.34e-06) (3.42e-06)
Gender: Women -0.00114 -0.00239
(0.00294) (0.00188)
Gender: Other -0.0261 0.00169
(0.0468) (0.0300)
Time of residence: [1,5) years -0.0162** -0.000623
(0.00763) (0.00489)
Time of residence >5 years -0.0132* -0.00250
(0.00690) (0.00442)
Time of residence: Lifetime -0.0159** -0.00434
(0.00677) (0.00433)
Children in the family 0.000283 0.000297
(0.000678) (0.000434)
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Income: Minimum wage 2015 -0.00867*** -0.00535**
(0.00326) (0.00209)
Income: (Minirn.um wage 2015,$ 1.5 -0.00884* -0.00594*
million COP)
(0.00479) (0.00307)
Income: [$ 1.5 million COP, $4.5 million 0.0126 -0.00867
COP)
(0.0111) (0.00710)
Income > $ 4.5 million COP 0.0334 0.00721
(0.0481) (0.0308)
Distance in time to the nearest town -1.60e-05 -1.36e-05
(2.69e-05) (1.72e-05)
Level of Education: Primary school -0.00269 -0.000210
(0.00385) (0.00247)
Level of Education: Secondary School -0.00665 0.00389
(0.00491) (0.00314)
Level of Education: Technical education -0.0187* -0.00262
(0.0107) (0.00686)
Level of Education: University -0.00576 -0.000451
(0.0111) (0.00711)
Marital status: married 0.00141 0.00109
(0.00438) (0.00280)
Marital status: widowed 0.00301 -5.85e-06
(0.00733) (0.00470)
Marital status: divorced -0.00833 -0.00463
(0.00948) (0.00607)
Marital status: domestic partner -0.00310 -0.000396
(0.00420) (0.00269)
Community insecurity index -0.00577 -0.00814**
(0.00550) (0.00352)
Economic insecurity index -0.00337 -0.00236
(0.00827) (0.00529)
Personal insecurity index -0.0141*** -0.00784**
(0.00486) (0.00311)
Inner circle insecurity index -0.0385*** -0.0121***
(0.00629) (0.00402)
Social capital: reciprocity- trust 0.119%** 0.0727***
(0.0333) (0.0213)
Social capital: networks 0.00196 0.000550
(0.0101) (0.00647)
Constant 0.0731%*** 0.0394***
(0.0155) (0.00992)

Robust standard errors in parentheses
*¥**¥p<0.01, **p<0.05, *p<0.1

Now we examine the effects of the individual level variables on social capital. Accumulation of human
capital is a vehicle to accumulate social capital as found in Glaeser et al, so we used variables such as
level of education and income to explore the effect on social capital; we also included other individual
level variables and other controls. Table 6 shows the effect of the individual level variables on each
dimension of the measures of social capital. We find that, with respect with the base outcome (male),
the individuals identified with other gender have lower index of social capital of reciprocity and trust.

11
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Individuals with a level of income of minimum wage have lower of social capital of reciprocity and
trust with respect of the base outcome of income (less than the minimum wage). In contrast,
individuals with higher level of income have a higher level of social capital index of reciprocity and
trust. Education is significant only in some levels, and has low explanatory capacity. We find a
significant effect of insecurity perceptions, the higher the index of insecurity perception, the lower
the social capital index. Thus, higher perception of insecurity lowers social capital.

Controls of demographic characteristics as distance to the nearest town and connectivity measured
through the km of roads have a positive and negative relation with social capital respectively. When
the individual lives closer to the municipality has a lower social capital index, because he is more likely
to develop sentiments of trust and reciprocity among its nearest neighbors. However, higher
connectivity among neighbors facilitates social capital construction. We find difference in the variables
that are significant in the network social index model. First, women and individuals identified with
other gender have a lower index of the network social capital. The longest an individual has lived in
the community the lower the social capital of networks is, due to the past encounters in the
community that can lower the incentives to establish and maintain networks. As found in La Due &
Huckfeldt (1998) “higher income individuals are more likely to have larger networks”, but we cannot
conclude that individuals with low income do not develop this kind of relationships. Also, we find that,
with higher population density, the higher social capital index. With more population per square
kilometer is more likely to build networks. In addition, we find that there is a small positive effect of
the number of km. of roads on the network’s social capital. The effects of insecurity indexes differ
with the ones found on the social capital of reciprocity and trust. Insecurity has a positive effect on
networks’ social capital. Mainly, the personal and the inner circle insecurity indexes increase social
capital, if individuals feel that is more threatened the more the incentives to form networks.

These results are consistent with the theory. La Due & Huckfeldt (1998) explore the effect of individual
level variables on social capital, in particular, in social capital that facilitates political engagement.
They found that income and education have a positive effect on the size of the network and frequency
of participation. Moreover, Glaeser et al, find a negative relation with of physical distance with social
capital. Attanasio et al. (2015) find a positive effect of a conditional cash transfer program on social
capital in a deprive area of Colombia. The authors used an impact evaluation to evaluate the effects
of Familias en Accién on social capital, and through an experimental set up they measure the levels of
trust, reciprocity and networking. In particular, the program of Familias en Accidn induced the
construction of trust and networks in the neighborhoods where the families had access to the
program. The change in social capital was due through the mandatory meetings, where mothers met
to share knowledge about health, education and the program in general. They found that the
neighborhood first treated had higher levels of cooperation and trust.

Table 5 OLS individual level variables and social capital

Dependent variable: Social capital

Observations 1,225 1,225
Prob>chi2 0 0
R-squared 0.102 0.135
Independent variables and controls Reciprocity-Trust  Networks
Age 0.000116 0.000803
(0.000409) (0.00156)
Age2 -1.28e-06 1.12e-06
(4.18e-06) (1.53e-05)
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Gender: Female -0.00333 -0.0233***
(0.00233) (0.00827)
Gender: Other -0.0189*** -0.277***
(0.00455) (0.0151)
Time of residence: [1,5) years 0.00152 -0.0633***
(0.00509) (0.0228)
Time of residence >5 years 0.00706 -0.0882***
(0.00486) (0.0200)
Time of residence: Lifetime 0.00507 -0.0721***
(0.00462) (0.0196)
Children in the family -5.52e-05 -0.00138
(0.000558) (0.00175)
Income: Minimum wage 2015 -0.00508* -0.00405
(0.00267) (0.00950)
Income: (Minimum wage 2015, $ 1.5 million COP) -0.00154 -0.0192
(0.00463) (0.0146)
Income: [$ 1.5 million COP, $4.5 million COP) -0.0106 -0.00884
(0.0114) (0.0363)
Income > S 4.5 million COP 0.0157** 0.127%**
(0.00667) (0.0380)
Distance in time to the nearest town -4.37e-05%* 4.13e-05
(2.01e-05) (8.61e-05)
Level of Education: Primary school 0.00364 -0.0113
(0.00285) (0.0103)
Level of Education: Secondary School 0.00886** -0.00962
(0.00434) (0.0140)
Level of Education: Technical education 0.0212 -0.0567*
(0.0141) (0.0303)
Level of Education: University -0.00850* -0.000395
(0.00506) (0.0338)
Population density -2.59e-05 0.000143*
(2.32e-05) (8.64e-05)
Km of roads 9.40e-06** 7.51e-05%**
(4.05e-06) (1.38e-05)
Community insecurity index -0.0238*** 0.000433
(0.00501) (0.0154)
Economic insecurity index -0.0161** -0.0160
(0.00747) (0.0258)
Personal insecurity index 0.00466 0.0502***
(0.00402) (0.0141)
Inner circle insecurity index -0.0280*** 0.0916***
(0.00575) (0.0181)
Constant 0.0554*** 0.441%**
(0.0115) (0.0436)

Robust standard errors in parentheses
***p<0.01, **p<0.05, *p<0.1

Third, we explore the relation of regional variables and land tenure on social capital. The variables of
land tenure have mixed effects. In general, the collective land tenure variables have a negative effect
on reciprocity and trust, nevertheless the impact is small. Also, we find that higher average age in the
municipality, higher social capital regarding reciprocity and trust. Land tenure has a higher explanatory
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capacity on social capital regarding social networks. Both, collective and individual land tenure
variables have a positive effect on networks. For example, an increase in 1 hectare of sharecropping
increases the social capital index in 0.000308 standard deviations. In addition, a higher road density
and a higher literacy index in the municipality increase this same index. A higher average age in the
municipality, lower the social capital index regarding networks, ergo younger individuals are more
engaged in conforming associations. Moreover, the size of the property has a positive but small effect
on the dependent variable.

The results for the two-level models are presented in Table 8 and Table 9. We find that the aggregate
individual insecurity perceptions differ among regions. We find higher dispersion of the data regarding
the economic insecurity index. We identify demographic variables that identify these differences. We
find a significant effect of social capital on insecurity perceptions. In particular, higher social capital,
decreases insecurity perception. In the first level, income, population, size of property, number of

homicides, literacy rates, and age has explanatory capacity on the insecurity indexes.

Table 6 OLS Regional variables and social capital

Dependent variable: Social capital

Observations 1,680 1,680
Prob>chi2 0 0
R-squared 0.030 0.093
Independent variables and controls Rec_:_;::c:tzlty- Networks
Land tenure with property rights 1.04e-06 2.56e-05*
(3.78e-06) (1.34e-05)
Land tenure: rent -1.09e-06 0.000205***
(1.36e-05) (4.80e-05)
Land tenure: sharecropping -4.02e-05 0.000308***
(3.33e-05) (8.72e-05)
Land tenure: usufruct -6.80e-05 8.98e-05
(4.49e-05) (0.000167)
Land tenure: lending 0.000419** -0.00130*
(0.000197) (0.000725)
Land tenure: without property rights -3.24e-06 0.000671***
(6.80e-05) (0.000185)
Land tenure: Collective ownership -5.82e-05***  (0.000173***
(1.29e-05) (6.17e-05)
Land tenure: Communal property 0.000537** 3.58e-05
(0.000220) (0.000679)
Land tenure: other 0.000190*** 0.000100
(4.83e-05) (0.000144)
Land tenure: mixed property (legal entity and natural -8.300-05%**  0.000230**
person)
(2.45e-05) (9.74e-05)
Population density -8.76e-05*** -9.44e-05
(3.23e-05) (0.000111)
Road density 0.000477 0.0412%***
(0.00196) (0.00815)
Municipal income -2.37e-08 -1.61e-07
(7.27e-08) (2.25e-07)
Literacy rate 2015 -0.000205 0.00180***
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(0.000153) (0.000600)
Age(average) 0.00589*** -0.0168***
(0.00135) (0.00484)
Size of the property -3.67e-06 4.35e-05***
(2.50e-06) (1.28e-05)
Constant -0.241*** 1.170***
(0.0630) (0.227)
Robust standard errors in parentheses
***p<0.01, **p<0.05, *p<0.1
Table 8 Multilevel analysis, insecurity, reciprocity and trust
Dependent variable: Insecurity indexes
Observations 1,680 1,680 1,680 1,680
Number of groups 8 8 8 8
Prob>chi2 0 0 0 0
Independent variables and Community Economic Personal Inner insecurity
controls insecurity index insecurity index insecurity index index
Fixed effects
Social capital: Reciprocity-Trust -1.347%** -0.515%** -1.038*** -1.373%**
(0.140) (0.112) (0.160) (0.136)
Average income 2.47e-05%** 8.37e-06*** -3.77e-05%** -2.94e-05***
(6.56e-06) (2.28e-06) (1.48e-05) (7.19e-06)
Average km of roads -0.000600 0.000560*** 0.00319*** 0.00221***
(0.000433) (0.000150) (0.000973) (0.000474)
Average population -4.73e-05*** -1.41e-05*** -1.48e-05 5.14e-06
(7.09e-06) (2.44e-06) (1.60e-05) (7.77e-06)
Average size of the property 0.00535*** -0.000337 -0.00185 -0.00315*
(0.00171) (0.000592) (0.00384) (0.00187)
Average number of homicides -0.0244*** -0.0119%** -0.00562 0.00371
(0.00453) (0.00158) (0.0102) (0.00496)
Average literacy 0.0310*** -0.00939*** -0.0110 -0.0129*
(0.00630) (0.00217) (0.0142) (0.00691)
Average age -0.00504*** -0.00261* -0.00233 -0.00140
(0.00188) (0.00150) (0.00214) (0.00182)
Constant 1.245%** 0.564*** 1.279*** 0.812%**
(0.145) (0.0817) (0.276) (0.152)
Random effects
Var(Constant) 0.0013774 0.0000139 0.0080694 0.0017307
Var(Residual) 0.0596579 0.0384974 0.0772185 0.0563993

Robust standard errors in parentheses
***p<0.01, **p<0.05, *p<0.1
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Table 9 Multilevel analysis, insecurity, and networks

Dependent variable: Insecurity indexes

Observations 1,680 1,680 1,680 1,680
Number of groups 8 8 8 8
Prob>chi2 0 0 0 0
Independent variables and Community Economic Personal Inner insecurity
controls insecurity index insecurity index insecurity index index
Fixed effects
Social capital: Networks -0.0324 0.0305 -0.00273 0.112%**
(0.0448) (0.0349) (0.0504) (0.0436)
Average income 2.39e-05%** 8.94e-06*** -3.78e-05*** -2.72e-05***
(5.86e-06) (2.86e-06) (1.41e-05) (5.83e-06)
Average km of roads 0.0322*** -0.00904*** -0.0101 -0.0121**
(0.00556) (0.00264) (0.0135) (0.00553)
Average population -0.000472 0.000579*** 0.00327*** 0.00224***
(0.000383) (0.000184) (0.000928) (0.000381)
Average size of the property -4.83e-05*** -1.49e-05*** -1.58e-05 2.66e-06
(6.27e-06) (2.99e-06) (1.52e-05) (6.24e-06)
Average number of homicides 0.00484*** -0.000531 -0.00224 -0.00366**
(0.00151) (0.000717) (0.00366) (0.00150)
Average literacy -0.0232%** -0.0118%*** -0.00488 0.00373
(0.00401) (0.00193) (0.00971) (0.00399)
Average age -0.00551*** -0.00289* -0.00279 -0.00234
(0.00193) (0.00152) (0.00217) (0.00188)
Constant 1.212%** 0.542%** 1.251*** 0.753%**
(0.136) (0.0865) (0.265) (0.134)
Random effects
Var(Constant) 0.0009926 0.0001067 0.0072851 0.0009957
Var(Residual) 0.0629903 0.0388848 0.0792066 0.0597016

Robust standard errors in parentheses
***p<0.01, **p<0.05, *p<0.1

5. Conclusions

The intensity of the conflict has declined in Colombia in the past few years, as so people have changed
their perspectives, expectations and relationships. The main purpose of this study is to analyze
sustainability through social constructed variables in this case subjective wellbeing and social capital.
Subjective wellbeing is a proxy of sustainability that abstracts the perception of the conditions and
characteristics of the environment. We also take into account social capital and insecurity perceptions
as important variables that mediate the measure of subjective wellbeing. Our social capital variable is
based on the perceptions of trust, reciprocity and association. We construct the indexes used to
measure these variables from the Unidades Productivas survey from 2015.

We use an empirical approach to evaluate the impact of individual and regional level variables on
subjective wellbeing and social capital. We find that social capital has a positive effect on subjective
wellbeing, but subjective insecurity reduces the perception of wellbeing. This confirms the theory that
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social capital mediates the impact of conflict on perceptions of wellbeing. In addition, we find that
insecurity perceptions have a negative effect on both subjective wellbeing and social capital.
Individual characteristics have low explanatory capacity on our variables of interest. We use
demographics and land tenure variables to make a global description of the variables that impact
social capital and the way that it models sustainability. By using a multilevel analysis, we conclude that
the perceptions of insecurity vary among regions, due by the differences in social capital and
demographic characteristics.

Our results can strengthen public policy in areas affected by conflict. These results can be used to
guide public policy and rural development programs in areas affected by armed conflict. It is necessary
to take into account regional differences for the implementation and the development of this type of
policies to obtain positive results, and thus avoid loss of economic and human resources. There is
evidence that the strengthening of social capital and the possibility of improving subjective well-being
have a positive impact on the development of rural regions. It is important to take into account these
measures of perception of insecurity, wellbeing and social capital as components of sustainability to
not only improve environmental conditions but also to work on improving individual perceptions to
build a sustainable environment and future, overcoming the barriers imposed by conflict, violence and
insecurity.
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Abstract

This paper assesses the effects of protected areas in Colombia using high-
resolution forest loss imagery for the period 2001-2012. We combine two
empirical strategies to identify causal effects: Regression discontinuity for pro-
tected areas created before 2001 (long-term effects) and difference-in-differences
for areas create after 2001 (short-term effects). Results indicate that both natural
protected areas (national and regional) and collective lands (Indigenous Re-
serves and Afro-Colombian lands) have significantly contributed to reducing
forest loss. While the short-term effects tend to be larger in remote areas, in the
long-term protected areas perform consistently better in densely populated
areas and near roads. Given the predominance of illicit activities such as coca
crops and gold mining in remote areas, we interpret our findings as suggestive
evidence that protected areas are more effective when authorities are able to
uphold the rule of law.
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1 Introduction

Almost half of the Colombian continental territory is covered by natural protected
areas and collective lands. In fact, there are approximately 160,000 km? of natural
protected areas, of which 86% are national, and the remaining 16% are regional
or managed by civil society. As part of the Paris Climate Agreement (COP21),
the country engaged to further extend the natural protected areas by 25.000 km?
before 2019. Collective lands, on the other hand, include 323,000 km? of Indigenous
Reserves and 56,000 km? of Afro-Colombian lands. While this is not their main
function, collective lands are legally restricted to sustainable activities, which makes
them a key instrument of environmental policy.

Despite the extension of the protected areas, Colombian deforestation rates are
high and continue growing. Official statistics indicate that the country lost 52,342
km? of forest between 1990 and 2015, equivalent to 8% of the baseline coverage
(IDEAM, 2011; IDEAM, 2016). Kim et al. (2015) recent estimates suggest that the
deforestation rate is growing from 1,300 km?/year in 1990-2000 to 3.630 km?/year
in 2000-2010. Official reports and specialized literature have consistently shown
that the main causes of deforestation are the expansion of the agricultural frontier,
logging and mining, and coca crops (IDEAM, 2016; UNODC (2016a)). Most of
these activities are only possible because of weak institutions, that translate into
the inability of national and local authorities to enforce the law. Consistently, there
is evidence that while conflict fuels deforestation through the expansion of illicit
crops and mining in remote areas (Dévalos et al., 2011; Fergusson et al., 2014), land
titling and enforcement policies do reduce coca cultivations (Mufioz-Mora et al.,
2014; Mejia et al., 2015).

The increasing deforestation in protected areas is particularly alarming. Official
reports indicate that, only in 2015, the National Natural Parks System lost 56,9
km? of forest, most of which due to the expansion of illegal crops and mining
(IDEAM, 2016). These activities are also affecting collective lands. According to
UNODC (2016a), in 2015, 40% of the illicit crops were located in Natural National
Parks, Indigenous Reserves and Afro-Colombian lands. This is consistent with
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Armenteras et al. (2009), who finds a significant correlation between deforestation
and illicit crops in protected areas. Likewise, 45% of the illegal alluvial gold mining
takes place in Afro-Colombian lands (UNODC, 2016b). These statistics cast doubts
on the effectiveness of protected areas. While it seems reasonable to believe that
the incidence of deforestation is smaller in protected areas than in the rest of the
territory, there is no causal evidence to support this claim.

This paper addressed this question by estimating the extent to which natural
protected areas (national and regional) and collective lands (Indigenous Reserves
and Afro-Colombian lands) reduce forest loss. Our analysis is based on high-
resolution annual forest loss imagery from 2001 to 2012 and official cartography
of protected areas in Colombia. We propose two complementary identifications
strategies that provide causal estimates of the effect of protected areas. First, we
use Regression Discontinuity (RD) methods to estimate the effect of protected areas
created before 2001 on the on the accumulated 2001-2012 forest loss. Second, we
use Difference-in-Differences (DD) models for protected areas created after 2001.
While the DD estimates reflect the short-term effects of protected areas, the RD
estimates can be interpreted as long-term effects.

Our main results indicate that natural protected areas and collective lands
have significantly contributed to reducing forest loss. Our long-term estimates
find that national natural protected areas and indigenous reserves, most of which
were created before 2001, reduce deforestation by —0.020 and —0.013 ha/km?/year,
respectively. Similarly, regional natural protected areas, civil society reserves and
Afro-Colombian lands have negative and significant effects short-term effects that
oscillate between —0.041 and —0.057 ha/km?/year. These estimates are robust to
different specifications and bandwidths, and placebo regressions confirm that the
effects are concentrated around the true limits of the protected areas.

We also assess the role of human settlements on the effectiveness of protected
areas by estimating heterogeneous effects by population density (measured with
night lights clusters) and distance to roads. While the short-term effects tend to be
larger in remote areas, in the long-term, protected areas are more effective in densely
populated areas and near roads. These results suggest that even though settlements
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increase pressure on ecosystems, in a context of abundant illicit activities, protected
areas are more effective when authorities are able to uphold the rule of law.

The paper contribution to the literature on the effectiveness of protected areas is
twofold. On the one hand, we innovate in the identification strategy by introducing
RD methods to estimate the long-term effect of protected areas. While most of the
previous cross-section estimations corrected for observed heterogeneity (Andam
et al., 2008; Joppa and Pfaff, 2011; Nelson and Chomitz, 2011), this is, to the best
of our knowledge, the first paper to also account for unobserved heterogeneity in
long-term estimates. As a complementary analysis, we use DD models to assess the
short-term effects of protected areas created more recently. The combined results,
along with numerous robustness checks, provide compelling evidence confirming
that protected areas effectively reduce deforestation, forest fires, and fragmentation
(Nepstad et al., 2006; Andam et al., 2008; Adeney et al., 2009; Armenteras et al.,
2009; Nelson and Chomitz, 2011; Blankespoor et al., 2017; Sims, 2014). We also
propose a two-step correction for the compound treatments bias. As our results
show, this is particularly relevant when there are numerous contiguous protected
areas.

On the other hand, we provide new evidence on the heterogeneous effects of
protected areas. While previous evidence on strict and mixed-use protected areas
was mostly based on national natural protected areas and indigenous reserves
(Nepstad et al., 2006; Adeney et al., 2009; Armenteras et al., 2009; Nelson and
Chomitz, 2011; Porter-Bolland et al., 2012), we also estimate the effects for regional
natural protected areas and Afro-Colombian lands. Our results show that the
estimated effects vary considerably depending on the type of protected area and
the time-frame. Furthermore, we assess the role of human settlements, finding that,
in the long-run protected areas benefit from the capacity to enforce the law. These
results are consistent with previous studies highlighting the relationship between
conflict and state fragility and the proliferation of illicit activities and deforestation
(Déavalos et al., 2011; Fergusson et al., 2014; Mufioz-Mora et al., 2014; Mejia et al.,
2015).

The remaining of the paper is organized as follows. Section 2 describe the

4
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natural protected areas and the collective lands, emphasizing on their role in the
environmental policy and the main threats they face. Sections 3 and 4 present
the data and the empirical strategy. The main results, presented in section 5, are
divided into three parts: long-term and short effects, and heterogeneous effects by
population density and roads. The last section concludes.

2 Protected Areas as Environmental Policy

There are two main types of protected areas in Colombia: natural protected areas
and collective lands. Natural protected areas, covering near 165,000 km?, are
national or regional, depending on the jurisdiction. There are also Civil Society
Natural Reserves that are relatively new but are rapidly expanding. Collective
lands include approximately 323,000 km? of indigenous reserves and 56,000 km?
of Afro-Colombian Lands. Most of the national protected areas and indigenous
reserves are located in the amazonian region (southeast), and most of the Afro-
Colombian Lands are located in the Pacific (western) Coast (Figure 1). While most
of the national natural protected areas and indigenous reserves were created during
the 70’s and 80’s, regional natural protected areas and Afro-Colombian Lands are
more recent (Figure 2). As will be seen in the following subsections, this is the
result of the progressive development of the institutional and legal framework

regarding environment and ethnic minority policy.
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Figure 1
Continental Protected Areas (2015)
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Source: Own calculations based on WDPA and IGAC.
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Figure 2
Expansion of Protected Areas (1940-2015)
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2.1 Natural Protected Areas

While there have been numerous environmental protection laws since the colonial
period, the first natural protected area dates from 1948, when the Biological Reserve
of La Macarena was created.! In 1959, the National Government takes a step
forward by declaring seven Forest Reserves covering 652,803 km?, equivalent
to 57,2% of the continental land. Since then, national authorities has been in
charge of setting aside areas for protective purposes, regulating forestry, and
subtracting lands for economic activities and urban expansion. One of the first
set-aside areas became the Cueva de los Gudcharos National Park in 1960, first of
its kind in Colombia. The National Institute for Renewable Natural Resources

'La Macarena was then expanded and transformed into National Park in 1971.

7
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and Environment (INDERENA) was created in 1968 as the national environmental
agency in charge of environmental policy and sustainable development. Following
the 1972 United Nations Conference on the Human Environment, the Government
established environment as a public good in 1973 and created the National Natural
Parks System in 1974. It is under this legal framework that most of the existing
National Parks were created during the 1980’s (Figure 2).

The 1991 Constitution and subsequent legislation restructured the environmental
institutional framework by creating the Ministry of Environment and Sustainable
Development and the specialized agency Natural National Parks of Colombia. The
reform also assigned the Regional Autonomous Corporations (CAR), decentralized
environmental authorities, the delimitation and management of regional natural
protected areas, and the enforcement of environmental licenses. The National
System of Protected Areas (SINAP), created in 1994, includes 165,829 km? of
protected areas, of which 87% are national, 12.4% are regional and 0.4% are Civil
Society Natural Reserves.?

There are two key differences between national and regional protected areas.
First, while national protected areas restrict most economic activities, with the
exception of conservation, education, and research, most of the regional protected
areas allow sustainable activities that include non-intensive agriculture, farming
and mining. Second, national protected areas are by Constitution imprescriptible,
inalienable and indefeasible and therefore cannot be revoked. With the exception
of Regional Natural Parks, it is legally possible to subtract land from all regional

protected areas.

2.2 Collective Lands

Colombian ethnic minorities are particularly diverse and dispersed throughout the
country (Laurent, 2007). On the one hand, there are approximately 87 indigenous

ZNational protected areas include Unique Natural Area, National Natural Park, National Forest
Reserve, Natural Reserve, Fauna and Flora Sanctuary, Park Way, and the UNESCO Biosphere Reserve
and World Heritage Site. Regional protected areas include Recreation Area, Soil Conservation
District, Integrated Management District, Regional Natural Park and Regional Forest Reserve. The
extension of each type of protected area is presented in Panel A of Table A.1 of the Appendix.

8
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groups, representing 3.4% of the total population, which have inhabited the
region since the precolonial era. These groups have different languages and
cultural heritage and do not necessarily relate to each other. While the two states
with most indigenous, La Guajira and Cauca, account for less than 40% of the
indigenous population, there are indigenous reserves in almost every state. The
Afro-Colombians, on the other hand, account for 10.6% of the population and
are more geographically concentrated in the Pacific and Caribbean coasts. Their
settlement pattern is closely related to the slave traffic routes and the gold mining
activities during the colonial period. The Pacific region, where most of the Afro-
Colombian Lands are located, is nowadays mostly populated by former slaves,
freed by emancipation and bought manumission, whose main economic activity
is still based on mining, logging and agriculture (Sharp, 1976; Leal and Restrepo,
2003).

Indigenous reserves were created during the colonial period as a way of
concentrating and somehow protecting the native workforce. The institution
was then inherited by the Colombian government, which continued establishing
indigenous reserves during the XIX and XX century. However, most of the original
settlements were never classified as such and rights could be revoked, which led to
systematic displacement throughout this period (Gros, 1988; Jackson, 2002). It was
not until the late XX century that the institutional and legal framework translated
into more effective protection. In particular, the 1991 Constitution declared
Colombia as a multilingual and multicultural nation and accorded collective
rights to minority groups. indigenous reserves land titles became imprescriptible,
inalienable and indefeasible, and their organizations gained political participation
and administrative and judiciary autonomy. The Law 70 of 1993 granted similar
rights to Afro-Colombian from traditional settlements in the Pacific region.

Even though this is not their main purpose, collective lands are also intended to
protect and preserve the environment. In fact, The Laws 70 of 1993 and 60 of 1994
required indigenous reserves and Afro-Colombian lands economic activities to be
environmentally sustainable, and in accordance with their traditional practices.
The environment in collective lands, however, is particularly threatened by illicit
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activities. In fact, coca crops have rapidly expanded in indigenous reserves and
Afro-Colombian lands (Armenteras et al., 2009,UNODC, 2016a), and so have illegal

logging and gold mining takes place in Afro-Colombian lands (UNODC, 2016b).

This is partly due to the incapacity of local authorities to monitor economic activities
in remote areas and restrict illicit crops and heavy machinery in alluvial mining
(Velez, 2011).

One key element that natural protected areas and collective lands have in
common is that their limits are given by biological, geographical and historical
factors. In fact, environmental authorities usually rely on expert assessment to
identify areas which are key to the preservation of particular endemic species or
ecosystems (Fandifio and Van Wyndaarden, 2005; Andrade, 2009). For instance, the
Cueva de los Gudcharos National Park was created in 1960 to preserve the Gudcharos
(Steatornis caripensis) habitat and facilitate bird migration. Likewise, minority
groups applying for collective ownership titles need to prove ethnic origins and
historic ties to the land. It is worth noting, however, that the delimitation can also

involve discretionary choices. In fact, it is not uncommon to use state limits or

rivers as borders, even though they do not reflect major changes in the landscape.

As will be seen in section 4, this has practical implications for the identification
strategy.

3 Data

Our main results are based on detailed geographic information on forest loss and
protected areas. Regressions also control for population density, and physical and
chemical characteristics of the land, for which we collect information from different
sources. This section briefly describes them and provide some descriptive statistics
of deforestation in protected areas.

10
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Figure 3
Accumulated Deforestation (2001-2012)
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Source: Own calculations based on Hansen et al. (2013).
Note: The 2001-2012 total deforestation is aggregated at a spatial resolution
of 1 km? and expressed in ha/ km?/ year.

Our annual deforestation measure is based on Hansen et al. (2013)’s 2001-2012
forest loss imagery.® In order to match the spatial resolution of other data sources,

we aggregated the deforestation measure to ~1 km?, obtaining a continuous variable

*Data for 2013-2014 is also available, however, images are not entirely comparable due to
methodological changes, which is why we focus on the 2001-2012 period.
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expressed in ha/km?. During this period, the country lost over 30,000 km? of forest
(see Figure 3). While most of the deforestation in the Amazon region is due to the
expansion of the agricultural frontier and the presence of illicit crops, Antioquia,
Boliivar (north-central region) and the Pacific Coast have also witnessed a sharp
increase in illegal alluvial gold mining (IDEAM, 2011; IDEAM, 2016; UNODC,
2016a; UNODC, 2016b).

Protected areas are delimited using two data sources: World Database on
Protected Areas (WDPA) for natural protected areas, and the Colombian Geographic
Information System for Planning (SIGOT) for indigenous reserves and Afro-
Colombian Lands. Descriptive statistics of deforestation in protected areas are
presented in Table 1. Between 2001 and 2012, most of the deforestation in protected
areas took place in national and regional natural protected areas, with 96.3 and
53.4 km?/year, respectively. The deforestation in collective lands is smaller but
still significant, with 25 km?/ year in indigenous reserves and 11.4 km?/ year in Afro-
Colombian lands. In relative terms, national natural protected areas are the best
preserved, followed by regional natural protected areas and indigenous reserves,
with deforestation rates that oscillate between 0.0005 and 0.0066 ha/km?/year. Afro-
Colombian lands and Civil Society Natural Reserves have the highest forest loss
rate, with 0.0181 and 0.3209 ha/km?/year, respectively.

Table 1
Annual deforestation in protected areas
(2001-2012)

Annual Deforestation

Total Rate
(km?) (ha/km?)
A. Natural Protected Areas
National 96.295 0.0005
Regional 53.385 0.0024
Civil Society Natural Reserves 1.229 0.3209
B. Collective Lands
Indigenous Reserve 24.954 0.0066
Afro-Colombian Land 11.381 0.0181

Source: Own calculations based on WDPA, IGAC and Hansen et al.
(2013).

12
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We measure population density using nightlights imagery from the National
Oceanic and Atmospheric Administration (NOAA). Specifically, we calculate the
year-2000 clusters of high-intensity night lights to identify densely populated
areas.* We also identify cells located less than 5 km from the roads using the 2005
official cartography of the Colombian National Department of Statistics (DANE).
As expected, there is a very high spatial correlation between population density
and roads (Figure A.1 of the Appendix). It is worth noting, however, that the
road measure has two limitations. First, there are some isolated communities,
particularly in the Amazon region and the Pacific Coast, that are not served by
roads. In such cases, night lights provide a more accurate measure of human
settlements. Second, road cartography is only available since 2005, and therefore
measures based on roads might be endogenously determined.

As additional controls, we include basic geographic characteristics at the cell
level including altitude, slope, and roughness, calculated using the Digital Elevation
Model (DEM) (Danielson and Gesch, 2011). Soil nutrient availability is taken from
the Food and Agricultural Organization (FAO) soil quality measurements and
baseline average precipitations are calculated using the WorldClim 1960-2000 spatial
interpolation (Hijmans et al., 2005).

4 Empirical Strategy

A growing body of literature has studied the causal effect of protected areas on
deforestation. The main empirical challenge lies in the fact that protected areas
are not randomly delimited. In fact, the limits are usually given by biological,
geographic and even historic factors, and therefore we should expect observed
and unobserved differences between treated and control cells to bias traditional
estimates. To address this potential endogeneity problem Joppa and Pfaff (2011)

“Night lights have been extensively used in the literature as a proxy for population and economic
density (Henderson et al., 2012; Michalopoulos and Papaioannou, 2013, 2014; Min, 2015). Doll et al.
(2000) and Small et al. (2011) show that nightlights can detect populations up to 150 inhabitants and
sparsely populated areas. Clusters are calculated using a clump algorithm based on queen distance
with 8 nearest neighbors.

13
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and Nelson and Chomitz (2011) use matching methods, that balance the sample
on observed characteristics but could still be biased by unobserved characteristics.
More recently, Blankespoor et al. (2017) and Shah and Baylis (2015) use annual
deforestation data to estimate DD methods that control for both observed and
non-observed characteristics. The main limitation of this approach is that it can
only assess protected areas that were recently created.

We propose using RD methods to estimate the long-term effect of protected
areas. The key idea is that as we approach the protected area limits, the differences
between cells on both sides of the boundary tend to vanish. The main advantage
of this approach is that it allows estimating the local effects of protected areas
created before forest loss is measured -usually a majority- while controlling for both
observed and unobserved characteristics. We also propose a two-step correction
for compound treatments that restrict the control group to cells that are not part of
any other protected area. This is, to the extent of our knowledge, the first paper
to use these methods to assess the effect of protected areas. As a complementary
analysis, we estimate the short-term effect of recently created protected areas using
DD models that exploit the time and space variation. The remaining of this section
describes the definition of the treatment and control groups and the compound
treatments correction and presents the estimation methods: RD for the long-term
and DD for the short-term.

4.1 Treatment and Control Groups and Compound Treatments Correction

Our first classification is based on location and period. For a particular type of
protected area and a given year, continental cells within an existing protected area
are assigned to treatment group, and those outside to control. For simplicity, we
exclude marine protected areas and protected areas under 1 km?. This leaves us with
287 natural protected areas, 550 indigenous reserves, and 106 Afro-Colombian lands.
We further restrict the sample to comparable cells located nearby the protected area
boundaries. To this purpose, we calculate the minimum distance between the cells’

centroids and the boundaries. When protected areas are contiguous to international
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borders and coastline, these segments are excluded from the boundary.

Figure 4
Contiguous Protected Areas Correction
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Source: Own calculations based on WDPA and IGAC.
Note: NP: National Park, IR: Indigenous Reserve. The valid boundary is presented in orange (thick border).
Point density depends on the polygon complexity.

There are many protected areas that are contiguous to each other, especially in
the Amazon and Pacific regions. This translates into compound treatments that
can seriously bias the estimates. In fact, it is possible that cells that are considered
control for one type of protected area are treated for another type (Keele and
Titiunik, 2015). To correct this problem, we propose a simple two-step approach.
First, we identify boundaries which are close (<1km) to valid control cells, i.e. cells
in the continental territory that are not part of any other protected area. Second, we

recalculate the minimum distance with respect to the new valid boundaries. Figure
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4 illustrates the correction. In order to define the treatment and control groups
for the Chiribiquete National Park (green), we exclude the segments where the
National Park is contiguous to indigenous reserves, calculate the valid boundary,
and keep the cells located within the selected bandwidth.

Table 2 presents some descriptive statistics of deforestation rate and the physical
and chemical characteristics by type of protected area and treatment status for a Skm
fixed bandwidth. As can be seen, in most cases deforestation rates are significantly
lower in the treatment cells. The results presented in the next section confirm that
these differences are mostly due to protected areas. It is also worth noting that
treatment and control groups are not always balanced in observed characteristics.
This is consistent with the fact that protected areas are not exogenously delimited. In
order to address the potential selection bias, RD regressions control for physical and
chemical characteristics of the land and protected area fixed effect. DD models also
account for unobserved heterogeneity by including cell fixed-effects and protected
area specific time trends. The fact that results are similar across specifications

indicate that selection bias is not a critical issue in our local estimations.
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Table 2
Descriptive Statistics (Continues)

Control Treatment Difference
Mean S.E. Mean S.D p-value
A. National
Deforestation (ha/km?/ year) 0.214 0475 0.135 0.434 0.001
Population density 0.171 0.377 0.063 0.242 0.000
Roads (< 5km) 0.424 0.494 0.239 0.426 0.000
Elevation (m) 1305.110 1183.921 1404.441 1299.599 0.102
Slope (degrees) 0.073 0.077 0.076 0.083 0.444
Ruggedness 178.576 188.787 187.713 200.429 0.457
Precipitation (mm) 186.869 55.783 189.151 53.019 0.397
Soil nutrient availability 2.671 0.667 2.757 0.606 0.031
Forest cover in 2000 (ha/km?) 69.232 31.190 75.311 31.121 0.003
Observations 50,980 45,190
B. Regional
Deforestation(ha/km?  year) 0.253 0.430 0.205 0.449 0.087
Population density 0.440 0.496 0.232 0.422 0.000
Roads (< 5km) 0.791 0.407 0.612 0.487 0.000
Elevation (m) 1585.277 1092.327 1742.207 1205.792 0.152
Slope (degrees) 0.084 0.073 0.100 0.079 0.027
Ruggedness 207.758 174.926 246.610 190.407 0.026
Precipitation (mm) 162.519 48.607 161.806 49.343 0.860
Soil nutrient availability 2.423 0.756 2.578 0.705 0.013
Forest cover in 2000 (ha/km?) 51.565 28.706 61.449 30.319 0.000
Observations 41915 21.420
C. Civil Society Natural Reserves
Deforestation(ha/km?  year) 0.159 0.297 0.179 0.428 0.838
Population density 0.304 0.460 0.242 0.428 0.437
Roads (< 5km) 0.729 0.444 0.499 0.500 0.095
Elevation (m) 1140.358 1250.027 1928.957 1273.893 0.018
Slope (degrees) 0.058 0.078 0.108 0.089 0.004
Ruggedness 146.231 193.244 264.495 214.375 0.005
Precipitacién (mm) 162.324 42.530 166.418 38.712 0.685
Soil nutrient availability 2.515 0.798 2.391 0.694 0.440
Forest cover in 2000 (ha/km?) 35.707 29.200 62.983 30.162 0.000
Observations 4.184 1.183
D. Indigenous Reserves
Deforestation (ha/km?year) 0.231 0.455 0.107 0.311 0.000
Population density 0.107 0.309 0.022 0.147 0.000
Roads (< 5km) 0.439 0.496 0.215 0.411 0.000
Elevation (m) 553.792 741.805 372.110 588.480 0.000
Slope (degrees) 0.031 0.054 0.023 0.049 0.000
Ruggedness 75.608 131.147 56.845 120.140 0.000
Precipitation (mm) 219.122 67.192 228.226 67.426 0.071
Soil nutrient availability 2.655 0.678 2.715 0.681 0.226
Forest cover in 2000 (ha/km?) 65.719 34.800 75.538 34.499 0.000
Observations 92.654 59.463
17
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Table 2
Descriptive Statistics

Control Treatment Difference
Mean S.D. Mean S.D p-value

E. Afro-Colombian Lands

Deforestation (ha/km?/ year) 0,333 0,688 0,171 0,392 0,001
Population density 0,086 0,280 0,049 0,216 0,013
Roads (< 5km) 0,335 0472 0,259 0,438 0,082
Elevation (m) 590,869 810,220 373,658 635,912 0,000
Slope (degrees) 0,046 0,063 0,032 0,052 0,001
Ruggedness 111,639 152,545 76,535 126,360 0,001
Precipitation (mm) 310,291 120,590 372,568 135,516 0,000
Soil nutrient availability 1,904 0,850 2,082 0,815 0,006
Forest cover in 2000 (ha/km?) 84,345 19,729 91,637 11,866 0,000
Observations 10.780 13.759

Source: Own calculations based on Hansen et al. (2013). WDPA, IGAC, NOAA, FAO and Hijmans et al. (2005).
Note: Calculations are based on treatment and control cells within 5 km of the valid boundary. Deforestation is defined as
the annual forest loss between 2001 and 2012. Population density is a dummy variable indicating if a cell is inside a clump

of night luminosity at the baseline year (2000). Roads is a dummy variable identifying cells within the 5 km of a 2005 road.

The remaining control variables are described in section 3. The last column presents the p-value of a group mean difference
test.

4.2 Long-term: Regression Discontinuity

The motivation behind using RD methods is twofold. On the one hand, treatment
and control cells located near and around the protected area boundaries are
more likely to be comparable, which attenuates the potential selection bias in local
estimations. This is particularly true for protected area limits based on discretionary
choices such as state borders or rivers. On the other hand, the granularity of the
remote sensing data provides a large number of observations, allowing for robust
inference. The running variable is the distance to the closest boundary, which is
set to be positive for treatment cells and negative for control so that the cutoff is
zero for all areas. This analysis focuses on protected areas created before 2001, and
their effect on the annual average deforestation between 2001-2012. In order to
avoid compound treatments, we discard potential control cells that are classified as
protected area at any point in time.

We use the Calonico et al. (2014) RD sharp design model, that first selects the
optimal bandwidth, balancing the asymptotic bias and the variance of the estimator,
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and then estimate the effect using local-polynomial non-parametric regressions.

The estimated effect is given by the conditional mean difference between treatment

and control cells:

T = E[Yir=1) — Yier=o) | X = ] (1)

Conditional means are estimated with triangular kernel-weighted polynomials.®
Regression include as control variables for baseline forest cover, altitude, slope,
roughness, soil nutrient availability, and precipitations. Regressions also control for
protected area fixed effects, which account for unobserved heterogeneity.® Errors
are computed using cluster-robust nearest neighbor variance estimation.

4.3 Short-term: Difference-in-Differences

For protected areas created after 2001 we exploit the time variation to estimate DD
models that compare treatment and control cells, before and after the protected area
is created. We test for bandwidths ranging from 1 to 15km. The main regression

takes the form:

Yi=yTy+ i+ T+ 10,4t + € (2)

Where the dependent variable (y;) is the annual deforestation and Tj is a
categorical variable that is one if cell i is within a protected area in year ¢, and zero
otherwise. Regressions control for cell (u;) and time (7;) fixed effects that account
for observed and unobserved characteristics of the land and common shocks, as
well as protected area specific time trends (1, * t). The models are estimated with
ordinary least squares (OLS) and errors are clusterized at the protected area level.

SThe regression function is estimated with a first order polynomial and the bias of the regression
with a second order polynomial. Overall, our results are robust to different specifications.

®Covariate-adjusted RD estimates are consistent and improve efficiency (Calonico et al., 2016).
Control cells are assigned to the nearest protected area.
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5 Results

The main results of the paper are presented in three sections. The first two
correspond to the long-term and short-term effects, and their respective robustness
checks. The third section assesses the role of human settlements, measure by
population density and roads. Our estimated coefficients are comparable to the
extent that they are all expressed in ha/km?/year and can be interpreted as local effect
of protection. However, most of the national natural protected areas and indigenous
reserves were created before 2001 (Figure 2). This implies that short-term results
are driven by relatively few protected areas and should not allow to infer about
the population of protected areas. The opposite happens to Afro-Colombian lands,
regional natural protected areas and civil society natural reserves that were for the
most created after 2001. In this case, long-term estimates should be interpreted

with caution.

5.1 Long-term (Areas created before 2001)

Our main long-term results, based on the Calonico et al. (2014) estimates with
optimal bandwidths, are presented in Table 3. We find negative and significant
effects for national protected areas and indigenous reserves. The estimated effect of
national protected areas is —0.02 ha/km?/year, equivalent to a 9.1% avoided forest
loss when compared to the control group. Multiplying the estimated coefficient
by the surface of the treated area in the optimal bandwidth we find that national
protected avoided the deforestation of 839,2 ha per year. Since we are only
considering cells within the local bandwidths, this should be interpreted as a
lower bound of the overall effect of these protected areas. The effect of indigenous
reserves is slightly smaller, with an estimated coefficient of —0.013, equivalent to
a 6.3% avoided forest loss or 452,2 ha per year in the optimal bandwidth. These
findings are consistent with Armenteras et al. (2009), the only existing study for
Colombia, who find significantly larger effects for national natural protected areas
than for indigenous reserves. Our results also indicate that there are negative

and significant effects for regional protected areas created before 2001 (—0.028
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ha/km?/year), and no effect for Afro-Colombian lands. It is important to note,
however, that these results only reflect the effect of the few regional protected areas
and Afro-Colombian lands created before 2001.

Table 3
Long-term Effects of Protected Areas on Deforestatation

Natural Protected Areas Collective Lands
Indigenous Afro-
National Regional Reserves Colombian
(1) (2 (3 4)
Treatment —0.020 * ** —0.028 * * —0.013 * —0.008
(0.006) (0.013) (0.006) (0.013)
Optimal Bandwidth (km) 5.429 14.035 3.231 8.637
Control Group Mean(y) 0.219 0.197 0.207 0.086
Observations 92,178 16,034 81,682 5,789

Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO and Hijmans
et al. (2005).

Note: * is signicant at 10%, ** at 5%, and *** at 1% level. Deforestation is expressed in ha/km? /year.
Each column correspond to separate Calonico et al. (2014) RD estimates with optimal bandwidth
and robust bias-correction. All regressions control for population density and the geographic and
climate variables described in the Section 3. We present the results based on a first order local-
polynomial for bias correction and estimation, however results are robust to different specifications
of the model. Standard errors in parenthesis are based on a nearest neighbor variance estimator.

These findings are illustrated in Figure 5 with the RD plots for the different
types of protected areas. The left panels clearly show that the RD estimates for
national natural protected areas and indigenous reserves are driven by a sharp
jump in deforestation around the protected area limits. This is not the case of
regional protected areas and Afro-Colombian lands, for which the difference is less

steep and not necessarily statistically significant.
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Figure 5
Long-term Effects of Protected Areas on Deforestatation

National Regional

0.3+

0.2+

0.1+

0.0

Indigenous Reserves Afro-colombian lands

0.3

Deforestation (Ha x Km2)

0.2+

0.1+

0.0

-20 -10 0 10 20 -20 -10 0 10 20
Distance (km.)

Source: Own calculations based on WDPA, IGAC and Hansen et al. (2013). Note: Observations are binned with 1km
intervals and smoothed using triangular kernels. Shaded areas represent the 95% confidence interval.

In order to check the sensibility of our results to changes in the bandwidth, we
estimate the Calonico et al. (2014) bias corrected model using bandwidths from
1 to 15 km in Figure 6. As can be seen, the effects are consistently negative and
significant for national protected areas and indigenous reserves, but not for regional
protected areas and Afro-Colombia lands, where the estimated coefficients only
reject the null hypothesis for bandwidths larger than 10km.
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Figure 6
Long-Term Effects: Bandwidth Sensibility
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Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO and Hijmans et al. (2005).

Note: Each graph corresponds to DD estimate for bandwidths between 1 and 15 km with increments of 500 meters. All
regressions control for population density and the geographic and climate variables described in the Section 3. We present
the results based on a first order local-polynomial for bias correction and estimation, however, results are robust to different
specifications of the model. Errors are robust to heteroscedasticity and optimal bandwidth is shown in red.

We also estimate two alternative specifications of the model in Table A.2 of
the Appendix. In Panel A we drop the control variables finding fairly similar
results, with the sole exception of regional protected areas, where the estimated
coefficient is no longer significant. Panel B omits the compound treatments
correction described in section 4.1. The estimated effects are relatively similar,
although larger in magnitude, confirming that including all potential control cells
can bias the estimates.

Our last robustness check uses placebo threshold, drawn as artificial limits
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parallel to the original ones. We should expect the estimated effects to vanish
as the placebo thresholds move away from the true limits of the protected areas.
Figure A.2 of the Appendix presents the estimated effects with fixed bandwidth of
5km and placebo limits moving as far as 10km on both sides of the original limit.”
The negative and significant effects are concentrated nearby the true limits, and
converge to zero as they move away, confirming that protected area do account for

most of the local variation in deforestation.

5.2 Short-term (Areas created after 2001)

The DD short-term estimates, based on a fixed bandwidth of 5km, are presented in
Table 4. We find negative and significant effects for all natural protected areas and
Afro-Colombian lands, with estimated coefficients oscillating between —0.029 and
—0.057 ha/km?/ year, slightly larger than the ones found in the long-run. indigenous
reserves are the exception, with positive and significant effects, indicating that
deforestation increased within the park limits. Remember, however, that only few
of the indigenous reserves were created after 2001 and therefore results should be
interpreted with caution. In this case, most of the positive effect can be explained by
the fast expansion of illegal coca crops and gold mining in one particular Indigenous
Reserve, Selva de Matavén, which accounts for nearly 90% of the treated cells MJD
and UNODC (2015).

"We opt for a fixed bandwidth in order to have comparable results across samples.
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Table 4
Short-term Effects of Protected Areas on Deforestatation

Natural Protected Areas Collective Lands
Civil Indigenous Afro-
Nacional Regional Society Reserve Colombian
1) (2) (3 @) 5
Treatment -0.029*** -0.041%** -0.057*** 0.058*** -0.049***
(0.005) (0.005) (0.019) (0.010) (0.012)
Bandwidth (km) 5.000 5.000 5.000 5.000 5.000
Control Group Mean(y) 0.146 0.259 0.169 0.301 0.386
Observations 94,824 640,716 64,404 90,492 176,436

Source: Own calculations based on Hansen et al. (2013), WDPA and IGAC.

Note: * is signicant at 10%, ** at 5%, and *** at 1% level. Deforestation is expressed in ha Jkm?/ year. Each column
correspond to separate DD estimate with a 5km bandwidth. All regressions control for cell and year fixed effects
and protected area specific time trends. Errors in parenthesis are clustered at the protected area level.

The robustness checks are analogous to those of the long-term results. The
sensibility analysis, presented in Figure 7, shows that all of our estimates are robust
to bandwidth selection. Results are also similar without the compound treatment
correction (Table A.3 of the Appendix). Moreover, the placebo threshold estimates
confirm that the significant effects tend to be concentrated around the true limits
of the protected areas (A.3 of the Appendix). The only exception are the national
natural protected areas, for which the estimated effects are larger for artificial limits
located inside protected areas. This reflects that the National Parks created after
2001 are particularly threaten by deforestation in the border areas.
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Figure 7
Short-Term Effects: Bandwidth Sensibility
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Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO and Hijmans et al. (2005).

Note: Each graph corresponds to DD estimate for bandwidths between 1 and 15km with increments of 500 meters. All
regressions control for cell and year fixed effects and protected area specific time trends. Errors are clustered at the protected
area level.

5.3 The Role of Human Settlements

The effectiveness of protected areas may vary depending on the context. While there
is abundant evidence on the impact of roads and economic activity on deforestation
(i.e. Chomitz and Gray, 1996; Nelson and Hellerstein, 1997; Pfaff, 1999; Perz et al.,
2008; Pfaff et al., 2007; Laurance et al., 2009; Alix-Garcia et al., 2013; Hargrave and
Kis-Katos, 2013), little is known about how these factors determine the effectiveness
of protected areas. There are two opposing mechanisms through which settlements
can affect the affects protected areas. On the one hand, cities and roads increase
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pressure on ecosystems. Beyond the land allocated to urban development, the
proximity to growing markets also stimulates the expansion of the agriculture and
mining. On the other hand, the presence of human settlements reduces the cost
of enforcing the law, and more specifically the environmental regulations. This is
particularly true in the presence of high-profit illicit activities, such as coca crops
and gold mining.

In order to assess whether human settlements represent a threat or an oppor-
tunity in this context, we estimate the heterogeneous effects of protected areas by
population density, measured using high-resolution nightlight imagery. Specifically,
we create a dummy variable that is one if the cell centroid is located within a
year-2000 nightlight cluster, and zero otherwise (Figure A.1 of the Appendix). As a
complementary analysis, we estimated the heterogeneous effects by the proximity
to roads, using that dummy variable that is one if the cell centroid is located
less than 5km from a road in the year 2005, and zero otherwise. However, these
results should be interpreted with caution as roads are measured in 2005 and
could therefore be endogenously determined by the protected area limits. The DD
estimates use interacted models and the RD are based on separate regressions.?

The long-term heterogeneous effects indicate that protected areas are more
effective near human settlements (Table 5). In fact, the estimated coefficients are
consistently larger in densely populated areas and near roads, and also more
statistically significant. For instance, the effect of national natural protected areas
shifts from —0.018 ha/km?/year in remote areas to —0.039 ha/km?/year in high-
density areas. Likewise, the effect is —0.032 ha/km?/year near roads and —0.021
ha/km?/year away from them. The differences are even larger in regional natural
protected areas and indigenous reserves. As for Afro-Colombian lands, we find
similar results with our night lights density measure but not with roads. In fact,
the estimated effects are negative and significant in areas not served by roads, and
positive (although insignificant) near roads. Notice however that the Pacific region,

8The main reason to use separate regressions in the RD models is that heterogeneous effects
are only identified if the covariate of interest does not vary across treatment and control groups
(Calonico et al., 2016), which is not the case in this context.
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where most of the Afro-Colombia lands are located, has a very low road density
and therefore this is not a good proxy for human settlements in this case.

It is worth noting that the control group average deforestation is similar across
samples, indicating that in most cases there is no additional pressure on ecosystems
in densely populated areas or near roads. Even when these differences exist, we
find that in the long-run protected areas benefit from the proximity of human
settlements. Given the evidence of illegal crops and mining in remote areas, these
results suggest that the enforcement mechanism is dominant, and therefore the
effectiveness of protected areas depends on the capacity of authorities to act.
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Table 5

Long-term Effects By Population Density and Roads

Natural Protected Areas

Collective Lands

Indigenous Afro-
National Regional Reserves Colombian
1) 2 3 )
A. Population Density
Low Density —-0.018** 0.001 -0.014** -0.011
(0.006) (0.028) (0.006) (0.017)
Optimal Bandwidth (km) 6.159 14.365 3.295 6.192
Control Group Mean(y) 0.224 0.106 0.197 0.076
Observations 89,371 3,628 77,999 3,237
High Density —0.039*** —0.036** —0.058*** —0.048*
(0.015) (0.017) (0.019) (0.030)
Optimal Bandwidth (km) 3.573 10.248 10.773 8.645
Control Group Mean(y) 0.218 0.107 0.215 0.078
Observations 7,996 8,998 16,528 431
B. Roads
No (> 5km) —0.021#** 0.098 —0.019*** —0.032%**
(0.007) (0.124) (0.005) (0.011)
Optimal Bandwidth (km) 8.350 8.277 5.782 14.087
Control Group Mean(y) 0.180 0.123 0.130 0.050
Observations 86,434 374 95,349 9,769
Yes (< 5km) —0.032*** —0.033** —0.027** 0.018
(0.010) (0.014) (0.011) (0.022)
Optimal Bandwidth (km) 4910 12.663 3.820 7.865
Control Group Mean(y) 0.186 0.147 0.127 0.060
Observations 29,028 13,526 32,723 1,062

Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO
and Hijmans et al. (2005).

Note: *is signicant at 10%, ** at 5%, and *** at 1% level.Deforestation is expressed in
ha/km? [year. Each column correspond to separate Calonico et al. (2014) RD estimates
with optimal bandwidth and robust bias-correction. All regressions control for
population density and the geographic and climate variables described in the Section
3. We present the results based on a first order local-polynomial for bias correction
and estimation, however results are robust to different specifications of the model.

Standard errors in parenthesis are based on a nearest neighbor variance estimator.
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In the short-run, the effect of protected areas tends to be smaller near human
settlements (Table 6). For instance, regional natural protected areas reduce defor-
estation by —0.057 ha/km?/year in areas with low-density or no road, as opposed
to —0.018 ha/km?/year in high-density areas, and —0.027 ha/km?/year near roads.
Similar results are found for national and civil society natural protected areas
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and Afro-Colombian lands, even though the differences between groups are not
always statistically significant. indigenous reserves have positive effects oscillating
between 0.060 and 0.072 ha/km?/year in remote areas, and no significant effects
in densely populated areas. This is consistent with the fact that most of the defor-
estation registered in the Selva de Matavén Indigenous Reserve is related to illicit
activities MJD and UNODC (2015). These short-term results could be reflecting
the time it takes to develop the institutional capacity to enforce environmental
regulations in new protected areas. In the meanwhile, the effect of human pressure

on ecosystems is dominant.

Table 6
Short-term Effects By Population Density and Roads

Natural Protected Areas Collective Lands
Civil Indigenous Afro-
Nacional Regional Society Reserve Colombian

(O] @ G ) ()

A. Population Density

Low Density -0.029*** -0.057*** -0.077*** 0.060*** -0.054***
(0.005) (0.006) (0.023) (0.011) (0.012)
High Density -0.026** 0.018 0.007 0.033 0.131***
(0.012) (0.012) (0.023) (0.027) (0.037)
p-value (Low=High) 0.796 0.000 0.008 0.353 0.000
Control Group Mean(y) 0.146 0.259 0.169 0.301 0.386
Observations 94,824 640,716 64,404 90,492 176,436
B. Roads
No (> 5km) -0.031%** -0.057*** -0.091** 0.072%* -0.061***
(0.005) (0.008) (0.037) (0.011) (0.012)
Yes (< 5km) -0.021%** -0.027*** -0.031%** -0.032 -0.017
(0.006) (0.007) (0.012) (0.028) (0.019)
p-value (No=Yes) 0.089 0.002 0.102 0.000 0.019
Control Group Mean(y) 0.146 0.259 0.169 0.301 0.386
Observations 94,824 640,704 64,392 90,492 176,364

Source: Own calculations based on Hansen et al. (2013), WDPA and IGAC.

Note: * is signicant at 10%, ** at 5%, and *** at 1% level. Deforestation is expressed in ha/km?/year. Each panel
correspond to separate DD estimate with a 5Skm bandwidth. The heterogeneous effects are estimated interacting the
dummy variable for each group with the treatment indicator. All regressions control for cell and year fixed effects
and protected area specific time trends. Errors in parenthesis are clustered at the protected area level.
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6 Conclusions

We assess the effect of Colombian natural protected areas and collective lands
on deforestation using two methods: regression discontinuity for protected areas
created before 2001 (long-term effects) and difference-in-differences for areas create
after 2001 (short-term effects). Results indicate that natural protected areas and
collective lands reduce forest loss, with negative and significant effects oscillating
between —0.013 and —0.057 ha/km?/year. These findings are in line with most of
the specialized literature in that protected areas significantly contribute to preserve
the forest (Nepstad et al., 2006; Andam et al., 2008; Adeney et al., 2009; Armenteras
et al., 2009; Nelson and Chomitz, 2011; Blankespoor et al., 2017; Sims, 2014). We
also provide evidence that the effect vary depending on type of protected area
and the time-frame. In particular, our results are consistent with Armenteras et al.
(2009), the only existing study for Colombia, who also find that national natural
protected areas have larger effects than indigenous reserves.

We also study the role of human settlements by estimating the heterogeneous
effects of protected areas by population density and distance to roads. While
the short-run effects tend to be larger in remote areas, our long-term estimates
show that protected areas perform better in densely populated areas and near
roads. Given the predominance of illicit activities in remote areas, we interpret
these findings as suggestive evidence that protected areas are more effective when
authorities are able to uphold the rule of law. This is consistent with recent studies
showing that conflict increase deforestation via the expansion of illicit activities
(Davalos et al., 2011; Fergusson et al., 2014), whereas stronger property rights and
enforcement policies tend to reduce coca crops (Mufoz-Mora et al., 2014; Mejia et al.,
2015). These findings highlight the importance of institutions, and particularly
the capacity to enforce environmental policies in remote areas. Recent efforts
towards implementing regional economic development plans, and simultaneously
strengthening the early-warning systems and environmental crime task-forces seem

to go in the right direction. Future research should further study these policies.
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Appendix

Table A.1
Continental Protected Areas (2000 and 2015)

2000 2015
Number Sl(lgiczi Number Slgll;fr;c;;
A. Natural Protected Areas
National Unique Natural Area 1 6,5 1 6,5
National Natural Park 33 88.504,5 43 110.455,2
National Forest Reserve 56 6.082,3 56 6.082,3
Natural Reserve 2 19.989,8 2 19.989,8
Fauna and Flora Sanctuary 8 641,0 10 787,5
Park Way 1 601,6 1 601,6
Biosphere Reserve 1 5.578,3 1 5.578,3
World Heritage Site 1 829,5 2 10.518,7
Regional Recreation Area 0 10 8,0
Soil Conservation District 0 . 9 439,2
Integrated Management District 9 253,9 57 14.374,4
Regional Natural Park 0 . 36 4.726,2
Regional Forest Reserve 30 207,2 86 1.135,9
Civil Society Natural Reserves 0 292 815,6
B. Collective Lands
Indigenous Reserve 525 298.921,8 712 323.049,7
Afro-Colombian Land 56 23.106,2 184 55.898,9

Source: Own calculations based on WPDA and IGAC.
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Table A.2
Long-term Effects of Protected Areas on Deforestatation
(Alternative Specifications)

Natural Protected Areas Collective Lands
Indigenous Afro-
National Regional Reserves Colombian
(1) (2) (3) 4)

A. Without Control Variables

Treatment —0.024 * #» -0.017 —0.012 * » —0.020
(0.006) (0.014) (0.006) (0.012)
Optimal Bandwidth (km) 5.695 12.519 3.338 10.838
Control group Mean(y) 0.220 0.194 0.208 0.085
Observations 96,992 14,076 84,911 8,399

B. Without Compound Treatments Correction

Treatment —0.016 * * —0.034 = * —0.031 # #+ —0.026 * #+
(0.005) (0.015) (0.004) (0.004)
Optimal Bandwidth (km) 4.513 9.719 2.065 7.372
Control Group Mean(y) 0.198 0.196 0.174 0.055
Observations 108,144 10,669 105,453 28,195

Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO and Hijmans
et al. (2005).

Note: * is signicant at 10%, ** at 5%, and *** at 1% level. Deforestation is expressed in ha/ km?2/ year.
Each column correspond to separate Calonico et al. (2014) RD estimates with optimal bandwidth
and robust bias-correction. All regressions control for population density and the geographic and
climate variables described in the Section 3. We present the results based on a first order local-
polynomial for bias correction and estimation, however results are robust to different specifications
of the model. Standard errors in parenthesis are based on a nearest neighbor variance estimator.
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Table A.3
Short-term Effects of Protected Areas on Deforestatation
(Alternative Specifications)

Natural Protected Areas Collective Lands
Civil Indigenous Afro-
Nacional Regional Society Reserve Colombian

©) (03] ®) 4) ®)

A. Without Compound Treatments Correction

Treatment -0.011** -0.025%** -0.056*** 0.044** 0.011
(0.002) (0.005) (0.019) (0.008) (0.008)
Bandwidth (km) 5.000 5.000 5.000 5.000 5.000
Control Group Mean(y) 0.075 0.262 0.173 0.242 0.268
Observations 198,552 612,072 66,240 120,132 307,572

Source: Own calculations based on Hansen et al. (2013), WDPA and IGAC.

Note: * is signicant at 10%, ** at 5%, and *** at 1% level. Deforestation is expressed in ha/km?/year. Each column
correspond to separate DD estimate with a 5km bandwidth. All regressions control for cell and year fixed effects
and protected area specific time trends. Errors in parenthesis are clustered at the protected area level.
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Figure A.1
Nightligh clusters and Roads

Night lights
Roads
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Source: Own calculations based on NOAA, MGN and SIGOT.

Note: Nightlight clusters, in yellow, are calculated with the year-2000 night light data using a clump algorithm based on
queen distance with 8 nearest neighbors. Road network, in red, correspond to the year-2005 reported in official cartography.
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Figure A.2
Placebo Threshold Test for Long-Term Effects
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Source: Own calculations based on Hansen et al. (2013), WDPA, IGAC, NOAA, FAO and Hijmans et al. (2005).

Note: Graphics show treatment estimator for artificial limits of protected areas parallel to the original ones. Pacebo limits
move as far as 10km from the original ones, with an increment of 500m. Estimations are based on the Calonico et al. (2014)

robust RD estimators with a fixed bandwidth of 5 km. Shaded areas correspond to confidence intervals at 95%.
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Figure A.3
Placebo Threshold Test for Short-Term Effects
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Source: Own calculations based on Hansen et al. (2013), WDPA and IGAC.

Note: Graphics show treatment estimator for artificial limits of protected areas parallel to the original ones. Pacebo limits
move as far as 10km from the original ones, with an increment of 500m. Estimations are based on the Calonico et al. (2014)
robust RD estimators with a fixed bandwidth of 5 km. Shaded areas correspond to confidence intervals at 95%.
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Abstract

This article shows how through co-creation or collaborative creation of governance
frameworks that link the public, private and community sectors, tourism can be an instrument
for the well-being of those who have lived in areas affected by the armed conflict in
Colombia, where populations face exclusion, marginalisation and precarious living
conditions. This article examines four reference cases specifically that share similar
characteristics: the presence of armed conflict and tourism potential, which have shown that
tourism is an effective tool to change informal survival dynamics by implementing economic
practices that make social equity possible-- and in these cases, through ecotourism, promote
environmental sustainability. A study of several related studies is made and the previous and
subsequent values of some of the related indicators are compared for each case, whereupon
conclusions are drawn as a starting point for new studies that will deepen and advance these
studies. In this sense, this article challenges the status quo to make a shift towards open
governance models, based on co-creation, with a focus on diversity and territorial
development and that promote the creation of well-being.

Keywords: Tourism, Sustainable Development, Peace and Coexistence.
1. Introduction

Colombia, a country in the north of the continent of South America, is currently in a post-
conflict era with two guerrilla groups in Latin America. This era is prefaced by the signing
of the peace agreement with the FARC (Revolutionary Armed Forces of Colombia) and the
first stages of talks with the ELN (National Liberation Army). The end of the conflict has
resulted in agreements that must be implemented so that the ceasefire and reintegration of
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the guerrillas into civilian life is efficient, and, also generates a sustainable well-being in the
territories. This implementation entails challenges, as expressed by Fabrizio Hochschild
(2017) through the journal Humanum Colombia; The first is that peace must be territorial:
"the challenge of post-conflict requires that regions really take the reins of peacebuilding,
and that these efforts be guided and supported by Bogota and the international community"
(Hochschild, 2017). Another is related to the implementation mechanisms: it is fundamental
that we think of institutional capacities at the local level, including governors and mayors, to
carry out the measures that are agreed upon and ensure that their implementation inspires
confidence in citizenship through A transparent and responsible act "(Hochschild, 2017).
Both challenges involve designing innovative Frameworks which include multilevel and
inter-institutional cooperation-- with a focus on territories.

This article deals with the relevance of the pluralistic and participatory arrangements that
arise from co-creation initiatives for the development of public policies that promote post-
conflict development strategies. It presents evidence on the creation of alternative conditions
for understanding and collaborative work among the members of the tourism chain,
including: community members, local public institutions, and the Vice Ministry of Tourism,
who have built a sustainable tourism strategy through a model of innovative governance.
This initiative was concentrated in four regions with high potential for tourism and peace: La
Macarena in the Meta Department; Sibundoy Valley and Mocoa in the Putumayo
Department; Camino Teyuna in the District of Santa Marta; And the Gulf of Uraba in Choco
and Antioquia Departments.

The main hypothesis is that these territories can replace the illegal industries--including the
arms trade-- with tourism as an option for sustainable development. Meaning that economic
growth, equitable and socially participatory and with environmental sustainability are taken
into consideration in a highly coordinated multilevel governance framework. In this scenario,
the reconfiguration of governance Frameworks is critical. According to Pérez, Wills and
Bravo, in their book on Innovation Strategy for Territorial Peace Governance, "the objective
of territorial development and innovation for peace should be a central idea in the public
policies to be applied after signing of the peace accords. It is necessary and urgent that we
promote an innovative process that foments territorial social cohesion, which is currently
lacking in these territories, given that, as it is said ‘peace will be in the territories, or it will
not be', given that the poverty and marginalisation seen in different territories is a result of
the prolonged armed conflict in the country” (Wills Herrera, Perez Yruela, & Bravo Moran,
2015).

2. Methodology

Qualitative and quantitative methodologies were combined to perform this analysis,
including:

» Literary review: Permits the validation of the central points of discussion and the
conclusions referred to in this document, through cross referencing with scientific texts.
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» Semi-structured interviews: conversations were held with stakeholders at national and local
levels.

* Direct observation in the field: field visits were carried out to observe the implementation
process of the Tourism, Peace and Coexistence Governance Framework in selected
municipalities.

» Co-creation: primary methodology. In the co-creation effort, multiple stakeholders come
together to develop new practices that traditionally would have emerged only in a
bureaucratic, top-down process. Change, moreover, occurs not just at the level of an
organisation, but also across an entire value chain (Goullart & Hallet, 2015). Co-creation
starts from the experience of each actor and strives to discover new modes of interaction that
will improve the experience for all actors simultaneously. That process often leads to a
restructuring of roles: Recipients of services become service providers, and vice versa. In the

public sector, adoption of the co-creation method is a fairly recent development.

Table 1: The path of cooperation for the Tourism, Peace and Coexistence Governance

Model

Step

Description

Process carried out

Identify target communities

The first step of any co-
creative initiative is to select
communities and sub-
communities whose members
will take part in that effort
(Goullart & Hallet, 2015).

Community leaders, members
of the value chain, local and
national public institutions
were mapped for each territory

Build engagement platforms

The second step is to provide
targeted communities with
physical or virtual platforms
where community members
can engage with each other
(Goullart & Hallet, 2015).

A National Committee for
Tourism, Peace and
Coexistence was formed to
coordinate between territories
and is the nucleus of the
Governance Framework.

Foster interactions among
stakeholders

The second step is to provide
targeted communities with
physical or virtual platforms
where community members
can engage with each other
(Goullart & Hallet, 2015).

With the National Committee
for Tourism, Peace and
Coexistence, an action plan
was created which included
the cocreation of frameworks
to govern each territory in
agreement with their follow up
process and involvement.

Enable new experiences

The fourth step involves
ensuring that new interactions
lead to valuable experiences
for all stakeholders—
experiences that intrinsically
improve the quality of their
lives (Goullart & Hallet,
2015).

The set of indicators that
collectively monitor progress
in each territority on tourism,
peace and coexistence were
co-created.
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Assess new value

The fifth and last step of co-
creation is to verify that the
sponsoring organization has
generated new value—
measurable economic value, in
particular—as a result of its
effort. (Goullart & Hallet,
2015)

The sponsoring entity, the
Vice Ministry of Tourism of
the Ministry of Commerce,
Industry and Tourism in
Colombia, will create new
processes in four more
territories in Colombia with
similar conditions with the co-
creation methodology and
pilot.

3. Results

Tourism, Peace and Coexistence Framework Indicators: The first result of this process is the
co-creation of an indicator framework (Table 2) that allows monitoring for effectiveness of
the program in each of the following dimensions:

1. Social equity

2. Environmental sustainability

3. Positioning of each destination as a tourism, peace and coexistence region

4, Satisfaction of tourists

5. Quality and formalization

Table 2: Quantitative Governance Framework Indicators in each territory

Category

Indicator

Social Equity

Number of peope actually involved in the tourism value

chain

Number of families actually involved in the tourism value

chain

Number of associations integrated into the tourism value

chain

Number of service providers

Total incomes from tourism per year

Environmental
sustainability

Deforestation rates

State of habitats

Declaration of Protected Areas

Ecosystem representation

Positioning of each
destination as a tourism,
peace and coexistence
region

Number of people who convert from labor in illegal

industries to tourism

Hectares of illegal crops reforested for tourism

Satisfaction of tourists

Number of tourists
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Increment in tourism

Level of tourist satisfaction

Quality and formalization | Number of establishments registered with the National
Tourism Registry

Number of certified destinations

Although the instruments for collecting and evaluating these indicators are still being
designed, the following initial results have already been obtained:

* Visitor arrivals have increased considerably from 9,593 in 2014 to 21,117 in 2016,
with the largest influx of foreign visitors from 85 nationalities (ICAHN).

* In the last five years, the number of visitors to the municipality of La Macarena,
Meta has increased. Of 1,506 tourists and visitors that were in 2010, the number rose
to 15,500 in 2015, that is, multiplied by 10. It grew by 929%. Of this total, 1,800 were
foreigners and 13,800 Colombians. In 2016, 1,791 foreign visitors arrived, matching
the 2015 record.

* The main attraction is Cafio Cristales, which for many is "the most beautiful river
in the world™" or, “the river of five colors", because of the chromatic color of its algae.
Currently, the Ministry of Commerce, Industry and Tourism, through the National
Tourism Fund, advances the construction of trails in the area, whose investment
amounts to $ 3.5 billion.

* In Mocoa and Valle de Sibundoy, Putumayo, between 2012 and 2016 the number
of non-resident foreign visitors increased by 29.39%, from 541 in 2012 to 700 in
2016.

 In the Gulf of Uraba - Darién: in 2012, 1,864 travelers visited the natural areas,
while in 2011, 4,882 people traveled in 2016, with a 161% growth.

« In tourism infrastructure, between these two pilot regions, the Putumayo and the
Gorab area of Uraba - Darién, the Ministry has invested about $ 14 billion over the
last five years in projects such as signage, parks, boardwalks and tourist information
centers.

Inputs for public policy created by all stakeholders: The second result is the creation of
base documents for the definition and implementation of public policy.

Greater sense of belonging: The third result identified is the increase in the sense of
belonging within state processes (legitimacy, trust). Given that, thanks to the participatory
and horizontal framework, the strategy translates into concrete facts that respond to that
collective planning, strengthing confidence in the State.

Replicability of the Governance Framework: Cooperating with communities to seek a
collective vision of tourism as a productive and sustainable tool, through multi-level and
pluralistic institutional arrangements, can become a replicable model. Currently, regions such
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as Cauca, Montes de Maria, South of La Guajira and Norte de Cesar, Guaviare and Caqueta
have requested participacion in the program.

Strengthening of the social fabric at a community level: Tourism, Peace and Coexistence
working groups were strengthened due to the fact that the Framework and processes were
reviewed at various phases by various participants: indigenous and Afro-Colombian
communities; ex-combatants, victims and tourist entrepreneurs; public entities at local and
national level; residents and other stakeholders. Individual violence is transformed into
forgiveness; coexistence, and group violence is diminished within the common goal that
strengthens the necessary social fabric.

Networking to strengthen ties that contribute to business improvement: Instilling
entrepreneurial skills was easily achieved given the existing genuine interest of participating
and learning. The communities share among themselves the solutions to particular cases,
found in the co-creation process, allowing them to learn from the experiences of other
regions. This has generated authentic knowledge and stronger links concerning work and
collaboration between pilot regions.

Access to new markets: Collaborative work, coverage and impact at a central level facilitate
access to markets for the participants given that it is a relationship between allies which help
each other grow. In this framework, the State serves as a capacity-building and coordinating
entity with and between potential tourism markets.

4, Discussion

To present the Governance Framework as a reference for an innovative model that facilitates
coordination with all interest groups, the conditions of the territories analyzed in the
Framework of the Peace Accords are discussed first. Later, a discussion on ecotourism as an
opportunity for environmental sustainability, social equity and cultural preservation is
discussed. Finally, the model of co-created governance as a reference for other sustainable
development initiatives in the post-conflict context is presented.

The Territories that were analyzed and the Peace Agreements

Due to the mapping process of each territory, the synthesis of results created by the Ministry
of Commerce, Industry and Tourism of Colombia for Tourism, Peace and Coexistence is
presented below.

Synthesis of conditions of tourism, peace and coexistence in Putumayo:

65



23rd International Sustainable Development Research Society Conference

......

Venezuela

Gy

Colombia

Map 1: Colombia with the Tourism, Peace and Coexistence nodes in Putumayo

Map 2: Municipalities participating in the process

Putumayo is a department with unique natural and cultural characteristics that make its
tourism potential of great value for the social and economic development of the region. The
location of the department on the Amazon Basin, the diversity of ecosystems, the great flow
of water, the variety of flora and fauna, ethnic multiculturalism and the symbolic richness of
its traditions and customs account for the suitable and exceptional conditions for the
Development of tourism (Puerta Lopez, 2016).

Historically, the department has had an important presence in the armed conflict due to its
particular characteristics, which make it a strategic area for armed groups-- especially in the
Middle and Lower Putumayo areas. This is due to the weak presence of the State; the fact
that it is a border department; the geographic conditions that are favorable to illicit crops; and
river conditions that facilitate mobility for micro-traffic, among other reasons (Puerta Lopez,
2016).

Although tourism still does not represent a significant industry in the regional economy, 72
formal tourism operators in the area have been identified since 2016, generating
approximately 158 jobs. The data and field work reveal that tourism is beginning to develop,
with distinctions in two priority areas: Mocoa, which offers nature and adventure tourism
typical of the Amazonian region; And Sibundoy Valley, with an especially cultural and
spiritual tourism offer due to the traditions and customs of the Inga and Camentsa peoples.
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This inludes tourism centered around traditional medicine such as yagé, handicrafts, the
Carnival of Forgiveness, and others (Puerta Lopez, 2016).

This is how the two zones combine to create a complementary regional offer, which has not
yet been synthesized, but is still very attractive for tourism development in the region. This
offers a viable option to tackle some of the structural problems of the department, such as
dependency on agriculture and oil; poverty, unemployment and lack of opportunities (Puerta
Lopez, 2016).

Synthesis of conditions of tourism, peace and coexistence in La Macarena:
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Map 3: Colombia with the Tourism, Peace and Coexistence nodes in La Macarena

Map 4: Municipality of La Macarena

The territory has great potential in terms of nature and biodiversity. The municipalities
included in the pilot are surrounded by imposing mountains, crystalline rivers, waterfalls,
plains, petroglyphs and archaeological sites that have not yet been studied in depth. Having
been deeply affected by the Colombian armed conflict, communities in each municipality
have struggled to change the stigma that prevails over them. There is still a long way to go,
and the social and political conditions of municipalities are not ideal. However, tourism has
proved to be a very strong tool for development (Puerta Lopez, 2016).
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The municipality of La Macarena claims almost all of the tourism in the territory due to Cafio
Cristales-- a national destinations recognized even at international level. Access to Cafio
Cristales and its surrounding area is regulated by the National Army, which conducted a
previous study of the area and eliminated illicit crops before the opening of the park for the
tourism (several sources, field work, April and May 2016). The Army has a very strong
presence in this municipality-- both inside and outside of the town, and is a fundamental
player for tourism given that it guarantees the safety of both tourists and operators. The
tourism season usually starts in June and decreases towards the end of the year, depending
on weather conditions. The township of La Macarena, is isolated from other municipalities,
both logistically and geographically (Puerta Lopez, 2016).

Synthesis of conditions of tourism, peace and coexistence in Uraba Antiogquia and Darién
Chocoano:

Verneroehy

Colomzta

Map5: Colombia with the Tourism, Peace and Coexistence nodes in La Macarena Uraba —
Darién

Map 6: Municipality of Uraba — Darién

The Uraba-Darién region is one of the nodes of the Tourism, Peace and Coexistence Project,
which has the particularity of encompassing municipalities attached to two Departments:
Antioquia and Choco. This represents greater challenges to an appropriately functioning

The node is made up of twelve municipalities (from the Department of Antioquia: Apartadd,
Chigorodd, Carepa, Turbo, San Juan de Uraba, Arboletes, Necocli, San Pedro de Uraba and
Mutata, and Chocd Department: Riosucio Unguia and Acandi) with regional similarities--
but municipal peculiarities. At present, although the region is experiencing a calm period in
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terms of the armed conflict, there are still problems of coexistence, especially in the north
area of the node (border with Panama) where black and white communities have had severe
conflicts due to control of local tourist development (Puerta Lopez, 2016).

Two factors converge to make the Uraba-Darién region a potential node: it’s privileged
geographic position, with high levels of bio-cultural diversity-- directly related to its natural
resources (water, forest, land and minerals) and cultural (ethnic diversity); and the high
resilience of the population, despite years of sustained violence (Puerta Lopez, 2016).

For the tourism sector to develop, formalize and grow, it is necessary to improve the
environmental conditions both for the inhabitants and tourists. This includes public services,
health and transportation access to the region. On the other hand, a project of this type should
also strengthen the tourism sector in the area; serve to strengthen the social fabric of the
municipalities; and work between different administrations to consolidate the Uraba-Darien
as a destination Tourism, Peace and Coexistence (Puerta Lopez, 2016).

Synthesis of conditions of tourism, peace and coexistence in Teyuna:

Map 7: Camino Teyuna Territory

Teyuna or Ciudad Perdida is much more than a major nature tourism destination in Colombia.
Its area of influence in the sector of EI Mamey and Teyuna—formerly a coca-growing region
dominated a decade ago by paramilitarism, and from a total absence of the State. Now, 10
years after the demobilization of paramilitaries in the region, in the village of Quebrada del
Sol, there is a community that used touism as a legal industry to replace coca crops,
strengthen its social fabric and forge a different reality. This initiative was a product of the
reconciliation and reintegration process of ex-combatants in an effort to unite communities
and manage tourism activities. Today, six trails and aproximately 3,500 people benefit from
tourism, with 14,000 tourists annually visiting the region (Focus Group, Members of the Lost
City Chain, May 2016) (Puerta Lopez, 2016).

It is also critical to emphasize that tourism in this region has supported strengthening the
social fabric after the demobilization and reintegration process for regional excombatants.
Not only is it evident throughout the tourism value chain, but to manage this activity, the
communities created ASOJUNTAR: a case to highlight as an example of community
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strengthening through tourism. Today, this association, made up of the six community action
boards of the Teyuna trails, which has one of the 6 operators that offer the tour to Ciudad
Perdida or Teyuna, has been able to redistribute benefits to their communities. They have
fixed roads; helped finance development projects; contributed to maintaining electrical
energy infrastructure; and paid the salary of a teacher in Mamey, as well as that of the bursar
and the plumber of the aqueduct of Quebrada del Sol (Focal Group, Members of the Chain
of Lost City, May 2016) (Puerta Lopez, 2016).

Teyuna or Ciudad Perdida and a part of the path that connects it with EI Mamey is within an
ancestral territory of the indigenous communities of the Sierra Nevada, which are Kogui
territory. At the level of coexistence tourism development must respect above all, the culture
and determination of the communities on its territory. During the field work, it was identified
that the peasant community of the lower part of the trail and the indigenous communities of
the upper part have been able to find spaces for daily dialogue and concertation, seeking
mutually beneficial relationships around tourist activity. However, the cabildo has filed a
letter to the mayor requesting the closure of the trail (Interview, Carlos Iglesias, May 2016)
(Puerta Lopez, 2016).

General considerations on territories and the Peace Agreements:

Concerning the initiatives in these referenced case studies, and in accordance with the pillars
described above, it is essential to take into account what is stated in the Final Havana
Agreement signed between the Government and the FARC-EP-- especially the first point
Related to Integral Rural Reform (RRI). This particular point, given that Colombia continues
to be a rural country, defines various issues related to land use, regulation, titling, extension,
sanitation, demarcation, restitution, among others that are key to overcoming rural poverty--
which although improved, still remains high (DNP). This must be taken into account for
tourist destinations that overlap with ancestral territories of ethnic peoples, such as in Ciudad
Perdida with the Kogui, the Wiwa, Arhuaco and Cancuamo indigenous groups.

The "CONPES for Postconflict” (2016) also gives us insights on this topic. This explains that
instruments for planning and territorial ordering in those municipalities where the conflict
has been most acute have been weak and have overlapped, which has aggravated certain
dynamics of the armed conflict through forced displacement, dispossession and unproductive
use of land. In addition, land use conflicts have been exacerbated in much of the territory.
On one hand, it is known that 25% of the national territory has conflicts over or
underutilization of the soil. However, this percentage is even higher in some territories where
the TPC strategy was co-created: the Meta and Antioquia - along with Caqueta, these
territories concentrate around 50% of land-use conflicts.

On the other hand, there are no clear boundaries for natural reserve areas, paramos, natural
parks, indigenous reserves and collective territories. This is problematic not only for the
dynamics already mentioned, but also for the dynamics of tourism in these areas. An example
of this is the situation in Teyuna (Ciudad Perdida) where some indigenous peoples such as
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the Kogi expressed reluctance towards tourism in their territory. This is why it will be
fundamental for the strategy to define territorial limits that reconcile the interests of the
different communities that converge in touristic areas. In this regard, it is important to know
that 42% of the forests and 50% of Colombia's National Natural Parks (NNP) are located in
conflict municipalities, where tourism emerges as an opportunity for the country's social and
economic development.

Therefore, when articulating efforts with entities that, under the framework of the post-
agreement seek to implement "Programs of Development with a Territorial Approach
(PDET) which is projected to be executed in indigenous and afro-colombian communities,
should contemplate a special mechanism to incorporate the ethnic and cultural perspective in
the territorial approach. The Territorial Approach Development Programs (PDETS) are an
important tool for materializing actions from different sectors that are considered necessary
for post-conflict areas. This includes a five-year participatory planning process, which may
include coordinated exercises such as those previously mentioned in this article.

In La Macarena, there are concerns of deforestation for coca cultivation and oil projects in
the area. 42% of the NNPs in Colombia have been affected by coca crops and 28% by illegal
mineral extraction (CONPES, 2016, page 23). According to the CONPES document, this
environmental problem in the country is associated with the poor administrative capacities
in the of the Regional Autonomous Corporations (CAR). 85% of the early deforestation
warnings reported in the second half of 2015 occurred in conflict territories under CAR
jurisdiction (IDEAM, 2016). This reiterates the need to strengthen institutions in the country,
especially key actors such as CARs.

The importance of the point on Solution to the Problem of Illegal Drugs for a Strategy of
Tourism, Peace and Coexistence lies in that it legitimizes the need to recognize and address
the economic situation of populations that, due to poverty, have had no other choice for their
survival. Where Teyuna is an emblematic case for the way in which tourism as an economic
activity replaced the business of coca cultivation, the fundamental participatory, voluntary
and concerted nature of the processes are constructed into the PNIS alongside the
communities. The importance given to the theme of environmental recovery of areas with
illicit crops has been a concern on the part of the population of La Macarena, given the
environmental damage that caused deforestation in the territory.

On the other hand, the closures of the agricultural frontier and the protection of reserve areas
(for example, the proposed Peasant Reserve Zones (ZRC)) proposed in points 1 (RRI) and 4
(on illicit crops) is a point for which we are also responsible, as it favors recovery plans and
environmental sustainability-- taking into account that agritourism has been proposed in
some territories such as Putumayo, and will be key points for communities involved in the
Strategy.

Likewise, it is critical to coordinate the Tourism, Peace and Coexistence Strategy with
measures established in the Final Agreement in the section on RRI with respect to the topics
of Social Development, including: health, rural education, housing and drinking water; also,
along with other stimulus for agricultural production and economic solidarity and
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cooperation the former includes technical assistance, subsidies, credit, income generation,
marketing and formalization of labor. According to CONPES for post-conflict, the
construction of a stable and lasting peace requires eliminating the causes and consequences
of inequalities in economic, social and environmental development in the areas most affected
by the armed conflict in Colombia.

Sustainable Tourism

Within the 2030 Agenda for Sustainable Development Goals Framework, the Tourism, Peace
and Coexistence Program contributes at least to the following: SDG 1: Eradicate poverty in
all its forms around the world; SDG 4: Ensure inclusive and equitable quality education, and
promoting opportunities for lifelong learning for all; SDG 5: Achieve gender equality and
empower all women and girls; SDG 6: Ensure the availability and sustainable management
of water and sanitation for all; SDG 8: Promote sustained, inclusive and sustainable economic
growth, full and productive employment, and decent work for all; SDG 11: Ensure that cities
and human settlements are inclusive, secure, resilient and sustainable; SDG 15: Protect,
restore and promote the sustainable use of terrestrial ecosystems, sustainably manage forests,
combat desertification and halt and reverse land degradation, and curb the loss of biological
diversity; SDG 16: Promote peaceful and inclusive societies for sustainable development,
facilitate access to justice for all, and create effective, accountable and inclusive institutions
at all levels; And, SDG 17: Strengthen the means of implementation and revive the global
partnership for sustainable development.

Thus, according to the strategies formulated in each territory, ecotourism is the most heavily
selected tourist product, followed by cultural tourism. According to Gale and Jal (2009), there
are at least 85 definitions of ecotourism, which, leave much to the interpretation of the reader,
but the more or less cohere around three criteria, namely that "(1) attractions should be
predominantly nature-based, (2) visitor interactions with those attractions should be focused
on learning or education, and (3) experience and product management should follow
principles and practices associated with ecological, socio-cultural and economical
sustainability "(Gale & Hill, 2009).

Ecotourism, in an environment like the one described above, where peace can take place in
an environment of sustainable development, in which social equity and environmental
sustainability are the dimensions that support it, ecotourism is described by the participating
communities as the ideal. Ecotourism is an opportunity to expand markets on existing tourist
attraction supply, and continue to expand on other ecotourism opportunities in the area.
According to the aforementioned authors, "namely ecotourists and their motivations,
empirical research has shown that those who have partipated in some form of nature-based
tourism (which qualifies them as" ecotourists "in a number of published studies) tend to be
slightly Older (between 35 and 54 in particular), better educated and more affluent (and,
therefore, prepared to pay more for them holidays) than those who do not participate.
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This presents and opportunity given the ecotourist’s willingness to pay and their intention
to understand, respect and preserve the social ecosystem they encounter on their trips.
These territories are especially biodiverse, where they inhabit indigenous, peasant and
Afro-Colombian communities, in addition to being settled in unique ecosystems that are
especially vulnerable. An ecotourism Framework in which the Governance Framework
tends to participation, coordination, capacity building, monitoring and control is key to
achieving sustainable development goals.

The Strategy for a flexible, adaptive and pluralistic Governance Framework: National and

Local sectors, the tourism value chaning and the territories

Within the Framework for the initiative of the Ministry of Commerce, Industry and Tourism
to contribute to peace from the potential that tourism represents for development, the process
called Tourism, Peace and Coexistence is carried out within the Framework of the Tourism
and Peace program of the Vice Ministry of Tourism. This process was based on the design
of a multilevel governance Framework, which through co-creation --or collaborative
creation—as the methodology, allowed the design, among members of the chain and
representatives of interest groups, of the strategy of Tourism, Peace nad Coexistence for each
pilot territory. This involved an empowerment process for members of the tourism chain and
related organizations on their development processes, which reflects the intention of its
members to promote a dynamic, co-responsible peace; favor parity and support a relationship
between the central government and the territories.

The methodology to elaborate the Governance Framework and subsequent cooperation of
the Tourism, Peace and Coexistence Strategy for each territory began with the adoption in
2014 of the "Declaration of Bogota - Peace through Tourism". Subsequently, all four Pilot
experiences were adopted: Road to Teyuna (Lost City) of the Sierra Nevada of Santa Marta
(Magdalena), La Serrania de la Macarena (Meta), Putumayo and "Uraba - El Darién"
(Antioquia - Choc0). They were subscribed by the World Tourism Organization - UN UNO;
together with the Ministry of Commerce, Industry and Tourism - Vice Ministry of Tourism
of Colombia; tourist associations, academia and representatives of communities from
different regions. The territories, upon evidencing the progressive arrival of visitors, saw that
it could be an opportunity for their development and present their initiative to work jointly
with the Central Government for the development of sustainable tourism. This initiative was
soon formalized through the creation of the Committee for Tourism, Peace and Coexistence
through Resolution 3159 of 2015, as a space for concerted action by the Ministry of
Commerce, Industry and Tourism alongside the territorial entities, regional businesses and
the communities within the territories. Committees meet periodically during the year,
evidencing the need to work in the tourism planning in the long term as an instrument for
strengthening social relationships in a peaceful environment.

73



23rd International Sustainable Development Research Society Conference

Thanks to this initial Governance Framework, which was subsequently supplemented in a
flexible manner according to the characteristics of each territory, a mapping of opportunities,
challenges, constraints and leadership in each territory was carried out to resolve, in a
participatory way, how the Governance Framework should be structured within each
territory. The result is a unique structure for each territory embedded in a general and
horizontal framework that is coordinated at the central level of the country. Thus, six (6) co-
creation exercises were developed for a Strategic Management Model in each of the pilot
destinations with the participation of 172 members of the community, actors in the tourism
production chain and institutions such as the National Parks Unit Natural, ICANH, Ministry
of Defense and other territorial entities. The different participants included indigenous
people, afro-colombian communities, the National Army, National Police, tourism
entrepreneurs (guides, transporters, hoteliers, etc.), artisans, peasants (victims and non-
victims) and ex-combatants.

Pilot Destination Name of Strategy

Camino Teyuna — Santa Marta Poporo: Teyuna

Darién Chocoano La Chocora

Uraba Antioquefio La Mola: Un Mundo de Colores

Putumayo Mocoa

Valle del Sibundoy La Estrategia Divichido / Nyetscang
Sendénanmeng

La Macarena — Meta Ruta Sierra de La Macarena

A Governance Framework is, in short, a structure that allows or facilitates a collective vision
of reality. The Model allows to recognize the critical elements necessary to direct the efforts
between actors which will fulfill objectives. In this sense, the Governance Framework, to
establish and carry out strategies of tourism, peace and coexistence, starts from a framework
of self-understanding, principles, schemes and tools. Its purpose is to establish a general
guide for future initiatives and to consolidate the intention of the territories to have and carry
out in a co-responsible way their strategy of Tourism, Peace and Coexistence.

Stakeholders and their articulation

The interest groups of the Tourism, Peace and Coexistence Strategy are classified as local,
departmental and national (both public and private); community, and market actors (Figure
1: interest groups for articulation through a co-ordinated Governance Framework).
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Figure 1: Interest groups within the co-created Governance Framework

* Local actors refer to the inhabitants of each territory, represented in their plurality
and multiculturality by leaders in the co-creation process. Likewise, this group
includes the members of the tourism chain in each territory: tour guides, hotel owners,
restaurant owners, artisans, transporters, among other service providers.
Representatives of the public offering in the territory are also part of those considered
as local actors.

* The departmental actors refer to the representatives of the related public offerof the
participating departments.

* The market refers to current and potential ecotourists.
» National stakeholders refer to the representatives of the related public offer.

At the national level, the Ministry of Commerce, Industry and Tourism through the Vice
Ministry of Tourism is the entity that promotes the process and plays an active part at the
central level of the National Committee for Tourism, Peace and Coexistence. It seeks the
articulation of new key players for the dynamization of the general strategy and of each
territory. It also recognizes that there are other actors and instances that precede or add to
framework to the National Committee for Tourism, Peace and Coexistence. The Presidency
of the Republic heads the political structure proposed for the implementation of the post-
conflict strategy, with the Inter-Institutional Council of the Post-Conflict serves as an
advisory area. The High Council for Post-Conflict is the coordinating body and the Office of
the High Commissioner for Peace is responsible for peace negotiations. The different
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interventions of entities of the National Government and the Subnational Governments will
be supported in each function.

At the technical level, the DNP is considered as a support entity for the formulation of Peace
Contracts, a possible instrument for the implementation of the strategies, as well as the
project strategies and program targeting that will be financed by different sources of public
investment in those territories prioritized as PDET. On the other hand, the Territorial
Renewal Agency (ART) was created as a technical-operational instance of the High Council
for Post-Conflict, whose function is to coordinate the interventions of national and territorial
entities in rural areas affected by the armed conflict, which are prioritized by the National
Government "through the execution of plans and projects for the territorial renewal of these
areas, which will allow their economic and social reinvigoration and their institutional
strengthening, so that they are integrated in a sustainable way for the country's development”
( CONCESTS of the Postconflict, 2016, pp. 71-72). It is also in charge of the Development
Projects with Territorial Approach (PDET).

The Colombia Peace Fund is the instrument for channeling and coordinating financial
resources, as well as different executing entities of the national government. This initiative
seeks to materialize economic, social and environmental dividends for peace, articulating
international cooperation, as well as various national and international funds to support the
post-agreement and sustainable development in Colombia.

Another entity is the National Land Agency, also a state agency and part of the RRI of the
Final Agreement. This is of a technical nature and is responsible for the social ordering of
the territory, which implies managing access to land as a productive factor, promoting legal
certainty about it and specified within its use, the social function of the property.

To promote productive projects in non-agricultural issues, the Ministry of Trade, Industry
and Tourism, in partnership with the ADR, will seek to align synergies in the territories and,
in partnership with the Department of Social Prosperity (DPS), will support projects within
poor and vulnerable populations.

On the other hand, local governments, as departmental and municipal public entities, as well
as mayors and governors, should coordinate the peace agendas in the territories--taking into
account the participatory exercises, and the prioritization and implementation of
development projects defined in the framework of the Final Agreement. The network of local
governments should also coordinate actions with the ART to identify the goods and services
requested by the communities, as well as those needs that must be financed through sources
other than the territorial entities. Governments should ensure the communication and
articulation of municipal and national governments.

Regarding the issue of Unsatisfied Basic Needs (NBI), the Ministry of Housing, City and
Territory is currently developing pilot projects for the implementation of a program that will
allow the adjustment of the policy so that the objectives of access to water services can be
reached; and sanitation, through the generation of sustainable investments and integrated
intervention schemes aimed at closing gaps, will also be achieved.
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Finally, the creation of the Multipurpose Land Records Office is a tool that provides property
information to contribute to the legal security of real property rights; strengthens local tax
authorities and supports territorial social and economic planning. This tool is of great
importance to clarify land tenure and legal and legal frameworks to local communities.

Concerning the environment, it is essential to take into account the role of the Ministry of
Environment and Sustainable Development, which guides CARs (Regional Environmental
Corporations) in updating environmental determinants in the area of their jurisdiction. It will
also provide guidelines for the advice and participation of CARs in the elaboration of POTs
and PODs in those municipalities and departments most affected by the armed conflict -
territories that coincide several times with those prioritized as pilot territories for the Tourism
Strategy, Peace and Coexistence.

Along with National Natural Parks (PNN), the Ministry of Environment and Sustainable
Development will identify co-management figures from environmentally strategic territories
when there are conflicts of land use. In terms of strengthening environmental governance,
the Ministry of Environment and Sustainable Development will promote training programs
for CAR and PNN officials, with the support of the DNP.

Of particular interest is the issue of development of sustainable economic alternatives, since
the DNP will facilitate efforts through which the green business plans of the Ministry of
Environment and Sustainable Development will be articulated with sectoral programs that
involve the use of biodiversity, emphasizing In the sector of commerce, industry, tourism
and rural development.

In this way, value chains that develop green businesses will be identified and developed in
collaboration with the Ministry of Agriculture and Sustainable Development, CARs, Mayors
and Governors. On the other hand, the implementation of sustainable productive systems will
be accompanied by the Ministry of Environment and Sustainable Development and the
Ministry of Agriculture and Sustainable Development.

In terms of recovery and conservation of strategic ecosystems, the Ministry of Environment
and Sustainable Development and the DNP will formulate guidelines for the implementation
of the scheme for Payments for Environmental Services (PES) in those territories affected by
the armed conflict. With the guidance of the Ministry of Environment and Sustainable
Development and the participation of the municipalities, NNP and CARs in the areas with
the highest incidence of conflict or prioritized PDET, the Ministries of Mines and Energy,
Defense and High the Post-Conflict will formulate a strategy to recover areas degraded by
illicit crops and mining.

In this regard, it is also necessary to understand that the forest and carbon monitoring system
(SMBYC) developed by IDEAM will be strengthened, which will allow for the evaluation of
the effectiveness of territorial investments for the control of deforestation, productive
reconversion (agroforestry and silvopastoral) and native forest area, among other benefits.
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In the theme of Peace and Coexistence also articulates institutions such as the National Police
and the Communal Action Groups. In addition, a post-agreement mechanism will define a
governance mechanism through which administrative authorities will be integrated into the
Integrated Rural Security System. It will also define the intersectorial entity that will be
responsible at the national level to coordinate and streamline the institutional capacities of
the Citizen Coexistence and Security System.

The issue of education - especially access financing for education - was also among common
themes in the pilot territories of the Tourism, Peace and Coexistence Strategy. In this regard,
it is essential to take into account the Ministry of National Education (MEN) and the recent
Public Policy of the National System of Tertiary Education (SNET) “as a strategy for
articulating post-formal education, will allow greater access of the population in vulnerable
situations to technical, technological and university professional training programs, as well
as the certification of competencies, thus reducing the access gap in the municipalities most
affected by the conflict. Access will also be encouraged through special funds and
scholarship credits”.

The processes that are supplied through the Governance Framework

To promote the governance model created and to follow the strategy of Tourism, Peace and
Coexistence — the general model and that of each territory - the following processes were co-
created:

e Coordination: to generate adequate spaces and methodologies to promote
consensus. Given that this is a process with wide national coverage and
therefore the sum of institutional wills, it is necessary to reach a consensus
between actors for decision-making and strong and lasting processes.

e Mobilization: broadly disseminating the advances that are generated to seek
and add new initiatives. Thus, recognition of the objectives of the strategy will
promote a favorable environment for compliance within the community.

e Accountability: build trust in stakeholder groups. Staying accountable to
stakeholders (community in general, members of the value chain, related
institutions, organizations, among others) is a key factor for process
sustainability and for reducing the stigma that Colombia in these territories.

e Measurement and learning: to recognize if what has been proposed is being
achieved, in what way, what are the good practices, the lessons learned and
the incorporation of this information for accountability and decision making.
Thus, measurement and learning as transversal processes will justify the
technical, economic and time-consuming resources to achieve the Vision.
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e Strategy building: This process has to do with the constant and strategic
decision-making to fulfill the great objectives of Tourism, Peace and
Coexistence in Teyuna, which is to make a sustainable tourism that brings
well-being to the community and preservation to the environment. The
generation of strategy is a constant process of review and adjustment of the
current strategy to reach Vision 2021, and once this term expires, it involves
the design of a new vision and a new strategy to achieve goals.

e Execution of the strategy: carry out the national and territorial strategy
reaching the vision. In order to materialize, the Committee of Tourism, Peace
and Coexistence, should work to make the strategy a upblic policy, thus
ensuring distribution of actions and resources to all parties; Design standards,
practices, follow up, measurement, and decision making to materialize each
of the defined purposes.

5. Conclusions

Based on the establishment of innovative governance frameworks, emerging from co-
creation as a participative, inclusive and creativity-enhancing methodology, it is shown how
in a post-conflict scenario collaborative strategies can be developed. In this case, for the
Tourism, peace and Coexistence Strategy.

The fact that it is communities that have the initiative to be involved in a process of
transformation for a stable and lasting peace, legitimizes institutional arrangements and the
strategy development. The initiative becomes more effective and produces results, generating
capacities within the populations that will execute and live the experiences generated by the
processes. Not only communities, but also at the central level, actors learn to work in a
decentralized and innovative way to produce high impact and sustainable results.

Recognizing the historical moment in Colombia, and as a contribution to territorial
development, the Central Government (Ministry of Commerce, Industry and Tourism) has
found in the co-creation strategy an effective methodological instrument for territorial
transformation affected by conflict in tourist destinations, converting them into environments
with the goal of generating sustainable development processes that go hand in hand with
“2017: International Year of Sustainable Tourism”, which promotes reconciliation alongside
culture, nature and strengthens tourism value chains, thereby empowering communities and
their territories.

A similar process of building and implementing participatory governance is desirable but not
easy to adopt as it is not political-- but fundamentally technical-- for development. As the
fundamental results are seen in the long term, and transparency is the basic criteria, the
traditional political and neoliberal structure may not be appropriate or open to undertake such
structures.
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Colombia is a multi-ethnic and multicultural country, accustomed to centralist welfare
policies that have weakened local capacities. Such a strategy opens the way to demonstrate
that it is possible, if there is a common incentive, to boost community empowerment,
enabling entrepreneurship, autonomy, initiatives and strengthening the sense of belonging to
the territories and their diversity.

Decisions made through pluralistic and multilevel governance structures are adopted in a
sustainable manner and do not depend so much on changes in local administrations, as they
involve diverse interest groups such as the private sector, community, academia, and others.
They do not respond to the dynamics of the public sector.

Tourism can bring collective benefits when it is done in a responsible and progressive way
which takes care of the environment; promotes participatory local economic growth;
provides experiences for both tourists and host communities; and focuses on human
interaction and the experiences that we all seek.
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1 Introduction

The toll of civil conflicts goes far beyond human suffering and the damage to physical
infrastructure. Conflicts may also cause the degradation and destruction of local
environments and biodiversity. This paper offers evidence on the relationship between

armed conflicts and the forest cover for the case of Colombia.

Little attention has been given to the impact of conflicts on the environment. In fact,
most conflict studies investigate the effects on socioeconomic and institutional
outcomes, such as the countries’ macroeconomic performance, human capital and asset
accumulation, or civil political participation. For example, from a macroeconomic
viewpoint, Collier (1999) using a cross-country dataset (92 countries, 1960 to 1992)
estimates a GDP per capita annual rate decline of 2.2% for a country that experienced a
civil war relative to its counterfactual, on average. Likewise, Hoeffler and Reynal-
Querol (2003) using a global dataset (211 countries, 1960 to 1999) shows that civil wars
that last five years or more reduce the country’s average annual growth rate by 2.4% on

average.

Regarding human capital accumulation, Justino et al. (2013) examine the impact of
violence in Timor Leste in 1999. While in the short term (2001), authors found
supporting evidence that the school attendance was reduced; in the longer-term (2007)
primary school completion declined particularly for boys exposed to peaks of violence
during the 25-year long conflict. Similarly, Shemyakina (2011), for the case of
Tajikistan, found that girls aged between 7-15 years old in 1999 are about 11 percentage
points less likely to be enrolled in school if their household's dwelling was damaged

during a conflict period (1992-1998).

With respect to assets accumulation, Deininger (2003) using households data from
Uganda found that the conflict affected negatively investment and non-agricultural
enterprise formation between 1992 and 1999. The household income decision on

investment was affected by the imposition of war taxes by the rebel forces.

On the subject of civil political participation, Bellows and Miguel (2006) investigates

the socioeconomic and institutional outcomes in 2004 and 2005 in Sierra Leone, some
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years after the civil war period (1991-2002) ended. The supporting evidence shows that

political mobilization measures became higher in areas that experienced more violence.

In turn, understanding how conflict affects forests could provide a reflection on the
needs to promote natural resources conservation with the corresponding governmental
engagement in structural forest governance regulations that are particularly important in
preventing the escalation of conflicts. For the case of Colombia this is relevant since the
Revolutionary Armed Forces of Colombia (FARC) began engaging in discussions with
the national government in November 2012 to attempt to end Latin America’s longest-
running internal conflict. In October 2016 voters in Colombia rejected a landmark peace
deal with FARC rebels (with 50.2% voting against it). Currently the country is divided
mainly about some of the terms of the peace deal such as what’s the fair time in prison
for crimes committed by the rebels, in what way those rebels found guilty of crimes be
barred from jail and running for public office, and how can the FARC use their illicit
gains to pay a compensation to the conflict victims. A renegotiation of the peace deal is
on going. Colombia’s President, Juan Manuel Santos, was recently awarded Nobel

Peace Prize, in recognition of his “resolute efforts" to end the conflict.

In Colombia, the effect of the conflict on forests is often regarded as ambiguous. On the
one hand, the persistent presence of the country’s illegal armed groups' in protected
areas prevented territorial industrialization and colonization trends, helping these areas
to remain free of damage (Alvarez, 2003;Dévalos et al., 2011). In fact, guerrilla groups
often served as the local environmental authority, taking explicit decisions on nature
conservation, enacting and enforcing unofficial laws limiting hunting, fishing, and

deforestation (Davalos, 2001; Sanchez-Cuervo and Aide, 2013).

The environmental friendly attitude of the guerrilla is usually linked to the prevailing
economic and military interests in the area. Conserving the forests helps rebel forces to

hide and to establish safe-heavens with transit corridors for troops, supplies, drugs, or

1 During the period covering this study the armed conflict comprised mainly two guerrilla organizations
known as the Revolutionary Armed Forces of Colombia (FARC) and the National Liberation Army
(ELN). Additionally, there exists in the shadows a third actor; a right-wing paramilitary group known as
the United Self-Defence Forces of Colombia (AUC), which, even though signing a demobilization
agreement in 2003, remains active in criminal and drug-related activities.
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illegally extracted natural resources such as timber or minerals (Alvarez, 2003;D4valos

etal., 2011).

On the other hand, in other areas, illegal armed groups have caused devastating effects
on the ecosystem, destroying oil pipelines, engaging in illegal mining, and clearing
forests to gain land for the cultivation of illicit crops. The war on drugs has exacerbated
this situation. Chemically or manually, coca eradication automatically causes localized
deforestation in the area in which it is conducted. Coca producers then tend to move to
even more remote locations such as national parks or other protected areas where
chemical fumigation is prohibited. New coca plantations are then established which

leads to a cycle of deforestation ( Davalos et al., 2011).

This paper enriches the existing literature by identifying the direction on the
relationship between armed conflicts and forests in Colombia. The identification
strategy used relies on exploring the causal effect that the forced displacement has had

on forest cover at the municipal level.

Accordingly to official figures more than 5.2 million persons have been internally
displaced forcibly between 1990-2012. In a country of 46.6 million inhabitants, this
represents 11.2% of the population. Illegal armed groups are the main responsible
parties. In fact, it well known that violence against civilians has not been random;
instead it has been a deliberate strategy of war. Illegal armed groups have displaced
peasants in order to secure control of valuable land rich in natural resources, to carry out
legal or illegal economic activities such as mining or planting illicit crops, or use the
land to establish troops camps, storing illegal drugs and weapons. Selective killings,
massacres, death threats, disappearances, forced recruitment and the property damages
are forms of attacks carried out by these groups to frighten inhabitants, which
eventually leads to forced displacement (Roche-villarreal, 2012; Moya, 2012; and
Ibanez, 2009).

The research presented here provides an important contribution to the literature. This
study goes beyond others by using a unique annual Colombian panel dataset of forest
cover satellite imagery at the municipal level that goes from 2004 to 2012. Furthermore,

it addresses the endogeneity problem between conflict and the environment using an
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array of appropriate econometrics techniques. A Fixed Effects (FE) Instrumental
Variable (IV) approach is used to solve the potential endogeneity problem between

forest cover and forced displacement occurrence.

The main result of this study is that the armed conflict has been a force of forest
protection and growth in Colombia, but the estimated effect of the conflict on
forestation is small. Yet, since forest degradation frequently increases in post-conflict
situations; the government will need to be ready to deploy conservation policies in those

areas that are currently under control of the guerrilla when the peace finally arrives.

The paper is structured as follows. The next section presents a literature review which is
followed by describing the empirical modelling issues; a fourth section describes the
data and the descriptive statistics; a fifth reports the empirical results; a sixth performs
an approach that examines the role of time-invariant variables of considerable interest in

explaining forest cover; and a final section offers some concluding remarks.

2 Literature Review

Most of the literature that links conflict and the environment reveals the connections
between the abundance but mismanaged natural resources, armed conflicts, and
underdevelopment; known as the “resource curse” (See, for example, Auty (2004); Ross

(1999); Collier and Hoeffler (1998)*; and Sachs and Warner (1995)).

The findings are somehow mixed in terms of the duration of conflicts and the presence
of forests. For example, Collier et al. (2004) investigates the causes of civil war,
exploiting a database of 161 countries over the period 1960-1999 (79 civil wars) in
conjunction with logistic regressions, and illustrates that the extent of forest cover is not
statistically associated with longer conflicts. In contrast, De Rouen and Sobek (2004)
take advantage of a database containing information about 114 civil wars in 53

countries between a 1944 to 1997, and using probability and duration models’, find that

2 In Collier and Hoeffler (1998) study about the economic causes of conflicts countries experiencing civil
wars had lower forest cover (29%) than their counterparts (31%).

? Logit models are used to explain what shapes the probability of civil wars outcomes (i.e, government
victory, rebel victory, truce, or treaty), whereas a hazard analysis identifies the factors that determine the

time to reach each outcome.
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highly forested countries with conflict presence have a significantly decreasing

probability of ending the civil war.

Nonetheless, cross-country studies are subject to academic debate. Often the forest
cover is calculated for the whole country, and it is likely that only some parts of the
country experienced the conflict, being not highly forested. Hence, Lujala (2010) shows
that the location of the natural resources are key determinants of conflict durations using
a dataset known as PETRODATA, which contains the geographic coordinates about the
location of hydrocarbon (crude oil and natural gas) reserves for 111 countries.
According to the author’s research, if these resources are located inside the actual

conflict zone, the duration of the conflict doubles.

There is also a growing literature that tries to make explicit reference to the relationship
between civil war and the consequences for forest cover. In particular, progress has
been made in terms of incorporating spatially explicit forest cover statistics due to the
evolution and development of user-friendly satellite data. Once again these studies offer
mixed results regarding the direction of the impacts of conflicts on forests, and are
usually subject to the inherent mechanics of country conflicts, which demonstrate the

need for more fine-tuned research.

Focusing on the experience of Colombia, the Fergusson et al. (2014) study is among the
very few that addresses the endogeneity problem between conflict and forests. In
particular, the authors focus on examining the impact of the paramilitary expansion
characterized by the perpetration of selective massacres and by forcing large
populations to flee in order to secure territory during the late 1990s. They instrument
paramilitary attacks with the distance to the Uraba region that constituted the epicentre
of the paramilitary activity. Using satellite images for the years 1990, 2000, 2005 and
2010, and estimating cross-sectional models separately controlling for municipality

fixed effects, they detect a negative effect of the paramilitary expansion on forest cover.

Davalos et al. (2011), also for the case of Colombia, use forest cover maps at 1-km grid*
spatial resolution to quantify forest changes in the northern Andes, Chocé and the

Amazon regions, which in fact are the largest coca leaf producing zones, between 2002

* A network of lines that cross each other to form a series of squares.
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and 2007. Logistic regressions controlling for the grid distance to the closest newest
coca fields and the area of coca cultivation around 1 km?, and the population, road
accessibility and climate controls, among others, reveal that the cell probability of
transition from forest to nonforest increases with shorter distances to the newest coca
fields and with the area of coca cultivated in its boundaries. This article suggests that
establishing larger protected areas could help reduce deforestation and preserve

biodiversity.’

Vina et al. (2004) concentrate their analyses on the region along the Colombia-Ecuador
border. Using satellite data between 1973 and 1996. The authors compare images to
calculate the rates and patterns of land-cover change in the border. Their comparison
suggests that forest cover loss is higher on the Colombian side of the border - 43%
versus 26% on the Ecuadorian side. They do not deploy an econometric model to
identify specific factors driving these results. However, they suggest that the illegal

coca production happening mainly on the Colombian side might explain the differences.

Alvarez (2003), using information obtained through semi-structured interviews with
local civilians and members of guerrilla groups situated in the main forested regions of
Colombia (e.g. the Macarena mountains, Munchique National Park, Tambito Nature
Reserve, the San Lucas mountain range, and the Churumbelos mountains) emphasize
that the relationship between conflict and forest cover is ambiguous. On the one hand,
the author finds evidence of “gunpoint” conservation in some sites, which means that
the guerrilla groups, such as the ELN in the San Lucas mountain range, carried out
conservation. In this particular case, this was done by placing landmines® or posting
signs that warn of landmines in patches of the forests. In turn, the forests served the
guerrillas as cover from government surveillance and air strikes. On the other hand,
guerrilla groups also expedited deforestation. For example, in the Choco Department

lowlands, forests were converted into cattle ranches or coca plantations.

Among the international studies that are also relevant is Stevens et al. (2011). Their

’ Fjeldsa et al. (2005) detect similar results, concluding that the eradication campaigns lead to constant
relocation of drug dealers, therefore, making illicit crops one of the main causes of deforestation.

® Landmines are in effect a ‘negative capital stock’ that the society accumulates during conflict. They
continue to kill and mutilate people long after the actual fighting ended (Hoeffler and Reynal-Querol,
2003).
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paper investigates the forest cover changes on two sites, with a total area of circa
160,000 ha, located at the Atlantic Coast of Nicaragua over a period covering the civil
war (1978 to 1993). Based on a forest and non-forest images pixels’ classification
detection methods® used for both sites, authors find that in the first 5-7 years of the
conflict, reforestation was greater than deforestation due to forced displacement, but
once the conflict ended people returned to their lands and the deforestation almost

doubled the level of reforestation that had occurred during the conflict.

For El Salvador, Hecht and Saatchi (2007) using visual interpretation of satellite
imagery data of forest cover between 1990 to 2007, highlight the expansion of woody
vegetation, especially in the northern provinces, in mountainous zones at the edge of
agricultural frontiers, and in regions that had been under the control of the Farabundo
Marti Front for National Liberation. They conclude that woodland resurgence is
positively correlated with the occurrence of the civil war. They mention the fact that

many people fled the country to avoid being killed.

Nackoney et al. (2014), for the Democratic Republic of Congo, comparing satellite
imagery across two decades (1990-2010) with an algorithm that uses surface
reflectance to detect image changes, report that primary forest loss and degradation rates
occurring during the conflict decade (1990-2000) were over double the rates of the post
war decade (2000-2010). This suggests pressure on the forests during conflict. Despite
the fact that their images do not consider forest regrowth, the authors highlight that after
the end of the war in 2003, the rate of primary forest loss taking place within the
agricultural zones increased, meaning that in the post-war era people returned from
remote forested areas to their homes, clearing forests in order to regenerate the food

production.

’ Pixels are the smallest elements of an image that can be individually processed in a digital screen.

¥ Based on a classification scheme, the pixel classes were divided into specific land cover categories,
which included forests (deciduous, mixed, secondary) and non-forest (agriculture, rangeland, and barren
land) types.
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Table 1: Selected studies on the relationship between conflict and forests

Conflicts
Author Published Journal Sample coverage Methodology impacts on
forests
Collieretal  Journal of Peace (Clrgo gg??;gtgril 10 6vle rime Probability model No impact
(2004) Research ) (logit) P
countries
Working papet Colombia overtime Cross-sectional and Negatllv.e (due to
Fergusson et CEDE series, . paramilitary
. . (1990, 2000, 2005 and  instrumental ..
al (2014) Universidad de los . activity
. 2010) variables models .
Andes, Colombia expansion)
Colombian regions
Dévalos Environmental (Northern Andes, Probability model Negative (due to
(2001) science technology Choc6 and the Amazon) (logit) coca production)
overtime (2002 - 2007)
Vifa et al Journal of the Colombia & Ecuadf)r Satellite imagery Negative (due to
(2004) Human border region overtime analysis coca production)
Environment (1973 - 1996) y p
Colombia main forested
regions (Macarena
mountains, Munchique .
Alvarez Journ.a Lof National Park, Tambito Not Econometrics AIInlblgl]Ol:lS (,,d ue
Sustainable . . to "gunpoint
(2003) Nature Reserve, the San (interviews) .
Forestry conservation)

Stevens et al
(2011)

Hecht and
Saatchi
(2007)

Nackoney et
al (2014)

Burgess et al
(2015)

Biodiversity and
Conservation

BioScience

Biological
Conservation

Environmental
Research Letters

Lucas mountain range,
and the Churumbelos
mountains) 2003
Nicaragua's Atlantic
Coast (160,000 ha)
overtime (1978-1993)

El Salvador overtime
(1990 - 2007)

Democratic republic of
Congo overtime (1990-
2010)

Sierra Leone overtime
(1990 and 2000)

Satellite imagery
analysis

Satellite imagery
analysis

Satellite imagery
analysis

Log linear
regressions

Positive (due to
displacement)

Positive (due to
displacement)

Negative (due to
pressure on
natural resources)

Positive (due to
displacement)

In contrast, Burgess et al. (2015) for Sierra Leone, merging satellite imagery of forest

cover with chiefdom-level conflict incidents (151 observations) for the years 1990

(prior to the civil war) and 2000 (just prior to the end of the civil war) (not inclusive),

and based on linear and log-linear models estimation, found that conflict prevented local

deforestation: conflict-ridden chiefdoms experienced significantly less forest loss

relative to their counterparts due to migration.

In conclusion, the constraints in making research progress in this area have been a lack

of data on both conflict and forest cover at the subnational level. Some studies

concentrate their analysis only on particular biomass (eco-regions), while others are

confined to the effects of a single perpetrator of violence. Very few adopt a clear or

10
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clean identification strategy, and address the endogeneity problem between conflict and
forests. The aim of this paper is to start to fill both these conceptual and econometric

gaps (Table 1).

3 Empirical Strategy

The research question is tackled empirically by using instrumental variables and panel
data methods. The variation of the dependent and explanatory variables over time and
across municipalities is exploited to identify the effects of the armed conflict on forest

cover. Equation (1) outlines the specification to be estimated:

Forest;, = yFD;y + fX;¢ + a; + A + €;¢ 1)

where Forest;, is the share of municipality i’s area covered by forest in year 7. The
conflict variable is the forced displacement rate per inhabitant (FD;,). Following from
the literature review, the forced displacement variable captures the presence of extreme
violence in a given municipality. According to Ibafiez (2009), violence against civilians

is not random, instead it represents a deliberate strategy of war or conflict.

In Equation (1), v is the primary parameter of interest. In order to identify a causal

effect, the error term ( ¢ ;) needs to be uncorrelated with the forced displacement rate
per inhabitant (i.e. the main variable of interest (FD;,) must be exogenous). However,
there are at least three possible reasons why the FD,; may be endogenous (i.e. correlated

with the error term).

First, it is expected that measurement error plays a large role in the estimation of y
due to data on FD;, may be subject to underreporting. Not every forced displacement
person reports his or her status to government offices. In fact, while there should be
relatively good data collection in larger cities, many of the smaller municipalities may

have a lot of missing data.” Thus, measurement error may conceal the true impact of

9 The government Registry for Displaced Populations (RUPD) consolidates forced displacement statistics.
The RUPD objective is to legally recognize displaced households and to quantify the demand for aid.
Displaced persons approach local government authorities to declare, under oath, the circumstances of

11
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FD;, on forest cover. Since underreporting is likely to be negatively correlated with the

FD,, the estimate of v is likely to be downward biased."

Second, simultaneity could also bias y . On the one hand, violence may be particularly
widespread in forested regions. The illegal armed groups are profit-driven actors and
therefore, natural resources such as faunas, timber, minerals, and tree crop booms attract
them to the forests. These groups often enter into conflict with the local people or with
each other. For example, it is well known that the FARC and other criminal gangs,
known locally as “Bacrims”, have sought control of the illegal mining activity in remote
forestlands. In the department of Choco illegal armed groups have violently secured
control of territories, which are used by locals to carry out illegal gold mining. Then, the
FARC charge the miners a gold production tax and a fee for using each unit of

machinery (i.e., excavators)."

On the other hand, the presence of illegal armed groups affects forests conservation.
Historically, the Colombian government have often neglected remote regions and their
inhabitants. As a result local populations have limited commitment to local
governments, and look to other groups to perform traditional government functions.
Thus, the guerrillas have taken advantage and have performed natural resources
management and conflict resolution to legitimize their role as a local political actor in
those regions. For example, it has been well documented that the ELN have protected
forests in the Serrania de San Lucas, a forested massif located in the department of
Bolivar, northern Colombia, because of their major role in the local hydrology (See
Alvarez, 2003; and D4valos et al., 2011). In the Serrania de la Macarena, a set of
mountains located in the Department of Meta, eastern Colombia, the FARC have
violently enforced environmental protection. A noteworthy example is a ban they
established on yellow catfish fishing, a threatened species, especially, when they were

migrating up rivers and streams to spawn."?

their displacement. Then, public servants validate whether this is truthful. According to Ibafiez (2009)
circa 30% of the displaced population is believed not to be registered.

" Think of the error term as being made up of the real error term plus a term reflecting forced
displacement underreporting.

11 See the article entitled “El medio ambiente: la victima olvidada” a online special edition of Semana
Magazine retrieved from: http://sostenibilidad.semana.com/medio-ambiente/multimedia/medio-ambiente-
conflicto-colombia/33709

12 Ibid.

12
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Third, omitted variables could potentially affect the estimation as well. The set of
controls (X;,) may neglect some time-varying factors difficult to capture that are also
correlated with forest cover and forced displacement. For example, Acevedo (2015)
argues that in coca areas a coca yield increase should be associated with a decrease in
forced displacement mainly due to the establishment of “coercive” institutions enforced
by the illegal actors. Thus, forced displacement only occurs when farmers are able to
escape safely from the coca-farming contract with the guerrillas and local drug barons.
The negative correlation between the establishment of coercive institutions by guerrillas

and the forced displacement rate per inhabitant would downward bias the estimate of v.

In order to tackle these endogeneity concerns, an instrumental variable (IV) technique is
employed, for which Equation (1) therefore corresponds to the second-stage equation."
The IV estimation seeks to separate the exogenous part of the total variance of the
variable of interest from another part that is endogenous and correlated with the error
term. Under the assumption that this separation is carried out correctly, the final
estimates will be unbiased and consistent. In practice, it is necessary to find a set of
variables, called instruments, which are exogenous to the model, but found to be
correlated with the variable of interest. The two important features of a good instrument
are that: i) it should be correlated with the endogenous variable; and 11) it should be
uncorrelated with the error term. Both requirements for a good set of instruments should

be tested empirically.

Thus, the first-stage Equation (2) is defined as:

FDi,t = T[Zl',t + 8Xi,t + O(l + At + u’:,t (2)

where (Z,) is the preferred set of instruments that includes the lagged values of the

victims of massacres per 100,000 inhabitants, the number of conflict kidnappings per

13 One alternative way to bypass the endogeneity problem is use the lag of the FD, variable. This might
solve the simultaneity problem as it is unlikely that today’s forest cover will influence armed conflict
activity in the past. However, the weakness of this approach is that if there is indeed any inertia in the
variables, the lags will not necessarily solve the endogeneity problem.

13
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100.000 inhabitants, and the number of hectares of coca fumigated'* and manually"
eradicated in municipality i. The u;, is an error term assumed to be normally distributed
with zero mean and constant variance. The reasons behind the choice of these

instruments are now discussed.

First, forced displacement is usually preceded by an escalation of violence, driven by
exposure to more than one type of violence. In such instances, migration becomes the
last resort to survive. One of the main reasons driving people to flee their homes is the
occurrence of massacres. Massacres are considered events in which four or more people
are murdered at once. Usually, illegal armed groups have conducted massacres as a tool
of fear and intimidation in order to seize assets, disintegrate entire communities, and
appropriate the territory (Calderén-Mejia and Ibdfiez, 2015; Roche-villarreal 2012)."
According to (Ibanez 2009), the occurrence of massacres explain 21.1% of the total

forced displacements.

Second, kidnappings, just like other manifestation of violence, serve to remind the local
inhabitants that coercive threats are real, and that a violent event could happen to
anyone within the community boundaries (Moya 2012). In fact, according to Ibafiez

(2009) kidnappings explain 7.6% of the total forced displacements.

And, third, there is evidence of a positive effect of the drug trade on violence (Dell,
2015; Dube and Vargas, 2013; and Angrist and Kugler, 2008). The presence of coca has
fuelled Colombia’s long enduring civil conflict. Despite the fact that coca production
seems to improve crop producers’ income, violence increases sharply in the coca-
growing regions. Guerrillas derive substantial income by taxing coca-growers. Violence
is regularly used to enforce coca farming contracts in this illegal industry, which

ultimately leads to displacement (See Acevedo, 2015; and Rabasa and Chalk, 2001).

The Forced Eradication Anti-Drug Programs in Colombia is one of the most aggressive

14 Aerial spraying is executed with a herbicide called glyphosate, commercially sold as Roundup. It kills
the plants inhibiting their ability to produce amino acids. The herbicide is sprayed from small aircrafts as
closely as possible to the coca crops.

15 Manual eradication is performed by a group of men who destroy coca crops by hand.

16 Most massacres were committed during the time of the right-wing paramilitary activity between 1999

and 2003, rendering this armed group responsible for 58% of these cases.

14
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programs in the world."” Data from the Colombian Antinarcotics Police (DIRAN)
suggest that in 2014 these programs treated around 68.050 hectares (UNODC, 2015).
According to Rozo (2013) when the share of municipality area sprayed increases by 1%,
the homicide rates increase by 4.56 per 100,000 inhabitants, the number of armed
confrontations increases by 1.69, and the number of displaced people increases by

around 41.6 in the municipality.

The vector X;, represents the municipal characteristics that affect forest cover. In
particular, equation (1) controls for the legal'® extraction of valuable minerals such as
gold, silver or platinum in the municipality i in year 7. Due to the potential bias that its
inclusion might cause from a possible simultaneity problem with the dependent variable,
the lag of the mining presence variable is used. In particular, on the one hand, mining is
expected to have a negative environmental impact. It involves increased erosion, loss of
biodiversity, and the contamination of soil, ground and surface waters by chemicals.
Mining also often requires the clearance of large areas of forest, both for the mine itself,
but also to create room for the storage of the created debris, and for the roads and other
infrastructure associated with it. Besides, mining is part of the mechanisms enhancing
conflict driven deforestation. For example, when the prices of minerals increase and/or
national security policies reduce the guerrilla groups and criminal gangs income (e.g
from kidnapping and drug trafficking), these illegal actors frequently finance
themselves through mining. For example, it is well known that the FARC controls
mines legally or illegally with direct stake in operations or through extortion,

respectively."”

On the other hand, mining usually occurs in municipalities’ rich in environmental

resources - from the Pacific lowlands and rivers to the Amazon to the coffee-growing

17 Aerial spraying began to be implemented in Colombia in 1978. Manual eradication programs began in
2007 and maintain a modest size given its high costs in terms of human lives. Reports from Antinarcotics
National Police estimate that since its implementation 135 men have been killed through explosions of
mines hidden in the ground to prevent the eradication (Gaviria and Mejia, 2011).

18 There are only official statistic for the legal extraction of minerals. At the moment the government is
trying to formalise the status of traditional miners who operate without licenses, while simultaneously
cracking down on those which serve rebels and criminal gangs.

19 According to governmental estimates around 80% of all gold in the country is mined illegally, and that
as much as 20% of the profits from these illegal endeavours go to the FARC, ELN and other criminal
organizations controlling smaller share. See also the article entitled “El medio ambiente: la victima
olvidada” in a online special edition of Semana  Magazine retrieved from:
http://sostenibilidad.semana.com/medio-ambiente/multimedia/medio-ambiente-conflicto-colombia/33709
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region. Around 18%™ of Colombia’s territory has either been licensed to, or is going to
being solicited by national and multinational corporations in order to develop mining
projects. This fact reflects the government’s intention to turn the country into a mining
powerhouse. Some requests have even been granted in protected forested areas such as
national parks, indigenous territories and collectively held lands pertaining to afro-

descendent communities, among others.*'

Additional time varying control variables included are the municipal population and the
municipalities’ urbanization level. Both variables account for the pressure of human
activities on forests, capturing the increased demand for food products and timber which
leads to both the need for converting forests into land for agriculture and an over-

exploitation of forests.

The income tax revenue per inhabitant, which mirrors the heterogeneity in the overall
economic activities at the municipality level, is also included as a control variable. Due
to the high degree of fiscal decentralization, Colombian municipalities differ in terms of
their fiscal abilities. There is significant dispersion in terms of the municipalities’ ability

to raise local taxes or to invest them (Cardenas et al., 2016) .

Finally, the inclusion of municipality fixed effects ( « ;) controls for any municipality-

specific characteristics. The time fixed effects ( A ) control for aggregate time trends in
forest cover, and thus captures macroeconomic shocks and annual shifts in policies. The
standard errors are clustered at the municipality level and are thus robust to the presence

of autocorrelation and heteroskedasticity.

4 Data and controls

The panel dataset constructed consists of yearly municipal observations from 2004 to

2012 (inclusive). Table 2 presents the summary statistics. The primary outcome is the

%% According to the Mining and Energy Planning Unit statistics (UPME, acronym in Spanish). This share
corresponds to the current and potential mining areas estimates. See also the article entiled “En sus 130
afios, la U. Externado entrega estudio sobre minerfa” in El Tiempo newspaper retrieved from:

http://www eltiempo.com/estilo-de-vida/educacion/universidad-externado-entregara-estudio-sobre-
mineria/16510296.

21 See the article “Fiebre minera se apoderé de Colombia” in Semana magazine retrived from
http://www .semana.com/nacion/articulo/la-fiebre-minera-apodero-colombia/246055-3
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share of municipality area covered by the forest (Forest; ) Its estimates are calculated
by the International Centre for Tropical Agriculture (CIAT) using satellite images at a
spatial resolution of 30 meters collected yearly by the Department of Geographical
Sciences at the University of Maryland partnering with other major research centres® in
the United States (Hansen et al., 2013). The availability of satellite-based information
on hectares of forests for not less than three years in the period of study restricts the
sample to exactly 848 municipalities (75.5%). Between 2004 and 2012, the average

share of the municipality area covered with forest is more than half (57.86%) (Table 2).

The primary conflict explanatory variable is the forced displacement rate per inhabitant
(FD;) and its calculated based on estimates from the Information System of Displaced
Population (SIPOD, according to its Spanish acronym), the Central Registry for Victims
Office (RUV)* and the Observatory of the Presidential Human Rights and International
Humanitarian Law of the Vice Presidency of Colombia. As discussed in Section 3, the
main drawback on displacement statistics is under-reporting. In the dataset, around
10.57 people per 100,000 inhabitants were forcibly displaced due to violence at the
municipal level on average. One municipality experienced a maximum displacement of

702.7 people per 100,000 of its population (Table 2).

Regarding the data sources for the instrumental variables, the victims of massacres per
100,000 inhabitants figures are based on data from Colombia’s National Centre of
Historical Memory. The statistics on the direct conflict kidnappings* per 100.000
inhabitants are taken from a conflict variable panel dataset constructed by the Centre of
Development Economics Studies (Centro de Estudios sobre Desarrollo Econémico,
CEDE in Spanish), Universidad de los Andes, Bogotd, Colombia. Finally, the number
of hectares of coca fumigated and manually eradicated in the municipalities is

calculated using satellite-based information from the Integrated Monitoring System of

22 Google; the Department of Forest and Natural Resources Management, State University of New York;
the Woods Hole Research Center; the Earth Resources Observation and Science, United States
Geological Survey; and the Geographic Information Science Center of Excellence, South Dakota State
University.

23 Colombia has 1,123 municipalities.

24 This registry, established under Act 1448 of 2011, contains the number of registered victims of human
rights violations in the context of the armed conflict in the period from 1985 to present.

25 Bear in mind that these types of kidnappings mainly target businessmen, political leaders and members
of the army.
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Ilicit Crops of the United Nations Office of Drugs and Crime (SIMCI**-UNODC) and

the Anti-Narcotics Directorate of the Ministry of National Defence in Colombia.

In the final municipality dataset, around 4.28 people per 100,000 inhabitants were killed
in massacres, with a maximum of 124 people per 100,000 inhabitants; armed groups
kidnapped one person (0.9) per 100,000 inhabitants; and the military fumigated and

manually eradicated a total of 170 hectares of coca plants on average (Table 2).”

With respect to the time varying control variables sources, a dichotomous variable
[Yes=1; No=0] representing the extraction of elements such as gold, silver or platinum
is based on the municipal mining records from the Colombian Mining Information
System (SIMCO, according to its Spanish acronym). About 14% of the municipalities

have mining activities, producing gold, silver or platinum (Table 2).

The information on socioeconomic and geographic covariates such as the municipal
population, the percentage of urban population, and the income tax revenue per
inhabitant was provided by the National Administrative Department of Statistics
(DANE, according to its Spanish acronym) and the National Planning Department
(DNP, according to its Spanish acronym). The municipality average population is
31,846 inhabitants and almost half of these (42.5%) live in cities, and their inhabitants
pay yearly on average COP 82,389.69 in income tax (Table 2Table 2: Summary

statistics).

Table 2: Summary statistics

Variable Mean SD Min Max
Share of municipality area with forest [0-100] 57.86 2592 0.67 98.98
Forced displacement per 1000 inhab 10.57 24.03 0 702.72
Victims of massacres per 100,000 inhab 0.37 4.28 0 123.99
Direct conflict kidnappings per 100.000 inhab 0.9 5.18 0 185.56
Hectares of coca fumigated and manually eradicated 169.98 1074.96 0 3443253
Mining (gold, silver, or platinum) [Yes=1; No=0] 0.14 0.35 0 1
Population 31846.48 7964427 861 1200513
Log Population 9.56 1.1 6.76 14
Percentage of urban population [0-100] 42.55 23.75 1.68 99.89

%6 This is known as the Integrated System for Monitoring Illicit Crops (SIMCI, according to its Spanish
acronym).

27 Not all municipalities of the country produce coca. In fact, only 16% of municipalities produce coca,
on average.
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Income tax revenue per inhab

82389.69 121061.73 9.8 2749220

Log income tax revenue per inhab 10.83 0.98 2.28 14.83

Statistics refer to N = 7279 observations for 848 municipalities during 2004-2012.

5 Results

5.1 Validity of the instruments

The first stage regression results are presented in Table 3 (the standard IV-diagnostic

tests are presented in the bottom part).

Table 3: First stage results of the fixed effects IV estimation

Dependent variable: Forced displacement per 1000 inhab.

ey
1* Stage FE
L.Victims of massacres per 100,000 inhab 0.18"
(0.082)
L .Direct conflict kidnappings per 100.000 inhab 0.15"
(0.070)
L Hectares of coca fumigated and manually eradicated 0.0013"
(0.00077)
L .Mining (gold, silver, or platinum) [Yes=1; No=0] -1.66
(1.67)
Log Population 219"
(10.3)
Percentage of urban population [0-100] -1.207
(0.52)
Log income tax revenue per inhab -0.60
(0.75)
Year 2006 1.32°
0.74)
Year 2007 2717
(1.04)
Year 2008 141
(0.95)
Year 2009 -3.647
(1.00)
Year 2010 537
(1.14)
Year 2011 3917
(1.36)
Year 2012 -4.05"
(1.59)
Observations 6826
R-Squared 0.627
F-stat 25.28
Cragg-Donald Wald F statistic 15.24
Hansen J statistic 0.428
Hansen p-value 0.807
Endogeneity test statistic 4.943
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Endogeneity p-value (Ho: Regressor is exogenous) 0.0262
Std. Err. (in parentheses) adjusted for clusters in municipality

L (lag)

"p<.10,"p< 05" p< 0l

The selected instruments show a positive statistically significant relationship with the
forced displacement per 1,000 inhabitants at least at the 10% level of significance. In
particular, war strategies adopted by illegal armed groups and forced displacement are
strongly linked. Indirect violence, including massacres and direct conflict kidnappings,
play a stronger role in displacement. If the number of victims of massacres per 100,000
inhabitants in the previous year increases by 1, circa 0.18 persons per 1,000 inhabitants
is forced displaced. It is found as well that an increase in 1 direct conflict kidnapping in
the previous year per 100,000 inhabitants leads to 0.15 persons per 1,000 inhabitants to

be displaced, on average and ceteris paribus and at the municipality level.

Drug production and forced displacement are also related; however, the magnitude of
this relationship is small. If a municipality is subject to fumigation and manual
eradication of coca crops in the previous year around 0.0013 persons per 1,000
inhabitants are forced displaced, on average and ceteris paribus. This goes in line with
the literature that says that coca production is associated with the establishment of
coercive institutions governed by the illegal armed groups, thus, forced displacement

only occurs when farmers are able to escape safely from the region (Acevedo, 2015).

The Cragg and Donald (1993) test yields 15.24, indicating that the instruments are
relevant. The Hansen (1982) J-test provides a p-value of 0.807. Thus, the null
hypothesis of zero correlation between the instrument and the error term is upheld at the
conventional significance levels. The endogeneity in the forced displacement per 1,000

inhabitants variable is confirmed by a Hausman test that yields a p-value of 0.026.

5.2 Main Results

Table 4 offers evidence on the relationship between the armed conflict and forest cover

in Colombia. Column 1 presents the baseline results from the fixed effects (FE)
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estimation, and column 2 addresses the endogeneity of forced displacement per 1000
inhabitants by instrumenting it (FE-IV).**All models include the controls described in

Section 3.

Table 4: Forest cover equation estimates

Dependent variable: Share of municipality area with forest [0-100]

&) &)
FE FE-IV
Forced displacement per 1000 inhab 0.0028** 0.013%**
(0.0011) (0.0064)
L.Mining (gold, silver, or platinum) [Yes=1; No=0] -0.090* -0.073
(0.051) (0.056)
Log Population -3.07%** -2.85%%%*
(0.48) (0.50)
Percentage of urban population [0-100] -0.046%* -0.033
(0.023) (0.024)
Log income tax revenue per inhab 0.048* 0.056*
(0.029) (0.030)
Year 2006 -0.19%#%* -0.20%**
(0.012) (0.017)
Year 2007 -0.40%** -0.43%%*
(0.023) (0.029)
Year 2008 -0.59%#* -0.60%**
(0.031) (0.033)
Year 2009 -0.84%#% -0.80%**
(0.041) (0.049)
Year 2010 -1.01%** -0.95%**
(0.050) (0.063)
Year 2011 =127 %% -1.16%%*
(0.059) (0.066)
Year 2012 -1.44%%% -1.39%*%
(0.067) (0.075)
Observations 6826 6826
R-Squared 0.571 0519
F-stat 108.6 103.8
Std. Err. (in parentheses) adjusted for clusters in municipality
L (lag)

"p<.10,"p< 05" p< 0l

The more appropriate method to make inferences is the FE-IV model in the light of the
validity of the selected set of instruments used. The fact that the estimate for v is
downward biased in column 1 means that the instruments are successfully dealing with
the three mentioned causes of endogeneity: measurement error, simultaneity, and
omitted variables. An increase in one forced displaced person per 1,000 inhabitants,
which represents a 9.46% increase with respect to the mean, increases the share of the

municipality covered by forest by 0.013 percentage points, on average and ceteris

*# Appendix A shows an estimation of the model that attempt to bypass the endogeneity problem by
using the lagged values of the forced displacement per 1000 inhabitants.
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paribus. The presence of armed groups means that large rural areas become inaccessible
and thus are preserved and protected from deforestation forces. In this case, the armed
conflict appears to be a force that favours forest protection and growth. As mentioned
previously, this is because some of the armed groups practice a form of forest

conservation, albeit in a highly localized and coercive manner for their own benefit.

Regarding the other municipality characteristics, a 10 percent increase in the
municipality population is associated with a 0.285 percentage points decrease in the
share of municipality area covered with forest. This effect is expected since it accounts

for population pressure on forest resources and their conservation.

On the other hand, an increase of ten percent in the income tax revenue per inhabitant is
associated with a 0.0056 percentage points increase in the share of municipality area
with forest. Revenues are mainly generated in major cities reflecting the strength of
local economies already in place. It also captures governance and the rule of law. The
concentration of people in cities leaves room for nature. It is likely that major cities
nowadays don’t have considerable forests left to clear. Large industrial farms have

already taken over rural areas and expanded further into the nearest forests.

Finally, the increasing magnitude of the negative year-specific coefficients associated
with the time dummies is more or less constant (0.2, on average) revealing that forest

losses increased at constant rate in the past years.

Alternative expressions of the conflict were used to test results sensitivity. First, often
when exposed to high levels of violence, farmers tend to reduce the allocation of land
devoted to legal crops. Instead illegal crops are planted and additional forest clearing
occurs (Ibafiez et al. 2013). However, when the presence of coca crops is used to
estimate Equation (1), it is found that this variable has no effect on forest cover. This
result is plausible since coca cultivation is only one of the drivers of the deforestation
process (See Appendix B). Second, in addition to the forced displacement per inhabitant
instrumented, the lag of direct conflict deaths per inhabitant is added as an additional
explanatory variable. Both conflict variables turn out to be significant and positively
impact forest cover. This gives additional support to the hypothesis that conflict is a

force that favours re-forestation (See Appendix C).
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6 Forest cover fixed effects

Forests play a crucial role in biodiversity conservation, purify the air, help to sustain the
quality and availability of freshwater supplies, and provide essential services to local
populations. Furthermore, forest preservation has been receiving a growing attention in
the fight against climate change. The fixed effects model cannot accommodate time-
invariant variables. Thus, the final estimation omits variables of considerable interest in

explaining forest cover.

Equation (3) illustrates an approach that examines the role of time-invariant variables of

considerable interest in explaining municipality forest cover:

& = c¢; +8;Z; + e;,withi = 1;...,N. 3)

a; is the municipality i specific fixed effect estimate corresponding to the coefficient on
the municipality dummy variables in Equation (1). Z; is a vector of time-invariant
covariates assumed to affect forest cover, which includes the municipality elevation, the
average monthly precipitations, the distance to the department capital, a land
concentration (gini) [0-100], and a soils quality indexes. c; is the constant and e; the

error term.

Table 5: Time-invariant covariates summary statistics

Variable Mean SD Min Max
Municipality elevation (m) 1229.39 1238.16 2 25221
Avg. precipitation monthly 173.49 8552 59783 712.00
(mm) . . . !
Soils quality index [1-8] 273 1.22 0 8
Land concentration (gini) 69 46 107 0 9979

[0-100]
N=848 municipalities during 2004-2012.

The source of the time-invariant covariates is a panel dataset constructed by the Centre
of Development Economics Studies (Centro de Estudios sobre Desarrollo Econémico,
CEDE in Spanish), Universidad de los Andes, Bogotd, Colombia, which treasures
official statistics produced by the National Administrative Department of Statistics

(DANE, in Spanish), the Geographic Institute Agustin Codazzi (IGAC, in Spanish) and
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the National Planning Department (DNP, in Spanish). Table 5 presents the summary

statistics.

An average municipality has an elevation of 1,229 .4 meters and the precipitations levels
reach 173.5 mm of rain monthly. The average land concentration Gini*’ index records
69.46. The soils quality index measures the suitability of the land for agricultural
activities depending on land topography and soil types. It ranges from 1.0 (not suitable
for agriculture) to 8.0 (fully suitable for agriculture). The average municipality has a

soils quality index of 2.73.

In Table 6 the fixed effects estimates from the FE-IV model (Section 5.2) are regressed
on time invariant variables using the method of Weighted Least Squares (WLS).
Especially, the weights are proportional to the standard errors from the FE-IV model.
Thus, the fixed effects that are more precisely estimated get a higher weight in the
estimation: since each weight is inversely proportional to the standard error variance, it
reflects the information in that fixed effect. Hence, a fixed effect with a small error
variance has a large weight since it contains relatively more information than a fixed

effect with large error variance.

Most of the regressors have strong explanatory power. This is confirmed by the R-
squared that indicates that the regressors manage to explain almost 24.5% of the
variation in the FE coefficients. Naturally, municipality elevation, average
precipitations, and remoteness (the distance to the department capital in km) are

associated with increases in the share of the municipality area cover by forest.

On the other hand, increases in the soil quality index, meaning further soils suitability
for agriculture, are associated with decreases in the share of the municipality area
covered with forest. In other words, legal or illicit agriculture per se is identified as a
factor in forest degradation. This is exacerbated by poor agricultural technologies;

which means that more land is cleared for agriculture.

29 A Gini index of O represents perfect equality, while an index of 100 implies perfect inequality.
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Table 6: Determinants of forest cover fixed effects

Dependent variable: Estimated u_i (fixed effects)

WLS
Municipality elevation (m) 0.0016"
(0.00085)
Avg. precipitation monthly (mm) 0.13""
(0.011)
Distance to the department capital (km) 0.028"
(0.015)
Soils quality index [1-8] 378"
(0.70)
Land concentration (gini) [0-100] -0.035
(0.088)
Constant 720"
(7.46)
Observations 848
R-Squared 0.245

Std. Err. (in parentheses) adjusted for clusters in municipality
WLS model weighting proportional to the u_i Std.Err.
"p<.10,"p< 05" p< 0l

7 Conclusion

The literature on the impact of conflict and violence on forests is ambiguous and many
studies fail to address the endogeneity issue of the relationship. On the one hand,
violence could lead to more deforestation as armed groups exploit natural resources. On
the other, the presence of armed groups also means that large rural areas become
inaccessible and thus are preserved and protected from deforestation. In theory, the
impact could go in both directions and, therefore, the direction of the effect remains an
empirical question to be investigated. In addition, frequently these studies have not
taken into account multiple perpetrators of violence and non-traditional factors

associated with armed conflicts such forced human displacement and mining.

For the case of Colombia, using a unique yearly municipality panel data (from 2004 to
2012) and an instrumental variable approach, there is evidence that the armed conflict is
indeed a force of forest conservation. In particular, the alignment between rural
underdevelopment and the rural-urban migration as a result of the violence, along with
the presence and control of the illegal-armed groups of some zones contributed to

protect forests. However, this effect is negligible. For example, the estimated effect
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suggests that one person displaced per 1,000 inhabitants increase the share of the
municipality covered by forest by 0.013 percentage points at the municipality level.
Forest cover changes are also likely to be driven by other factors difficult to measure
such as illegal mining, the conversion of forest areas into pastures, illegal logging and

forest fires.

The results of this research are consistent with the literature that states that rural-urban
migration due to violence promote ecosystem recovery due to the reduction of human
pressure on natural resources (for example, Aide and Grau 2004; and Meyerson et al.

2007).

Forest degradation frequently increases in post-war situations. Some studies have
shown that after the end of a conflict people resettled and expanded agricultural lands
(See, for example, Stevens et al. 2011 for the case of Nicaragua’s Atlantic coast).
Governments also pacify former rebels and provide patronage to demobilize forces by
promoting rural and agricultural development. In addition, people forced displaced by
the conflict return to areas abandoned during the conflict, and new people enter into

forest zones that were previously too dangerous to live in.

In conclusion, this paper advocates for an appropriate conservation strategy when peace
arrives in Colombia. The government will need to be ready to deploy conservation
policies in those areas that are currently under control of the guerrilla. In the past, the
protected zones by the state helped in reducing settlements and illegal drug activity.
However, this might not be enough in the future (Ddvalos, 2001). Enforcement of
conservation of currently protected regions and areas previously under a “gunpoint
conservation” regime by the guerrillas will be fundamental. Rain forests and their
watersheds support the lives of humankind; therefore, their protection and conservation

is indispensable.
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9 Appendix

Appendix A: Bypassing the endogeneity using the lag of the forced displacement
per inhabitant

The estimations here attempt to bypass the endogeneity problem by using the lagged
values of FD;,. Whereas the first column employs an OLS model, the second adds the
municipality fixed effects that control for any time-invariant municipality-specific

characteristic that may influence changes in forests.

The fixed effects exert high influence on the dependent variable, meaning that this
method of estimation is the appropriate one. Regardless of the estimation method, OLS

or FE, there is evidence of that the lag of FD; is positively related to the forest cover.

Even though the lag strategy could in principle solve the endogeneity. If there is any
inertia in the variables, as to be expected, then lagged measures of the past conflict
variable may not be truly exogenous. This would imply that the estimated coefficient of

interest could still suffer from a bias problem.
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Table A. 1: Effect of lagged forced displacement rate on forest cover

Dependent variable: Share of municipality area with forest [0-100]

ey @)
OLS FE
L Forced displacement per 1000 inhab 0.19" 0.0022*
(0.029) (0.0011)
L Mining (gold, silver, or platinum) [Yes=1; No=0] 194 -0.088"
(1.56) (0.052)
Log Population -1.19 -3.14™
(0.93) 0.49)
Percentage of urban population [0-100] -0.20™ -0.047"
(0.047) (0.023)
Log income tax revenue per inhab -0.65 0.049"
(0.92) (0.029)
Year 2006 0.19 0.19™
(0.25) (0.012)
Year 2007 -0.29 040"
(0.35) (0.023)
Year 2008 -0.26 -0.59™
041) (0.031)
Year 2009 -0.70 0.86"
0.51) (0.041)
Year 2010 0.31 -1.02
(0.57) (0.050)
Year 2011 0.82 -1.217
(0.70) (0.059)
Year 2012 0.28 -1.447
(0.74) (0.068)
Constant 80.2"" 90.7""
(12.4) (4.99)
Observations 6826 6826
R-Squared 0.156 0.570
F-stat 26.72 108.6
Sigma 25.72
Sigma_e 0.503
Std. Err. (in parentheses) adjusted for clusters in municipality
L (lag)

"p<.10,"p< 05" p< 0l

Appendix B: Are coca crops to blame for forest cover loss?

Between 2001 and 2014 it is estimated that planting coca has caused the deforestation
of around 290,992 hectares of forest, which is equivalent to a little over twice the area

of Bogota city (UNODC, 2015).

If the conflict variable in Equation (1) represents the presence of coca crops in the
municipalities, the selected set of instruments that meet the econometric requirements

are the lagged number of dismantled coca crystal laboratories and the confiscation of
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cocaine pasta base (Kgs).” In particular, both measures reflect the government capacity
to counteract criminal activity in the municipalities, and are also highly correlated with
the armed conflict. In addition, it is hard to state that they are correlated with forest

cover.*!

Table B. 1: Summary statistics when the presence of coca crops is used as an
explanatory variable

Variable Mean SD Min Max
Presence of coca crops [Yes=1; No=0] 0.16 0.36 0 1
Dismantling of coca crystal laboratories 0.22 1.38 0 45
Confiscation of cocaine pasta base (Kgs) 53 416.16 0 18716.95

Statistics refer to N = 7279 observations for 848 municipalities during 2004-2012.

Around 16% of the municipalities have presence of coca crops. Regarding the set of
instruments, the police dismantled 0.22 coca crystal laboratories and confiscate 53 Kgs
of cocaine pasta base on average. The variables data source is the Anti-Narcotics

Directorate of the Ministry of National Defense of Colombia (Table B. 1).

30 The “extraction” laboratories called “kitchens”, “Chagres”, “Chongos, “Saladeros”, “Picaderos” are
basic constructions at the farmers houses for the extraction of coca paste base by processing raw materials
(plant material) using organic solvents. Thus, the coca pasta base is an extract of the leaves of the coca
bush. It contains coca alkaloids, and its purification yields cocaine. Then, the coca crystal laboratories are
those in which the cocaine is obtained through the chemical processes.

31 Camacho and Rodriguez (2012) provide support for these instruments. In their study, the authors used
an instrumental variable approach, in which contemporaneous armed conflict was instrumented with
lagged government deterrence measures.
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Table B. 2: First stage results when the presence of coca crops is used as an
explanatory variable

Dependent variable: Presence of coca crops [Yes=1; No=0]

ey
1* Stage FE
L .Dismantling of coca crystal laboratories 0.0098"
(0.0050)
L .Confiscation of cocaine pasta base (Kgs) 0.000014"
(0.0000081)
L.Mining (gold, silver, or platinum) [Yes=1; No=0] 0.0091
0.011)
Log Population 0.091
(0.073)
Percentage of urban population [0-100] 0.0024
(0.0035)
Log income tax revenue per inhab -0.0058
(0.0065)
Year 2006 0.0078
(0.0065)
Year 2007 0.0026
(0.0071)
Year 2008 0.0096
(0.0086)
Year 2009 0.015
(0.0091)
Year 2010 0.0079
(0.010)
Year 2011 0.012
0.011)
Year 2012 0.0085
(0.012)
Observations 6826
R-Squared 0.89
F-stat 702.49
Cragg-Donald Wald F statistic 13.87
Hansen J statistic 0.0372
Hansen p-value 0.847
Endogeneity test statistic 0.021
Endogeneity p-value (Ho: Regressor is exogenous) 0.885
Std. Err. (in parentheses) adjusted for clusters in municipality
L (lag)

"p<.10,"p< 05" p< 0l

Table B. 2 presents the first stage results. Both instruments signal the municipality’s
potential of producing coca. The strength of the instruments is assessed with the Cragg-
Donald Wald F statistic (1993). The hypothesis of weak instruments is rejected. The F-
stats for exclusion of instruments is 13.87, well above the threshold of 10. The Hansen

(1982) J-test p-value is 0.84, hence, instruments are indeed exogenous.
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Table B. 3: Effect of the presence of coca crops on forest cover

Dependent variable: Share of municipality area with forest [0-100]

ey ()
FE FE-IV
Presence of coca crops [Yes=1; No=0] 0.027 -0.0030
(0.073) 1.17)
L.Mining (gold, silver, or platinum) [Yes=1; No=0] -0.095" -0.094"
(0.052) (0.051)
Log Population -3.13" -3.13"
0.49) (0.50)
Percentage of urban population [0-100] -0.049™ -0.049™
(0.023) (0.024)
Log income tax revenue per inhab 0.046 0.046
(0.029) (0.030)
Year 2006 0.19™ 0.19™
(0.012) (0.014)
Year 2007 040 040
(0.022) (0.022)
Year 2008 -0.59™ -0.59™
(0.031) (0.033)
Year 2009 0.85" -0.85"
(0.041) (0.044)
Year 2010 -1.03™ -1.03™
(0.050) (0.051)
Year 2011 -1.227 -1.227
(0.060) (0.061)
Year 2012 -1.45™ -1.45™
(0.068) (0.068)
Observations 6826 6826
R-Squared 0.568 0.568
F-stat 107.3 107.5
Std. Err. (in parentheses) adjusted for clusters in municipality
L (lag)

"p<.10,"p< 05" p< 0l

Table B. 3 present the results from the second stage estimation . While column 1 shows
the FE estimation, column 2 addresses the endogeneity problem using FE-IV. The
coefficients and the standard errors from the FE-IV estimates are almost identical to
those from FE indicating that the potential endogeneity has a negligible influence on the
dependent variable. This indeed is confirmed by an endogeneity test, which yields a p-
value of 0.885 ( Table B. 2). In the light of this, the more efficient method to make

inferences is the FE model.

The FE shows that the presence of coca crops has no effect on forest cover on average.
These results are plausible since coca crops account for only a small percentage of total
deforestation rates. In addition, compared to a root like cassava, which requires a lot of
space and effort to harvest but brings in a relatively small amount of money, coca plant

has a dense leaf cover and fetches high prices. This means that coca farmers can get a
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lot of value out of little space.

Appendix C: The lag of the direct conflict deaths per inhabitant as an additional
explanatory variable

FD; is instrumented in the same way as in Section 5.1. The endogeneity problem of the

direct conflict deaths per inhabitant variable is bypassed using the lag.

Table C. 1 presents the first stage estimation results. In this estimation the lag value of
the victims of massacres per 100,000 inhabitants is not statically significant. Despite
this drawback, the results are shown for illustrative purposes. The Cragg-Donald F
statistic of 11.88, being higher than 10, indicates that the instruments might work, and
the Hansen (1982) J-test p-value of 0.84 confirms the exogeneity of these instruments.
According to the p-value (0.0223) from the endogeneity test, the FE-IV fixed effect

model is the appropriate one to correct potential coefficients bias.
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Table C. 1: First stage results when direct conflict deaths per inhabitant is added

as an additional explanatory variable

Dependent variable: Forced displacement per 1000 inhab.

&)
1* Stage
L.Victims of massacres per 100,000 inhab 0.098
(0.084)
L Direct conflict kidnappings per 100.000 inhab 0.16"
(0.072)
L.Hectares of coca fumigated and manually eradicated 0.0014"
(0.00078)
L Direct conflict deaths per 100.000 inhab 0.17"
(0.069)
L.Mining (gold, silver, or platinum) [Yes=1; No=0] -1.58
(1.66)
Log Population 216"
(10.0)
Percentage of urban population [0-100] -1.13"
(0.50)
Log income tax revenue per inhab -0.33
(0.74)
Percentage of urban population [0-100] 146"
0.75
Log income tax revenue per inhab. 278"
(1.04)
Year 2006 1.81°
(0.98)
Year 2007 3217
(1.02)
Year 2008 -5.08"
(1.15)
Year 2009 3.677
(1.36)
Year 2010 -3.827
(1.58
Year 2011 3.677
(-2.69)
Year 2012 -3.827
(-242)
Observations 6826
R-Squared 0.63
F-stat 2457
Cragg-Donald Wald F statistic 11.88
Hansen J statistic 0.332
Hansen p-value 0.847
Endogeneity test statistic 5.225
Endogeneity p-value (Ho: Regressor is exogenous) 0.0223

Std. Err. (in parentheses) adjusted for clusters in municipality

L (lag)

"p<.10,"p< 05" p< 0l

Table C. 2 shows the second stage results. Column 1 the FE, and Column 2 the FE-IV

models results, respectively. The results show that the magnitude, sign, and significance

of the coefficient on the forced displacement per inhabitant does not change

substantively compared to the specification that excludes direct conflict deaths (Section
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5.2). The direct conflict deaths per inhabitants turns out not to be significant in the FE-
IV model. These results suggest that the estimate of the coefficient is robust to the

choice of covariates in the model.

Table C. 2: Effect of forced displacement and direct conflict deaths per inhabitant
on forest cover

Dependent variable: Share of municipality area with forest [0-100]

) @)
FE 2™ Stage FE
Forced displacement per 1000 inhab 0.0027" 0.014™
(0.0011) (0.0066)
L Direct conflict deaths per 100.000 inhab 0.0012" -0.00083
(0.00061) (0.0015)
L.Mining (gold, silver, or platinum) [Yes=1; No=0] -0.090" -0.072
(0.051) (0.056)
Log Population -3.07 -2.83"
(0.49) (0.50)
Percentage of urban population [0-100] -0.046" -0.032
(0.023) (0.024)
Log income tax revenue per inhab 0.050" 0.055"
(0.029) (0.030)
Year 2006 0.19™ -0.20™
(0.012) (0.019)
Year 2007 040" 043
(0.023) (0.030)
Year 2008 -0.59™ -0.60"
(0.031) (0.035)
Year 2009 -0.84™ -0.80"
(0.041) (0.047)
Year 2010 -1.017 095"
(0.050) (0.061)
Year 2011 -1217 -1.16™
(0.059) (0.065)
Year 2012 -1.447 -1.39™
(0.067) (0.074)
Observations 6826 6826
R-Squared 0.572 0.510
F-stat 101.9 95.12
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Appendix D: Determinants of forest cover fixed effects

Table D. 1: Determinants of forest cover fixed effects (OLS model)

Dependent variable: Estimated u_i (fixed effects)

OLS
Municipality elevation (m) 0.0015"
(0.00080)
Avg. precipitation monthly (mm) 0.13™
0.011)
Distance to the department capital (km) 0.029°
(0.016)
Soils quality index [1-8] -3.59™
(0.71)
Land concentration (gini) [0-100] -0.044
(0.088)
Constant 723"
(7.49)
Observations 848
R-Squared 0.237

Std. Err. (in parentheses) adjusted for clusters in municipality
WLS model weighting proportional to the u_i Std.Err.
"p<.10,"p< 05" p< 0l
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Abstract

Colombia’s usual approach to conservation establishes people only as a driver of ecosystem degradation and proposes the
constitution of restricted-use isolated areas possessing exceptional natural values, but leaves aside the social aspects and
cultural values guiding the relationship between people and the natural resources in a territory. For instance, the tropical dry
forest (TDF), an ecosystem facing extinction, only has a 6.4% representation within the National System of Protected Areas.
Additionally, the restrictive conservation status given to these areas have not completely benefited endangered ecosystems;
instead, protected areas have caused estrangement between communities and their territory. This breach has inevitably resulted
in additional pressure on biodiversity assets, the increase of illegality in the procurement of key natural resources and the
displacement of vulnerable communities. It is known that biodiversity contributes to ecosystem goods and services which
support human well-being. The long term perspective, on the other hand, has to take into account those cultural and social
values affecting nature and human opportunities in a negative or positive way, to enhance benefits and minimize impacts
through conscious actions applied as everyday practice. The Conservation Landscapes Program was designed to improve
conservation and livelihoods, while strengthening social capital and participation. This paper will focus on how the local values
and perceptions of nature and production, as well as the social capital were important to motivate actions ensuring the
sustainable management of their territories. Also, it will explain how innovation, in the form of external ideas and practices,
entered into this dialogue to achieve the program’s objectives, that is, what it meant aligning the means and the ends. Other
topics emerged as the program progressed, such as the situation and agency of women in conflict and displacement situations,
in relation with conservation activities, food security and sovereignty. The project shows that conservation can be aligned with
other societal goals, minimizing tradeoffs, and creating “win—wins” for communities and nature, while promoting better
institutions at different levels. For the pilot phase Patrimonio Natural (NGO) introduced the conservation-production corridors
as the strategic approach to plan and conserve the TDF with 300 Campesino families in 7 Nodes distributed in the Colombian
Caribbean region. Within this approach, the team used human centered design methods and mapping tools such as participatory
territorial planning, action-based Conservation agreements and the application of landscape management tools to work along
Campesino families in reframing their relationship with the forest. This approach allowed rural communities to decide over
their territory with key information at hand and to generate a valuable relationship. This new relationship enhanced productivity
and biodiversity recovery bringing new products to the market and securing basic needs. Also, the recovery of techniques and
the introduction of technology, gave Campesinos the necessary tools to improve their health and well-being. Ninety kilometers
of production-conservation corridors where created, in collaboration with Campesino communities, improving their quality of
life and income and protecting biodiversity. Economic, social and environmental sustainability are starting to be achieved on
a small scale, but escalating calls for the involvement of all stakeholders including policy makers.

Keywords: Biodiversity conservation, Tropical Dry forest, Participatory approaches, Integrated landscape management
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1. Introduction

Conservation of biodiversity in the context of development programs is continuously challenged to consider holistic
perspectives and innovative options, in order to achieve successful results. The dry tropical forest, due to its extreme
fragmentation in Colombia, requires identifying and testing different approaches that include the people in its design. The
autonomy and freedom of choices offered to campesino communities is crucial to promote appropriation and application of
effective techniques. The cultural and social context must be included in the preparatory moments of the conservation and
development projects, thus counting with the local knowledge on the landscape and its natural assets. Several criteria applied
by a program for tropical dry forest conservation and examples of its actions will be examined, focusing on the need to establish
a new dialogue between science and local knowledge and also between city and rural area dwellers, to recognize and foster
cooperation which will benefit conservation of nature and livelihoods.

2. Methods

Two sets of methods were used in this work: 1. Secondary information for environmental status and former or current activities
in the Caribbean region, coupled with GIS techniques to characterize and design the potential for conservation actions in the
Tropical Dry Forest, and evaluate their advance; and 2. Participatory methods for understanding the natural, cultural and social
context, promoting its assessment with the communities and establishing projects adapted to such knowledge within broad
conservation objectives. The first set was based on current knowledge of the status of tropical dry forest in Colombia, as
compiled in the National Reports on Biodiversity (Chaves and Arango, 1998), or in other publications concerning its
particularities, adaptation strategies, dynamics and structure, along with the threats and actions for conservation (Diaz, 2006).
Of special importance was the publication of the official dry forest map (Instituto Humboldt, 2013), which was used for
selecting the main areas for the program’s activities, based on the occurrence of important forest remnants within a mostly

deforested matrix (92% of tropical dry forest has disappeared, remaining only 8% in the whole country) (Figure 1).
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Figure 1. Map of Tropical dry forest remnants in the Colombian Caribbean, based on Instituto Humboldt, 2013.

Conservation biology practice has underscored the negative effects of fragmentation and isolation of patches, which can be
checked by establishing new connections between habitat patches in a region. Although there is considerable debate on the
effectiveness of establishing corridors as connections (Berges et al., 2011), for this program a mixture of connectivity measures
was proposed: small corridors, stepping stones in deforested areas, protection and enhancement of existing patches by
enriching with native trees, especially those threatened and useful species. The emphasis was given more to establishing
physical connections in the landscape (structural connectivity) than providing habitat to certain species (functional
connectivity). GIS analysis calculated the most effective ways for connecting forest patches with the least resistance and the
shortest paths, within the main nucleus of remaining dry forest in the Caribbean (Figure 2).
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Figure 2. Potential connectivity corridors in the Montes de Maria area, Bolivar, Colombian Caribbean region. Green and
sand colors indicate largest remaining dry forest patches, while red indicates main paths for connecting patches, enhancing
conservation options for the dry forest (Adriana Rojas, GIS expert, Conservation Landscapes Program 2013).

The program was also based on the vulnerability brought to these areas by deforestation in a scenario of climate change, and
the need to maintain or improve water and soil availability and qualities by enhancing or re-establishing forest cover. The
second set of methods is founded on the concept of cultural landscapes as considered by Carl Sauer, where the current status
of a landscape is a result of the natural forms and the transformations brought by human occupation, including a history of
such occupation (Sauer, 1925). According to this perspective and the contextual analysis indicating that rural dispersed, diverse
and rather isolated communities occupied the tropical dry forest areas, where deforestation was linked to agricultural practice
and natural resources were used for subsistence, a culturally significant view and participation was essential. Also, because
protected areas restricting human occupation would not be feasible as a conservation strategy for populations already having
suffered conflict and displacement, an integrated landscape management was indicated. Participatory tools (van der Hammen
et al., 2012) were used for a contextual understanding of the territories in each of four selected nodes. These tools included
direct field observations with local participants, life histories, assessment of human, social, natural, financial and physical
capitals. Then followed the self-diagnostics with focal groups, where social maps were traced, inventories in each culturally
distinct space were made, calendars of production and use were established and economic systems were learnt. An assessment
of the situation was obtained through a description of problems and potential solutions. A set of social maps were obtained for

each territory, in which the people traced the connectivity passages (Figure 3), roughly following the former GIS analysis.

Figure 3. Map drawn by the community, identifying the main topographic features, streams, national Park, natural reserve and
the preferred connectivity corridor. The cultural landscape is reflected in the site and people names, main landscape features,
and the connection which follows the cultural practice of leaving strips of forest alongside the streams and along the hilltops
as hedgerows. (Patricia Navarrete, workshop facilitator, Conservation Landscapes Program, 2013).

3. Results and Discussion

Tracing the structural connections in the landscape with a participatory approach was beneficial in the sense of the community

communities. The constructivist procedure of the participatory assessments is built on the local knowledge and the wiIIingnes.ls21
to create a set of options to solve perceived problems: on one side are the program objectives of conserving the dry forest and
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achieving sustainable livelihoods, while on the other side the people see the relative scarcity or disappearance of natural
resources, coupled with the necessity of widening production areas by cutting down forests. In campesino communities, due
to the impacts of armed conflict on local leaderships, the individual actions tend to prevail over the collective ones, but
landscape management needs thinking collectively, so the social cartography at the landscape scale was an important tool to
understand the need to care for water along the course of rivers or streams (Figure 3). Sometimes field trips were made for
people to discover that the stream was the same, even though it had several different names; this situation was common when
people were new settlers because of former displacement.

In addition to participatory methods, some criteria had been used to establish the limits of the program in its contribution to
landscape management, devising incentives for sustainable production and improved income (Figure 4), based on: a)
enhancing diversity; b) using agro-ecological and soil conservation techniques and c) linking producers to selected markets.
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Figure 4. Example of a household economy in San Juan, Bolivar. Their income derives from farm produce (in red), but must
be supplemented by working as a casual laborer. Additional new options for the farm were identified in blue, such as apiculture
and different crops. (Patricia Navarrete, workshop facilitator, Conservation Landscapes Program, 2013).

Regarding diversity, the self-diagnostics had indicated that seeds for crops were greatly diminished or had disappeared (Figure

5) due to displacement and market forces which selected just a few varieties for mass consumption.
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Apart from that, families had reacted to armed conflict by splitting, the women and children staying in the nearest town while
the men returned to the fields. It is well known that women are the stewards of plant conservation, due to their role in the
nutrition and well-being of the family (Howard, 2003). In this process, the contribution of women, especially regarding several
crop varieties and medicinal plants was lost, affecting food security, family nutrition and economy, and losing the transmission
of traditional knowledge to the young people. A strategy was devised to recover the lost wealth by a seed exchange in which
some indigenous seed custodians brought their diversity and associated knowledge to the recipient communities, complemented
by reflections on the importance of maintaining their autonomy regarding production with their own seeds. The women’s role
was highlighted when a community group living in a rural area but deprived of land planted a collective “mother plot” to recover
lost seeds, was followed by establishing small kitchen gardens for each family in the small spaces available near their homes.
The initiative was started as a “community pot” event, where the women’s culinary knowledge was recovered, important recipes
identified and then re-enacted by the whole group as a creative space for transmitting traditions. This strategy followed similar
actions which aim to recover and make new interpretations of traditional dishes as a form of cultural revival (Cérdenas, 2014;
Duque, 2016) (Figure ).

Another option for enhancing diversity was to find natural resources which could be sustainably collected as an economic
option for communities. Based on the abundance of useful palms in Colombia (Henderson et al. 1995), and on the existence
of a group of botanists dedicated to their study, (Grupo de Palmas, Universidad Nacional de Colombia, Bogota) the program
supported an assessment of the best potential species for this purpose, pertaining to the dry tropical forest region. Three of
them were outstanding: the “corozo de lata” (Bactris guineensis), the “palma amarga” (Sabal mauritiiformis) and the “palma

de vino” (Attalea butyracea) (Figure 6).

Figure 6. A most useful trio of palms: the lower Corozo palm in the foreground; to the right the Amarga palm; in the
background the Vino palm.

The fruit of the corozo palm is used for preparing a refreshing beverage or ice creams, and is well known in the region; despite
this, no one had examined the requirements for sustainable use. A biology student, and also a member of an indigenous
community, was in charge of developing this assessment. One of the interesting findings was that the pollination of the fruit
is made by small beetles, and that drier climate conditions may affect the quantity of fruit available in a particular year. The
use of pesticides which could kill the beetles could then inhibit the fruit production, endangering the economic opportunity for
communities. Although other requirements were identified, it is important to mention that this palm was incorporated as a new
source of income for a group of indigenous families, in addition to subsistence crop production, timber plantations, fiber
cultivation for traditional crafts and cattle ranching, emphasizing the multi-functional role of farms in the Caribbean. Once the
sustainability of fruit collection was devised, a small transformation enterprise was established to sell frozen fruit pulp for
restaurants and other businesses. The value chain identified for this natural resource may in the future include other sub
products as natural ingredients for cosmetics or nutrition supplements. Capacity building on sustainable management and
business skills for community members selected by the indigenous authority were crucial aspects for the success of this
initiative.

Regarding the introduction of agro-ecological techniques, as well as soil and water conservation measures, was identified

through the participatory diagnostics and field trips. One of the main problems was soil fertility, so one of the main skills-

- S . - . . . 23
building activities was to prepare organic fertilizer with local materials, such as crop and kitchen waste, manure, bones an%i
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forest fungi. Several techniques were experimentally prepared with the people, and the one that captured mostly their attention
was the inoculation of the compost heap with forest micro-organisms. The effectiveness of this fertilizer has meant that now
the farmers recognize the value of standing forests.

Another common problem in the area was soil degradation, leading in the short term to desertification, as established by
tropical dry forest researchers, who identified that more than 70% of deforested lands are suffering this degradation process
(Pizano and Garcia, 2014). Many of the areas were so dry and compacted by cattle that no plant was able to survive the dry
season. Some experts were consulted and they suggested applying the techniques championed by Primavesi (Primavesi and
Molina, 1984). An agro-ecological expert experienced in the dry tropical areas of Mexico was in charge of introducing this
innovation through a hands-on method with small groups of farmers. The basis of the strategy is to break soil resistance by
enhancing water infiltration with ditches and small dykes, mostly following the contours of the terrain. The “key line”
technique also identifies in the natural topography the key points to make small reservoirs and as a whole establish in selected
areas of the landscape the conditions for water retention, promoting plant growth, from herbs, to shrubs, to trees. At first the
farmers were curious and participated in the experience somewhat half-heartedly. After six months and having survived a five
month dry season without losing any animals from lack of forage, one of the farmers was not only convinced of the benefits

but also contributes to disseminate the proof of the effectiveness of such technique.

Another agro-ecological initiative directly linked to forest conservation has been apiculture. These groups of hives, managed
collectively, are located at the forest borders. A local expert was hired to build capacity in interested farmers, and small groups
of white-clothed bee-keepers are now collecting substantial honey harvests. This experience has led the communities to
recognize that preserving the forests, water and soils means improved economic options, so they are happy to be the forest and

water stewards.

There is another side which had to be considered when searching for access to markets for these farmers, given that part of the
strategy was to provide market incentives if the people would care for the connectivity mosaic and the forests. These farmers

had relations with some institutions (Figure 7), but private enterprises were not present, so it was necessary to search for them.

Figure 7. Relation of farmers with local, regional and national institutions. The strongest link was with Incoder, the
government office in charge of assigning lands to previously dispossessed farmers. The National Parks and the Mayor”s Office
were close to the communities and associations in the Media Luna area, but no private business with a potential for new
markets was present.

The potential clients of dry forest products are not aware of the complexities of production, its vulnerability due to climate
conditions, the difficult access to the farms and the demanding tasks involved; neither have they understood a harvest calendar
or the volume of production available in a given moment (Figure 8). Given the niche market involved, a restaurant chain was

identified as the best option to promote this new business relation between local farmers and urban dwellers.
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Figure 8. Crop calendar in San Juan, Bolivar. Traditional knowledge relates weather conditions with sowing and cropping
moments for each type of produce and each variety. As an example, different Name root varieties are planted according to
soil quality and sun conditions in each plot. Particular crops are only available at certain times of the year and urban markets
need to know this to establish new relations with farmers.

Once the production calendar was understood by the restaurant managers as potential buyers, linking farmers to markets
implied visits both to farms and to the restaurant’s premises. Willingness from both sides was endorsed by building trust and
forging connections between real people, those making crops happen and those making appetizing food to appear on the fancy
dish of a restaurant. Then, all of them understood the qualities of each of the partners; the effort involved in their labor, and
also established human bonds that could sustain the necessary steps to arrive to successful business relations. This began after
a difficult “El Nino” drought year, when the farmers had been losing crops because no rains would appear. Again, the seed
custodians were called to assist with materials resistant to the severe dry conditions, and a small bean adapted to grow in dry
areas was identified; a crop was obtained and the restaurant chain was called to inquire on potential purchases. They made
several experiments and introduced the beans to their salad bar, with instant success. For them it was also a matter of not
requiring a change in the menu; only after a year of trial, a new dish was designed and introduced as a seasonal option. The
experience was good and finally the dish now appears in the regular menu. After the process, they were willing to explore
other potential products, so dry forest honey was on trial. In this case, giving basic information was necessary, because the
person in charge of purchases was puzzled by the different colors of the honey batches. They then understood the reason for
this and are now proud to include dry forest honey in their menus. Local research was promoted to identify, among other
aspects of dry forest trees, more precisely the main flowering trees and time of occurrence (Lépez et al., 2016), which influence
the color and taste qualities of honey, in order to give consumers information to enrich the experience.

Not every potential market, though, is ready to enter into such complexities in order to give an opportunity to certain types of
farmers; normally it is more of an imposition of a list of products they are ready to purchase, and a strict set of instructions on
how to comply with the volumes and qualities of production required in their business. They would hardly be willing to explore
new products, flavors or qualities, or else accept small batches of produce with uneven qualities. Exploring this situation to
evaluate the potential of several markets, a call was made to a group of chefs in one of the regional cities where the restaurant
business is particularly active; the farmers also participated in the exchange of views and requirements of each of the parties,
but many obstacles were found, mainly due to the specialization of each group in their respective tasks, which meant less time
affordable to develop purveyors on the farmers’ side. On the chefs side, it was difficult to continuously create dishes for a
varying supply with unknown characteristics. A coupled solution was proposed: universities and culinary schools would
experiment with the local diversity, and the farmers associations or a related organization would be in charge of preparing the

conditions for a streamlined link from the farms to the market. Although the business capacities on the purveyors’ side were

enhanced by the program, their organizations are still weak to respond to stringent requirements. Other, more culture-centere%i25



23rd International Sustainable Development Research Society Conference

options have been explored (Duque, 2016), including the local and regional valuation of culinary traditions as a space for
creation of innovation within tradition. This space was created when a well-known chef was invited to share her skills with
the dry forest communities and cook with them according to their own recipes, including her expertise and twist of imagination
to bring out the unique qualities of an ingredient. After these experiences, the women in particular were highly motivated: they
recognized the professional quality of their guest, but there was a more noteworthy emergent aspect, because the women felt
their power came from their own traditions, their own source of knowledge, the local experts, the flavors stemming from the
earth and their own hands (Figure 9).

Figure 9. Different generations of women from a San Juan community empowered for innovation within tradition. They
gathered to prepare local traditional food based on their own produce and wild plants.

4. Conclusions

The former section has stressed the strong linkages between the natural lay of the land and the uses to which such territories
have been put over hundreds and even thousands of years. Although memories do not recognize the succession and antiquity
of layers, when inquiring for the use of a certain fruit tree or herb, a world of relations appears. First, the original hunters and
collectors represented in some people that still appear to roam the land as their ancestors did; then the first agricultural
experiences, the expertise of the root crops and the understanding of their qualities, needs, soils adapted to rearing them; the
mixing of the native origins and the African new inhabitants; lastly, the social adaptations to risk and insecurity that may soon
open other opportunities with a peaceful context. Striving for a long term perspective of conservation of a ravaged land, better

knowledge of the land is a pre-requisite for successful action, so exchanges between local experts would be advised.

Diversity is still waiting for its full potential; a set of options was identified through participatory research, involving some of
the young people, but much is still needed to promote better conditions for people based on their natural resources and the
varieties designed by generations of farmers. A concern for the transmission of knowledge is the ruptures due to armed conflict
and the disappearance of important leaders. A new generation of applied research would be needed, within a wider dialogue

between diverse actors.

Stemming from their own resolution and collective effort, women have great potential to develop solutions to their problems
in rural areas, once they realize that their memories related to family care carry their power to the world around their homes

and beyond, including water and forests as care-givers to the land and the people.

Innovation brought by external agents, if carefully introduced and experimented with the people in each distinct portion of
their territories, has enormous potential once it demonstrates its benefits. These advantages can be thoroughly realized if the
ambassadors of the innovations are the people themselves.

The market has been widely thought to be a powerful key to success for rural dwellers in search of sustainability; the
preparation of both sides in this endeavor is necessary, along with transparency in thought and action. Exchanges of
perspectives can uncover undetected conditions affecting the potential relations, and activities to forge trust and equal relations

can be crucial.

to manage the land, soil, plants and animals, along with other physical and climatic qualities of the landscape, is one of thgy g
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most important assets for a long term conservation of such natural and cultural resources.
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Abstract

Bogota is a metropolitan city of more than seven million inhabitants. It has a rich tradition of
arts and popular culture. Over the last few years, the institutional framework and infrastructure for
cultural management has been improved substantially. Bogota is well-known for its cultural diversity
and management of different public festivals, and at the same time, it is possible to find a vast variety
of popular artistic expressions in the local communities. Consequently, UNESCO recognized Bogota
as one of the most musically creative cities in Latin America.

This paper presents a theoretical as well as a practical model for the sustainability of the artistic and
cultural expressions in the city’s public infrastructure (theaters), as well as the business model for
fundraising and financial balance. Based on a systemic view of the arts performance, we proposed
the creation of an infrastructure network for Bogota that integrates the individual theaters by
organizational, financial, marketing, operational, organizational, logistical, human resources and
fundraising processes for optimizing money and resources: in other words, to establish a public
network of municipal theaters.

All the theoretical support of this paper is based around a concept: social networks in organizations
and the systemic approach where every actor of the network has its own function for sustainability.
That has always been a challenge for cultural managers: the financial gain as well as the cost effective
cultural programming in terms of audience preferences. This paper aims to reduce this gap between
effective cultural management and financial balance. Some references used to support the present
research are: Granovetter (1985), Powel, W.W., Smith-Doer (1994), Scott, J (2000), Fligstein, N
(2001), Boyd, (2000), Borgatti, S.P. and Foster, P. (2003), Smith-Doer, Powell, (2005).

As mentioned before, this work is based on the systemic approach to the cultural sector. We proposed
five principal subsystems for its management: i) Government, ii) Planning and Intelligence, iii)
Monitor and Control, iv) Coordination, v) Management of day to day responsibilities and functions.
We followed a participative methodology to develop the sustainable arts and business model. In this
paper we present the basis for participation of the different institutions involved, how decisions were
made, and how they could be improved.

The proposed Management Model seeks to enable a proactive change process, led by e The District
Department of Culture and Sports (SCRD) and The Bogota Philharmonic Orchestra (OFB) to
overcome the internal operational weaknesses and to create a sustainable cultural programming for
the citizens. There is an uneven and differential distribution of income within Bogota’s population,
which requires these cultural agencies to create differentiated and specialized events for the public,
guaranteeing that it is free for some.

To continue Bogota’s recognition as a cultural epicenter of Latin America, this process towards a new
Sustainable Management Model must be propelled by these principles: i) taking advantage of cultural
opportunities, ii) creating and strengthening an institutional and political coalition, iii) communicating
this new vision within public institutions, iv) empowering the players, v) establishing short term
results and achievements.
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Keywords: strategic sustainable management of cultural infrastructure through creation of a network
of public theaters, cultural management, marketing, financial, logistics and monitoring tools of
cultural spaces in a metropolitan area and fundraising. Business models for public cultural
infrastructure and sustainability strategies: leadership, organizational culture, corporate sustainability
actions and behaviors.

1. Introduction and methods

The current globalization and change environment, in which Bogota’s Cultural Management
unfolds, generates important challenges and threats, as it also offers innumerable opportunities that
the Distrital Cultural System should use. To display a proper response to these opportunities it’s
necessary to have a Model that addresses internal weaknesses (for example, difficulties found in:
coordination, programming, advertising of the cultural offering, articulations between public-private
sectors, articulations between public spaces, Mobility systems and security, insufficient financial
resources, inadequate personnel, organizational structure and quality monitoring plans). In turn, the
model proposes potentiating the strengths in the articulation with external players, stakeholders,
cultural entrepreneurs, donors, international cooperation, artists and basic organizations acting at a
territorial level. Effectively incorporating strategic stakeholders for the Cultural Management is a
priority that must be developed.

The proposed Management Model seeks to enable a proactive change process, led by the SCRD
(District Department of Culture and Sports) and the OFB (Bogota Philharmonic Orchestra), (agencies
of the Cultural Government of Bogota). The final goal would be to create a sustainable cultural
programming for the citizens through the entire cultural infrastructure. This programming should also
make good use of the global, competitive, cultural and economic forces that drive the significance of
culture as a development factor of a city, and its role in the fulfillment of its inhabitants’ rights. As a
cosmopolitan and globalized city, Bogota must count with a diverse and high quality cultural offering
that isn’t an exclusively governmental responsibility. There should be joint efforts when working with
private sector initiatives and projects, such as the construction of the new cultural project of the Julio
Mario Santo Domingo Theater. Conjointly, special attention must be placed in taking advantage of
Bogota’s competitiveness and its inhabitants’ increasing income. Although, it must be taken into
account that there’s an uneven and differential distribution of income and possibilities within
Bogota’s population, which require solutions that are focused on a differentiated and specialized
cultural offering by type of public, guaranteeing that it’s free for some.

The change process towards a new Sustainable Management Model must be propelled by these next
principles: i) a clear sense of urgency in its completion and capitalization of the opportunities
identified in the environment, ii) Creating and strengthening an institutional coalition that has a politic
will for change, sufficiently capable of attaining the required resources. This coalition must be
fundamentally composed between the SCRD and OFB, with a shared Vision and Mission, iii)
Communicate and socialize this new vision within these institutions through socialization exercises
with functionaries, stakeholders and citizens by means of increasing involvement and interaction, iv)

131



23rd International Sustainable Development Research Society Conference

empower other players, particularly friends of the Cultural facilities Network, the entrepreneurial
sector and organizations of artists, v) Establish short term generation of results and achievements that
back up the new vision, where the role played by the metropolitan theaters (with new and swift
programming) is fundamental.

In order to drive the change process, this study sets up seven strategic guidelines of action:

1-

Create a Cultural Sustainable Management System based on a network of Public Theaters
that are decentralized and accessible to most of the population. This system’s Corporate
Government must include the Treasury Department and the District Department of Education
besides the representatives of local cultural entrepreneurs and artists, representatives of
potential audiences. The cultural facilities must be articulated with the city’s public space,
Mobility and security systems, and a network of complimentary services such as restaurants,
hotels, other private theaters, etc.

The Cultural Sustainable Management System will revolve around a strategic axis, focusing
on a predefined, inclusive, diverse, versatile and high quality cultural programming. It should
include every single facility (theater, stages) and allows the execution of major events. This
programming will take into account the gratuitousness of many of the spectacles and the
formation of audiences. Also, the System will have the responsibility of shaping audiences
with the active contribution of district schools, the Department of Education and local
mayoralties.

Consolidate a Sustainable Cultural System with a solid Entity that acts as a central node and
specializes in managing the city’s cultural facilities and promoted to become Business Unit
with autonomous decision-making and accountable of its own profitability.

Financially speaking, it’s important to implement an accounting of costs for each theater and
each system, and include indicators of financial execution (besides the ones related to budget
execution) that aim to achieve sustainability in the long term.

Market and communicate the cultural offering on a massive scale that includes the whole
system and each theater involved, having a differentiated approach to each audience.

Manage with a Sustainable Financial Planning Model. It should guarantee sustainability and
allow wise decision making related to the types of contracting, nature of alliances, tariff
designs, and auditing costs of events, theaters or systems.

Create a monitoring quality system of the cultural offering, that also overviews cultural
processes and includes the creation of audiences, results of attendance and impacts on
citizens. This system must include a balance scorecard and management indicators that are
made public and can be questioned by the citizens.

These strategies are supported in the analysis and diagnosis of the current situation and the
development of a Vision of future that was built in a participative manner during the study and that
inspires the process of change. The study drawn from primary sources like workshops with public
officials, interviews to the theaters managers, open discussions of the model and secondary sources
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consulted as publications, journals magazines etc. This process expresses itself in specific missions
for the Public Facilities System and for each particular theater in each territory.

GRAPH 1 FUTURE VISION
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2. Problems, threats and challenges of the sustainable cultural management of the system

The proposed management model for the sustainability of the district’s theaters is based in
the idea of attaining an internal interconnectivity between theaters and an external interconnectivity
(which has to do with main stakeholders; potential audiences, existing audiences, artists, patrons,
other public entities, among others). This interconnection and inter-institutional cooperation must
develop as a skill of building a Network (RED).

Principles for Sustainable Cultural Management of the Network (RED)

We establish as a central element of the Sustainable Management model the consolidation of a system
of Theaters and the development of a network, which we will call RED (Red de Escenarios Distritales
or District Theaters Network), that would enable sharing of resources and information. It will also
allow the possibility of working around global objectives shared by all the members of the system,
articulate themselves to other networks and evaluate them-selves periodically so that they can use and
share lessons accomplished individually by each facility, therefore feeding this system in a proactive
manner. It’s fundamental to comprehend that Public Cultural Management can’t be based in an
exclusively governmental or state model, and that’s why an active participation is required of private
sectors, entrepreneurs, patrons, artist organizations and society in general. It’s essential to begin by

6

133



23rd International Sustainable Development Research Society Conference

stating that the public cultural offering is immersed today in a competitive environment that requires
to become differentiated by means of its polyvalent and multicultural focus, its gratuitousness in the
offering of hundredths of massive spectacles and its quality. This wouldn’t be possible without a
guarantee of financial and social sustainability of the RED public facilities system. For this to happen,
it’s necessary to keep the contribution of the district’s budget, which must also be incremented in
order to fulfill the objectives of the city’s development plan and the related cultural policies. It’s
expected that results and impacts should be attained in order to achieve these budget increases. The
Public Facility System must demonstrate quantitative results, maintain acceptable quality standards
(measured with indicators) and reflect the impact generated to education programs, developing values
and fulfillment of cultural rights for the people of Bogota. Because of this, a focal point of the
management model will be developing information, monitoring and feedback systems that are based
on quantifiable indicators for processes, results and impacts.

Taking in consideration the preceding, the Mission created is inspired and integrated by principles of
Public Management and Cultural Management. It contemplates the following elements:

e Cultural management must act in a competitive environment, that’s why the public supply of
cultural services must differentiate itself through gratuitousness, quality and specialization

¢ Public management must be decentralized on a territorial level

e Public management must be participative, therefore there’s a need of spaces for discussion,
negotiation with artists, entrepreneurs and others involved

e Cultural management ought to be measured in processes, results and impacts through
indicators.

e Cultural management should be oriented via public policies, but its implementation can be
done in collaboration with the private sector.

3. Vision and mission of sustainable cultural management for a metropolitan area

To determine the mission and vision of the RED, we identified some differences between
Theaters in terms of size and vocation. In this way a classification arises:

1. Metropolitan: equipment that lends services to the whole Capital District and to the region.
Generally they have a high urban and social impact.

2. Urban: comprises equipment that excels their urban influence to an ample size of the city’s
territory and generates high urban and social impact. This is related to their magnitude,
utilization, level of specialization, institutional pre-eminence, high urban impact, or services
and infrastructure requirements

3. Zonal: they lend specialized services to the population of urban areas; generally they’re more
extensive and complex than a simple neighborhood or small groups of homogenous
neighborhoods. They’re considered to have medium urban and social impact as they’re
developed in specialized buildings, generate an intense inflow of users at certain special days
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or hours, require parking zones, can generate traffic or congestion and favor the evolution of
complementary uses in the area of immediate influence.

4. Neighboring: first necessity equipment of and district coverage that attend to community
residents and laborers of their immediate area of influence. They’ve high social impact as
they develop themselves in establishments of reduced size, they don’t generate much traffic
nor congestion, or noise, or inflow, and they’re not propitious for any significant
complementary use.

GRAPH 2 LEVELS OF THE DISTRICT THEATER NETWORK
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MISSION OF THE DISTRICT THEATER NETWORK (RED)

The District Theater Network implements a policy that guarantees the cultural rights and the
city’s right to dispose of the optimal physical, human and technical conditions that are done
with impartial, sustainable and progressive criteria.

It works in an articulated manner, and thanks to a complementary, relevant and high quality
programming, it guarantees that everyone can live artistic experiences, display cultural
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practices, value and spread their memories and heritage; but also live and value those of
others. In the same way, it guarantees the right to take part in building and enjoying safe,
friendly and diverse environments.

The network promotes artistic, cultural, urban, social, financial and administrative
sustainability of its theaters in the metropolitan, urban and zonal levels. It also stimulates the
relationships between them at a regional, national and international level.

VISION OF THE DISTRICT THEATER NETWORK (RED)

In 2014, the Network of Public Theaters would have qualified its management model
(programming, human resources, audiences, organization, communication, marketing...), in
order to integrate and strengthen a cultural supply that’s polyvalent, inclusive and diverse
in Latin America.

The levels of action in the metropolitan area
First level: Metropolitan scale

MISSION:

The District Theater Network implements a policy that guarantees the cultural rights and the
city’s right by disposing of optimal physical, human and technical conditions with impartial,
sustainable and progressive criteria.

We promote the link and development of artistic sectors, the organizations that promote the
city’s cultures, as well as promoting those of its audiences’ and community’s, depending on
its metropolitan nature. They lead actions to promote the joint responsibilities related to the
cultural sustainability of the immediate environment and the next. They implement
management models that guarantee their administrative and financial sustainability. They
Plan and execute polyvalent and diverse programs, that have big formats and coverage, with
regional, national and international projection.

Second Level: Urban
scale

MISSION:

We promote the link and development of artistic sectors, the organizations that promote the
city’s cultures, as well as promoting those of its audiences’ and community’s, depending on
its Urban nature. They lead actions to promote the joint responsibilities related to the cultural
sustainability of the immediate environment and the next. They implement management
models that guarantee their administrative and financial sustainability. They Plan and
execute polyvalent and diverse programs, that are also specialized and allow the interaction
of specific population and regional groups.
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Third level: Zonal scale

We promote the link and development of artistic sectors, the organizations that promote the
city’s cultures, as well as promoting those of its audiences’ and community’s, depending on
its Zonal nature.

We lead actions to promote the joint responsibilities related to the cultural sustainability of
the immediate environment and the next. They implement management models that guarantee
their administrative and financial sustainability. They Plan and execute polyvalent and
diverse programs, that allow free artistic and cultural expressions of the communities and
stimulates the neighborhood relationships.

Specialized Vocations by Theater

The members (theaters) of each of the RED scales have a specialization level that depends
on its Metropolitan, Zonal or local nature. Therefore, Bogota counts with Staging for children’s
theatre, variety of dances and musicals, academic music, operas and lyric arts, typical and traditional
folklore, and forms of integral Staging represented by The Jorge Eliecer Gaitan Theater (an epicenter
of cultural diversity).

4. Theoretical approach

e A systems approach and Networks for collaboration

System is an organizational concept to organize. It consists of a series of elements (such as
cultural Theaters) and the relationships among them. First of all, a system must stamp itself with an
identity that will differentiate it from its competitors and the environment. This identity will limit the
system so that it may recognize a series of required inputs from its environment (talent, creativity,
financial resources, entrepreneurial capacities and logistics) and the products presented to the people
(varied and multicultural programming/events of high quality, decentralized by Theater). The
Cultural Theater System (RED) transforms inputs into products through processes that are integrated
and shared by all theaters/stages and which also enable continuous learning and feedback. These
processes generate learning cycles and virtuous circles that enhance the positive impact of the system
over the city and its people. It’s important to maintain a definite identity of the system when facing
an uncertain environment, but simultaneously it needs to be dynamic and learn to adapt to change and
environmental challenges. This requires the development of information and communication systems
between the constituting elements of the main system.

Each of RED’s elements must be able to access such a system and give it feedback. It must spawn a
transformation of the current undesirable situation. To think in the organization of the public Cultural
Theaters as a system, implies committing to the idea of achieving its goals efficiently and effectively.
It means to understand that these goals derive from the city’s public policies and they hold culture as
one of people’s rights.

10
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The propose model suggest that the system must have a Government Subsystem that incorporates
those players that control valuable resources for the system and aren’t being considered currently.
Because of this, there’s a need to include the Treasury Department (Secretaria de Hacienda) that
defines the total budget resources given to the system and which will be important for RED’s
government. This subsystem must also count with an executive committee that makes the day to day
decisions, and a Programming committee that articulates the distinct nodes in the system into a unique
Cultural program that is coherent, collective and quality oriented, but also allows a timely planning
of finances, marketing, and communications for the system and each Stage/theater. This Government
subsystem is in charge of leading and directing the ensemble of management subsystems. It gives the
strategic direction through clear and executable policies, indispensable for good decision making.

Secondly, create the Intelligence or Planning Subsystem. This enables envisioning future trends of
cultural and artistic supply, as well as monitoring cultural tendencies and modalities happening
outside the Network system; by this we mean international, national and district environments. This
subsystem must have the capacity of predicting how the cultural facilities should behave in the future,
in order to satisfy new trends and evolving audiences.

Thirdly, the creation of a Control Subsystem assures quality standards in the implementation of the
system’s cultural programming. For this to happen, it requires a monitoring system that allows
permanent examination of indicators (processes, results and impact), and based on them generate
permanent feedback on the decisions made.

Fourth: The Coordination Subsystem guarantees that each Stage performs according to the system’s
objectives and doesn’t drift uncontrollably. This subsystem must act through the unification of the
system’s culture, so that all of the Theatre’s members share the same values and objectives; this can
be obtained via socialization and training initiatives. In equal measure, committees should be
strengthened, as they enable teamwork between members of various cultural facilities. The most
important committee is the Programming Committee that guarantees that activities between
theaters/stages don’t overlap, that resources and information are being shared, and that it knows
beforehand the program and schedule of the whole system. There should also exist an Executive
Committee that oversees logistics and operations of the overall system. Other coordination
mechanisms are the “task force” that must be created temporarily to resolve non-permanent
requirements such as organizing Festivals.

Fifth; the “Here and now” Operation Subsystem lets each Theater act autonomously and
decentralizes them, but always keeping under common objectives and the guidelines provided by the
Coordination Subsystem. Each Theater must act autonomously with its immediate environment. This
means that the responsibility of articulating the network between private Stages/Theaters and the
Mobility and Security subsystems lies on each particular Theater. Additionally, each Theater must be
able to resolve independently central aspects of its operation such as: box office (ticket sales),
subcontracting, rent issues and its own human resources, among others.

Next, we present a graph that illustrates each of the Subsystems that take part of the Network System
(RED).
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GRAPH 4 SUBSYSTEM DEFINITIONS
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e The need for financial sustainability

To develop this work, a Financial Simulation Model* was designed based on the theory of
Cost Centers. As first measure it was built a base line of available information (income and costs) of
the following theaters: Teatro Jorge Eliécer Gaitan (TJEG), Julio Mario Santodomingo (JMSD), la
Media Torta (MT), Cinemateca (CM), Otto de Greiff (OG), Oriol Rangel (OR) and the Escenario
Movil (EM). This exercise took into account information corresponding to results of 2010, which
assumes that the majority of Stages/Theaters are financed with resources that come from the district’s
investment budget. This implied making certain assumptions and estimations in order to capture the
real financial situation of these theaters.

Three income sources were identified for each theater: i) District Budget, ii) Renting, and iii) Box-
office (ticket sales). Of these income sources the only fixed source of financing is the district’s budget
after its approval. Conversely, renting and the box-office (ticket office) are sources of variable
income, as they depend directly on the demand from lessees and audiences attendance to the different
productions and co-productions offered by district Theaters.

1 Excel document "Financial Model", which contains instructions for the use of the financial model.
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On the other hand, we identified outflows that are constituted by fixed and variables costs. Therefore,
fixed costs are represented by: Operational costs, insurances, Theater contractors, maintenance, costs
of inputs and communications. Variable costs are mainly composed by own productions: these
represent one of the most important variables in the financial model. Therefore, they were established
four scenarios in which different sorts of programs were exposed considering the existing three types
(which were explained earlier):

e High-end Production Cost

e Medium-end Production Cost
e Low-end Production Cost

e Co-productions

Based on this information, scenarios were devised for the simulation model using the results from the
baseline scenario. And so, they were proposed four new Theaters, were the numbers of ‘own
productions, co-productions, new income sources and the total amount of variables costs’ vary
depending on the generation of new resource acquisition mechanisms for district Stages/Theaters.
These mechanisms could be: Sponsorship of co-productions and productions, donations, corporate
social responsibility and international cooperation. These allow running the simulation with different
possibilities and combinations that adjust to the sustainability needs of each particular art facility.

e Modern marketing approaches for cultural development

This strategy seeks for RED to generate communication and alternative marketing
mechanisms, which are currently having a considerable impact for beneficiaries, financers and
“legitimizers” of the RED network. Therefore, the activities will lever the management of the
marketing and communications office (which aim is to create visibility and opinions in interactive
media) are:

e Acquiring a digital culture and ecologic conscience.

e Use of metrics

e Obtaining indicators and evaluations from the metrics

o Alliances and agreements with digital communications media

o Decentralized productions of contents (two way communications)
e Continuous editorial production

e  Cultural blogger network

e Inclusive workshops

e Network of cultural journalists

Vocation on Cultural Programming: an axis for developing a differentiated system
To secure a diverse cultural supply of high impact and top quality, we suggested a strategic

and planned programming. This should act in coordination and in a complementing way, so that it
may institute a supply that holds all degrees of artistic possibilities and its diversity. For this to happen

14
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we identified the differentiating elements in the programs of each Theater: such as the vocation of the
Theater, the kind of production, the focus of the offering and the specialization of audiences.

e Adiversified and qualified programming

The activity fulfillment schemes used in the Stages/Theaters are classified depending on the
use given to each Theater, which is related to the activity performed. The next chart describes different
production categories of the RED networks.

GRAPH 5 PRODUCTION CATEGORIES OF THE NETWORK (RED)

Category Description
Own initiative, all costs of the event are for the

Theater

Type

Production
Own Production

Co-production
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Own initiative, the costs of the event are shared
with the co-producer

Co-production
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Co-production

Initiative by other organisms, the costs of the event
are shared with the co-producer

TYPE A Renting for an event of a third party at closed doors

Renting to a third party for events of performance

Renting TYPEB arts
TYPE C Renting for private events where there is stage
visibility

Public entities Inter-institutional Alliances

Program planning by Levels

The proposal is to construct an artistic programming committee, integrated with members of
the RED network and experts, which bring an appropriate planning of the Programs that are related
with the vocation of each of the Theaters involved. This committee, located at the highest levels of
the network, has the main function of advising the Theater directors about the best programming for
each theater and auditorium of the network. It is composed: by three arts advisors (music, theatre and
dance), by the network (RED) Director, the Director of Metropolitan Theaters, the Director of Urban
and Zonal Theaters, and the Advisor of Strategic Alliances. The committee will meet monthly, where
it will study and validate or adjust the program proposals of each of the Theater Directors involved
in the RED. This job requires rigorous planning associated with the budget forecasts and the policies
for strategic alliances that will be implemented on each Theater. Those strategies should guarantee
its financial sustainability. In the next chart, it’s a suggested summary of the Program Strategies for
each Theater:
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Levels

GRAPH 6 PROGRAM STRATEGIES
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It was proposed a redesign of the organizational structure for the RED Network: a divisional
structure that focuses on grouped tasks, depending on the specific demand of products and services,
markets and clients. In this regard, given that the citizens are offered an ensemble of associated
services to a cultural offer (concerts, workshops, artistic spectacles), it’s very important to make a
distribution by business units that are autonomous and efficient. These B.U.s will be called: “Cross
Management Unit”, “Metropolitan Theaters Unit” and “Unit of Urban and Zonal Theaters”.
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GRAPH 7 ORGANIZATIONAL STRUCTURE OF THE NETWORK SYSTEM
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5. The proposed model

e Cultural Stakeholders management

The main stakeholders are those who have direct influence and the secondary have more of an
indirect influence over the planning of Stage/Theater activities.

GRAPH 8 SYSTEM STAKEHOLDERS
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GRAPH 9 SECONDARY STAKEHOLDERS
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GRAPH 11 REPRESENTATIONS OF SOME STAKEHOLDERS AND THE THEATERS?®
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e Public-private alliances

Strategic alliances are essential for the Network’s sustainability. For purposes of this study, some
Guide material was created for alliance attainment. The most important aspect is the typology of
strategic alliances (structured for the RED network) which revolves around these next parameters:

a) Intra-institutional Alliances: they reflect the alliances occurred between entities assigned to
the Department of Culture, Recreation and Sports (Secretaria de Cultura, Recreacién y
Deportes).

b) Inter-institutional Alliances: alliances with public institutions on a national and/or district
level.

¢) Public-Private Alliances: alliances with private companies or the third sector (NGOs),
based on commercial and philanthropic transactions.

d) International Cooperation.

3 Ibid.

147



23rd International Sustainable Development Research Society Conference

e Audience creation and citizen involvement
The main objective of Audience building strategies for the RED network is the expansion of
audiences, which is translated in attracting clients and building loyalty. The activities to achieve such

objective are based in three essential strategic focuses, illustrated in the following chart:

GRAPH 12 FOCUSES FOR AUDIENCE BUILDING

Axis Objective Strategy
Expansion Quantitative increase attendance Acquisition and retention
Deepening Increase public involvement Understanding and training
Diversification Enlarge the social base of the public [Creation and generation of new public

The periodic studies of audiences enable audience segmentation due to the data obtained from each
Theater’s attendance. Such data, ranges from demographic, economic, social and cultural characteristics
of the audiences, which are the main input when constructing strategies for communication, loyalty and
audience creation.

GRAPH 13 TYPOLOGY OF AUDIENCE SEGMENTATION
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e Monitoring of public Management

In order to guarantee the quality of the RED services, tools such as monitoring and accountability
are essential. To achieve this, a Planning and Monitoring Committee was proposed. This committee
will be part of the Monitoring and Control Subsystem responsible for supervising and following each
of the activities of The Transversal Management Unit, the Metropolitan Theaters Unit and the Urban
and Zonal Theaters Unit. The proposal is to implement an Integrated System of Management
Measurement that possesses its own management system, which is based on a group of indicators,
derived from the RED network and theaters’ own strategic plans. This will ultimately permit a complete
performance evaluation of the objectives and support any corrective decisions.

e Information systems for a modern marketing of cultural services and management

The marketing strategy seeks to exhibit the Theaters’ labor in order to guarantee that the Cultural
offering is recognized and enjoyed by all stakeholders. To achieve this objective, the following points
were addressed:

Brand generation, starting from the RED Network.

Constant monitoring of tendencies.

Understand that the industry’s stakeholders have diverse demographic characteristics.
Guarantee that the capitals received for the Theaters’ cultural exercises will be executed as
stated by each presented project.

Satisfy the needs of the community and promote dialogues

Understand the strategic alliances for each level.

HwbdE

o

TARGET MARKET

The marketing plan is focused on the training, research, creation, artistic circuits and appropriation of
the activities of the performance arts, the immersion of audiences in these activities and acquiring
resources. Hence, the main clients of the RED Network were identified: beneficiaries, financers and
legitimizers.

o Beneficiaries are favored directly by the different projects developed around the theaters.
Because of this, the attending audiences and the artists are the biggest groups that define this
first target market of the RED Network.

e Financers are benefactors of whom it is expected to receive capitals (businesses, organizations,
consulates, public entities among others) that contribute to lever the development of projects
proposed by the RED, for a single Theater or a number of them.

o Legitimizers generate opinions about the performance of theaters by means of their
experiences and perceptions, becoming references for beneficiaries and financers.
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MARKETING MIX

Products / Services: The RED principal products are the Theaters/Stages that shape it. Simultaneously,
these theaters offer services based on the performance arts cultural offering. It involves:

e Productions and Co-productions

e Educational activities and creation of citizen involvement projects
e Research programs

o Infrastructure that can be leased

Price: This study required the elaboration of a financial simulation model that could determine prices
of tickets, leasing and box offices. The model takes into account the forecast for several Theaters, in
order to determine different pricing possibilities that might be required to achieve financial equilibrium
and long-term sustainability.

Communication and divulgation channels: Each of the target markets mentioned is given a strategy.
In the case of the beneficiaries it’s proposed an intensive distribution strategy, financers are given a
Selective distribution strategy and legitimizers will follow the same strategy as the financers.

Promotion: During the making of the study, promotion was found to be significantly weak. It was
proposed to develop a strategy that followed the following principles:

o Database creation

e Public Relations

o Networking with related companies

o Creation of Results reports for the projects and activities of RED
e Inter-institutional promotion

e Intra-institutional promotion

e Strategies for audience building

e Brand build-up

GRAPH 14 PROPOSED BRANDS*

4 Image proposals for RED: Henry Osorio, titular professor of La Universidad de los Andes, Design
Department, designs Images.
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6. Limitations of the model

The proposed model assumes a change process that leads into a sustainable and articulated
management. As well as there are forces that guide this change, there are others that oppose it: for
example, at the organizational level we find heavy and rigid structures that are articulated, within
bureaucratic decision schemes and limited human resources. There are also conflict and power issues
between entities that slow up the networks cooperative job, and high uncertainty of financial resources
due to it depending mainly of district’s budget. The institutions are waiting for an annual budget to be
defined only to execute it; but without strategy. The stages need to be the top of mind in terms of the
budget distribution: the District Administration has the authority to reorient the cities’ expenditure into
cultural issues. But the closed governmental model of cultural management is not enough; today there
are immense opportunities to become private sector allied.

They were identified differences in vision and orientation between the executing entities. Therefore it
becomes very important to generate a common vision between the main players that will act as a
Cultural System and a Network of Theaters; where the collective decisions prime over the individual.
Hence, this study becomes an implementation challenge, which must procure to be done gradually and
organically.

7. Future research

From the development of the study, there are established some questions that suppose some research
and future analysis:

e How to coordinate the implementation of a sustainable systemic model that builds a Theater
network for the arts performance?

e Is it worth enough to built cultural networks or arts circuits throughout Colombia using the
proposed model?

e How can we generate alliances with international Theaters?

e How to make the city’s cultural offering project itself as a touristic attraction for international
audiences?

e What are the social, economic, environmental, cultural impacts of the sustainable networks
built around Theaters of the arts performance in Bogota?

e Are music, dance and theatre, cornerstones for a competitive artistic programming?

e Are the city’s cultural policies suitable to motivate a cultural progress? Or on the contrary, do
they obstruct the evolution of the theaters?

e What are the strategies to develop Patronage and Fundraising in Colombia (a rising trend in the
country)?

The proposed model arises between these and other questions. This work is merely a beginning that
invites to reflect about the real potential of the cultural sector and the achievement of the declared
mission and vision of RED.
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8. Conclusion

The final outcome of this work sets an ensemble of recommendations that came out of the analysis and
evaluation of the administrative and financial sustainable management of the cultural theaters related
to arts performance in Bogota:

Stakeholders

A tight relationship must be developed with the involved stakeholders, based on mutual support
and cooperation. All this in order to build an integrated, sustainable cultural ecosystem in
Bogota.

Programming and production Strategies

The proper sustainable management of a theater depends mainly of the anticipated long-term
planning of the program, since the financial, communication, marketing and logistic.

Each theater must have its own identity and a programming that would enable it to differentiate
form the rest of cultural offerings in the city.

Even though self-production is the riskiest modality (financially speaking), it’s important to
promote it because the identity of the theater depends on it.

Co-production is a modality of programming which is fairly profitable (financially speaking),
because costs and risks are shared. This requires great level of planning, coordination and
agreement between co-produces, that’s why it demands a great quantity of teamwork.

Leases are an important income source; these require specific planning and investment of
human and operational resources. The leasing policy must be coherent with the artistic and
social vocation of the Theater/stage.

Organizational Structure

The RED network must have a division arranged in business units that guarantees autonomous
planning and centralizing in the execution of projects.

The key elements for the succeed Sustainable System: The articulation via subsystems, the
organizational culture, the specialty and capacity of the attached personnel, the equilibrium
between work satisfaction and hiring expenditures, and the elements for supervision and
accountability.

Strategic Alliances

Inter-institutional and intra-institutional alliances must strengthen for sustainability.

The viability and financial sustainability of the network depend in great measure on these
alliances of national and international cooperation.

In the national context, cultural patronage is a very scarce endeavor; the management of these
resources must become a challenge and a priority for the RED team.

The strengthening and consolidation of a Friends Association for the Red Network is crucial
for the administration of resources stemming from the private sector.

152



23rd International Sustainable Development Research Society Conference

Strategy and Financial Model

e Itis necessary for the RED to reduce the financial dependence on public resources.

e Diversification of the sources of income it’s an imperative condition for the financial
sustainability of RED, this includes potential income sources that haven’t been really
developed: box-office, leases, sponsorship, patronage and international cooperation.

e Financial Management in terms of Cost centers helps to identify clearly how income and
expenditures are distributed in each theater.

e There’s a need to create and keep a financial memory for each theater, and for the network as
a whole.

e Constant monitoring of the theaters’ market is critical for guaranteeing that prices are within a
reasonable range, prices which the audience is willing to pay.

Marketing and communications

e The goals and formulated objectives for this plan, must agree with the mission of RED and
each of theater vocations, in order to adopt coherent policies that enable good relationships
with each of the target markets defined for RED (Beneficiaries, Financers and Legitimizers).

e Guarantee that actions taken will concord with the expectations of these markets.

e The development of digital and interactive communication is without doubt, one of the most
interesting strategies defined, because in the future they will be constituted as the main
communication tool for clients.

e It’s necessary to adopt a cultural brand that generates the perception of unity network.

Monitoring and quality system

e The implementation of a monitoring and feedback system is the base to integrate measurement
of: cultural programming, finances, communication, marketing, human resources, etc.

e It is vital for fulfill and exceed the network objectives to design relevant indicators with
appropriate variables to measure sustainability.

e It’s necessary to hold the Theater Directors responsible of their theaters’ performance, as they
must be held accountable for each aspect of their management.
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Sharing Water: Transhoundary Water Governance and
Management in Southern Africa

Wednesday, 14th June - 14:00 - SD 701 - Oral Paper

Prof. Larry Swatuk’

1. University of Waterloo

Water falls and flows, while states occupy fixed space: in Southern Africa, with its odd amalgam of colonially
defined borders, this is a problem. The organization of the region’s states stands at odds with the character of its
water resource flows, both in space and in time. If people and ecosystems are to survive and thrive, this natural
resource must be managed holistically, i.e. in terms of the hydrological cycle as that cycle changes through
time. The historical approach to water management worldwide is the capturing and taming of a fugitive and
wild resource — note the language of discipline and control. Where the resource is shared by two or more
sovereign states, however, resource capture — physically through the application of various infrastructure and
legally through the codification of actions in policy and law — is bound to be problematic: socially, politically,
economically, environmentally and possibly militarily. For many years there has been speculation regarding
the possibility of water wars in the region, with several basins having been identified to be ‘at risk’ of violent
conflict. Hence the importance of sharing water fairly and sustainably.

The focus of this paper is on the process and practice of sharing the region’s water by Southern African De-
velopment Community (SADC) member-states. The paper illustrates how Southern Africa serves as a mostly
willing subject for global experiments in IWRM and good water governance. SADC’s long-standing relationship
with the EU and the Nordics, which began in the late 1970s in the struggle against apartheid, ensures an endless
stream of money, technology, expertise and comradely good will. The nature of the region’s political economy
demands fundamental reforms in the way water is used and by whom. But, paradoxically, it is also this political
economy which, in the context of neoliberal globalization, encourages decision makers to stay the course: more
mines, more cash crops, less deliberate state intervention on behalf of those most in need. So, the ‘institutional
configurations and orientations’ remain centred on the sovereign state, with state governors being the recog-
nized seat of decision-taking authority, and with (often foreign) expert knowledge constituting the scientific and
technical basis for action. We remain, unfortunately, a long way from the IWRM/good governance ideal.
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Fostering political participation for better water services:
evidence from three cities in India

Thursday, 15th June - 10:15 - SD 701 - Oral Paper

Mr. Francesco M. Gimelli ', Dr. Briony C. Rogers ., Dr. Joannette J. Bos

1. Monash University

Evidence indicates that the delivery of urban water services in a manner that fosters secure lives among the
marginalised is impacted by individuals’ ability to meaningfully engage in political processes that govern water.
In many cities in the Global South the marginalised are peripheral participants in the political process, either
being used as vote-banks or lacking the confidence to engage in the political process. This reality leaves the lived
needs and realities of the marginalised outside of decision-making processes, while reducing the transparency
and accountability of water governance in the Global South. There is a need to understand how the capacity
of political participation among the marginalised can be strengthened in a manner that leads to the delivery of
water services that addresses their lived realities and meets their needs and aspirations. This paper draws on in-
terviews with forty-two community members and water development professionals in Faridabad, Delhi and
Mumbai, India, to explore their experiences with the political processes impacting on the delivery of water ser-
vices to slum areas. It identifies five political barriers impeding the ability of individuals to access - and improve
their access to — water services, and discusses how these can be addressed by explicitly incorporating a strategy

of fostering political participation as a component of urban water development initiatives.
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Liquidity Constraint, LPG Stoves and Charcoal Consumption:

A Randomized Controlled Trial in Tanzania*

Yonas Alem Remidius D. Ruhinduka Peter Berck
University of Gothenburg University of Dar es Salaam ¥ UC Berkeley *

April 12, 2017

Abstract

The high start-up cost of modern cooking appliances has been shown to be the key fac-
tor that hinders transition of households from biomass energy to clean energy in developing
countries. We designed a randomised controlled trial to identify the impact of relaxing house-
holds’ liquidity constraints on LPG stove adoption and charcoal use in urban Tanzania. In
collaboration with a local micro-finance institution, we randomly assigned households into a
subsidy treatment and a credit treatment and measure the impact on charcoal consumption
both 4 months and 15 months after the stoves have been distributed. We show that, relative
to households in the control group, adoption of LPG stoves reduced charcoal consumption by
about 27% in the treated group 15 months after the intervention. However, providing subsidies
for stove purchases resulted in a much larger reduction in charcoal use (32%) than did pro-
viding access to credit (24%). We highlight the importance of relaxing households’ financial
constraints and improving access to credit to encourage urban households to switch to clean

energy sources and save the remaining forest resources of Africa.
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1 Introduction

Charcoal is the main source of cooking energy for households in urban areas of many Sub-Saharan
(SSA) countries (Campbell et al., 2007; Mercer et al., 2011). In the urban parts of Tanzania - the
country on which we focus in this paper - the proportion of households that use charcoal to meet
their main cooking needs increased from 47 percent in 2001 to 71 percent in 2007, and Dar es Salaam
city alone consumes 500,000 tonnes of charcoal, half of the total annual charcoal consumption of the
country (World Bank, 2009). On the other hand, many SSA countries - including Tanzania - have
been experiencing economic growth which resulted in increased income and living standard in urban
areas in the past decade (AfDB, 2014). The fact that charcoal consumption has been increasing
with increasing income is contrary to the predictions of the “energy ladder theory”, which has been
the key theory in explaining energy transition in developing and emerging countries (Heltberg,
2005; Masera et al. 2000). This theory postulates that households consume biomass fuels such
as fuelwood and charcoal at lower levels of income and switch to modern fuels such as kerosene,
natural gas, and electricity as their income increases. In this paper, we use a novel randomised
controlled trial (RCT) to shed light on the key factors that induce households in urban areas of
Africa to shift from biomass fuel (charcoal) to modern fuel, Liquified Petrolium Gas (LPG).

Using biomass fuels such as charcoal has serious environmental, health, and climatic implica-
tions. The use of charcoal for cooking in urban areas and firewood in rural areas of SSA has been a
prime cause of deforestation and forest degradation (Campbell et al., 2007; Brown and Bird, 2008;
Mercer et al., 2011), clearly resulting in loss of irreplaceble biodiversity and degradation of local
ecosystems (Allen and Barnes, 1985; Geist and Lambin, 2002; Hofstad et al., 2009; Kohlin et al.,
2011). Biomass fuelwood use is also associated with indoor air pollution, which claims 3.3% of the
global burden of disease, especially that of women and children and causes about 2 million prema-
ture deaths per year (WHO, 2009). Recent studies also documented that biomass fuel, often burned
in inefficient cookstoves, contributes to climate change through its emission of harmful greenhouse
gases, including black carbon and carbon dioxide (Sagar and Kartha, 2007; Kandlikar, et al. 2009;
Grieshop et al., 2011).

Transition to cleaner fuels is conditional on adoption of appropriate cooking appliances, which
can have significant financial implications for poor households, who will forgo consumption of other
items to acquire them (Edward and Langpap, 2005; Lewis and Pattanayak, 2012). Using carefully
executed randomised controlled trials, a few studies (Smith-Sivertsen, 2009; Miller and Mobarak,
2013; Hanna et al. 2016) have investigated the factors that promote adoption of improved biomass
cookstoves and their impact on indoor air quality, health, and fuelwood consumption in rural areas
of developing countries. These studies identify social networks, availability of continuous technical
support, cultural factors, and good designs that meet households’ expectations as important factors
that promote the adoption and continued use of improved biomass cookstoves. The few existing
studies focusing on adoption of modern (clean) cookstoves use observational data (e.g., Edward
and Langpap, 2005; Alem et al. 2014) and point out the high start-up cost as the key factor that
hinders households from switching to appliances that use clean energy, such as LPG stoves.

The key question is then whether helping urban households relax liquidity constraints can induce
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them switch to modern cookstoves, or whether dependence on charcoal for cooking is driven by
cultural factors that cannot be altered by public policy in the short-run. In this paper, we provide
the first rigorous evidence on the causal effects of relaxing households’ liquidity constraints on
adoption of high-cost cooking appliances (LPG stoves) and on charcoal consumption. In order
to shed light on our hypothesis, we collaborated with Tanzania’s largest micro-finance institution
(WAT-SACCO) and randomly allocated households in Dar es Salaam, the largest city in the country,
into a “purchase through subsidy” treatment and “purchase on credit” treatment, which constituted
three types of credit schemes (payback daily, payback weekly and payback monthly) repayable in
six months. To the best of our knowledge, this paper is the first to conduct a randomized controlled
trial to understand the factors that drive switching to cleaner energy sources and the corresponding
reduction in charcoal consumption.

We take advantage of our randomised design to estimate the impact of adoption of LPG stoves
through subsidy and on credit schemes on charcoal consumption. In order to study the effects,
we conduct comprehensive baseline, midline (four months after the stoves have been distributed),
and at endline (15 months after the stoves have been distributed). Our results indicate that LPG
stove adoption overall resulted in a significant reduction in total charcoal use by the treatment
group. Specifically, intent to treat (ITT) estimates indicate that households in treated communities
consumed 31.8 percent less charcoal compared to the control group four months after the program
was rolled out, and 27.4 percent less charcoal 15 months later. This amounted to a reduction
in charcoal consumption from about 19 kg/week at the baseline to about 16 kg/week during the
midline follow-up and 15.8 kg/week during the endline follow-up. We find much larger (34.5% and
31.5%) reductions in charcoal consumption during the midline and endline follow-ups respectively
by households who adopted LPG stoves through subsidy compared to those who acquired them
through credit (29.1% and 23.6% reductions at midline and endline follow-ups respectively).

Africa’s tropical forests have significant carbon sequestration capacity but are at greater risk
than those in other parts of the world, disappearing three times faster than the world average
(Mercer et al. 2011).1 Our findings have significant implications for policies that aim at promoting
transition of households to cleaner energy sources, and saving the remaining forest resources of
the continent. Although LPG is fossil fuel, it is much more efficient and emits way less CO2
and zero black carbon compared to charcoal.? Consequently, LPG can play a significant role in
energy transition in developing countries. Given that reducing the startup cost of LGP stoves has
significant impact on their adoption and consequently on charcoal use, governments, international
donor agencies and other stakeholders should consider channeling resources to improve affordability
of LPG stoves to the poor.

The rest of the paper is structured as follows. The next section describes the study area,
experimental set-up, and timeline. Section 3 presents descriptive statistics of key variables for both

the treatment and control groups. Section 4 presents experimental results on the impact of LPG

IThe study by Mercer et al. (2011) actually documents that 30 million ha of Africa’s forest, an area equivalent to
the size of Finland, was deforested during 2000-2010, 80% of the harvested wood was burned to meet cooking energy

needs.
2IPCC (2006) assigned a global warming potential (GWP) factor zero to LPG, i.e., it is not a greenhouse gas.
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stove adoption on charcoal consumption, the key outcome variable of interest. Finally, section 5

concludes the paper.

2 Experimental Design

2.1 Study Area

Our study was conducted in Kinondoni and Temeke, two of the three districts of Dar es Salaam,
the largest city of Tanzania. These two districts are located at the two extreme ends of the city,
separated in between by Ilala, a third district. Ilala, which we used for the pilot, is the smallest
district both in terms of geographical size and population.® Dar es Salaam is the most populous
region in Tanzania (with nearly 5 million people) and over 70% of its population uses charcoal as
their main source of cooking fuel (NBS, 2012). The heavy reliance on charcoal is evident from the
open charcoal markets spread throughout the city. Approximately 1 million tonnes of charcoal is
consumed for cooking in Tanzania annually and Dar es Salaam alone consumes half of this amount
(World Bank, 2009).

Tanzania has recently discovered huge reserves of natural gas, which is expected to play a
significant role in the country’s economy by transforming the energy sector and boosting the gross
domestic product.* Since 2010, several offshore natural gas discoveries have been made by the BG
Group in partnership with Ophir Energy, and Statoil in partnership with Exxon Mobil, reaching
around 30 trillion cubic feet of recoverable natural gas reserve. With more discoveries envisaged,
a pipeline has been constructed to transport natural gas from Mnazi Bay (the central point of
discovery) to Dar es Salaam. These discoveries are expected to significantly reduce the cost of gas
and electric energy and create the incentive for households to switch away from charcoal to meet
cooking energy needs. However, this transition could be significantly constrained by the relatively
high startup cost of modern cooking appliances, especially for poor households. Findings from
the baseline survey, which we present in the next sections support this skepticism. Almost all
households we surveyed (99 percent) stated a high level of awareness about LPG stoves and their
benefits but felt constrained not to adopt, mainly because of the high initial cost.’?

Our study is conducted at an important time to provide useful and policy relevant evidence
on the constraints that households face in adopting modern cookstoves and switching away from
charcoal, as well as the roles public policy can play in tackling these constraints.. Given the
similarities of many Sub-Saharan African countries with Tanzania in terms of access to energy, the

findings from this study will also have significant relevance to other African countries.

3See figure Al in the appendix for map of Dar es Salaam.
4http://allafrica.com /stories/201504030134.html.
5Currently, less than 4 percent of households in urban Tanzania own modern cooking stoves such as electric or

gas stoves (NBS 2012).
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2.2 Sample Selection and Design

In order to conduct our experiment, we chose two wards from each of Temeke and Ilala districts,
from a total of 34 and 30 wards respectively. We chose Sandali and Azimio wards from Temeke
district, and Manzese and Mwananyamala wards from Kinondoni. The selected wards are the
residences of a majority of the low income urban households in Dar es Salaam and share similar
socioeconomic characteristics but are located at a distance from each other. The wards benefited
reasonably equally from the Community Infrastructure Upgrading Program (CIUP) implemented
by the Dar es Salaam city council between 2005-2010. The program involved improving the quality
of roads, footpaths, drainage, sanitation, solid waste, street lighting, public toilets and drinking
water (URT, 2004; URT, 2010).

We approached ward secretaries - government officials responsible for administrating wards
under districts - to provide us with the list of all sub-wards, the lowest administrative units in
urban areas (also known as streets), ranked by the average economic status of resident households.
We then selected the top four streets by their rankings in terms of economic status from each ward
to participate in our study, which gave us a total of 16 streets. The key argument for selecting
households this way is the fact that re-filling LPG gas once the startup gas runs out requires a bulk
purchase (as opposed to low cost daily purchase for charcoal, which is common in the city) and
thus the targeted population should be able to afford such costs. Finally, we asked the 16 sub-ward
leaders to prepare a roster of eligible households in their streets, from which we randomly selected
a total of 722 households to participate in the baseline survey. Eligibility criteria required that the
selected households never owned/used an LPG stove and used charcoal (but not kerosene) as their
main source of cooking energy.®

In order to minimise contamination (spill-over effects from treatment groups to the control
group), we assigned treatments at street (sub-ward) level. The sampled streets are scattered across
the districts and are reasonably large by geographical size and demographics, with an average of
about 3000 households in each sampled street. Street-level randomization also makes implementa-
tion of the program relatively easier as it seems fair from households’ point of view, and is politically
acceptable to the ward leaders. It is therefore important to note that our randomization is done at
street-level but the outcome variables of interest are measured at household-level.

We are interested in answering three key research questions: first, we want to identify the
impact of LPG stoves (regardless of their mode of acquisition) on charcoal consumption, the key
outcome variable of interest; second, we are interested in exploring whether the impact on charcoal
consumption is different depending on the mode of acquisition (subsidy or credit); and third, we
want to assess the degree of stove use and satisfaction with the stoves by households under the
two treatments. We thus randomly assigned five streets into the credit treatment, four streets into
the subsidy treatment and kept the remaining 8 streets as the control group. As a result, 216
households were potentially assigned to the credit treatment, 209 to the subsidy treatment and 299

to the control group.

6The proportion of households that use kerosene gas in Dar es Salaam is only about 7.8% (NBS 2012).
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2.3 Timeline and Implementation

We obtained a research permit for this project from the office of Dar es Salaam Regional and
Districts Administrative Secretaries, and implemented a fact-finding survey of 40 urban households
during October-November 2014. The aim of this survey was to document both qualitative and
quantitative background information about knowledge, adoption and usage (and non-usage) of
both LPG and charcoal stoves in all districts, important information that we later use to design
our interventions. We designed a short questionnaire and conducted a few focus group discussion
sessions that allowed us to obtain informative responses. At this stage, we also included a set of
questions on households’ maximum willingness to pay for an LPG stove package and whether they
would like to have the stove package on subsidy or on credit and pay for it bit by bit over a certain
period. We found encouraging responses from households regarding knowledge and willingness to
adopt LPG stoves, either on credit or through subsidy programs. We also found that high start-up
cost seemed to be the main factor that hindered households from acquiring the stove.

We conducted a comprehensive baseline survey during March-April 2015, covering all 722 sam-
pled households in the 16 sub-wards. In the baseline we included questions on demographic and
other socioeconomic characteristics, cooking habits, stove use, and awareness and willingness to
pay for LPG stoves. This was important information given that the cost of acquiring the stove
package is reasonably high and it is natural that some households may not be willing to buy it
either on credit or through a subsidy. In addition to household-level information, we collected
community-level information such as distance to the nearest charcoal market, access to roads, etc.

In early May 2015, we conducted a pre-intervention survey to check whether the households
who were assigned to the treatment group were willing to buy the LPG stove. During this time, we
informed the treatment group that their household was one of the households randomly selected to
receive an LPG stove through a subsidy or credit and that the stoves were planned to be delivered
approximately 1-2 weeks after the pre-intervention survey. The households were then asked whether
they would like to be a part of the program. Only 296 households of the 425 households who were
randomly chosen to participate in the program agreed to purchase the stoves, and the remaining
129 households (30%) declined to participate. We later check whether such refusals to uptake the
stoves are likely to bias our sample.

We implemented the LPG stove program in collaboration with a Saving and Credit Cooperative
(SACCO) named “Women Advancement Trust” (WAT) which helped us with handling the delivery
of the stoves and collection of repayment instalments for the credit treatment households. WAT-
SACCO is one of the fast-growing saving and credit cooperatives that are working to provide access
to micro-finance for the urban poor. So far, WAT has gained a good reputation and credibility in
disbursement and handling of different types of loans, including micro-credit to finance the purchase
of home appliances.” In order to make the loan credible and minimize the default rate, we followed
all procedures for getting such loans as per the rules of the SACCO , but with a few modifications
to suit to the objectives of this study. For example, we did not require households to present any

physical asset other than the stove itself as collateral. In addition, all credit treatment households

"See “http://watsaccos.co.tz” for more information about WAT-SACCO.
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were required to pay TZS 20,000 (i.e., 10% of total loan) upfront as their initial re-payment on the
day of stove delivery. In addition, they were required to provide a letter of guarantee from their
local government offices, which in Tanzanian context is credible.

The intervention was implemented in late May 2015. All households selected for the treatments
were invited for training before they were handed the LPG stove in its full package. The training
included instructions on how to safely use, clean, maintain and re-fill the LPG stoves once the
startup gas runs out.® Households under the credit treatment were provided extra instructions
regarding their specific credit scheme, including how to fill in the application forms, the required
documents, how the payments will be collected, etc. All participants were allowed to ask as many
questions as they wished and answers were given by the survey team. To minimize associated
transaction costs and inconvenience, we required households receiving the stoves on credit to transfer
the repayment instalments to a given mobile phone account managed by WAT using their mobile
phone banking system. The transfers were set to be done during the working hours of either
each working day of the week, every Monday or every 30th day of the month, depending on the
treatment type. The complete loan repayment period was set to be six months after delivery of the
stove, with repayment rates of either TZS 33,350 per month, TZS 8,350 per week or TZS 1,200 per
day, depending on the treatment type. We did not charge any interest on the loans but required
beneficiary households to cover minor transaction fees charged by mobile phone companies during
loan repayment.

We then conducted a midline follow-up survey at the end of September 2015 - approximately four
months after the stoves were distributed - to collect information on key outcome variables of interest,
including charcoal consumption, LPG stove use, compliance with treatment, and satisfaction with
the stoves.”

Finally, in order to assess the longer term impact of our interventions, we conducted a compre-
hensive end-line follow up survey during July-August, 2016, i.e., 15 months after the interventions.
We documented detailed information on household and community characteristics, cookstove use,

energy use and consumption, cooking habits, and LPG stove use and satisfaction.

3 Descriptive Stats, Randomization Checks and Attrition

Table 1 presents descriptive statistics of key household socioeconomic characteristics, cooking pat-
tern, charcoal use and stated demand for LPG stoves at the baseline. Panel A shows that the
average age of the household head is 48 years, the majority of whom (67%) are male, and the av-
erage education is 7.1 years of schooling, which is slightly higher than the standard primary school
level in Tanzania (7 years). About half of the sample households live in privately owned households,

but only 41% have access to a separate private kitchen, the remainder either cooking in their corri-

8See figure A2 in the appendix for pictures taken during training and home visits.
9We initially planned to conduct the mid-line survey six months after the stoves were distributed. However, the

2015 Tanzania National Election was scheduled in October 2015. In order to avoid interferences in our survey due to
election related activities, we instead decided to conduct the mid-line survey in September 2015, four months after

intervention.
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dors or sharing a kitchen with other households. Consistent with our expectation, the majority of
our sample households are low-income urban dwellers with average reported mean annual income of
TZS 309,000 (about USD 172).19 We notice, however that the reported average daily expenditure
on basic consumption items is TZS 9,600, which on annual basis is nearly eleven times larger than
the reported income. This overwhelming difference provides additional evidence that, compared to
consumption expenditure, income in developing countries is significantly underreported (Deaton,
1997; Deaton and Grosh, 2000). In our subsequent analysis, we rely on consumption expenditure
to capture economic status of households.

Table 1 about here

There is a large dependence on charcoal to meet cooking energy needs by households in urban
Tanzania (Panel B). The average household cooked using charcoal for about 24 years and consumes
18.7 kg of charcoal per week, which costs about 11,000 TZS. We use insights from a recent study to
shed light on the devastating consequences of charcoal use in Tanzania. Luoga et al, (2000) show
that it requires one hectare of the Miombo woodland forest of Tanzania to produce approximately
3 tonnes of charcoal. Using rough computation, it is easy to show that our sample of households
deplete an equivalent of 0.6 ha of forest every week. When it comes to the intra-household decision
on the choice of cook stoves, only 47 percent reported that the head is the main decision maker
about the type of stoves to be used by the household. This suggests that on average spouses
(wives) have fairly strong intra-household bargaining power when it comes to acquisition of kitchen
appliances. The type of meals cooked by the household could influence the amount and type of fuel
used due to the cooking time and taste of food. During the fact finding survey, a few respondents
argued that, while rice tastes better when cooked on a charcoal stove, it takes significantly longer
to boil beans (the main ingredient for the complementary sauce) on the stove. Our baseline data
suggests that nearly half of the sample cook rice and beans very often, with about 19 meals cooked
per week.

Low adoption of LPG stoves in Dar es Salaam seems to be mainly driven by liquidity constraints.
Panel C of Table 1 reports that 99 percent of the sample households knew about LPG stoves and 80
percent know someone within their close network who uses the stove.. However, 93 percent of the
the sample households reported the high startup cost of the stove package as the main constraint
to their adoption. Difference in taste of food cooked using LPG stoves does not seem to be an
important reason for not owning LPG stoves for almost the entire sample. Only 2 percent reported
it as the main reason for not owning an LPG stove. This could be partly because none of the
households in our sample used an LPG stove previously so they did not experience the taste of food
cooked using the stove. This number may change during the endline survey when households are
asked the same question after they had experienced cooking using the LPG stove. When asked if
they wish to have an LPG stove in the future, in case their economic status improves, a staggering
96% of our sample households replied “yes” but their current average willingness to pay for the
stove package is only TZS 63,420, which is much lower than the market price (200,000 TZS) of the

stove package in Dar es Salaam.

10At the time of the baseline survey, 1 USD = 1800 TZS.
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Randomisation of treatment should insure that on average treatment and control groups have
similar baseline characteristics. In order to check this, in Table 2, we present means of several key
characteristics of households in both groups, as well as test results for the null hypothesis that the
difference in means is statistically significantly not different from zero. For nearly all the variables
presented, the difference in means is not statistically different from zero. The sole exception is that
there is a statistically significant difference in the means of the variable “owning a saving account”
between the credit treatment and the control group. Although this is unfortunate, we don’t think it
will bias our results because the proportion of households who own a saving account in the control
group is about 9 percentage points higher than in the credit treatment group.

Table 2 about here

In order to investigate whether the decision by some of the treatment households not to buy
the LPG stoves resulted in a systematic difference between the treatment and control groups, we
performed a simple mean comparison test for all relevant baseline characteristics. Results reported
in Table 3 indicate that none of the baseline variables seem to be statistically different between
the treatment and control groups. Consequently, the decision not to buy by some of the potential
treatment group households is less likely to create bias in our sample.

Table 3 about here

During the midline survey conducted about 4 months after the intervention, the proportion
of households we could not track was only 3%. However, the proportion increased to about 27%
during the endline survey which was conducted 15 months after the intervention. It is common
to encounter a larger rate of attrition in urban areas than in rural areas of developing countries
(Bandiera et al. 2015, Friedman et al. 2011, Duflo et al. 2014). As shown in Table 1, about half
of our sample of households reside in rented residential places. By the time of the endline survey,
a number of households had moved to rented apartments in other parts of the city. While the
survey team managed to track some of those who moved to new locations using their cell phone
numbers, others could not be traced and thus we could not document endline information for these
households.

In order to check if attrition in our sample has been systematic, we run a probit regression for the
correlates of attrition and report the results in Table 4. The dependent variable is a dummy equal to
one if the household attrits by endline. Column 1 controls for being treated (LPG aquisition either
on credit or through subsidy). Column 2 differentiates the correlates of attrition by the type of
intervention. Column 3 controls for other socio-economic characteristics in addition to the type of
treatment. Results in all columns suggest that none of our interventions are statistically significant
in predicting attrition. Column 3 however shows households living in own residential property are
less likely to attrit and the correlation is statistically significant at the one percent level. This is
consistent with our actual observation during the endline survey. We also note that households
with educated heads are less likely to attrit. In the results section, we compute treatment effects,
which control for the possible impacts of attrition.

Table 4 about here
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4 Results

4.1 Specification

Given the randomised nature of our design, we can identify the impact of adoption of LPG stoves
on charcoal consumption from the single mean differences between treatment and control groups in
an OLS regression. As participation in our interventions (both credit and subsidy) are voluntary,
not all households who have been assigned to the interventions take-up the offer. Consequently,
we focus on intent-to-treat (ITT) impacts. Given random assignment of sub-wards to treatment,
we can estimate the ITT impact of the LPG credit and subsidy programs using the following OLS

specifications.

yijt =+ 'ytreatj + ﬂXijO =+ Eijt (1)

and

Yijt = o+ neredity + Osubsidy; + BXj0 + €41 (2)

where y;;; is our key outcome variable of interest, charcoal consumption by household 7 in sub-
ward j at 4 months follow-up (¢ = 1) and 15 months follow-up (t = 2), treat is a binary indicator
for either credit or subsidy treatment, credit and subsidy refer to binary indicators of treatment
type, Xijo are control variables at the baseline, €;;; is a random error term that we allow to be
clustered by sub-ward j, and ~, p and 6 are the coefficients of interest, measuring the ITT impact
of our credit and subsidy interventions.

In order to minimise measurement error in the outcome variable of interest during all the three
surveys, households were asked to keep a record of the quantity of charcoal used during the most
recent week in the local units. We visited four charcoal markets in each ward and constructed
average conversion factors to standard units by measuring each available local unit using a digital
scale. We then converted all local units reported by households into standard units using these

conversion factors.

4.2 Charcoal Consumption

We begin with results from the simple mean comparison of weekly charcoal consumption between
the treatment and control groups during the baseline, mid-line (4 months after the interventions)
and endline (15 months after the interventions), as reported in Table 5. Panel A presents the results
for the quantity of charcoal consumed. While the treatment and control groups reported similar
amounts of charcoal consumption per week during the baseline (18.9 kg and 19.78 kg respectively),
treated households consumed 3.85 kg less in a week compared to the control households during
the midline follow-up survey, and 3.79 kg less in a week during the endline follow-up survey. Both
these effects translate into a large reduction in charcoal use which is statistically significant at the
one percent level. In panel B, we present the monetary value of the reduction in charcoal due

to adoption of LPG stoves. The results reveal that compared to the control group, adoption of

10
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LPG stoves reduced the amount of weekly charcoal expenditure for the treatment group by about
2,900TZS (USD 1.61) at midline follow-up and to about 2,300 TZS (USD 1.28) at the endline
follow-up.

Table 5 about here

Table 6 provides formal empirical estimation of intent to treat (ITT) from an OLS model.
Column (1) presents the results for the impact of adoption of LPG, regardless of the treatment
type at the midline. In columns (2) and (3), we extend the analysis by controlling for the type
of treatment (subsidy and credit), and for controls. This is very important from a public policy
point of view given the ongoing debate about the idea that people tend to value and use goods
less when they receive them at a lower price (e.g., Hoffman et al, 2008; Hoffman, 2009; Cohen &
Dupas, 2010). Consistent with the observation in the mean comparison presented in the previous
table, column 1 of Table 6 suggests that compared to the treatment group, LPG adoption reduced
charcoal consumption by about 31.8 percent per week four months after the interventions. When
we assess the impact by the treatment type, results in column 2 suggest a relatively larger impact
(34.5 percent) for the stoves adopted through a subsidy compared to the control group than those
purchased on credit (29.1 percent). The results remain robust even after controlling for other
covariates (column 3).

Table 6 about here

In columns (4) - (6), we investigate the impact of adoption of LPG stoves at endline - 15 months
after the stoves have been distributed. This is important given the recent finding that after stoves
have been adopted, households might not continue using them for several reasons (Hanna et al.
2016). Results remain quite robust 15 months after the intervention. On average, LPG adoption
reduced charcoal consumption by 27.4 percent (column 4), acquiring the stoves through subsidy
resulted in 31.5 percent reduction in charcoal use, and acquiring them on credit led to a 23.6
percent reduction in charcoal use column (5). Controlling for household characteristics in column
(6) reduces the treatment effects slightly, but the effects remain robust.

Both at the midline and at the endline follow-ups, we document difference in the impact of LPG
stoves on charcoal consumption between the credit and subsidy treatments, which we believe can
be explained by several factors. The main reason for such a difference at the midline could be the
fact that we conducted our midline followup survey four months after the interventions and before
households who bought the stoves on credit have paid back the full amount of the LPG loan. It is
therefore plausible to expect that the credit households are still hesitant to use the stove relative
to those who received the stoves through a subsidy and who actually have full ownership. This
could be more pronounced by the fact that the stoves themselves are collateral for the credit. In
addition, it is plausible to expect that households in the credit treatment had to pay the full cost
of the stoves, while those in the subsidy treatment acquired them at a much lower subsidized price.
Consequently, subsidy households might have refilled gas more frequently and reduced charcoal
consumption. However, the difference seems to have persisted even at the endline follow-up, i.e.,

15 months after the stoves have been distributed.

11

168



23rd International Sustainable Development Research Society Conference

4.3 Satisfaction with LPG Stoves

In addition to identifying the impact of LPG stove adoption on charcoal use, it would be interesting
to investigate how often adopter households use the stoves and whether the intensity of use differs
across treatments. One could anticipate that provision of LPG stoves would encourage households
to switch from charcoal to LPG. However, existing empirical evidence (e.g., Masera et al. 2000;
Heltberg, 2005) suggests that households may continue to use the charcoal stove in combination
with the LPG stove, a phenomenon known as “fuel stacking”. During the midline follow-up survey,
almost 25 percent of the treated households (i.e., 74 households) reported not to have used the
LPG stove over the past one week. Table A3 in the Appendix shows the distribution of reasons for
not using the LPG stoves during the midline survey among those who received the stoves.

In Table 7, we explore if stove use and intensity are correlated with the type of treatment
assigned to households both at the midline and endline. Midline results reported in column [1]
suggest that the number of times the stove is put to use is not correlated with the treatment
category in a statistically significant manner. These results are robust to controlling for other
covariates. However, results show that incomplete knowledge on how to operate an LPG gas stove
and gas run out are negatively correlated with stove use. This is expected given the fact that the
treated households only had about four months of experience in using the stoves by the time of the
midline follow-up survey. Fifteen months after the intervention, i.e., during the endline, however,
incomplete knowledge on LPG stove use is not correlated with stove use any more. This most likely
suggests the presence of learning-by-doing in stove use. During the endline, we observe that gas run
out remained to be an important variable in explaining stove use. But we also find education (years
of schooling) to be positively correlated with the intensity of LPG stove use. Results in column
[4] also suggest that household size is weakly positively correlated with intensity of LPG stove use,
while the number of years a household used charcoal for cooking is weakly negatively correlated
with LPG stove use.

Table 7 about here

We finally explore the extent to which households who received LPG stoves are satisfied with
the different attributes. Figure 1 shows the distribution of responses to the satisfaction questions.
Results suggest that the majority of households are satisfied with all features of the stove, including
stove quality (80 percent), stove functioning (79 percent), gas cost (77 percent), food taste (73
percent) and cooking convenience (80 percent). These results indicate that the type of LPG stoves
we distributed have a high acceptance rate by the sample of treated households in urban Tanzania.

Figure 1 about here

In order to explore the correlates of reported levels of satisfaction with the different attributes of
LPG stoves, we run simple OLS models of satisfaction and report the regression results in Table 8.
Two variables appear to be consistently important correlates of satisfaction with LPG stoves. These
are household size and years of schooling. Households headed by educated individuals tend to be
satisfied with all aspects of the LPG stoves. Larger households tend to be satisfied with all aspect
of the stove except with functioning. We do not, however, find any evidence suggesting satisfaction

with stove attributes is correlated with the type of treatment, as indicated by the coefficient of the
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credit treatment variable, which is statistically insignificant.
Table 8 about here

5 Conclusions

Charcoal, largely consumed by households in urban areas, has been documented to be one of the
main causes of deforestation and forest degradation in Africa. Forest clearing for charcoal produc-
tion results in loss of invaluable biodiversity and destruction of local ecosystems. One important
factor that hinders transition of households from biomass energy to clean energy sources is the
high start-up cost of modern cooking appliances. In order to test this hypothesis, we collaborated
with one of Tanzania’s largest micro-finance institutions, WAT-SACOS, and implemented an LPG
gas stove program in a randomised controlled trial setup. The program involved provision of a
durable and high-quality two-burner LPG stove package through a subsidy and on credit, which
included different repayment arrangements. To the best of our knowledge, this is the first study
to provide rigorous evidence on the causal effects of relaxing households’ financial constraints on
on adoption of modern cooking appliances that have a high-start up cost and the corresponding
impact on charcoal consumption..

The LPG stoves we offered had a high uptake rate by urban households in Tanzania, with
70 percent adoption by those who were randomly assigned to the treatments. Our results indicate
that, overall, adoption of LPG stoves reduced charcoal consumption by about 27.4 percent per week
compared to the control group 15 months after the stoves have been distributed. When we assess
the impact by the treatment type, estimates suggest that, compared to the control group, those
who adopted the stoves through a subsidised price reduced charcoal consumption by 31.5 percent
while those who adopted the stoves on credit reduced charcoal consumption by 23.6 percent. These
results are robust to controlling for other household covariates. This finding is consistent with the
reported use frequency by households, with those who obtained the stoves through subsidy using
them more often than those who obtained them on credit. The difference in stove use and impact on
charcoal consumption during the midline survey was most likely driven by the fact that the survey
took place a couple of months before the full credit amount had been paid out by households, who
probably did not feel complete ownership of the LPG stoves. Interestingly however, the difference
remained significant between the two groups during the endline survey which took place 15 months
after the stoves have been distributed.

Millions of hectares of Africa’s forests are destroyed for production of charcoal and firewood each
year. Given the documented high carbon sequestration potential of Tanzania’s forests, targeting
reduction of charcoal production is likely to provide substantial external benefits to society at
large. The findings from our study provide useful insights on how to reduce charcoal consumption
in urban areas of Africa. Both the descriptive statistics and results from our randomised controlled
trial demonstrate that the high start-up cost of modern cooking appliances such as LPG stoves is the
main factor that prohibits households from switching to modern and relatively environmentally-

friendly energy. In view of this, simple policy interventions such as reducing the import duty
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on LPG stoves could increase adoption and use of LPG stoves and consequently reduce charcoal
consumption. This is the main message of our study, which could be useful to policymakers, donors,

and other stakeholders who are interested in saving the remaining forest resources of Africa.
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Figure 1: Satisfaction with different features of LPG stoves
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Table 1: Descriptive Statistics at Baseline

Mean SD
PanelA: Socioeconomic Characteristics
Age 48,004 13,351
Male 0,670 0,470
Household size 5,768 2,222
Annual income (TZS) 309931,000 256702,700
Years of schooling 7,165 3,076
Muslim (dummy, 1= yes) 0,793 0,405
Has access to main grid electricity in the house (dummy, 1= yes) 0,750 0,433
Average household daily expenditure 9661,586 18043,120
Access to separate kitchen room (dummy, 1= yes) 0,406 0,491
Residential house is privately owned (dummy, 1= yes) 0,505 0,500
At least one member owns a saving account (dummy, 1= yes) 0,373 0,484
Panel B: Cooking Pattern and Charcoal Use
Number of years using charcoal stove 23,748 11,662
Head decides on acquisition of stove (dummy, 1= yes) 0,469 0,499
Distance to nearest charcoal market (in minutes) 4,349 4,224
Number of meals cooked last week 18,885 3,560
Number of meals cooked last week using charcoal 16,073 4,698
Rice, main staple for the household (dummy, 1= yes) 0,477 0,500
Beans, main sauce (dummy, 1= yes) 0,551 0,498
Amount of charcoal used last week (in Kg.) 18,719 10,049

Total expenditure on charcoal last week (in TZS)

10948,030 6107,990

Panel C: Demand for LPG stoves
Household knows about LPG stoves (dummy, 1= yes)

Knows someone using LPG stove (dummy, 1= yes)

High start up cost is main reason for not owning LPG (dummy, 1= yes)
Difference in taste of food cooked is main reason for not owning LPG (dummy, 1= yes)

Household wishes to own LPG stove in the future (dummy, 1= yes)

Maximum willingness to pay for an LPG stove package (TZS)
Can afford gas refilling cost (dummy, 1= yes)
Walking distance to the nearest LPG gas dealer (in minutes)

Observations

0,985 0,123
0,803 0,398
0,934 0,249
0,024 0,152
0,961 0,193

63419,670  38548,520
0,882 0,323
17,757 14,102

722
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Table 4: Correlates of Attrition, Baseline - Endline: Probit Regression Results

] 2 B
Treatment 0,106
-0,142
Credit treatment 0,0929 0,101
-0,176 -0,148
Subsidy treatment 0,119 0,129
-0,175 -0,173
Age -0,00398
-0,00508
Household size 0,0303
-0,0264
Years of schooling -0,0396*
-0,0221
Male dummy (1=yes) 0,135
-0,159
Separate kitchen (dummy, 1= yes) -0,0763
-0,133
Residential house privately owned (dummy, 1= yes) -0,248%**
-0,0963
Owns a bank account (dummy 1=yes) -0,062
-0,0883
Number of years using charcoal stove -0,00832
-0,00548
Head decides on acquisition of stove (dummy, 1= yes) 0,0323
-0,18
Number of meals cooked last week 0,00437
-0,0135
Intercept -0,667**F*F  _0,66T*** -0,193
-0,0973 -0,0973 -0,437
Observations 722 722 722

Notes: * x xp < 0.01, % x p < 0.05,*p < 0.1.
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Table 5: Charcoal Consumption at Baseline, Mid-line and Endline: Treatment and Control Group

Baseline Midline Endline
Panel A: Amount of Charcoal in KG.
Treatment 18,97 16,01 15,83
(9,141) (11,549) (8,542)
Control 19,78 19,86 19,61
(11,832) (10,462) (9,226)
Diff(Treated-control) -0,82 -3,845%** -3 T8TH**
Panel B: Value of Charcoal in TZS Treatment  11060,16 9328,25 9086,01
(5081,011) (6613,589) (5008,947)
Control 11573,95 12241,70 11423,96
(7667,924) (7483,96) (5072,572)
Diff (Treated-control) -513,79 -2913,446***  -2337 947***
Obs 722 698 527
Notes: * xxp < 0.01, % x p < 0.05,*p < 0.1.
Table 6: Impact of LPG Stoves on Charcoal Consumption
[Midline] [Endline] [Mid. End. Diff.]
[1] [2] 3] (4] [5] (6] 7]
Treatment -0,318%** -0,274%%* -0,044%%*
-0,0771 -0,0829 -0,0046
Credit Treatment -0,291%F% 0, 278%** -0,236%*%  -0,190** -0,088%**
-0,0792 -0,0699 -0,0866 -0,0676 (0,0034)
Subsidy Treatment -0,345%*%*  _(,333%** -0,315%*  -0,288*** -0,045%**
-0,108 -0,104 -0,11 -0,0977 (0,006)
Controls No No Yes No No Yes
Observations 698 698 698 527 527 527
R-squared 0.041 0.042 0.062 0.037 0.039 0.0.122

Notes: * % xp < 0.01, %% p < 0.05,*p < 0.1.
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Table 7: LPG Stove Use: OLS Regression Results

[Midline] [Endline]
1] 2 B 4]
Credit treatment 0.900 0.221 -1.153 -0.618
(1.032)  (1.125)  (1.355)  (1.045)
Age 0.0596 0.0596
(0.0460) (0.0469)
Household size 0.154 0.243*
(0.235) (0.116)
Years of schooling 0.260 0.359%**
(0.185) (0.112)
Household monthly income (log) 0.332 -0.123
(0.654) (0.308)
Number of years using charcoal stove -0.0506 -0.121*
(0.0386) (0.0631)
Gas run out (dummy) -12.81%** -10.57%%*
(0.980) (0.660)
Incomplete knowledge on LPG stove use (dummy) -11.72%%* -5.190
(0.756) (5.389)
Distance to the nearest gas dealer 0.113 0.200
(0.417) (0.336)
Constant 11.38%*** 3.112 9.519%** 8.060%*
(0.547)  (8.617)  (0.745)  (4.109)
Observations 296 296 241 241
R-squared 0.003 0.093 0.006 0.329

Notes: Standard errors clustered at the street level, * % xp < 0.01,* * p < 0.05, *p < 0.1.
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Table 8: Satisfaction With LPG Stoves: Probit Regression Results

Quality  Functioning Food Taste Cost Convenience
Credit Treatment -0.273 -0.309 -0.142 -0.237 -0.250
(0.248) (0.228) (0.212) (0.212) (0.217)
Age -0.00510 -0.000919 0.000793 0.00441 -0.00177
(0.00755)  (0.00751)  (0.00967)  (0.00683)  (0.00808)
Household size 0.0795* 0.0448 0.0839* 0.0416 0.0878***
(0.0408)  (0.0379) (0.0476)  (0.0368) (0.0290)
Years of schooling 0.0756** 0.0800** 0.0998*** 0.0718* 0.0789**
(0.0327)  (0.0318) (0.0327)  (0.0416) (0.0322)
Male -0.366* -0.374 -0.267 -0.407* -0.435%*
(0.205) (0.256) (0.262) (0.245) (0.247)
Separate kitchen -0.0582 -0.0119 -0.00106 0.107 0.0527
(0.222) (0.234) (0.187) (0.229) (0.221)
Residential house privately owned -0.266 -0.243 -0.196 -0.286 -0.223
(0.183) (0.220) (0.186) (0.189) (0.190)
Number of years using charcoal stove ~ 0.00779 -0.000186 -0.00815 -0.000188 -0.00395
(0.00818) (0.00807) (0.00803)  (0.00808) (0.00809)
Head decides on acquisition of stove 0.0683 0.0123 0.119 -0.0531 0.0111
(0.286) (0.281) (0.228) (0.261) (0.265)
Number of meals cooked last week -0.00608 -0.00579 0.000139 -0.00231 0.0111
(0.0267) (0.0300) (0.0248) (0.0339) (0.0315)
Intercept 0.542 0.689 -0.138 0.351 0.264
(0.671) (0.716) (0.638) (0.833) (0.823)
Observations 296 296 296 296 296
Pseudo R? - squared 0.065 0.061 0.066 0.049 0.065

Notes: Robustness standard errors in parentheses, * * xp < 0.01,% x p < 0.05,*p < 0.1.

Table A1l Reasons for not using LPG Stoves

No. %
Gas run out 0,07
Stove/parts mulfunction 0,04
Type of food cooked 0,03
Not confident on how to operate the stove 0,05
Non of the above 60 0,81
Observations 74 1,00

25

182



23rd International Sustainable Development Research Society Conference

Al.pdf

Figure 1: Map of Dar Es Salaam City Council Showing Municipalities
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Figure A2.
[). Subjects attending a training session.
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A3.pdf

Figure A3
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Reporting and Auditing when Accounting for Sustainability:
How Far We Have Come and Framework for Continuing

Abstract

This research responds to increasing calls for more and different forms of accounting
research in accounting for sustainability. It provides background, clarifies accounting research
issues, and suggests research methods. Background analysis indicates a change in focus from
external sustainability issue focusing on ecological and social issues to an internal focus on
sustainable companies facing a broad range of sustainability issues including ecological, social,
and economic. Accounting for sustainability must go beyond supplemental reporting of
ecological and social information to include such emerging issues as integrated reporting of
sustainability information along with financial reporting. Additional emerging issues are needs of
users of sustainability reports, auditing and other assurance of sustainability information, and
sustainability implications of financial failure, accounting and auditing failures, and lack of
enforcement.

Analysis of integrated reporting against traditional financial accounting theory and the
postulates of going concern, reporting entity, monetary unit, and time period, indicates a need for
substantial changes in the traditional financial accounting model if sustainability issues are to be
integrated. The agenda concludes with five research issues and methods:

e An accounting research framework for sustainability using general systems theory
approaches that have been useful for similar emerging issues.

e Reporting of sustainability information which has been the focus of most research to
date, and the emerging important topic of integrated reporting.

e Users of sustainable information, their uses and perceived needs, an area that has been
largely neglected.

e Auditing and assurance issues that are taking on greater importance as more users
demand assurance for sustainability information. Issues include standards to be used and
users’ expectations and reactions.

e Financial distress and sustainability consequences of accounting and enforcement failures
that are just now being recognized as sustainability issues.

e A new Sustainable Enterprise Theory and Sustainability Indicator Accounting that also
allows auditability of sustainability reports.

Research methods, including content analysis, field studies, experiments, and archival, are

identified as appropriate for each issue.

Key words: sustainability, accounting and reporting, integrated reporting, assurance, auditing,
environment, social, going concern, financial distress
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Professor Gary M. Cunningham
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Reporting and Auditing when Accounting for Sustainability:
How Far We Have Come and Framework for Continuing

1. Introduction

As calls for accounting involvement in sustainability issues have become stronger, more
frequent, and more urgent, both practicing accountants and accounting academics have become
more involved. In particular, integrated reporting of financial and sustainability information has
become more widespread, accepted, with implementation attempts, but without a comprehensive
analysis of the challenges and many pitfalls. Auditability of reported information has become an
issue. This paper presents discusses how far we have come and some of the issues that have
emerged and remain to be addressed before further progress can be made.

As discussed below, there is no common notion of sustainability, especially in accounting
contexts, and notions are rapidly expanding. For this paper, we tentatively, as a starting point,
draw upon the classic economist Sir John Hicks who developed the concept of consumption
being what would leave a person as well off at the end of the period as at the beginning of the
period. The notions of what constitutes a period is also rapidly changing. Our working notion of
sustainability is that a sustainable entity is one that is as well off at the end of a period as at the
beginning with respect to use of all resources including. environmental, human, ecological,
social, financial, and technological.

Much previous research has used the definition of sustainability of Buntland (1987) given
30 years ago for the World Commission of Environment and Development of the United Nations
(UN) which focuses on sustainable development ensuring that it meets current needs without
sacrificing needs of future generations (quoted and cited, e.g., by Kasperiet 2011). Buntdland’s
definition, while innovative and ground-breaking for the time, is now obsolete for current
activity in accounting for sustainability. Among other things, it focuses on external
sustainability, i.e. sustainability of ecological and social systems, while the focus of current
accounting for sustainability is on sustainability of an entity and entities much more broadly
defined. More comprehensive definitions of sustainability and entity are needed.

Despite no common notion, the terms “sustainability” and “accountability” in
environmental and social contexts are used widely. Journals have been launched to publish
research exclusively or primarily on accounting for sustainability, e.g. Social and Environmental

Accountability Journal, Sustainability Accounting, Management, and Policy Journal, and

3t

188



23rd International Sustainable Development Research Society Conference

Sustainability: The Journal of Record. A major international academic accounting conference of
the International Association for Accounting Education & Research (IAAER) held in Singapore
in November, 2010, featured panel discussions of practitioners and academics that called clearly
for more academic research in accounting for sustainability, notably in auditing. At another
recent international academic accounting conference, Asian Pacific Conference on International
Accounting Issues held in Australia in November 2010, a speaker from a government pension
fund agency in Australia was critical of academic accountants’ lack of involvement in
accounting for sustainability; she indicated if the academic accountants did not get more
involved soon, other groups would.

Thomas L. Friedman, a New York Times columnist and award-winning author, in his
book on sustainability, Hot Flat and Crowded, Release 2.0 (2009), has explicitly used
accounting terminology (discussed in more detail below) to describe inadequacies of current
accounting practice for sustainability. Major international business-oriented newspapers write
about the same issues.

Dedicated research in sustainable investing has been ongoing for a few years. Notably,
the Sustainability Investment Research Platform (SIRP) (www.sirp.se) in Sweden has been a
world leader in such research. It is now recognized by SIRP and others that accounting for
sustainability is the current major research area.

The Principles of Responsible Investment (PRI) Academic Network of the UN
(http://academic.unpri.org/), among other things, publishes the RI Digest of academic research
articles in sustainability. Increasingly, the RI digest has been reviewing accounting research,
notably about disclosures, e.g. Solomon and Solomon, (2006), reported and reviewed in
December 2010.

The Centre for Social and Environmental Accounting Research, Accountability,
Transparency, Sustainability (CSEAR) (http://www.st-andrews.ac.uk/~csearweb/) has been
created at the University of St. Andrews in the UK to provide information resources, sponsor
workshops, and other activities to help researchers and scholars exploring social, environmental,
and sustainability accounting, auditing and reporting and related topics.

One of the major issues in accounting for sustainability is lack of a common notion of
accounting roles in sustainability, nor even what constitutes sustainability in an accounting

context. The various notions of sustainability and accounting for sustainability, while not
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conflicting, and indeed complementary, reflect a need for more detailed accounting analysis to
identify research issues, establish more precise concepts, definitions, and notions to provide
near-term future directions. In addition, there is no common notion of reporting of sustainability.
The term integrated reporting is thrown about as though there was consistency in its use and
understanding. Yet there is no common notion of “integrated” and varying approaches are used
under the guise of “integrated.”

This paper presents continuing steps to provide structure to identifying and discussing
specific groups of research issues for accounting for sustainability, along with methodologies
and data sources. The remainder of this paper is organized as follows:

e Section 2 presents background information underlying issues of accounting for
sustainability.

e Section 3 analyzes issues in accounting for sustainability with respect to traditional
accounting practice, notably the postulates of accounting.

e Section 4 presents specific research possibilities along with research methods and
sources. Some issues are better developed than others.

e Section 5 gives a concluding discussion.

2.0 Background

During the past several years, many accounting academics and accounting practitioners
have viewed sustainability almost exclusively as representing environmental, i.e. ecological, and
sometimes social issues, and sustainability reporting as telling how ‘green’ and socially
responsible a company has been. This view of sustainability reflects a common view developed
over 25 years ago by the Brundtland commission of the United Nations (UN) that sustainability
is meeting needs of current generations without sacrificing future generations’ needs (Brundtland
1987). A large number of academic publications reflect this view (e.g. Adams 2010, Gray 2010,
and sources cited by them). Panelists at the IAAER conference (2010), however, were clear that
current approaches to sustainability reporting are too narrow and inadequate for many reasons;
especially the notion of accounting for sustainability is much broader than mere environmental
(ecological) and social reporting. Therefore, the role of accounting involvement must be broader
to include such activities as risk assessment and providing assurance including auditing.

It is now widely recognized, but not well documented in academic publications, that
sustainability goes beyond mere environmental (ecological) and social issues, and includes

sustainability of an enterprise as a business involving raw material extraction, production, sales,
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and marketing, disposal, and recycling, as well as being sustainable financially, legally, and in
other similar ways. Also relevant are broad economic issues such as income inequality that must
be resolved in order for enterprises to be sustainable both individually and collectively. Poor
environmental (ecological) and social performance can indeed lead to unsustainable business
activity as evidenced by consumer boycotts of large retail enterprises that were viewed as selling
products made by suppliers using child labor and other socially and environmentally
unacceptable practices. Users of financial information consistently indicate a desire to have more
information to allow them to assess sustainability and risk related to sustainability.

Thomas L. Friedman (2009), the award-winning author, links both financial sustainability
in the latest financial crisis and environmental sustainability as representing the same
phenomenon: inadequate accounting that does not adequately consider risk:

If the true risks involved in these subprime mortgages or default insurance had been priced
into these products, they would never have been rated the way they were. Investors would
have been much more wary and demanded much higher yields before buying them, which
would have forced the mortgage brokers to be more careful in deciding to whom to give
these mortgages and the banks to be more careful in choosing which ones to bundle.
(Friedman 2009, pg. 15).

While pricing of products might be viewed as a marketing issue, under IFRS and accounting
standards of most industrialized countries, valuation of the cost of the products sold and the
inventory of buyers would require an adequate risk assessment to measure amounts in financial
statements of both sellers and buyers. Furthermore, the principle of going concern applies to all
valuations in financial statements and underpricing of financial risk raises serious issues of going
concern. The going concern principle is essentially the same as sustainability when making
financial accounting valuations. (Going concern issues are discussed in more detail shortly.) As a
result, sustainability failures in the recent financial crisis related to inadequate pricing of risk in
products are indeed issues of accounting for sustainability.

Then, when writing about environmental issues discussing a 2005 report of the
Millennium Ecosystem Assessment of the United Nations, Friedman comments:

Yet because most nations do not put a price on [the natural resources consumed] they too are
‘underpriced’ and therefore overexploited—with the profits privatized and the losses
socialized. (Friedman 2009, p. 25)

Further quoting the World Wild Life Fund’s Living Planet 2008 Report:
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‘The world is currently struggling with the consequences of over-valuing its financial assets,
but a more fundamental crisis looms ahead—an ecological credit crunch caused by
undervaluing the environmental assets that are the basis of all life and prosperity.’
(Friedman 2009 p. 25).

Under current accounting standards, IFRS and USGAAP, the value of ecological resources used
would not normally be used to measure product prices or report values in financial reports; thus,
Friedman advocates a new accounting paradigm for accounting for sustainability that
incorporates use of environmental and social resources in accounting measurements.

In both of these situations, as well as throughout the book, Friedman, a well read, literate
and articulate writer, but a non-accountant, uses accounting terminology to link both financial
and ecological sustainability failures and to attribute the cause of both to the same phenomenon,
underpricing of assets and products sold due to failure to consider sustainability risk. Similar
calls for a new accounting model to incorporate external costs have been made by others, e.g. the
Accounting for Sustainability Group (2006) and Epstein (2008).

Recent attention to so-called integrated reporting has come from the Accounting for

Sustainability Project (www.accountingforsustainability.org), among other places. As discussed
in more detail shortly, this project includes initiatives of the International Integrated Reporting

Committee (IIRC) (http://www.integratedreporting.org/) to develop a new reporting model that

will better reflect the interconnected impact of financial, environmental, social and governance
factors.

There is, however, no common notion of what constitutes integrated reporting. Many
believe that ‘integrated’ is merely including environmental and social information along with
financial information, while others view ‘integrated’ as incorporating sustainability factors
within accounting measurements.

3.0 Accounting for sustainability with respect to traditional accounting

When environmental (ecological), social, and other issues are viewed from the
perspective of accounting for sustainability, many issues emerge that have not yet been
addressed and need to be examined from the perspective of traditional accounting and financial
reporting theory and practice.

3.1 Integrated reporting and financial accounting theory
Recent calls for integrated reporting involve reporting sustainability issues in parallel

with or supplemental to financial reports, incorporating sustainability issues in accounting
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measurements in financial reports, or both. Many inconsistencies arise, though, have not been
considered and should be analyzed with respect to traditional financial reporting theory. Recent
studies of integrated reporting, e.g. Dumay, J., et al. (2016) and lannou and Serafiem (2016). In
these studies, there is not even a common notion of what constitutes “integrated” some believing
that “integrated” merely means sustainability information beside financial information or
sustainability information supplemental.

Among the inconsistencies is the orientation, especially in Anglo-Saxon countries, of
financial reports towards investors and prospective investors. Even though the conceptual
framework of the IASB states the objective of financial reporting is to provide information useful
to a wide variety of users in making economic decisions (paragraph 12 as cited by Deegan and
Unerman, 2008 p. 179), it has an obvious orientation towards investors and analysts.
Frameworks of other countries, e.g. that of the FASB of the US., are essentially the same.
Among other things, the framework (cited by Deegan and Unerman above) states that the
objective is ‘to provide information about the financial position, performance, and changes in
financial performance of an enterprise’. This type of financial information is not consistent with
the sustainability information envisioned by integrated reporting on sustainability except to the
extent that sustainability failures affect financial performance and position, e.g. as in the BP
debacle in the Gulf of Mexico.

Also, significantly, the IASB conceptual framework explains that economic decisions
should be based on an assessment of an enterprise’s future cash flows (Deegan and Unnerman,
2008, p. 179). Other conceptual frameworks have similar language. This language clearly
implies that accounting measurements should be ultimately related to cash flows. The theory
adds, though, that future cash flows are best assessed by accrual accounting. Many of the
suggestions to include sustainability into accounting measurements would not involve direct
future cash flows, such as use of environmental resources, unless for some limited circumstances
when a carbon tax or carbon permits might be involved. Therefore, it would be difficult to
include such sustainability measurements without changing a major aspect of traditional
financial reporting theory.

Financial accounting theory specifies fundamental postulates of accounting and financial
reporting. These postulates predate both IFRS and US GAAP conceptual frameworks and are

included in them. Terminology varies, but theory includes the following four postulates (e.g. see

8t

193



23rd International Sustainable Development Research Society Conference

Riahi-Belkaoui, 2004 pp. 211-214). These postulates with respect to sustainability are discussed
in Fagerstrom, et al. (2017) and presented here.

Going concern

Reporting entity

Monetary unit

Time period

Some would add a fifth postulate, exchange prices (e.g. Kam, 1990 pp 46-47).

The going concern postulate for financial reporting assumes an entity will be in business
for the foreseeable future and will be able to realize its assets and complete its financial
obligations. This concept affects valuation bases for measurements of many items on financial
reports. It is also the basis for auditors’ reports on financial statements.

With respect to sustainability, the concept of going concern has additional implications
because lack of sustainability implies lack of a going concern and a sustainable entity must
necessarily be a going concern. As discussed in more detail shortly, well-known going-concern
failures such as Enron and sub-prime mortgage collapses have resulted massive social costs and
clearly represent lack of environmental and social sustainability. In addition, the need to
complete all sustainability obligations can extend over a much longer time period than the period
to complete financial obligations. The time period postulate is discussed further below. It is
conceivable, though, that there could be two different notions of going concern, one financial
and one sustainability based among other reasons on different time periods for completion of
obligations. Accounting practice and research has not yet dealt with this issue.

A major part of going concern is the availability of technology to achieve the necessary
recycling and disposal of products that are manufactured or used in providing services. Such
technology must be available or expected to be available in the foreseeable future.

The reporting entity postulate defines the entity for which financial reports are prepared.
Traditionally, financial reports are prepared for an economic entity, usually defined as a
consolidated group in which one dominant entity controls a group. With sustainability reporting,
the appropriate reporting entity for sustainability reporting may differ considerably from the
reporting entity for financial reporting purposes. As two examples: First, recent publicity about
retail companies that sell clothes made by child labor, and similar situations in other industries,
indicates that transparent and informative reporting should include the entire supply chain as part

of the entity for sustainability reporting. Second, the environmental impact of a company’s
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products, e.g. automobile emissions, is also a significant element to be considered in assessing a
company’s sustainability for reporting purposes. Similarly, for many goods and services,
disposal and recycling requirements must be considered as part of the sustainability reporting
entity, even if separate companies are involved just as companies in the supply chain must be
considered.

Traditional financial reporting is based on monetary units in which all non-monetary
items are reported as an equivalent monetary amount. Almost all sustainability information in
reports to date are in narrative and or non-monetary terms. Under some notions of sustainability
reporting, environmental and social information would be incorporated into accounting
measurements. Also as discussed above, Friedman (2009) and others imply a new accounting in
which environmental risk, including financial risk, is incorporated into product pricing.

Under the costs-attach principle of traditional financial accounting, costs are included in
product prices and similar measurements if there is a payment (or similar actual use of resources
owned). There has been no measurement method to incorporate use of “free” environmental
resources nor potential damage to environmental resources, e.g. through greenhouse gases.
Carbon trading schemes are in their earliest stages of development in Europe and some other
places, but so far, no accounting measurement has been proposed to include the cost of carbon
emission purchases into products and similar accounting measurements.

Figge and Hahn (2004) in their Advance project have developed the Advance Model (see

also http://advance-project.org) in which, among other things, sustainable value added is

computed in monetary terms for various types of emissions. These sustainable values, though,
are not incorporated into accounting measurements, but could conceivably be reported in
integrated reports.

Recent studies by Fagerstrom, et al. (2017) and Hartwig and Homayoun (2017) have
developed Sustainability Accounting Indicators which provide quantifiable, auditable, non-
monetary indicators discussed below.

Under the time period postulate, traditional financial reporting is based on specific time
periods, almost always one year, based on perceived users’ needs for timely information
covering discreet time periods of optimal length to make meaningful decisions. Two approaches
of accounting measurements have traditionally been used: First the revenue-expense approach

measures revenues earned and costs incurred to earn those revenues during a year to derive a
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profit for the year; assets and liabilities are residuals. Second, the asset-liability approach
measures assets and liabilities at the end and the beginning and of a year, subtracting the
difference as profit for the year, divided into revenues and expenses.

The asset-liability approach has been adopted by IFRS and US GAAP, but the revenue-
expense approach remains in some countries, notably Finland.

The asset-liability approach is more compatible with sustainability reporting because it
focuses on consumption of resources that would leave a company as sustainable at the beginning
as at the end. Nonetheless, both approaches are problematic for sustainability reporting because
of the rigid notion of financial reporting in discrete annual increments. Many issues of
sustainability relate to long-term consequences for the environment, for example, consequences
from past environmental damage as in the oil fields of Nigeria and coal mining regions of the
U.S, and damage from emissions over the life cycle of products like automobiles.

In a very recent issue of The Economist (2017), discussion of nuclear waste disposal in
Finland by a company jointly owned by two utilities indicates that nuclear waste must be kept
safely buried tens of thousands of years. While it is bizarre, maybe even ridiculous, to imagine a
time period of tens of thousands of years for sustainability reporting, the facts remain that
disposal of nuclear waste is indeed a sustainability issue, the company is spending billions of
euros, and there must be accountability and reporting of the activity both financial reporting and
sustainability reporting.

The exchange price postulate indicates accounting data are based on measurements of
actual past, current, or future exchange prices. As indicated above, some of the information
anticipated in sustainability reports does not involve specific exchange transactions, e.g. the use
of “free resources” like air. Further, many times periods are of such extremely long time periods
in the future that determining exchange prices is virtually impossible. As sustainability reported
progresses, much more attention must be devoted to these issues.

In summary, there are fundamental conflicts between traditional accounting theory for
financial reporting and aspects of sustainability reporting. These conflicts must be resolved, at
least partially, before sustainability reporting can progress beyond mere supplemental reporting

which is hardly integrated.

3.2 Auditing and other assurance
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The panel discussion at the IAAER conference (November 2010) clearly calls for
accounting researchers to be involved in additional roles in reporting sustainability, notably
auditing or other assurance. Users of financial information, notably investors, it is claimed, need,
almost demand, increasing levels of assurance on sustainability information, notably assurance
of information in management commentaries and environmental reports. The anecdotal
statements claim that investors require such assurance to make proper risk assessments of
sustainability, especially because of documented false environmental statements in annual
reports. In the Massey Coal case in the US, as part of a legal settlement, Massey agreed to
provide audited statements of workplace safety and protections of the environment (Harris and
Cunningham 2012).

The call for auditor assurance of sustainability reports is also reflected in personal
interviews with international accounting firms. Some countries, e.g. Sweden, allow auditors to
offer both positive and negative assurance on environmental reports, i.e. positive assurance in
which auditors examine evidence as in a financial audit and give a professional opinion about its
reliability and negative assurance in which the auditor states there is no reason to suspect the
information is not reliable. Companies choose to provide environmental and social information,
it is claimed, to obtain reputational benefits not necessarily related to risk. Assurance, if any,
would be used to achieve greater reputational benefits; few companies are willing to pay for
positive assurance because of limited perceived benefits.

Calls for greater assurance of sustainability information, however defined, are based on
anecdotes, assertion, conjecture, etc. Interests of investors and creditors in assessing
sustainability risk in making decisions have been largely ignored. As a result, there is a need for
accounting research to assess investors’ and creditors’ perceived needs for assured sustainability
information, how they use it, market reaction to the information, etc.

In order for there to be effective audits or other assurance, there should be standards
against which to perform such assurance. Some sources, e.g. Dumay et al. (2016), Hahn and
Khiinen (2013), Comyns et al. (2013), indicate that for many companies, especially those with
mandatory reporting requirements, standards of the Global Reporting Initiative (GRI) have
become the de facto standards. GRI standards, however, are not comprehensive and provide at
best limited bases for audit and other forms of assurance. Very recently, Fagerstrom et al. (2017)

based on sustainability enterprise theory developed in Fagerstrom and Cunningham (2017)
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propose develop the notion of sustainability indicator accounting (SIA) with quantifiable
reporting measurements that can be audited. Hartwig and Homayoun (2017) develop
comprehensive indicators to accomplish this result. These efforts provide bases for continued

research and development.

3.3 Financial failures, reporting and auditing failures, and enforcement

Yet another set of accounting-for-sustainability situations within the past few years is the
well-known financial sustainability failures and near failures of companies like Enron,
WorldCom, Parmalat, Ahold, and Lehman Brothers and other financial institutions. These
financial sustainability failures resulted not only in investor and creditor losses, but also massive
losses for society. They are clearly social and environmental sustainability issues as well. The
sustainability failures were directly related to non-compliance with accounting standards, audit
failures, and enforcement failures. In addition, the going concern concept implies financial
sustainability and these organizations clearly were not going concerns.

While there has been extensive research and publication about the high-profile cases,
little research has been conducted in the context of accounting for sustainability. Research has
shown, however, continued lack of compliance with accounting standards and apparent lack of
enforcement, especially in Europe (e.g. Carrara et al. 2010; Fagerstrom et al. 2009, 2007a,
2007b). It is also recognized that lack of adequate enforcement of accounting standards within
the EU is contributing to lack of reliability of published accounting reports and thus the ability of
users of financial reports to assess sustainability risks. As widely reported in the business media,
in October 2010, the European Commission announced its intention to examine compliance with
accounting standards, the role of auditors, and enforcement. It is too soon to assess the
consequences of this action by the European Commission, but it is clearly an issue within
accounting for sustainability.

3.4 Value Creation

Almost all the research and writing to date has taken the perspective that companies
account for and report sustainability out of necessity due to mandatory requirement or external
pressure. Even though sustainability, in various forms, is said to be voluntary, there is usually
some pressure. Very recent research by Dumay et al. (2016) indicates that increased shareholder

value as measured by Tobin’s Q is associated with sustainability reporting.
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In addition, the recent essay developing Sustainable Enterprise Theory (Fagerstrom and
Cunningham 2017) builds a good case for value creation through sustainable activities and
reporting them. Clearly more research is needed on value creation through sustainability and
reporting thereof, avoiding the implication that sustainability accounting is done under duress.
4. Research Issues

With the analysis above of accounting for sustainability in the context of traditional
accounting theory and practice, and recent events, this paper now develops specific research
issues along with research methods and data sources.

4.1 A Research Framework for Accounting for Sustainability

A conceptual framework to guide researchers in accounting for sustainability is an
essential first step for ongoing research because of various notions of sustainability and roles of
accounting in accounting for sustainability that exist, and lack of a common language. Such
frameworks have been successful in guiding emerging areas of accounting research in the past.
In the 1970s, when the phenomenon of multinational companies became sufficiently large to
warrant ongoing accounting research, a seminal study, 4n Accounting Research Framework for
Multinational Enterprises (Cunningham 1977) facilitated accounting research for multinational
enterprises for coming decades. A similar but less elaborate framework also facilitated research
into accounting research for performance reporting and accountability in governmental entities
(Cunningham and Harris 2005) when this issue emerged as an issue for accounting research.

Such a framework in accounting for sustainability would, among other things, identify,
explore, and analyze systematically:

e Various notions of sustainability to assess which ones represent roles for accounting and
to what extent.

e Groups and individuals who are or potentially could be involved in accounting for
sustainability including preparers of reports; users of such information, e.g. banks and
investment analysts; assurers of such information, i.e. auditors or similar groups;
regulators; other organizations, e.g. the United Nations and its PRI academic network;
and policy makers such as the European Commission.

e Different forms and levels of accountability, e.g. financial reporting and assurance

reporting sustainability information outside the financial reports and assurance thereof;
incorporating sustainability risk and use of resources in accounting measurements; other
elements of accountability for sustainability risks; managerial accounting; management
control systems; etc.

thereof; integrated reporting of financial and other sustainability accounting information;

e Identifying and describing various notions of a sustainable entity that would be the object

of accountability.
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e Matching the interests of groups and individuals with regard to sustainability with
different forms and levels of accountability.
e Developing a common language to discuss and guide future research.

Similar to An Accounting Research Framework for Multinational Enterprises
(Cunningham 1977, pg. 1), such a research framework facilitates continuing research in
accounting for sustainability by describing gaps in current knowledge, specific issues that require
research, factors to be considered when conducting the research, and suggesting research
approaches. One important aspect is to identify failures in past research and means to overcome
the failures. It also provides a common taxonomy and language for continuing research.

Following Cunningham (1977 pp. 31-61) and sources cited by him, such a framework
uses a general systems theory approach as the primary methodological and analytical tool
(described in more detail shortly). General systems theory is especially well suited to develop
conceptual frameworks in business contexts and especially for accounting research because it

allows researchers to explore such relevant aspects as:

e The scope of the agenda and which systems are included in this scope.

e System boundaries, i.e. what is included in a system and what remains outside in the
environment. It is important to note (as discussed below) that the word “environment”
has a different meaning than is commonly used in the literature on accounting for
sustainability so far. For this framework, boundary considerations are important for such
issues as defining sustainability in accounting contexts; what is inside systems of accounting
for sustainability and what remains outside in the environment; and whether sustainability
reporting and financial reporting are separate systems or can become integrated into a single
reporting system.

e System regulation and control. For this framework, regulation and control factors deal not
only with such obvious issues as standards and enforcement, but also what type of outputs
from accounting for sustainability are to be produced and for whom.

4.1.1 Methodology

A research framework uses general systems methodology discussed in Cunningham
(1977 Chapter 2). General systems theory is not a theory per se but instead an approach to guide
analysis and development of specific research approaches. It is also a first step in grounded
theory approaches which represent back and forth analyses of a system and its environment to
build a theory.

Under general systems theory, each system is viewed as part of a larger system and each

system can be viewed as having one or more subsystems. The objective is to identify the system
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of interest for the research issue at hand and the boundaries of that system. Thus, the system of
interest can be defined in different ways for different research purposes. As discussed above,
from a sustainability perspective, the system of interest can include a company and its supply
chain as well as users of its products during the product life cycle and companies that dispose of
and recycle it products and residue of services. In defining the boundary of the system of interest,
everything that remains outside the boundary is considered to be the environment. As noted
above, this definition of “environment” is different from the term “environment” used in
the research literature to date which typically views environment as representing ecological
resources. Among other things, the analysis considers properties of the system of interest,
properties of subsystems, and properties of the environment, including influences of each on the
other.

Other important aspects of general systems theory are the notions of regulation and
control. Control is generally defined as setting expectations, monitoring outcomes against those
expectations, and taking actions if necessary to make necessary changes to achieve desired
outcomes. Thus control typically occurs outside a system in the environment and depends on
how the boundary between a system and its environment is defined. Regulation represents
activities and subsystems incorporated within a system to achieve the desired outcomes
automatically without explicit intervention. Notions of what constitutes regulation and control
differ depending on how the system of interest and the environment is defined. The concepts of
regulation and control have obvious implications for accounting for sustainability. One example
is establishing standards for sustainability reporting, a control function, and the steps taken by an

entity to assure compliance with standards, a regulation function.

4.2 Reporting sustainability information

In some countries, e.g. Sweden, a form of integrated reporting is required for certain
companies, e.g. those with state ownership, following the triple bottom line of the Global

Reporting Initiative (GRI) (www.globalreporting.org/Home). In addition, several other

companies have been voluntarily reporting environmental and social information for some years.
Recent attention to so-called integrated reporting has come from the Accounting for

Sustainability Project (www.accountingforsustainability.org). This project includes initiatives of

the International Integrated Reporting Committee (IIRC) (http://www.integratedreporting.org/)
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to develop a new reporting model that will reflect the interconnected impact of financial,
environmental, social and governance factors. The IIRC includes, among others, representatives
from the major international accounting firms, securities exchanges, the Financial Accounting
Standards Board (FASB) of the US, and the International Accounting Standards Board (IASB).
As mentioned, though, there is no common notion of what constitutes integrated reporting.

Also as mentioned above, anecdotally, companies report so-called sustainability
information and sometimes seek assurance of such to achieve reputational benefits. Research is
needed to identify what type of reputational benefits companies expect to achieve.

A further issue is establishing standards for sustainability reporting. The Global
Reporting Initiative (GRI) (www.globalreporting.org/Home), a network-based organization
based in the Netherlands, provides standards for voluntary reporting of supplemental
sustainability disclosures. GRI reporting standards are required in Sweden for companies that are
required to report the triple bottom line. The IIRC as part of the UN PRI is also establishing
reporting standards. Research could determine the criteria by which companies, accounting firms
and others choose reporting standards.

4.2.1 Research Methods

The primary research methods for this set of issues would be content analysis and field
studies. With respect to content analysis, because of different notions of what represents
integrated reporting, it would be useful to examine actual reports under the different approaches
to learn differences and their impacts. Content analysis could also be used to examine reports of
different companies that use different types of reporting standards to assess different impacts. A
further analysis of the groups promulgating the standards to determine their intentions and
desired results would be useful.

Content analyses can be complimented by field studies of companies that currently report
sustainability information to determine difficulty or ease of implementation and extent of
compliance. Field studies are a form of grounded theory in which researchers engage with the
field to discover phenomena of interest to be used to develop a theory. Field studies by
Fagerstrom et al. (2009, 2007a, 2007b) have examined similar issues and provide a model for
this research agenda. Field studies can be useful to assess the reputational benefits companies

seek to achieve from reporting environmental and social information.
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Field study research by Cunningham and Harris (2005) on a similar topic was a

significant contribution to accountability research for governmental entities and is also a model.

4.3 Users of Sustainability Information.

As mentioned, research and discussion of accounting for sustainability so far have almost
exclusively focused on companies that prepare and present sustainability information. There is
very recent recognition that needs of users of the information must be considered as well. The
research framework described in 4.1 would necessarily address these issues. Research is also
needed to address directly users’ needs and reactions to them.

Anecdotal evidence suggests financial analysts, one major user group, routinely discard
supplemental sustainability disclosures. Instead, anecdotally, analysts want information that
allows assessment of risk. Somewhat contradictory research, though, has shown financial
analysts do consider sustainability risk information when making recommendations to their
clients (H. Nilsson et al. 2008). Other research reported by the SIRP (www.sirp.se) indicates a
market reaction to sustainability risk under certain situations thus suggesting some recipients of
sustainability information do use it. Research is needed not only to assess whether sustainability
risk information is desired and used but the form in which sustainability risk incorporated in
accounting reports, e.g. in integrated reports, in product prices as suggested by Friedman (2009),
and in other accounting measurements.

4.3.1 Research methods.

Field study research methods like those discussed above (Fagerstrom et al. 2009, 2007a,
2007b, Cunningham and Harris 2005) are useful to learn more about potential users of integrated
reports, what they expect, different formats they prefer, and similar items. The primary research
method for this issue could be experimental research along the lines used by Baker and
Cunningham (1993) when assessing the perceptions of bankers about different sets of assurance
standards on their loan decisions.

With respect to experiments, persons in each treatment group would be a priori viewed
as essentially identical and making the same types of decisions following the approach of
Cunningham and Baker (1992). In their study, subjects attended training and education classes
sponsored by a professional bankers’ association; the association supported the type of research

and virtually all participants voluntarily chose to participate. The subjects for similar issues in
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this research agenda could be similar, not necessarily in educational classes, but groups of
professionals who use reports of sustainability information. In addition, or alternatively, students
could be used as surrogates for users of sustainability accounting information. Numerous
accounting-related experiments using students as surrogates have been conducted and published
by Michael Shields and Graeme Harrison, among others; these studies are too numerous to cite
here, but can be readily located and examined. Similarly, experimental studies in sustainability
under the auspices of the SIRP (www.sirp.se) have used students as surrogates for professionals
who use sustainability information. These studies cite evidence that students perform as well as

actual subjects in these types of experiments.

4.4 Auditing and Other Assurance of Sustainability Information

As mentioned, a major emerging issue is the extent to which users of sustainability
information expect assurance; at what level, negative or positive; and in what form, supplemental
or incorporated in financial measurements. A further issue is establishing both standards for
sustainability reporting and standards against which assurance is given. As mentioned, the
Global Reporting Initiative (GRI) provides standards for voluntary reporting of supplemental
sustainability disclosures. The IIRC as part of the UN PRI is also establishing reporting
standards. Studies by Fagerstrom et al. (2017) and Hartwig and Homayoun (2017), cited and
discussed above, have provided sustainability accounting indicators (SIA) to make auditing
possible.

For assurance, as one example, major accounting firms in Sweden use assurance
standards published by Foreneningen Auktoriserade Revisorer (FAR) (www.far.se)
(http://www.far.se/pls/portal/docs/PAGE/FAR 2010/FAR TYCKER/INFORMATIONSMATE
RIAL/GRANSKNINGAVHALLBARHETSREDOVISNING.PDF), although use of such

standards is apparently voluntary. FAR RevR6 is taken from (essentially a translation of) the
International Standard on Assurance Engagements 3000 (ISAE 3000)
(http://www.accountability? 1.net/uploadedFiles/Issues/ISAE_3000.pdf) developed in the

Netherlands. A competing set of assurance standards, though, has been developed by
AccountAbility (http://www.accountability.org/) in its AA1000 AS. Despite the organization’s

claim of wide-spread acceptance, there is no indication such standards are in fact widely used.
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Yet another set of standards is incorporated in the Greenhouse Gas Protocol Initiative

(http://www.ghegprotocol.org/).

These sets of assurance standards, while not always in direct competition because they
relate to different types of sustainability information, overlap sufficiently to create uncertainty
and complexity in accountants’ roles of providing assurance. Because of multiple sets of
standards for both reporting and assurance, yet another research topic in this agenda is criteria by
which companies and organizations providing assurance voluntarily choose standards to use in
reporting and in assurance engagements.

When sustainability information is included in accounting measurements, e.g. pricing
products to include external resource costs and including sustainability risk in financial products,
additional issues of reporting standards and assurance standards are apparent. Similar issues are
presented in integrated reporting when environmental and social concerns would be included in
accounting measurements. Current accounting standards in almost every country do not permit
such accounting measurements; likewise auditing standards for measurements are not available.
4.4.1 Research methods

Previous research by Baker and Cunningham (1993), discussed above, is an ideal model
for research on assurance levels in this research agenda. In their experiment, bank loan officers
were asked to make decisions based on financial statements prepared using, among other things,
different levels of audit assurance and different accounting standards. Field studies like
Fagerstrom et al. (2009, 2007a, 2007b) and Cunningham and Harris (2005) are grounded theory
approaches which are useful models to examine auditors’ perceptions of different levels of

assurance and standards.

4.5 Financial distress, non-compliance with financial reporting standards, and lack of
enforcement
Despite the fact that past financial failures, notably Enron and sub-prime mortgage crises,
have resulted in massive social costs, there is only recent recognition that financial distress, often
related to failure to consider different types of sustainability risk, non-compliance with financial
reporting standards, and enforcement of accounting standards, is an issue of accounting for
sustainability. Friedman (2009) views ecological risk and financial distress as integrally related

through inadequate accounting for risks.
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Even though financial and other sustainability risks are recently receiving attention, the
going concern concept has been essential in financial reporting and auditing for many years.
Research would be useful to assess the extent to which users of financial information, notably
banks, investment analysts, and financial analysts, view the link between financial distress risk
and ecological risk as being integrally related as does Friedman (2009).

Non-compliance with financial reporting standards has been an accounting research topic
for at least the last 10 years in which wide-spread non-compliance was discovered along with
apparent lack of enforcement (e.g. Carrara, et al. 2010, Fagerstrom et al. 2009, 2007a, 2007b;
and sources cited by them). Such research, though, focused on detecting non-compliance without
implications for sustainability. As indicated in those studies, non-compliance with accounting
standards and lack of enforcement are readily apparent to users of financial reports. Research
could assess the impact on apparent non-compliance with accounting standards on users of the
information, notably bankers and bank investment analysts.

A very recent study by the publishers of the Asset 4 data base has indicated that
companies that report sustainable information also have abnormal returns, suggesting that
investors and/or analysts do not consider sustainability information in their decisions. By
implication, failure to consider sustainability risk could lead to abnormally low returns or loss
through financial failure. Research is useful to assess any relation of negative or lack of reported

sustainability information on low returns or failure.

4.5.1 Research Methods

This line of research could follow an approach by Baboukardos (2011, 2010) which
involves content analysis of publicly listed European companies to identify lack of compliance.
Examination of stock market reaction to the lack of compliance and other faulty financial
information could then use the well-known value relevance model and other well-known models
that assess market reactions to accounting information. Among others outputs, the well-known
measurement of Tobin’s Q gives an indicator of risk.

Similar research methods can be used to assess the value relevance of negative
sustainability information. In addition, the well-known bankruptcy prediction models can be

used to assess the ability of negative sustainability information to signal financial failure. The
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existence of the Asset 4 data base now facilitates research methods using large samples and more

sophisticated quantitative methods.

5.0 Concluding discussion

This purpose of this paper is to give structure to the diverse, disjointed area of research

into accounting for and reporting sustainability, providing background, including identifying

research issues, and methods. The introduction and background present the following premises:

A change in focus in research and practice from external sustainability, i.e. ecological and
social sustainability in the environment to a sustainable company, which can include
external sustainability. Such external sustainability covers a large range of social and
societal issues, some of which likely have not been imagined yet.

Including financial sustainability as an integral part of being a sustainable company,
especially with respect to risk.

Assurance of sustainability information is essential, including audit. A change in focus
from assurance for the benefit of the reporting company to assurance for the benefit of
users of information is apparent.

Postulates of financial reporting provide bases for sustainable reporting but are very
inadequate for a number of reasons, including the need to report sustainability over and
entire supply chain and disposal activities.

From these premises, research needs are identified:

e Inherent conflicts exist between integrated sustainability and financial reporting that
must be resolved. Efforts toward integrated reporting are advancing, but no effort has
occurred to resolve conflicts that must be resolved before integration can occur.

e Despite strong calls and effort towards assurance of sustainability information, there
is no one set of accepted standards; a need to consolidate and develop standards is
apparent. A change of focus from companies’ seeking assurance to users’ demands
for assurance is also apparent.

e Research indicates widespread lack of compliance with accounting standards and
audit failures that have led to financial failure as well as serious social consequences.
Research to identify ways to overcome such failures is apparent.

The agenda then describes specific projects and methods:

e A research framework using general system methodology that, among other
things, identifies and clarifies notions of sustainability, accounting roles,
interested parties, and a language for analysis.

e Assessing nature and uses of sustainability information using content analysis and
field studies.

e Assessing perceptions of potential users of sustainability and integrated reported
through experimental research with actual subjects or surrogates.
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e Assessing market reaction to sustainability information using archival and content
analysis methods.
Because this is a research agenda, not a conventional research paper as such, it has many
limitations. The agenda, while ambitious, gives structure and indicates a substantial
change in traditional view of accounting, reporting, and auditing in a new era of

sustainability and related research.
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Abstract

The 2030 Agenda includes a dedicated goal on water and sanitation (SDG 6) that sets out to “ensure availability and
sustainable management of water and sanitation for all”. SDG 6 expands the MDG focus on drinking water and sanitation to
cover the entire water cycle. A clear lesson from the MDGs is that we cannot manage what we do not measure, and there is
little doubt about the role of monitoring and evaluation data in providing the evidence base for decision-making. Against this
background, a number of composite indicator frameworks have been implemented to make water and sanitation quality
services available and accessible to all, particularly to those most in need. Despite their significance in sector monitoring,
indicators are not completely adequate to provide an insight into the complex cause and effect relations within water,
sanitation and hygiene (WaSH) issues. The flexibility of Bayesian Networks (Bns) have been exploited to integrate multiple
and simultaneous cause-effect or dependence relationships and unravel the linkages between poverty and WaSH services. In
consequence, Bns have proved to be effective in project planning and monitoring support. Three major weaknesses however
hinder a wider use of this monitoring approach in sector planning: i) an increased data demand, ii) software availability to
run the networks, and iii) lack of a systematic methodology to deal with networks generation. In this study, open-databases
are exploited and free software “R” is applied. One monitoring initiative is selected as initial case study due to its increasing
relevance in Latin America in monitoring the WaSH sector: the Rural Water Supply and Sanitation Information System
(SIASAR). On the basis of SIASAR’s conceptual framework, a simple Bn model has been applied to reflect the main issues
that determine access to WaSH services. Data from Nicaragua is processed and analysed, since the Government has already
carried out and completed a national baseline. The paper discusses about i) the proposed methodology to construct the
networks, and ii) the potentiality of BNs in terms of evaluation and planning. It concludes that the proposed methodology
represents a contribution to facilitate the use of this tool and that Bns are able to accommodate the complexities of WaSH-
related issues. Additionally, they emerge as an effective management tool to support decision-makers in formulating and

making informed choices between alternative actions.

Keywords: Bayesian Networks, WaSH, decision-making, planning, SIASAR
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1. Introduction

Despite the efforts made towards the Millennium Development Goals (MDGs) targets during the last decade, , it is estimated
that 663 million people worldwide still use unimproved drinking water sources and 2.4 billion people globally still use
unimproved sanitation facilities (Joint Monitoring Programme, 2015). Undoubtedly, much effort lasts to be done. In this
context, and during 2015, the MDGs set by the United Nations gave way to a new formulation of international action, based
on Sustainable Development Goals (SDGs). The SDGs seek to complete the unfinished business of the MDGs and respond
to new challenges. In this way, it was adopted the 2030 Agenda for Sustainable Development to end poverty and promote
prosperity for all while protecting the environment and addressing climate change. This new Agenda also has water and
sanitation at its core. The agreement of a SDG target of universal and equitable access to water, sanitation and hygiene
(WaSH) by 2030 requires a fundamental change in the way the sector is assessed, and multi-sectoral and system-wide
approaches to monitoring and evaluation are needed.

Indicators and indices have been widely used to provide sound decision-making, and much effort has gone into the
development of alternatives to evaluate WaSH issues from many disciplinary perspectives and conceptual frameworks.
Thus, it is possible to find focused-approaches that tackle independently water-related (Cohen and Sullivan, 2010; Sullivan,
2002; WHO/UNICEF, 2006), sanitation-related (Giné-Garriga et al., 2011) or hygiene-related issues (Webb et al., 2006). On
the other hand, more integrated approaches have been developed. WaSH-related issues have been evaluated from a Human
Right perspective (Flores Baquero et al., 2013) and from a more sectoral-focused one (Giné-Garriga et al., 2015; Giné-
Garriga and Pérez-Foguet, 2013; Requejo-Castro et al., 2016). Nevertheless, these approaches do not describe the increasing
interdependency of the reality. For this reason, appropriate instruments are required to support decision-making with

adequate information to define strategies that are efficient, effective and sustainable.

In this context, Bayesian networks (Bns) appears as a means to provide an insight into the complex dependence relations
within WaSH issues. Bns are a type of model-based Decision Support System (DSS) based on the concept of conditional
probability. Briefly, they are made up of three different elements (Bromley, 2005); i) a series of nodes representing a set of
variables that are relevant to the problem at hand, ii) the links between these variables which represent the existing
dependency among them, and iii) the conditional probability tables (CPTs) behind each node that are used to assess the
extent to which one variable is likely to be affected by the others. Among its strengths, Bns allow incorporating data and
knowledge from different sources and domains, and they are especially helpful when there is scarcity or some degree of
uncertainty in the data (Bromley et al., 2005; Castelletti and Soncini-Sessa, 2007; Henriksen and Barlebo, 2008). Although
Bns have been successfully applied for many years in fields such as medicine and artificial intelligence, it is relatively
recently the application to environmental issues (Bromley et al., 2005). There are recent examples where the focus is on
water resource management (Mohajerani et al. 2017; Molina et al. 2009; Castelletti and Soncini-Sessa, 2007; Henriksen and
Barlebo, 2008) but there are limited examples where WaSH issues have been tackled (Dondeynaz et al., 2013; Giné-Garriga
et al., 2009; Kumar and Mazumdar, 2002). In this sense, three major weaknesses hinder a wider use of Bns in WaSH sector
planning: i) an increased data demand, ii) software availability to run the networks, and iii) lack of a systematic methodology
to deal with networks generation.

This study aims to provide a systematic methodology for Bayesian networks construction while exploiting the potentiality of
this tool to support decision making in WaSH sector. The selected case study is briefly described in Section 2. A step-by-
step explanation of the proposed methodology to deal with networks generation is conducted in Section 3. Main results
regarding networks structure and usefulness are presented and discussed in Section 4. Major findings are highlighted in
Section 5 to conclude the study.
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2. Case study

In Latin America and Caribbean (LAC) countries, a regional sector information system has been developed, namely the
Rural Water and Sanitation Information System (SIASAR; Sistema de Informacion de Agua y Saneamiento Rural). SIASAR
is a country-led monitoring initiative launched in 2011 by the governments of Nicaragua, Honduras and Panama, with the
support of the World Bank and other strategic partners. Since then, this initiative has grown up rapidly and, today, it is in use
in eleven countries. The main objective of SIASAR is to support decision-making of a variety of stakeholders involved in
the sector (such as policy makers, national and local planners and sector practitioners). It is important to stress that this entire
initiative, from the organizational to the functional levels, has been created ad hoc by the SIASAR community itself. It is not
dependent on any organization or international structure and it represents a public tool and an open-database available for

interested stakeholders.

The first remarkable aspect of SIASAR is its focus on those aspects that address the quality and sustainability of water and
sanitation service delivery. This core idea led countries to design a set of survey instruments to analyse mentioned aspects
from different perspectives: i) the community; ii) the water system; iii) the service provider; and iv) the technical assistance
provider (Requejo-Castro et al., 2016).

One salient aspect of SIASAR is the manner that collected data are organised and analysed throughout its conceptual model.
This is defined by six aggregated dimensions and three additional indices to assess water and sanitation services from
different and complementary points of view (Requejo-Castro et al., 2016). Nevertheless, only an important amount of data is
available for four of the six dimensions, and a simplification of the conceptual model is considered in this study (see Table
1).

Table 1. General index, partial indices, dimensions and components of the SIASAR simplified conceptual model. Source:
Requejo-Castro et al., 2016.

Water and Sanitation Service Performance (WSP) index

Water, Sanitation and Hygiene Service Level (WSHL) Water Services Sustainability Index (WSSI)
Water Service Level (INSAc) Water System Infrastructure (IEIAc)
Accessibility (ACC) System Autonomy (AUT)
Continuity (CON) Production Infrastructure (INF)
Seasonality (EST) Water Catchment Protection (ZPA)
Quality (CAL) Treatment system (STR)
Sanitation and Hygiene Service Level (INHS) Service Provision (IPSEc)
Sanitation Service Level (NSS) Organizational Management (GOR)
Personal Hygiene (HPE) Operation & Maintenance Management (GOM)
Household Hygiene (HHO) Economic Management (GEF)
Community Hygiene (HCO) Environmental Management (GAM)

As explained in detail by Requejo-Castro et al. (2016), each dimension comprises four components, which are fed by a short
list of single indicators. As collected data are frequently represented on different scales, these indicators are normalized prior
to their analyses. A score between 0 and 1 is assigned for each parameter, whereby 1 represents the best performance and 0,
the worst-case scenario. Components are then defined by simple and easy-to-use multi-attribute utility functions. Finally, the
achieved results are made more understandable for final users and stakeholders by linking components, dimensions and
index values to a defined set of categories (A, B, C or D, whereby A represents the best result and D, the worst). Although,

in practice different intervals are used, in this study equal intervals are employed. Specifically, these intervals are defined as
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follows: A, [1-0.75], with both limits included; B (0.75-0.5]; C (0.5-0.25]; and D (0.25-0]. This aspect is especially
important as they represent the states of the variables (nodes) or, in other words, the way they are parameterised.

In particular, the case study of Nicaragua has been selected, where a baseline of all rural communities (6,863), water systems
(4,792) and service providers (2,585) was carried out. Nevertheless, the total number of communities which counts with
values associated to all components detailed in the conceptual model is reduced to 3,495 (data available at
http://doi.org/10.5281/zen0do.804010). It is noteworthy that this still represents an important amount of data that addresses

one of the weaknesses introduced previously.

3. Methods

As mentioned previously, one of the aspects that hinders a wider use of Bns is the lack of a systematic methodology to deal
with networks generation. First, there is an important amount of both free and commercial software available. Furthermore,
existing software employ one of the three types of structure learning methods, namely constraint-based, score-based and
hybrid approaches (Liu et al., 2017; Madsen et al., 2016), which increases the range of selection and the need of highly
qualified people to use available options. Second, and in addition to this, it exists little guidance on how to deal with the
combination of expert knowledge and data for Bns development (Nicholson et al., 2001; Onisko et al., 2001; Pollino et al.,
2007). In this context, one of the aims of this study is to provide a step-by-step methodology to address, to some extent, the

existing difficulties.
3.1. Initial settings

In first instance, it is proposed the use of R free software and its package “bnlearn” developed by Scutari (2010). In this case,
constraint-based and score-based methods for network structure learning are available. Briefly, the former learns the network
structure by analyzing the probabilistic relations with conditional independence (CI) tests and the latter assigns a score to
each candidate Bayesian network and try to maximize it with some heuristic search algorithm (Scutari, 2010). Further details
of these algorithms are not provided in this study, but have been extensively described recently by Liu et al. (2017). As large
amount of data is needed to guarantee the reliability of the CI tests, the database of Nicaragua is suitable for applying the

constraint-based algorithm. On the contrary, score-based algorithm might be an alternative.
3.2. Networks construction

Once the initial settings have been introduced, the proposed methodology for networks generation is illustrated in Figure 1
and is specified as follows:

- Step 1: Network skeleton provision

“bnlearn” package implements the following constraint-based learning algorithms (Scutari 2010): grow-shrink (gs),
incremental association (iamb), fast incremental association (fast.iamb), interleaved incremental association (inter.iamb) and
max-min parent and children (mmpc). Additionally, the CI tests must be chosen regarding data typology. In this case, all
values are discrete and several Cl tests for discrete values are available. Regarding computing time, CI tests selection is
reduced to mutual information (mi) and Pearson’s X2 (x2) tests. By applying the combination of both algorithms and CI tests
to the database, ten primary networks are obtained. It is of standing out that the network structure is learnt from data (data-
driven).

- Step 2: Network selection (structure learning algorithm and conditional independence test)
In order to select the final primary network, several measures are proposed:

i) Select those primary networks which do not leave isolated an important number of nodes (variables);
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ii) Provide functionality to the remaining networks. To do this, some important aspects should be taken into consideration.
First, objective variables should be identified. In this study, for example, node “WSP” (general index) is considered as the
objective one. Second, all variable relationships (edges) must be defined as directed links. Third, all edges pointing the
objective node must be inversed. As a result, a functional network with several inputs nodes, direct links and output nodes is
obtained. It should be noted that different network configurations (i.e. input nodes and links) might be elicited.

iii) Introduce evidences to compare inferred node distributions with real node distributions provided by data. Once networks
are functional, one option is make a “direct use” of them. In this case, variable “A-B-C-D” (states) distributions obtained
from the database of Nicaragua are assigned to the corresponding input nodes. Then, inferred results of “WSP” node can be
compared with the real “A-B-C-D” distribution provided by the data;

iv) Final selection of the structure learning algorithm and CI test. To do this, an evaluation of each network inferred results
must be completed. The one providing a lower bias (lower difference between inferred and real “A-B-C-D” distributions)
should be selected. In those cases where results are similar, it is proposed to select that primary network which detects

automatically that or those objective nodes.
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Figure 1. Step-by-step methodology for Bayesian networks construction.
- Step 3. Network refinement

Once the network is selected, it might occur that the bias obtained is not acceptable when inference is carried out. In order to
address this drawback, it is proposed to provide structure to the network. In this case, structure is related to the conceptual
model of SIASAR which, in other words, represents expert knowledge. As an illustrative example, previous steps were
carried out by setting a first scenario employing those sixteen components of the conceptual model and the general index. As
this bias was too large, a second scenario was simulated introducing the two partial indices as new nodes (WSHS and
WSSI), complementarily to the sixteen components and general index. At this point, it should be noted that when
introducing additional nodes, the processes to provide functionality to the network must be repeated (i.e. transform
undirected links and inverse some edges). A third scenario was set due to the undesirable bias. Other four nodes were
integrated to the network representing the four dimensions of the conceptual model (INSAc, INHS, IEIAc and IPSEc). In

this way, the network gained more structure and acceptable bias was achieved.
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A further refinement of the network might be done at this point. In this study, three alternatives are proposed that affect the
final selection of the network input nodes. First, a “data-driven approach” is put forward. In this case, inputs nodes are
selected by providing a minimum manipulation to the network (input nodes proposed by the learning algorithm and CI test).
Second, an “interquartile range (IQR) approach” is proposed. Here, input nodes are associated to those variables with highest
IQR (resulted from a descriptive statistic analysis). Third, a “smart variable approach”, whose input nodes are selected
according to their facility for data collection in field (expert knowledge). Again, it should be noted that each alternative
brings a further manipulation of network links. Finally, the alternative which provides an acceptable bias is selected.

- Step 4. Network validation

A final step for network validation is proposed by making an “inverse use” of it. To do this, the “A-B-C-D” distribution
provided by the database is assigned to the objective node. Then, inferred results of input nodes can be compared with the
real “A-B-C-D” distributions provided by the data. Again, in this case, a threshold bias between 0% and 5% established for
network validation. A further step relies on the application of a sensitivity analysis. This is carried out by evaluating changes

in the network in response to changes in its inputs.

4. Results and Discussion

4.1. Testing proposed methodology

According to the proposed methodology, different structure learning algorithms and CI tests were applied to the database of
Nicaragua. A first scenario considered those sixteen components and the general index (WSP) of SIASAR conceptual
model. From the ten different primary networks obtained in first instance, six networks provided a structure where there was
a high amount of isolated nodes. Thus, only the remaining four networks were considered suitable for selection (see Figure
2).
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Figure 2. Primary networks resulting from the application of different structure learning algorithms and CI tests. Top-left:
fast.iamb (x2); top-right: fast.iamb (mi); bottom-left: inter.iamb (x2); bottom right: inter.iamb (mi).
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In Table 2, result biases, corresponding to the four candidate networks, over the real “A-B-C-D” distributions of objective
node “WSP” are presented. As described in previous section, functionality to the networks was provided a priori (see Figure
3). Considering the network “fast.iamb (mi)” as an example, results presented in Table 2 show that, when inferring “WSP”
states distribution by providing input nodes’ “A-B-C-D” distributions, the model establishes that 18% and 8% less of the
communities will reach an “A” and “B” grade, respectively. These biases affect, on the other hand, “C” and “D” inferred
results. Note that the sum of negative and positive errors is equal. A first comparative assessment of the results shows that
both “fast.iamb” networks provide a systematic unacceptable error. This is, they consider a high percentage of communities
in state “C”, when in reality their state is “A”. This fact gives an insight to discard these networks as candidates. On the other
hand, “inter.iamb” networks provide similar results. As pointed in previous section, a proposed criterion for network
selection falls on the automatic identification of objective nodes. In this case, the network “inter.iamb (mi)” is chosen in last

instance (see Figure 1).

Table 2. Resulting biases over WSP node A-B-C-D distribution. Results are obtained by subtracting the values provided by
the database to those provided by the model (i.e. WSP oqe1 - WSP gatabase)

Bias over A-B-C-D grade system (states) of WSP node
Network A (0.0804) B (0.5436) C (0.3570) D (0.0289)
fast.iamb (x2) 0.1727 0.1120 -0.2583 -0.0289
fast.iamb (mi) 0.1811 0.0866 -0.2388 -0.0289
inter.iamb (x2) 0.0212 0.1599 -0.1533 -0.0277
inter.iamb (mi) 0.0366 0.1756 -0.1840 -0.0282
In brackets, real “A-B-C-D” distributions of node WSP obtained from Nicaragua database

Figure 3. Functionality provision to networks. In grey, input nodes. In green, objective node (output node). Top-left:
fast.iamb (x2); top-right: fast.iamb (mi); bottom-left: inter.iamb (x2); bottom right: inter.iamb (mi).
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However, resulted biases are considered too large. Thus, expert knowledge (in terms of structure) is provided to the selected
network. In this case, expert knowledge is related to the provision of structure according to the conceptual model of
SIASAR. As shown in Figure 4, a second scenario is tested by integrating WSHS and WSSI nodes, which represent the
partial indices of the conceptual model. As acceptable biases were not reached yet, a third scenario was set out by including
those nodes representing the four dimensions of the conceptual model (INSAc, INHS, IEIAc and IPSEc). At this point, it
should be highlighted that in both cases same input nodes were maintained for the comparison. In parallel, it should be noted
that the more expert knowledge is provided to the network (defined structure), the more manipulation must be done to the

network.

9 (=) CISIC

/

Figure 4. Expert knowledge (structure) provision to networks. In grey, input nodes. In blue, nodes representing SIASAR
conceptual model dimensions. In orange, nodes representing SIASAR partial indices. In green, objective node (output node).
Top-left: primary network of scenario 2; top-right: primary network of scenario 3; bottom-left: manipulated network of
scenario 2; manipulated network of scenario 3.

The network, generated from the third scenario tested, provided acceptable results regarding resulted bias. This fact provides
an insight of how expert knowledge (in terms of structure) improves model inference capacity. Until this stage, it should be
reminded that a “direct use” of the network has been done. The next step was to validate the model by applying to an

“inverse use” of the network. This is, checking the inferred values of the input nodes, given the “A-B-C-D” distribution of
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the output node of “WSP”. In Tables 3 and 4, results from both direct and inverse use of the network are presented. From the
three proposed alternatives for network refinement (i.e. “data-driven”, “IQR” and “‘smart-variables” approaches), data-driven
network (minimum manipulation) provided better results. When applying the “direct use” of the network, few cases reach an
error over 5%. This might be considered unacceptable when envisaging important investments at national scale. In order to
counteract this error, it is proposed a simple action when new evidences (new “A-B-C-D”) distributions are provided to the
network. Considering the real distributions as “x” and the inferred values as “y”, the difference “x - y” (bias) is provided in
Table 3. When new evidences are provided, new inferred values “z” are obtained. In this way, a correction of the results
should follow the operation “z - (x - y)”. On the other hand, results obtained when applying the “inverse use” of the network
are acceptable. A final step, regarding a sensitivity analysis is also carried out. However, due to its pertinence with the

potential use of Bns, it will be introduced in the next Section.

Table 3. Resulting biases over network node’s A-B-C-D distributions (“data-driven approach”).

Bias over A-B-C-D grade system (states)
Nodes of interest A B C D
WSP -0.0379 0.0577 -0.0032 -0.0166
WSHS -0.0313 0.0659 -0.0236 -0.0110
WSSI -0.0439 0.0694 -0.0107 -0.0075
INSAc -0.0289 0.0694 -0.0227 -0.0178
INHS -0.0428 0.0660 0.0005 -0.0238
IEIAC -0.0161 0.0264 -0.0038 -0.0065
IPSEC -0.0125 0.0151 -0.0030 0.0005
In Italics, those errors higher than 5%.

Table 4. Resulting biases over network input node’s A-B-C-D distributions (“data-driven approach”).

Bias over A-B-C-D grade system (states)
Input nodes A B C D
CON -0.0020 0.0009 0.0018 -0.0008
EST -0.0068 0.0003 0.0029 0.0035
CAL -0.0078 0.0037 0.0050 -0.0009
NSS -0.0063 0.0010 0.0035 0.0017
HHO -0.0048 - 0.0038 0.0009
INF -0.0031 0.0039 -0.0001 -0.0007
GOR 0.0137 0.0059 -0.0061 -0.0135
Note that HHO node states are only A, C and D.

At this point, it emerged the question to which extend this network might be used in other contexts. In order to answer this
query, network input nodes were populated with the data of Honduras (3,869 communities, 3,123 water systems and 3,373
service providers). Following the same considerations than the case of Nicaragua, only those communities that count with
values associated to all components detailed in the conceptual model are employed for the analysis. Thus, 3,608
communities fulfil this requirement (data available at http://doi.org/10.5281/zen0do.804010). Results reached too large

biases (up to 13%). However, the proposed step-by-step methodology was applied for this country. In this case, “fast.iamb

(x2)” was the final selection of structure learning algorithm and CI test. Accordingly to the case of Nicaragua, lower biases
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were obtained when providing expert knowledge under a “data-driven” approach. In Table 5, final results (in terms of errors)
are provided. It can be seen that in few cases the bias reaches the value of 8%. In these cases, the proposed actions for error
correction should be applied. On the other hand, when “inverse use” of the network was enforced, acceptable biases up to
1% were achieved. In this way, it is demonstrated the applicability of the proposed methodology for network construction.
As it can be seen in Figure 5, this methodology might provide different network adapted to each county context.

Table 5. Resulting biases over network node’s A-B-C-D distributions for the case of Honduras (“data-driven approach”).

Bias over A-B-C-D grade system (states)
Nodes of interest A B C D
WsP 0.03963 -0.07949 0.03413 0.00573
WSHS 0.01845 -0.04564 0.02330 0.00388
WSSI 0.04954 -0.08673 0.02497 0.01222
INSAC 0.00658 -0.01247 0.00308 0.00281
INHS 0.03813 -0.08755 0.03539 0.01402
IEIAC 0.02088 -0.03521 -0.00263 0.01695
IPSEC 0.03762 -0.05430 -0.00109 0.01777
In Italics, those errors higher than 5%.

Figure 5. Final networks obtained due to proposed methodology application. On the left: the case of Nicaragua; on the
right: the case of Honduras.

4.2. Testing the potentiality of Bayesian networks
4.2.1. “Direct use” of networks

During the process of network construction, a direct use of the networks was applied to infer distributions of the objective
node (i.e. “WSP”) from the provision of the “A-B-C-D” distribution of input nodes. This application might be expanded to
evaluation processes where, for example, the impact of the implementation of different actions or scenarios is to be assessed.
In this study, an illustrative example is provided bringing all inputs nodes (individually) to the state “A” at 100% and
analysing the impact on the output node “WSP” (see Table 6). In parallel, the correction of the bias has been carried out

following the results shown in Table 3. As to facilitate results understanding, in Table 7 “A-B-C-D” distributions obtained
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from Nicaragua database are presented. Two main observations can be made from these results. First, those inputs nodes
with lower qualifications (higher frequencies of “C” and “D” states) induce a greater impact on the output node. For
example, an optimal sanitation and hygiene service level (NSS) would increase in around 3% and 6% of the total of those
communities qualified by “A” and “B”, respectively. At this point, it should be pointed that the general index of SIASAR is
calculated at community level. Even if the entities are measured independently (i.e. water system and service provision),
they are projected to the community. Another example shows that if the organizational management of the service providers
is brought to optimal conditions, around 18% of the total communities would pass from “C” and “D” states to “A” (6%) and
“B” (12%) states. The second main aspect to highlight is the robustness of the model when testing such a scenario. Only in
the case of an extreme change in a node (i.e. “GOR”), the model experiments a remarkable impact. It should be highlighted
that this sensitivity analysis is recommendable to place it in the validation process. However, it was suitable to present it this

Section due to its relationship with impact evaluation.

Table 6. Impact on node WSP brining input nodes to state “A” at 100%. Proposed method to counteract the systematic bias

has been applied.

Impact over A-B-C-D grade system (states) of WSP node
Input nodes (“A” = 100%) A (0.0804) B (0.5436) C (0.3570) D (0.0289)

CON 0.0122 0.0244 -0.0344 -0.0021
EST 0.0076 0.0224 -0.0278 -0.0022
CAL 0.0106 0.0333 -0.0409 -0.003
NSS 0.0267 0.0576 -0.0791 -0.0052
HHO 0.0245 0.057 -0.0754 -0.0061
INF 0.0102 0.0376 -0.0461 -0.0016
GOR 0.0582 0.1181 -0.1649 -0.0115

In brackets, real “A-B-C-D” distributions of node WSP obtained from Nicaragua database. Note that HHO node states are

only A, C and D.

Table 7. Input nodes distribution obtained from Nicaragua database.

Node states distribution
Input nodes A B C D
CON 0.5688 0.1450 0.1170 0.1690
EST 0.6469 0.1914 0.0469 0.1147
CAL 0.6329 0.0695 0.0120 0.2855
NSS 0.3665 0.2312 0.1488 0.2535
HHO 0.3920 - 0.4707 0.1373
INF 0.5450 0.3256 0.0781 0.0512
GOR 0.1202 0.2426 0.2638 0.3734
Note that HHO node states are only A, C and D.

Finally, it is noteworthy to mention the importance of designing strategies that embraces actions in all dimensions, as
improving service delivery is not only a business of implementing isolated actions such as providing new water and

sanitation infrastructure. For this reason, Bns is suitable to deal with more complex problems. For simplicity, in this study
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the focus was not on the assessment of a wider range of scenarios or the interlinked impact among nodes, but it should be
pointed out.

4.2.2. “Inverse use” of networks

This manner of using the network was applied when dealing with the validation process. However, this possibility might be
useful for planning purposes. In this sense, desirable results might be established over the objective node “WSP” and new
values for the input nodes would be obtained. Thus, these results might be useful to optimize the interventions in order to
achieve the expected results. In this study, it is presented two alternatives to deal with the inverse use of networks. The first
one refers to the provision of “hard evidences”, while the second one deals with the so called “soft evidences”. When
providing hard evidences to a node, this is brought to one specific state. In the example shown in Figure 6, node “WSP” is
considered at “A” state and the required values in input nodes are obtained. Considering current situation of “WSP” node
(8% A; 54% B; 35% C; 3% D), it is logical that all nodes need to be improved drastically. As mentioned previously, in order
to reach an overall upgrade of the water and sanitation performance (WSP), simultaneous measures should be taken place. In
this case, an average of 20% gain in all nodes in relation to “A” state is needed. This is associated to the importance and the
complexity to address aspects regarding continuity of service (CON), quality of water (CAL), sanitation coverage (NSS),

water infrastructure (INF) or organizational capacities of the service provider (ORG).
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Figure 6. Improvements required in input nodes setting WSP node to “A” state.

On the other hand, a more realistic approach is to provide soft evidences. This is related to the assignment of different
percentages to the different states. As an example, it might be established a goal of reaching a 15% of communities at “A”
state and 85% at “B” state, as presented in Figure 7. However, any other configuration is possible. At this point, it must be
mentioned that the “bnlearn” package does not facilitate to deal with soft evidences. Nevertheless, this drawback is easily
tackled by recalling the second axiom of the conditional probability. This axioms states that “for any two mutually exclusive
events “a” and “b”, the probability that either “a” or “b” occur is the sum of their probabilities” (see eq. 1). In this case, a
community cannot be at two states simultaneously. Then, the procedure is to separate the calculations. First, “WSP” is set at
100% of “A” state and second at 100% “B” state. Finally, results of input nodes are multiplied by the proposed configuration
(15% “A” and 85% “B”) and the sum is carried out.

P (“A” or “B”) =P (“A”) +P (“B”) (eq 1)
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From Figure 7, it can be seen that, for reaching desirable goals, those aspects regarding sanitation coverage (NSS) and
service provider organizational management (ORG) require a higher improvement. While other nodes need a progress as
well, these results might provide an insight to develop specific interventions in order to achieve the expected results.
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Figure 7. Improvements required in input nodes providing WSP node with soft evidences (15% “A” and 85% “B”).

5. Conclusions

This study aims to provide a systematic methodology for Bayesian networks construction while exploiting its potentiality to
support decision making in WaSH sector. To do this, the Rural Water and Sanitation Information System (SIASAR)
initiative has been selected as an initial case study. Furthermore, SIASAR open-database has been exploited for the case of
Nicaragua by applying the free software “R” and its specific package “bnlearn”. On the basis of STASAR’s conceptual
framework and supported by a proposed methodology for networks construction, a simple Bn model has been applied to

reflect the main issues that determine access to WaSH services.

As a far as the proposed methodology to deal with networks generation, it is concluded that it provides a useful contribution
to facilitate a wider use of this tool in order to accommodate the complexities of WaSH-related issues. This step-by-step
method has been applied successfully to two different contexts and it has been demonstrated the robustness of the model
obtained. Although slight undesirable biases are provided by the model, it has been provided a mechanism to counteract this
drawback.

In parallel, it has been demonstrated the potentiality of Bns. First, the “direct use” of the networks has been applied. This
utility supports decision-makers in evaluating and making informed choices between alternative actions. Second, by
exploiting the “inverse use” of Bns, it has been shown the advantages in sector planning. When dealing with important
investments, it is presented as a useful management tool to optimize the interventions in order to achieve the expected
results.
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Abstract

The ecological quality water in Meléndez River at the medium and low basin was evaluated through the application of water
quality and pollution indexes in the ecosystem by using physiochemical parameters and its association with aquatic
macroinvertebrates. In addition, a pollution control scenario was evaluated by the application of a simplified dissolved
oxygen model of Streeter Phelps, in the most critical loads into the river. This study was performed in the winter period of
the last quarter of the year 2016. The aim of this project was to find the actual ecological situation in the river in order to
create a baseline study necessary for the future environmental improvement of the city. In general, the ecological water
quality index showed a significant alteration of the riverside forest at the middle basin and an extreme degradation at the
lower part. On the other hand, the physiochemical parameters results showed high dissolved oxygen levels (7.21 mg / L at
the middle basin and 6.63 mg / L at the low basin), pH very close to neutrality in all stations, BOD5 and COD with values
that did not exceed 12 mg/L, whereas fecal coliforms presented high levels at the low basin (up to 66000 CFU) showing a
certain degree of contamination in the lower river basin. A total of 22041 macroinvertebrates individuals from 7 different
families were obtained by the catching methods which indicates according to the BMWP-Col index that the river presents
very polluted waters due to the discharges of domestic wastewaters. The measured physicochemical parameters and the
macroinvertebrates species presented good correlations according to the canonical correspondence, whit strong associations
in the X axis with pH (0.940) and OD (0.919), while in the Y axis a strong correlation with the BOD (0.819). This project
contributes to explore new issues to discuss about our ecosystem’s resources and how our environmental authorities can
improve their care through the use of ecological indices, models and its correlation with the aquatic macroinvertebrates
providing a frequently tracing spatial and temporal in our Rivers.

Keywords: aquatic macroinvertebrates, ecological quality, sustainability indicators, Streeter Phelps model, Meléndez River.

1. Introduction

The aquatic ecosystem qualities are characterized by the continuous and rapid flow of its waters; these generate special
conditions for the organization of structures in which life and basic ecological processes such as: flows of energy, matter,

information, biodiversity and succession (Universidad Nacional de Colombia, 2010).

After the conference in Rio de Janeiro on the decline of biodiversity in tropical ecosystems, the governments of the United
Nations (UN) countries made every effort to preserve the oceans and dry tropical forests. However, in such efforts,
ecosystems as fragile and important as those developed in rivers have never been taken into account before (Segnini, 2003).

The diversity of life forms that integrate aquatic communities is related to the variety of physicochemical attributes of water
bodies and their banks. The topographic heterogeneity within the river favors habitat diversity, which in turn is often related
to greater biological diversity at each site (Sanchez et al., 2007). In relation to the above, several studies have argued that the
recovery of an aquatic ecosystem in a river should not only be based on the evaluation, monitoring and control of the
physicochemical parameters of water as has traditionally been done in Colombia. In order to improve the traditional
monitoring that has been used in Colombia, the environmental authorities need to adopt complementary strategies that allow
an easy and effective evaluation of the necessary conditions to recover or preserve these water sections (Luna, 2009).
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The Project “Corredor verde de Cali”, moving by the urban renewal in favor of the qualitative and quantitative recovery of
the environmental quality in the city, proposes the study of the quality of the rivers by which the project will be traced.
These studies found that the water quality of the Meléndez River, which is one of the most important in the city of Cali, with
a length of 25 km (Secretaria de Salud de Santiago de Cali, 2010) crossing the city from west to east, is in a state of

marked deterioration and needs an immediate restoration process in their ecosystem.

This research was achieved in order to present a prefeasibility study in the use of bio indicators of water quality as a
complement to the physicochemical monitoring of water currently accomplish by the environmental authorities in Cali,
Colombia. This study of the aquatic ecosystem in the river is carried out under the concept of "ecological status” proposed
by the EU Water Framework Directive (Directiva Marco del Agua, S.F)

2. Methods

2.1. Study area

The middle basin of the Meléndez River is located in the western slope of the rural territory in Cali, Colombia. This study
covered about 13 km of course starting in the middle basin and ending in the vicinity of its mouth in an artificial collector
canal (Collector Sur Canal). A total of five stations were used for riverbank forest monitoring and four stations for
physicochemical, hydrobiological and microbiological monitoring like Figure 1 shows.
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Figure 1. Monitoring stations evaluated in Meléndez River.

Meléndez River has an extension of 25km from west to east with altitudes ranging between 2800 and 1000 meters above sea
level (m.a.s.l) (DAGMA, 2014). The middle basin of this river presents altitudes from 1800 m.a.s.| with very soft slopes that
end when it arrives to Cali at about 994 m.a.s.l; In this zone a bush vegetation and erosion problem predominate. At first
glance, water at the beginning of the middle basin present a good quality that is deteriorating little by little in its downstream
path due to the wastewater discharges of the hillside population, the deforestation of its riverside forest and the Recreational
misuse of its waters by the settlers

2.2. Physico-chemical, microbiological and hydrobiological parameters checked in this monitoring

Samples of one liter ( river water) were taken in zones of the canal where the stream of water will not carry a turbulent flow
in each one of the four selected stations; In situ, the water temperature and flow rate was measured. Subsequently the water
samples were taken to the laboratory to measure physico-chemical parameters such as BOD5, COD, total alkalinity,
conductivity, dissolved oxygen, pH, total suspended solids, total and fecal coliforms, in order to evaluate quality and
pollution indices.

At the same time, a hydrobiological sampling was carried out to determine the quality of the habitat through the use of
qualitative and quantitative biological indices. This type of sampling is not currently used in the city of Cali to evaluate
water quality, so this prefeasibility assessment evaluated the benthic macroinvertebrate species that inhabit the Meléndez
River (related to the specific sample day).
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In a second course, the riparian forest quality was analyzed, taking into account parameters such as forest density, native
species, and their connectivity, as Munné et al. (2003) had explained in the QBR index.

Due to the limited monetary resources in this study, only a spatial monitoring was performed (a single sample without
repetitions), for this reason the results obtained in this work should be supported with more monitoring campaigns that
strengthen the statistics with which it currently counts.

2.2.1 Quality index for River waters. In this work we chose to apply the calculation of the Water Quality Index developed
by the United States National Sanitation Foundation (WQI-NSF) which is commonly used by expert’s panels (University of
Pamplona, S.F). This index was calculated by the mathematical expression of the WQI aditive shown below:

n
Wel, = ) LW,
i=1

Where: I= Subscript value of each parameter, i= Quality parameter that is being evaluated, W= Relative Weight of each
parameter.

The subscript value depends on the curve that describes its function with each parameter. (The graphs can be reviewed in the
study of the Universidad de Pamplona, (S.F)). In these graphs the subscript is a variable dependent on the value of each
physicochemical parameter. The relative weight of each parameter in the total value of the index depends on the number of
variables selected (in this case nine variables like table 1 shows). Likewise the value of this subscript can be calculated
mathematically as was done in this study with the ICATest v.1.0 software.

Table 1. Variables and weights for the case of nine parameters

parameter | Measurement Relative
(units) weight (%)
Dissolved | | .
Oxygen (DO) % saturation 17
fecals
Coliforms CFU 16
PH pH units 11
BOD5 mg/L 11
phosphates mg/L 10
Nitrates mg/L 10
Temperature °C 10
Total Solids mg/L 7
Turbidity NTU 3

Finally the water quality in each station is given by the values that table 2 shows.
Table 2. WQI-NSF rating ranging (Universidad de Pamplona, 2003)

WQI-NSF Value Classification
90-100 Excellent quality
50-70 Medium quality

2.2.2 Pollution indices in Rivers waters. The pollution indices (PI) allow to measure the water quality problems with more
precision and less subjectivity compared to WQI indices, showing specific pollution parameters. The pollution indices
applied in this study and the water quality values (look at table 3) are shown below; these indices can be calculated
mathematically as was done in this study with the software ICATest v.1.0.

Mineral Contamination Index (MIPI)
Contamination Index by Organic Matter (PIOM)
Contamination Index by suspended solids (PISUS)
Contamination Index by pH (PIpH)
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Table 3. Pollution rating ranging (Luna, 2009)

Nothing
Low 0,2-0,4
Medium 0,4-0,6 Yellow
High 0,6-0,8
Extremely High 0,8-1

2.2.3 QBR Index. The characterization of the riparian forest state was carried out on 80m trajectories, which is within the
range recommended by Munné et al. (2003), which proposes that it must be between 50m and 100m. This index is applied
on both River banks and taking into account all riparian vegetation as well as its connectivity with the studied forest path.

After applying the index, the quality of the riparian forest is evaluated according to the criteria shown in table 4.

Table 4. QBR index rating ranging (Munné et al. 2003)

Score Quality Colour
>90 Bank without alterations, natural state

71-90 Bank Slightly disturbed, good quality

51-70 Start of a significant alteration, acceptable quality Yellow

30-50 Strong Alteration, bad quality Orange
0-29 Extreme degradation, really bad quality

2.2.4 Qualitative and quantitative ecological indices. BMWP Biological Index. Is a method of assessing water quality
using the families of insects - e.g. mayflies and stoneflies - and other aquatic invertebrates such as freshwater shrimps
present in a river. Species are allotted points to rank their importance in the ecosystem, the less tolerant a group of
invertebrates is to pollution the higher the points they are allotted.

The organisms identified at each monitoring station are assigned a rating, ranging from 1 to 10 according to the family
which it belongs as can be seen in table 5. The points obtained are summed by each monitoring station and its quality is
established through the criteria shown in table 6

Table 5. Scores assigned to aquatic macroinvertebrate families for the BMWP/Colombia index (Torres, 2007)

Families Score
Perhdae, ~ Oligoneundae,  Helicopsychidae, Calamoceratidae,

Psephenidae,  Hidndae,  Chordodidae,  Lymnessidae,| 10

Leplophlebidae, _Euthyplochdae, Leptocendae,
Xiphocentronidae, Dytiscidae, Polycentropodidae, 9

Velidae, Gemdae Pmlopotamadae Simulidae, Pleidae,
Trichodactylidae, Salddae, Lestidae, Pseudothelpusudae
Hebndae, Hydrobudae 8
Baetidae, Calopterygidae, Glossossomatidae, Comadae,
Notonectidae, Leptohyphidae, Dixidae, Hyalellidae, Naucoridae,

Scirtidae, Dryopidae, Psychodidae, Coenagrionidae, Plananidae, 7
idae, Caenidae

hdae, Lutrochidae, Aeshnidae, Libeliuldae, Elmidae,
Staphylinidae, Limnychidae, Nentidae, Pilidae, 8
Megapodagnonidae, Corydalidae
Hydropsychidae, Gelastocoridae, Belostomatidae, Nepidae,
Pleurocendae, Tabanidae, Thiaridae, Pyralidae, Planorbidae 5
Chrysomehdae, Mesovelidae, Stratomidae, Empididae,
Dolicopodidae, Sphaeridae, Lymnaeidae 4

Hiudinea  (Glossiphoniidae,  Cyclobdellidae),  Physidae,
Hydrometndae, Hydrophikdae, Tipulidae, Ceratopogonidae :
Chironomidae, Culicidae, Muscidae
|Oligochaeta (Tubificdae)
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Table 6. Types of water quality according to BMWP (Torres, 2007)

Type Quality BMWP/COL Meaning Colour
| Good >150 Very clean, uncontaminated or poorly
101-120 altered waters
I Acceptable 61-100 Slightly altered water
1| Doubtful 36-60 Moderately contaminated water Yellow

v Critic 16-35 Very polluted waters Orange
\Y Very Critic <15 Strongly contaminated water

The Jaccard dissimilarity or affinity index (1908). With the application of this index it is possible to evaluate the
similarity of the species between sampling stations by means of the following expression:

B C
" (A+B-0)

A

Where: C= Number of common species for A and B, A= Number of present species in the evaluated area A, B= Number of
present species in the evaluated area B.

These results will be between 0 and 1 where zero will correspond to the stations where there are no species in common and 1
when there are a large number of species in common.

2.2.5 Association between physicochemical and biologic parameters Due to the magnitudes of the physicochemical and
biological variables are notoriously different, they were transformed into the Log;, (X + 1) form in order to approximate and
simplify the possible association between these variables and to perform the canonical correspondence analysis; all this was
done in the free software PAST v. 2.16. Two dimensional axis are plotted by the software PAST, where positive or negative
correlations between the environmental variables and the presence of the families of macroinvertebrates are found.

2.2.6 Dumping sewage reduction model. Given the conditions and availability of information, in this study we choose to
perform a water quality modelling in the lower basin of the river through the mathematical model of multiple point sources
proposed by Streeter-Phelps, which describes the change of the organic matter concentration and the dissolved oxygen
deficit (OD) according to the saturation oxygen specific to the section evaluated.

The secondary information available show the impact of 4 dumps and two extraction points in the studied section of the river
Meléndez. Due to the short budget, the deoxygenation coefficient ka was estimated under the conditions of a river with
medium-low pollution where the values are in a range between 0.10d™ and 0.12d* according to the document Of Suarez,
(2008). On the other hand, the coefficient of sedimentation ks was assumed under the values recommended by the study of
Kannel et al. (2007), which oscillate between 0 days * and 5 days ™.

The removal scenario showed in the figure 2 proposed in this model, two discharges with the greatest negative impact on the
river will be eliminated through a treatment with removal efficiency in the organic load of 80%.

Figure 2. Modelling scenario (red arrows= Dumping, Green arrows=extraction). Adapted of (DAGMA and
Universidad del valle, 2004)
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3. Results and discussion

The results for the measured parameters of the physicochemical and microbiological quality in the Meléndez River for a day

of high precipitation in the second winter season (November 2016) are shown in Table 7 and Table 8.

Table7. Chemical and biological parameters results.

pH | Hardness | 5.5 | NO» | Cond | DO | cob | sato. | pos | aik | €| FColl gop,
S
1 |e88| 11210 | 2 6.7 481 | 721 | 10 84.42 | 065 | 56 | 60* | 280* | 0.33
2 |696| 18416 | 9 7.2 828 | 734 | 114 | 9569 | 028 | 92 |14800 21200 1.84
3 |6.92]| 22420 | 7 8.4 986 | 703 | 55 91.65 | 141 | 112 | 8800 | 29600 | 0.98
5 |679| 24422 | 8 9.2 109.7 | 663 | 21 86.44 | 048 | 122 | VOR* | 66000 | 1.67

Where: S= Station, Hardness= Hardness (mg CaCO3/L), S.S = suspended solids (mg/L), NO5;™ = Nitrates (mg/L), Cond =
Conductivity (uS/cm), DO = Dissolved Oxygen (mgO2/L) COD = Chemical Oxygen Demand (mg/ L), Sat. O = Saturation
Oxygen (%), P = total phosphorus (mg/L), Alk = alkalinity (gCaCO3/m3), T. Col. = Total coliforms (CFU/100mL), F. Col.
= Fecal Coliforms (CFU/100mL), T. Col.* and F. Col.* = analyzed sample without dilution (CFU), BODs = Biological
Oxygen Demand (mg/L), VOR* = Value out of range, it takes the value of 200000 CFU/100MI (IDEAM,2007).

Table 8. Physical parameters results.

T(ul\rll?l'lgl)ty Tem?fcr)ature Flow (L/s)
Station
1 8.20 18.0 388.32
2 8.88 22.4 294.00
3 11.20 23.0 238.35
5 7.10 234 245.35

The results obtained were comparing with the reference values of contaminated water shown in Table 9, according to these
references it is important to mention that alkalinity and turbidity exceed the reference limits in all monitoring stations, and
phosphates only exceed the reference at the station 3. On the other hand all the variables associated to oxygen in the water
are in good condition since they do not exceed the reference in any station of this monitoring

Table 9. Reference values to contaminated water (IDEAM, 2007; DAGMA 2012)

Parameter Reference Values
Alkalinity (mg CaCO3/L) <50.00
BODS5 (mg/L) <10.00
COD <250.00
Phosphates (mg PO4/L) <1.23
Nitrates (mgNO3/L) <44.26
DO (mg/L) >3.00
pH 5.00-9.00
TSS (mg/L) <50.00
Turbidity (NTU) <2.00
Total coliforms 0
(CFU/100mL)
Fecal coliforms 0
(CFU/100mL)
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3.1 Water quality in Meléndez River

3.1.1 WQI-NSF Determination. The temperature delta was taken as zero due to the temperature was not evaluated 50m
upstream of each sampling site. A summary of the results obtained for each monitored stations is shown in Table 10 below.

Table 10. WQI-NSF Results

Station 1 77.17
Station 2 72.09
Station 3 66.99 Medium quality
Station 5 68.1 Medium quality

3.1.2 Determination of Pls. With the application of the mathematical expressions of these indices, the effects in each
studied sections on Meléndez River were calculated directly. According to the values obtained in the WQI-NSF, the
parameter with the greatest negative environmental impact is the high presence of fecal Coliforms. Table 11 shows the type
of pollution in the river waters according to the application of Pls.

Table 11. PI results in each monitored Station

Station 1 Station 2 Station 3 Station 5
0.05 0.35 0.36 0.38
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3.1.3 Quiality evaluation of the riverside forest. The application of this index showed a decrease in the forest quality as the
river approaches to the urban perimeter of Santiago de Cali, even in the upper part of the middle basin, the riverbank forest is
dense, with low connectivity but has a great variety of native tree species. Downstream the variety of native species is
diminishing; the presence of introduced species is evidenced like water containment structures in the river’s channel. The
table 12 shows the results of the QBR shore quality index

Table 12. Riverside forest quality

mid-high Basin Mid Basin Low Basin

Stationl Station2 | Station3 | Station4 | Station5

Index Content

1. Coverage Degree 5 0 0 0 0

2. Coverage Structure 5 0 0 10 5

Geomorphological type | | 1 | |

3.Coverage Quality 22 15 21 0 1
4. Natural River channel degree 25 10 5 15 10
Final Score 57

3.1.4 Determination of qualitative ecological indices. In the route traveled were found 5 orders and 6 families of benthic
macroinvertebrates communities. In general the species found are indicators of water with oligotrophic, mesoeutrophic and
well oxygenated waters, which is in accordance with all the results obtained previously in the physicochemical sampling.

BMWHP-Col Index.

Station 1: the results at this station show a biological quality of contaminated water; only three individuals from three
different families were identified at this station (see Table 13), The Hydropsychidae family was the one with the greatest
apparent dominance (see Figure 3), and it has a tolerance rated 5.

The three individuals founded are indicators of well oxygenated waters and from here it begins to mark a pattern that could
be seen in the rest of stations where the presence of oligomesotrophic waters to eutrophic waters is observed, thus following
the trends shown by the physicochemical parameters .

Table 13. BMWP-Col Station 1.

Hydropsychidae

Elmidae

Gerridae

Final Score 19
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Figure 3. Found Individuals from Hydropsychidae family

Station 2: The results at this station show a biological quality of strongly contaminated waters (see Table 14). Results in
this station were actually poor due only three individuals were found, where two of them belong to the family
Megapodagrionidae whose tolerance has a value of 6 (see figure 4).

An individual belonging to the family Philopotamidae (Figure 5) was found whose tolerance is very low and due to the
contamination that has received the river at this height it is possible that this individual has been dragged by the strong
currents that generate the rains.

Table 14. BMWP-Col Station 2

Megapodagrionidae

Philopotamidae 8

Final Score 14

Figure 5. Found Individuals from Philopotamidae family

Station 3: The results at this station show a biological quality of strongly contaminated waters as well as station 2 (see Table
15). At this station only individuals from the Hydropsychidae family were identified (see figure 6) which has a tolerance
rated 5.

This family is an indicative of transitional waters from oligotrophic to eutrophic waters, which is in accordance with the
physicochemical indices found in station 3, due to phosphates are above quality levels and nitrates have an increase but still
be below from the quality levels

Table 15. BMWP-Col Station 3

Hydropsychidae

Final score 5
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Figure 6. Found Individuals from Hydropsychidae family
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Station 5: The individuals found in this station show a biological quality of strongly contaminated waters (Table 16), which
is contradictory to what was found with the application of WQIs and Pls indices, but showed the same as QBR index, with a
poor ecological quality that can be perceived immediately when we visiting the Meléndez River.

Only two individuals were identified at this station, these belonged to the Chironomidae family (Figure7) and the
Tubificidae family (Figure 8). These families have a very high tolerance to organic matter rated 2 and 1 respectively.

Table 16. BMWP-Col Station 3

Jaccard’s Index. This index evaluates the similarity of species between two sites from individuals that have been found in
both sampling areas. Taking into account the above, the only stations that present similar individuals are station 1 and station
3, therefore this index was only applied on these two sampling sites as shown below.

A 0.25

“TG+1-1

Between station 1 and station 3 there is a 25% similarity between its macroinvertebrate species, which indicates that 75% of
the species present in habitat conditions more favorable to these orders are lost between the upper and lower basins.

The analysis of these results was also analyzed through the Biological Pollution Index (BPI) which yielded a high
contamination value as shown below in graphic 1

Graphic 1. BPI between stations 1 and 3
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3.2 Relation between the physicochemical and biological parameters measured in the Meléndez River. The results of
the Canonical Correspondence Analysis (ACC) are presented below in figure 9.
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Figure 9. Ordering Diagram of Canonical Correspondence Analysis
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The ACC captured 96.64% of total data’s variability in the first two axes. The first component (X axis 50.52%) was
positively associated with a high correlation at pH (0.940) and OD (0.919) while it was negatively correlated with nitrates (-
0.677).

The second component (Y axis 46.12%) was positively associated with a high correlation to BOD (0.819) while it was
negatively correlated with turbidity (-0.687).

The found macroinvertebrate families in this study according to the environmental variables evaluated (pH, NO3, OD, BOD,
temperature, phosphates, turbidity, coliforms, SS and Saturation oxygen), only Hydropsychidae, Chironomidae, EImidae and
Megapodagrionidae had a correlation while the other families do not present apparent associations with these variables.

As can be seen in figure 9, the strong positive correlation in the X axis shown by the ACC analysis between the
Megapodagrionidae family and station 2 is linked to oxygen saturation; it shows a good relation with the reality
remembering that at this station were found the best oxygen conditions in this study, which indicates that this
macroinvertebrate’s family needs very high oxygen conditions to be present in rivers. On the other hand the Chironomidae
family positively correlated in the Y axis with station 4 shows that the coliforms and the temperature have some correlation
degree, this shows the strong influence of domestic wastewater discharges with the presence of this family in the last station.

3.3 Simplified Dissolved Oxygen Model. The information of all parameters used for the simplified dissolved oxygen model
in each station and dumps is presented in table 17 while the data used for the quality evaluation in each section is shown in
table 18.

Table 17. Model parameters used in each place

S1 (begin)
club 25 25.0 25 | 209 11
campestre
C'”‘:?ge'a 563.4 225 72 | 06 1
_canal 26.9 245 42 | 35| 09
ingenio
canal
caney | 1537 285 25 | 35 0.9
PR 9.3 25.0 77 |135| 09
Caney

236



23rd International Sustainable Development Research Society Conference

Table 18. Model parameters used in each section

S1. El-
Club
Campestre

0.09

0.54

5.6

294.0

S2. Club
camp-
Ciu.rio

0.09

0.52

6.23

314.9

S3. Ciu.rio-
C.inge.

0.08

0.5

5.8

238.3

77.2

S4.
C.ingen.-
C.caney

0.08

0.53

5.6

241.8

fs)
C.caney-
PTAR

0.07

0.56

6.3

245.3

S6 PTAR-
C. Sur

0.07

0.56

6.3

258.8

According to the evaluated sections in the model (see table 19), a dissolved oxygen deficit is presents up to the Ciudadela
del Rio station, from there the dissolved oxygen in water presents a recovery but its levels are below the 4mg/L quality
objective proposed by the Cali environmental authority (DAGMA) for the year 2016. It should be emphasized on this point
that this model does not necessarily represent an approximation of water quality in the river due to this model was made with
many assumptions considering the lack of current information.

Table 19. Model Results

Mix BOD (L0) (mg/L) 1.84 2.16 3.19 3.32 5.30 5.46
Mix DO (mg/L) 7.21 7.25 7.41 7.37 7.11 7.11
Mix Temperature (°c) 224 22.57 22.57 22.60 22.68 22.80
Saturation O Corrected for height in S2 (mg/L) 9.22 9.22 7.68 6.91 6.91 6.91
Ka Churchill (d-1) 1.37 1.46 1.31 1.18 0.92 0.97
ka corrected by T° (d-1) 1.45 1.55 1.40 1.26 0.98 1.04
Section deep (m) 0.54 0.52 0.50 0.53 0.56 0.56
Width section(m) 5.60 6.23 5.80 5.60 6.30 6.30
Speed section (m/s) 0.097 0.097 0.082 0.08 0.07 0.07
Speed section (m/d) 8400 8399.7 7101.1 | 7040.4 | 6008.6 | 6339.4
Travel time (d) 0.16 0.06 0.31 0.22 0.03 0.08
BOD (L) just before the discharging (mg/L) 2.13 2.13 2.98 3.15 5.25 5.36
Initial deficit before the discharging (mg/L) 2.00 1.97 0.26 -0.45 -0.19 -0.20
Deficit just before the discharging (mg/L) 1.63 1.80 0.27 -0.26 -0.16 -0.12
DO just before the discharging (mg/L) 7.59 7.41 7.41 7.17 7.08 7.04
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Figure 2 shows the calibration of the model, which was performed by reviewing the measured values of the dissolved
oxygen and the biological oxygen demand versus the values obtained in the model.

Graphic 2. Model calibration
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The validity of the model was reviewed by comparing OD and BOD values measured at stations 3 and 4; The OD has a good
correlation value where the model value has a 5.4% error for station 3 and 6.9% in station 4 following the same downward
trend as in the measured values. On the other hand, the BOD values for both stations have a high error rate that exceeds
100% but presents similar growth trends

3.3.1 Reduction Scenario. Table 20 shows the results of a prospective scenario in which the waters from the dumping of the
place “ciudadela del rio” (place where the highest deficit according to the Streeter Phelps model occurs) goes through a
treatment train Of septic tank with a posterior step by anaerobic filter where 80% of the organic matter is removed, on the
other hand it is proposed that the waters of the “canal ingenio” are taken to a treatment in WWTP with later discharge in
Cauca River.

Table 20. Model prospective scenarios results,

Mix BOD (LO) (mg/L) 1.84 2.16 0.88 2.99 3.30

Mix DO (mg/L) 7.21 7.25 7.42 7.45 7.43

Mix Temperature (°c) 22.4 22.6 22.6 22.7 22.8
Saturation O Corrected for height in S2 (mg/L) 9.22 9.22 7.68 6.91 6.91
Ka Churchill (d-1) 1.37 1.46 1.32 0.91 0.96

ka corrected by T° (d-1) 1.45 1.55 1.40 0.97 1.02

Section deep (m) 0.54 0.52 0.5 0.56 0.56

Width section(m) 5.6 6.23 5.8 6.3 6.3

Speed section (m/s) 0.10 0.10 0.08 0.07 0.07

Speed section (m/d) 8400 8399.7 7101.2 5922.8 6253.7

Travel time (d) 0.16 0.06 0.53 0.03 0.08

BOD (L) just before the discharging (mg/L) 213 2.13 0.78 2.97 3.24
Initial deficit before the discharging (mg/L) 2.01 1.97 0.27 -0.53 -0.52
Deficit just before the discharging (mg/L) 1.63 1.80 0.16 -0.50 -0.44
DO just before the discharging (mg/L) 7.59 7.42 7.52 7.42 7.35
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Even with this prospective scenario of reduction in the load discharged by the place “Ciudadela del Rio” and eliminating the
“Canal Ingenio”, it would not be possible to reach the goal proposed by the DAGMA. In this model omitted for lack of
information some waste water discharges, reason why the situation in the river could present lower values.

5. Conclusions

It is important to remember that due to the limited resources in this project the idea of a space and temporary project had to
be reduced to a single spatial sampling. The results of this study and its conclusions, although with a high degree of
satisfaction in the ecological description of the Meléndez River, still require a greater statistical rigor, which can only be
strengthened by carrying out more monitoring campaigns.

The physicochemical quality of the water shows high levels of oxygenation, typical of mountain rivers with great turbulence
and some affectations as to the nutrients as much by deficits as by excess of these compounds in the analyzed stations. The
organoleptic conditions of the river also provide very important information about the river quality; in the first station the
waters are clear and no aggressive smells of contamination are perceived, as regards to the lower parts, the odors of organic
matter in decomposition process give an idea of the high presence of waste water discharges that are present in the middle
and lower basin of the river.

The riverbank forest quality indices show that the problem of illegal settlement on the slopes of the river and activities such
as coal mining, small-scale farming and livestock farming are having a strong impact on the variety and density of the tree
and shrub species along the Meléndez River. The variety of species diminishes considerably in the urban perimeter of
Santiago de Cali, which is due to the urban development; this deterioration becomes more noticeable at the lower basin,
where there is a low variety of native species and a dominance of certain tree species.

On the other hand, the macroinvertebrate communities’ evaluation found it in Meléndez River (in this first revision) shows
adequately the physicochemical characteristics evaluated in the river. This would be a complementary study that can be done
more frequently to determinate the water quality in our rivers. Now a days, only two monitoring campaigns are carried out
on the rivers in Santiago de Cali by the environmental authority DAGMA, and these are not sufficient to carry out a rigorous
monitoring with a future view on possible recovery scenarios based on quality criteria.
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Abstract

The purpose of this study is to outline and demonstrate an innovative conceptual framework on circular economy.
Research questions arise from the background literature review and are further developed into the proposed 7R principle
model. Its preliminary confirmation is pursued by a descriptive case study of Suzhou Industrial Park (SIP) in Eastern China,
which is located neighbouring to Shanghai and extensively recognized as one of the most initial Eco-Industry Parks (EIP) in
China and as one of the most successful EIP. To begin with, traditional 3R principle is introduced and, then, the evolvement
into 5R is discussed. After that, a proposal for a conceptual framework promoting a 7R principle is put forward. Its
components are reduce, reuse, recycle, recover, rethink, resilience and regulate. The descriptive case study based on
secondary data provides instances to illustrate that every aspect of the 7R framework is properly embodied by a serial of

SIP practices.
Keywords: Circular Economy, Eco-Industrial Park (EIP), Suzhou Industrial Park (SIP), 3R, 5R, 7R principle model proposal.

1. Introduction

1.1 Motivation and background

It is widely admitted that China witnessed rapid economic growth over past three decades. However, it has been suffering a
high cost of resource wastage and environmental deterioration.In 2012, China took the lead as the world’s champion in
terms of industrial output, surpassing the United States, and became the true “world plant”(Shi & Yu, 2014). On the other
hand, at present, circular economy and sustainable development are increasingly getting of public concern.In the 30-year
economic miracle transition, industrial parks have played a great role as “policy pioneers”(Shi & Yu, 2014).In fact, more and
more researchers and industries both in China and foreign countries are interested in such themes as circular economy and

Eco-Industrial Park (EIP).

According to the definition in the "Law to Promote Circular Economy in People's Republic of China", from January 1st, 2009,
circular economy is the integration of activities of reduction, reuse and recycle during producing, exchange and consumption

(Shen & Qi, 2012). Thus, Circular Economy is essentially an ecological economy, which requires human economic activities in
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line with 3R principle, namely Reduce, Reuse and Recycle(Ying & Zhou, 2012).Circular Economy changes the traditional one-
way linear economic model of “resource — product - waste” into the feedback circular economy mode of “resource — product
— waste — renewable resource”, which conforms to the concept of sustainable development. It also utilizes resources and
protects environment more effectively, so as to gain maximal economic and social benefits with minimal resource

consumption and environment cost (Ying & Zhou, 2012).

In order to promote Circular Economy, some other hot topics like industrial symbiosis, industrial parks and Eco-Industry
Parks (EIP) have drawn extensive attention rapidly. Industrial symbiosis is to engage traditionally separate entities in a
collective approach to competitive advantage involving physical exchange of materials, energy, water, and by-products
(Chertow, 2000). Eco-Industry Parks (EIP) is a new type of industrial park which is designed and constructed according to
cleaner production requirements, Circular Economy concept and Industrial Ecology Theory. Thus, EIP also obey to the3R
principle of Circular Economy (Paper & Chunyou, 2009).In China, industrial development was promoted, firstly in the form of
Economic and Technological Development Areas (ETDA) in 1984, and then, as High-Tech Parks (HTP) in 1988. Up to the end
of 2013, China had around 300 national industrial parks, including 210 ETDA and 113 HTP (Shi et al., 2012).Chinese
Government initiated an ambitious national demonstration EIP programme, in 2001, and some trial EIP programmes later on
(Shi et al., 2012)to increase environment awareness in harmony with industrial growth. With the quick development of
urbanization in China over the past decade, it is getting urgent to create a win-win relationship between economy and
environment during urbanization in an industrialized town (Yu et al., 2015a). A common definition presents the EIP as “a
community of businesses that co-operate with each other and with the local community to efficiently share resources
(information, materials, water, energy, infrastructure and natural habitat) leading to economic gains, gains in environmental

quality and equitable enhancement of human resources for the business and local community”(Popescu, 2008).

A conceptual proposal is developed from this background and motivations, and tested in a descriptive study. The literature
review starts by analysing the connotation of 3R and 5R related to circular economy. Then, an attempt to propose an
innovative conceptual framework coined as the7R principle is made. The research questions that arise from the literature
review are the following:

RQ1: What is the 3R principle, and what is its meaning?

RQ2: What is the 5R principle, and what is its meaning?

RQ3: Could these principles be developed into a more updated conceptual framework related with circular economy?

RQ4: Does Suzhou Industrial Park practices embody the principles of this new proposal, as a preliminary check?

1.2 Research methodology

In this study, a ?R updated conceptual framework related with the circular economy is expected to come out from a
literature review. Then, a descriptive case study will conceptually apply and test the deducted framework within the scope
of the Suzhou Industrial Park (SIP). Thus, the performance of SIP in applying ideas and methods of circular economy is
preliminarily appreciated. When conducting the case study, secondary data from the official website of SIP
(www.sipac.gov.cn) are used to check if the SIP practices follow the principles established by the innovative conceptual
framework for circular economy that is being proposed. For the sake of the convenience of this preliminary qualitative

analysis, only a very few representative organizations in SIP are introduced, as instances.
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2. Theoretical background

2.1 Meaningof 3R

The principle of reducing waste, reusing and recycling resources and products is often called the "3Rs".As far as these three
keywords are concerned; many researchers have contributed with their understanding and explanations. For example,
Dhaka(2010) argues that (i)reducing means choosing to use things with care to decrease the amount of waste generated; (ii)
reusing involves the repeated use of items or parts of items, which still have potential for use; and, (iii) recycling means the
use of waste itself as a resource. Ying & Zhou(2012) explains that (i) reduce means reducing the amount of substance in the
process of production and consumption; (ii) reuse is involved in extending the time intensity of product and service; and, (iii)
recycle focuses on the regeneration of renewable resources after use. The 3Rs is sometimes called the waste
hierarchy(Dhaka, 2010), because it sets an approach to address waste in order of importance. The waste hierarchy classifies
waste management strategies according to the desirability of each R. Waste minimization can be achieved in an efficient way
by focusing primarily on the first of the 3Rs, "reduce," followed by "reuse" and then "recycle." The waste hierarchy has taken
many forms over the past decade, but the basic concept has remained the cornerstone of most waste minimization
strategies. The aim of the waste hierarchy is to extract the maximum practical benefits from products and to generate the

minimum amount of waste (Environment & Foundation, 2006).

A basic connotation behind the first R (reduce) is to limit the amount of energy consumption, the number of purchases or
the amount of waste generated. The core meaning of the second R (reuse) involves the repeated employment of items, or of
usable parts of them, as much as possible, before replacing them, and the third R (recycle) means ensuring the circular
utilization of products and components, or transferring waste into resources and energy by the adoption of new technology

and techniques.

There are some methods to achieve the goals of 3R and fulfil circular economy, in order to decrease the amount of natural
resources used and, to cut down the amount of waste generated and disposed. This kind of measures can be efficient.
Examples are as follows: changing the design of the product or the production process, extending the product life cycle by
improving repair and maintenance technologies, or decreasing the volume of waste discharge. Reuse can be achieved by
repeatedly using products with proper maintenance and storage. At the same time, Recycle can be fulfilled by appropriate
share and also, by integrated industrial symbiosis. One product or parts of a manufactured component could be the resource
or raw material of another one; this means to achieve recycle by exchanging physical materials, energy, water, and by-
products among a serial of companies, as it happens, for instance, in the Kalunborg Eco-Industrial Park in Denmark, the first
EIP in the world. The three keywords of 3R principle are correlated rather than separated. A simple illustration, in Figure 1,

shows their circular and dynamic relationships.
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Figure 1.The illustration of 3R principles

2.2 Meaning of 5R

In addition to the basic 3R principle, there are some other keywords contributing to circular economy such as rethink,
recover, rescue, or repair. Shen & Qi(2012)hold a view that 5R principle appears with the addition of "to rethink towards the
maintenance of ecosystem" and "to repair the destructed ecosystem". Liet al. (2015) regard 5R spirit in the life-cycle of the
production process, as “Recycling, Reducing, Reusing, Recovery of Energy, and Reclamation of Land”. Generally speaking,
besides the 3R principle, the remaining two Rs in 5R refer to "recover" and "rethink". Recover refers to the practice of
putting waste products to use. Rethink, which is the last R, is sometimes added to the front of the waste hierarchy, meaning
that people should consider their options and think about their impact on the environment. For example, decomposing
garbage produces methane gas (one of the greenhouse gases), which some landfill sites recover and burn for energy rather
than letting it dissipate. Felicio & Amaral(2013) suggest that EIP have been seen as an opportunity for companies to reduce
their waste, recover values and achieve economies of scale, in their production processes, in which, recover means to
recover values. Nevertheless, some researchers refer the fifth R as to rescue, and argue that the recycling-based
technologies should be promoted and implemented in EIP (Li et al., 2015). Figure 2 is an illustration of 5R principle (reduce,
reuse, recycle, recover and rethink).From an innovative perspective, rethink is not a parallel keyword with others, because
rethink means not only being aware of the impact any human behavior on the environment, anytime and anywhere, but also
making sure to reconsider all other Rs. That is why the area of rethink in this figure is a little bit overlapped to each of other
keywords. To be more specific, Reduce can imply decreasing any physical items and curtail inefficient production activities,
as well as, high energy consumption; Reuse can imply utilizing products and sharing goods at their most; Recycle refers to
material recycle, substance recycle, energy recycle, application recycle and data recycle, etc.; Recover alludes to the
resilience that we will analyze in our innovative proposal. So, among the 5R principle, the most important is to rethink

holistically in an all-around way.

Reduce

Recover Ret h i 1] k Reuse

Recycle

Figure 2.The illustration of 5R principles
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2.3 Conceptual proposal of the 7R Principle

Circular Economy is essentially an ecological economy, which requires human economic activities in line with 3R and 5R
principles. It is Circular Economy that further strengthens the consciousness of both resources conservation and
environmental protection, thus promoting the implementation of the strategy of green supply chain management and the
popularization of EIP.EIP is designed based on the requirements of clean production, principles of circular economy and
industrial ecology. It is composed of the enterprises inside the EIP, and the material flow and energy flow among the
enterprises maintaining industrial symbiosis by means of shared resources and exchanged by-products. The goal of an EIP is
to seek: (i) loop-closing circulation of material, (ii) multi-level energy utilization and (iii) waste minimization, by simulating
the natural ecological system and establishing “producers-consumers- decomposers” circulation path in the industrial
system (Li & Xiao, 2017). So, in this sense, 5R is still not enough. As is shown in Figure.3, the illustration of 7R principle

proposal, two more Rs are introduced, i.e. resilient and regulate, respectively.

Resilience is the ability of a system to respond to change. Indeed, comprehensively analysing the possible perturbation
process is crucial for developing adaptive capacity in an EIP from topological structure and ecological feature. To track the
resilience progress in an EIP, not only snapshot analysis, but also time trend need to be followed, in order to develop novel
mechanisms to avoid disruptions, improve the resilience of EIP and safeguard(Li & Xiao, 2017).As it is shown in
“Transforming our world: 2030 Agenda for sustainable development”(Zachariah et al., 2016), the9th goal from17 sustainable
development goals, addresses the development of a resilient infrastructure, the promotion of inclusive and sustainable
industrialization and fostering innovation. The literal meaning of “resilient” is
returning to the original form or position after being bent, compressed, or stretched. So, in the context of circular economy,
“resilient” means the internal capacity of recovering from the depletion situation of resources and energy. “Regulate” refers
to the necessary management, adjustment or control from the government. For example, some laws and regulations from
the state and local government, some conventions and proposals from trade associations, some suggestions and supports

from non-profit sectors and some supervision and urges from mass media.

As it is shown in Figure 3, regulate or regulation is seating in the centre of the schematic diagram, and it causes an impact to
all other Rs, because in our opinion, regulation is a pivotal driver to exert the efficiency of an EIP and circular economy as
well. Especially in developing countries, all other Rs can be a failure if regulation is absent. EIP do work more efficiently
under proper regulation and management from a holistic perspective. The proposed framework of 7R principle will be

analyzed and demonstrated by the following case study on Suzhou Industrial Park, one of the most successful EIP, in China.
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Figure 3.7R principle model proposal

3. Preliminary Confirmatory Descriptive Case Study

3.1 Introduction to the Suzhou Industrial Park (SIP)

TheSuzhou Industrial Park (SIP) was established in 1994 and is a flagship of the economic cooperation project between
Chinese and Singapore governments. It is located in the eastern part of Suzhou, a city known as "the paradise on earth".
Suzhou is also a traffic hub, about only 200 km of Nanjing, and around 100 km of Shanghai. It takes only 20 minutes to
arrive in Shanghai and 45 minutes to Nanjing by high-speed train. With an advantageous transportation network, it appeals
to more and more big enterprises and global talents. SIP covers a total jurisdiction area of 288 km2, among which, 80
kmZ2area belongs to China-Singapore Cooperative Zone.SIP is recognized as a pilot zone of reform and opening-up, a
successful model of international cooperation, and one of China's fastest-growing development zones with the most
international competitive edges. In SIP, the total number of permanent residents reached over 700,000 in 2012, including
registered and non-registered population. Currently, approximately 25% of the land is industrial, and 30% is residential and
commercial. The remainder is green space and water (Yuet al., 2015b). Nowadays, the development goals of SIP are to
develop into a hi-tech industrial park with international competitiveness and, into an innovation eco-township of

internationalized, modernized, information-based happy district of Suzhou (www.sipac.gov.cn).

3.2 Achievements of SIP

Concerning the performance in environment protection, SIP obtained the label of ISO 14000 National Demonstration Zone,
in 2001. As the national EIP program was launched, SIP was approved as a pilot in 2004 and started to implement EIP
planning in accordance with the national EIP development guideline. In 2008, SIP passed the evaluation and obtained the
label as one of the first three National Demonstration EIPs. Currently, the energy consumption per GDP is 61% lower than
the national level. The discharge amount of Chemical Oxygen Demand (COD)and SO; are only one-eighteenth and one-

fortieth of the national average, respectively.SIP is among the first national IRP (Integrated Resource Planning)
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demonstration parks, among the country's first demonstration eco-industrial parks, and among the first new-type

industrial demonstration bases in China(www.sipac.gov.cn).

With respect to annual economic growth in SIP, 30% annual average growth occurs in key economic indicators, ranking
second among national development zones in comprehensive development indexes. It accomplished four "Hundreds of
Billions" of achievements, as follows: RMB 133 billion of GDP, RMB 165 billion of accumulated taxes, USD 18.9 billion of
accumulated utilized foreign capital and RMB 197.2 billion of accumulated registered domestic capital. Besides that, there
also are remarkable achievements in economic transformation and upgrading, as follows: RMB 147.2 billion of output
value from new emerging industries in 2010, accounting for 45.4% of scale industries and ranking the first in Suzhou and,

ranking the first, for years, in using foreign capital, among China's development zones(www.sipac.gov.cn).

As far as sustainable development is concerned, SIP achieved many awards. For example, it was recognized as China's only
new-tech innovation & industrialization base, as China's only demonstration base of service trade innovation, as China's
only national demonstration area of business tourism, no.1 among most competitive development zones, as China's first
service outsourcing demonstration base and, as China's first experimental area on preferential policies for technologically

advanced service enterprises (www.sipac.gov.cn).

3.3 7R principle application in SIP

When observing SIP, there are a large amount of exemplary enterprises, which conduct very good practices, in
environmental protection and sustainable development, corresponding to each component of 7R principle, namely reduce,
reuse, recycle, rethink, recover, resilient and regulate. Here we provide some supportive examples, analysis and beneficial

implications.

3.3.1 Reduce

In SIP, it is obvious that there is a great amount of reduction on energy consumption.According to the official website of SIP,
currently, the energy consumption per GDP is 61% lower than the national level.SIP learns from the experience of Singapore
and adopts high standards in promoting energy-saving circular economy. In 2012, SIP recorded 0.28 ton of standard coal for
producing 10,000-yuan GDP, with 0.149 kg COD, releasing 0.07, 0.008, and 0.151 kg of sulfur dioxide, ammonia, and nitrogen
oxides, respectively. These are above national averages and made SIP the leader among national development zones, for
four consecutive years, in the main indicators of environmental protection, energy conservation, and emission reduction

(www.sipac.gov.cn).

3.3.2 Reuse

The SIP management has organized some representatives to learn from companies with outstanding performance in
practicing Corporate Social Responsibility (CSR). For example, Fuji Xerox Eco-Manufacturing (Suzhou) shared with the
participants the company's experience in recycling and reusing resources. From its establishment in January 2008, the
company has been recycling the waste, copying machines, printers, and consumables as printing drums and powders from
Chinese mainland, to make full use of resources and reduce their impacts on environment. The company, therefore, won the
honorary title of SIP CSR Company 2013 (in the category of "Environment Responsibility") and was named "Model Company

of Circular Economy" by Suzhou Economic and Information Technology Commission in 2014 (www.sipac.gov.cn).
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333 Recycle

Green production has been part of corporate culture among most manufactures, in SIP. Nitto Denko (Suzhou), which is a
member of Suzhou Industrial Park, since its founding in 2001, launched a clean production program, investing in energy-
saving and emission-cutting projects. Their aim was bringing down energy consumption and waste water discharge. The
company renovated the entire AC system and, as a result, saves2.35 million kw annual use of electricity power and 8,000
tons of steam, which equals to 1,716.1 tons of standard coal. In order to save the water resource, the company recycles
steam condensate and reclaimed water. Every year, the steam reused amounts to 420 tons (47 tons of standard coal) and

the water recycled totaled 27,000 cubic meters (2.3 tons of standard coal) (www.sipac.gov.cn).

3.34 Recover

In order to optimize the regional environmental to build a beautiful SIP, for years, SIP has kept investing in environment-
related infrastructure to improve the monitoring system and to use energies to their full potential. With 100% coverage of
sewage pipe network, it manages to achieve Grade-1, a standard for all the waste water discharged. Moreover, the waste
water treatment plant, the sludge drying plant, the thermal power plant, and the heating & cooling center create an
integrated system maximizing the use of public amenities, resources, and energies as well as minimizing the discharge of
pollutants. The efforts include the protection of Yangcheng Lake, the source of potable water, 45.8% coverage of green
grounds, surveys on biological diversity and ecological environment with 131 bird species being confirmed around the year,

the river dredging projects, and the restocking of aquatic organisms in Jinji Lake (www.sipac.gov.cn).

3.3.5 Rethink

Taking Nitto Denko (Suzhou) as an example, the company introduced a lot of programs to stimulating rethink, among which
"Green Design Action", which encourages employees to build up the belief that environment protection should become a
part of its corporate culture. With the "Light Down" program, the employees are required to turn off their computers during
lunch break. The company also regulates the AC (air-condition) temperature and arranges people to be in charge of lights
and AC. The workshops should follow the plans and turn off the production equipment not in use. The company also
participates in the "MOTTAINAI Campaign", a program aiming to promote environment awareness and to cultivate sense of
responsibility among employees. The survey shows that the average awareness increased from 73.1% to 80.2%, which is

transformed into a reduction of 11,557 kg of carbon dioxide emission (www.sipac.gov.cn).

3.3.6 Resilient

The Administrative Committee of the Suzhou Industrial Park has been calling on companies to work together to build SIP into
a model of ecological civilization through Learning and Innovation. The committee often organizes all kind of forums. For
example, there is a forum, which is part of the agenda for China International Green Innovative Products & Technologies
Show (CIGIPTS). Enterprises are encouraged to contribute in building ecological industrial parks through international
cooperation, and to demonstrate their achievements in exploring a new path of industrialization through technological

innovation and low-carbon environment-friendly circular economy.

3.3.7 Regulate
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Chinese Governments (both state and local) play an essential role in improving the performance of EIPs, especially when it
comes to the integration and balanced development of industrialization and urbanization.In order to secure economic
sustainability and optimize industrial structure to promote sustainable low-carbon economy, SIP authorities have vetoed
down more than 400 projects totaling approximately 3-billion-dollar investment, which posed potential high hazards to
surrounding environment.SIP government carried out energy auditing on 74 companies and set a record of 310 million RMB
Yuan from local enterprises invested in technological renovation projects, cutting down energy consumption by 100,000 tons
of standard coal. The enterprises are also encouraged to reuse water and wasted heat, to conform to standards on clean
production, to invest in upgrading and renovating technologies and equipments, and to make a constant goal to reduce
pollutant discharges. Meanwhile, SIP Eco-Science Hub and Suzhou Environmental Protection Sci-tech Industrial Park have
contracted over 100 energy conservation and environmental protection companies, including Sujing and Great, with total
output of 30 billion Yuan.SIP has three air monitoring stations and other two under construction, as well as three stations
monitoring water quality and one under construction, which make possible to achieve real-time online monitoring and the
releasing of PM2.5, PM1, and ozone, among 135 other atmospheric factors. 62 companies, including all key companies in the

area, have installed 72 sets of automatic devices in total for online monitoring of pollution sources (www.sipac.gov.cn).

4. Conclusions

In order to maintain the three bottom-line pillars, namely economic, social and environmental, holistic balance and
sustainable development is getting more and more critical. When retrospect the evolvement of these principles from 3R
(reduce, reuse and recycle) to 5R (reduce, reuse, recycle, recover and rethink) and then, to the innovative conceptual
framework of 7R principle (reduce, reuse, recycle, recover, rethink, resilient and regulate), it is safe to conclude that 7R
principle is essentially pivotal to practice circular economy and sustainable development. That is to say, all participants
including enterprises in the supply chain, governments from different levels, local trade associations and consumers can get
involved and shoulder responsibility by applying the 7R principle.Both Corporate Social Responsibility (CSR) and Consumer
Social Responsibility (another CSR) should be attached to pursuing economic growth, social progress, and environmental
sustainability, as well. As a matter of fact, individuals can vastly contribute to protect the earth by consistently practising 7R

in many aspects and in a variety of ways.

To sum up, this preliminary confirmatory study tries to be inspiring to current research in the area of circular economy. In
fact, the conceptual 7R principle proposal can be an adventurous try for pursuing theoretical efforts in the R domain (e.g.
3R and 5R). For researchers, this is also a nice attempt to stimulate more systematic thinking. Finally, for practice, Suzhou
Industrial Park is just an exemplary model among hundreds of EIP all over the world. Moreover, it will be significantly
desirable if there is an increasingly number of industrial parks to introduce 7R principle. Of course, there are some obvious
limitations during this study, such as the lack of primary data and a more detailed and structured field study. Nevertheless,
future research on the theme of EIP and in-depth theoretical exploration is worthy of much more effort, research directions
could be to conduct more exemplary case studies, quantitative analysis on connotative value of 7R, and comparative analysis

on EIPs from different countries and areas.
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Title: Sustainable Program Management: Hierarchical Causal Systems

Abstract

Keywords: Pyramid, Hierarchical Causal Systems, Sustainable,
Program Management and Strategic Development Goals.

Problem Statement:

Donors, Multi and Bi-lateral agencies charged with distribution of
development funds to primarily low and medium income countries
(LMICs) have been guided by universally accepted goals, agreements
and conventions. In a significant number of cases, adherence remains
inadequate. Effective sustainable program management systems
remain inadequate. These limitations call for a need to design an
inclusive and standardized program management framework. And
given the introduction of the Strategic Development Goals (SDGs),
donors and implementing agencies can now concentrate on more
focused, mid/long term strategies that would enhance the
implementation process and more effectively deliver potential and
robust intended results.

Hierarchical Causal Systems:

Aim and Methodology:

To Strengthen and Standardize Program Management Protocols and
mitigate nuances, duplication and redundancies.

Seven components that facilitate the achievement of sustainable
management of development program are embodied in a conceptual
framework the ‘CARROT-BUS’ model. CARROT is for Capacity,
Accountability, Resources, Results, Ownership and Transparency - all
driven by an enabling environment and BUS stands for ‘Bottom Up
Strategy’. The holistic, inclusive pragmatic and causality model is
conceptually synonymous with Abraham Maslow’s Hierarchy of needs.
In this framework, each step of the ladder has a well-defined
description including a corresponding, comprehensive and relevant
strategy and case study to facilitate user understanding.

Findings:

Many beneficiaries continue to live in squalid conditions; poverty
remains ubiquitous despite reports to the contrary and improved
quality of life in vulnerable populations remains a distant dream.
Above all, Western countries have woefully failed to meet their own
pledges of donating 0.7 % of their GDP to (LMICs). Only four countries
have achieved this objective.

Conclusion:
Designing and implementing sustainable development programs
remains complex. The systems presented in this abstract are a way of
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addressing these complexities. They serve as an option aimed at
mitigating gaps and nuances that are an integral component of
development aid. An urgent need for a compelling and effective
paradigm shift is required. CARROT-BUS is one attempt to address
many of these challenges. Its contributions include refining, and
streamlining current and potential frameworks designed to effectively
achieve the SDGs.
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Abstract

Over the years, funding Agencies and National governments in developing countries have spent substantial amounts of
money in developing and implementing programs. During the last decade, donors have been frequently faced with
establishing sustainable and effective programs. This demand has generated a compelling need for reliable and cost-effective
results. These dynamics have been motivated by frequent demands from donor-country-tax-payers for more accountable and
results-based programs. The model comprises a set of deterministic criteria collectively applied in an attempt to identify the
most effective set of indicators in any thematic program area. The criteria include: specificity, reliability, sensitivity,
simplicity, utility and affordability. As a quality control measure, all the team outcomes are finally evaluated to establish the
degree of intra-team and inter-team concordance. And it is only after this level of concordance is established that the final
indicators are selected. The indicators are all evaluated against a priori gold standard by experts and categorized based on a

binary (0, 1) outcome.

Keywords: indicator screening, Results-based, gold standard, concordance, criteria
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Introduction

Overview:

Historically, development program implementation has been plagued with a complex set of challenges. These vary from the
program design stage to implementation and sustainability. A key element of program design and implementation has been a
relevant indicator selection process and ability to optimize its robustness and mitigate the prevalence of bias. These
challenges continue to influence effective program management initiatives. Attempts to address some of these issues vary
from program to program. For example, what is sometimes identified as “low-level indicators” end up in practice

representing “higher-level results”. Such a scenario, without doubt, misrepresents the effective potential results.

The model described below and presented in table 1, is an attempt to technically map the initial program indicators with their
corresponding higher-level results. With log-frame-based frameworks, these levels are: from the output level, outcome and

goal. From a strategic objective framework, the levels will start with intermediate results and evolve to strategic objectives.

The model is a culmination of several years of experience and global scope of program implementation by the author.

Program Definition
In this paper, the author defines a program as follows:

A Program is defined as the different thematic and complementary subsets or projects (micro) designed to effectively

contribute, in tandem, to a common set (macro).
And if there is ONLY one Project funded and implemented, then
Project is equal to Program

The graphic presentation of the definition is presented in figure 1

254



23rd International Sustainable Development Research Society Conference

Definition Phase

Pgm = Total

# of Programs
ProjNum= Total
# of Projects
Proj = Current
Project

Bongs Lainjo

Initialization Phase

Tracking Project
Implementation
{Implementation

Phase)

Decision Phase

Set Program

Fig 1: Algorithm of Program Tracking Process

Proj « Proj« 1
Projhum = ProjNum-1

IMPLEMENTATION

End of Implementation

Results

Note: If there is ONLY one Project funded and implemented, then Project is equal to Program
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Methods

The PRISM tool is a table aimed at extensively analyzing each indicator. This effort is executed by a team of experts,
selected and grouped based on their relevant and appropriate expertise. An initial attempt is made to clearly describe the
matrix, its limitations and how it assists in addressing some of the challenges faced by program-implementing partners in
establishing meaningful indicators. The final outcome of this exercise is a consensus or degree of concordance (discordance)

among the team members.
General Objectives

To strengthen the knowledge of Program implementing Agencies, Program Managers and other key stakeholders and

emphasize sustainable engagement in program management and implementation processes.

To address existing nuances, highlight the synergies that exist among the different result levels of the Strategic Frameworks

and hence facilitate a common ground between potential evaluators and different interested parties.
Specific Objectives

Streamline monitoring plans by improving indicator causal links at all result levels;

Mitigate duplication of indicators;

Establish authentic contributions between different result levels;

Establish meaningful synergies among different result levels with emphasis on: no lower level result can contribute to more

than one upper-level result;

Strengthen the program design;

Promote a common understanding among key actors; and

Minimize cost and optimize the number of indicators included in the program.

Relevance of the PRISM

Improve intended and unintended intervention results and make funding more focused with evidence-based results;

Establish more effective, continuous and sustainable synergies among frontline forces, Implementing Partners (IPs), Funding

Agencies, Stakeholders and Beneficiaries.
Target Audience

» Funding Agencies;

» IPs;

»  Program Managers;

»  Program Administrators;

» Holders of PMP Certification;

» Relevant Stakeholders;

»  Program Evaluators;

»  Academic Institutions.
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Figures 2 and 3 are illustrative graphic and narrative demonstrations of the implementation processes respectively.

1 Select Indicator
Screen Indicator
N 4
Comp.Score
Drop Indicator = Accept Indicator
N Y
1 Last Concordance
Indicator?
End Process

Fig. 2: Graphic Algorithm of the Implementation Process (Lainjo, 2013)

Descriptive Procedure of PRISM Algorithm

10 For Any Theme;
15 Are there any more themes?, NO --> Step 70
20 Select thematic Indicator;
25 Has the last thematic Indicator been Screened? YES—>-> Step 70
30 Screen thematic Indicator against Criterion; {Process continues through
every Criterion};
35 Has Indicator been Screened against ALL criteria? YES>—>—> Step 45
40 —>-> Step 30;
45 Compute Indicator Composite Score {(Sum of “1”/(Sum of (“1” + “0”))};
50 Compare Composite Score with pre-defined BAR;
55 IF Composite Score >= BAR, ACCEPT Indicator >>>>>>Step 20;
60 IF Not, DROP Indicator ->-> Step 20;
70 Calculate Group Concordance;
80 END PROCESS

Fig. 3: Procedure Narrative of the Implementation Process (Lainjo, 2013)

Results and Discussions

The definition of a team is this aspect is made up of groups and sub-groups with the latter serving as a sub-set of the former.
As a rule, the two groups are composed of odd numbers. For instance, the team cannot work if only a single expert is
available. On the other hand, the presence of two or more experts means that it is possible to establish one group and a coin
can be tossed in case of a disagreement in establishing an indicator.

Furthermore, if there are experts available, a sub-group will represent a group. That is, all the three members will work as a
group, and the recommendations will be considered a group decision based on the degree of concordance. The process, in
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this case, is simple and obvious. Therefore, the majority decision (in this case, two out of three) prevails. This is how the rule
of odd numbers applies, and the preceding description addresses outlier scenarios.

To the extent possible, this model works better if we can establish as many subgroups and groups as possible without losing
sight of the distribution (odd number of sub-group and group members). For example, if we have ten experts, we can easily
create two sub-groups of five members each. In this case, the group will be ten while the sub-groups will be two. In general,
the total number of sub-group members should be limited to eight. Experience has confirmed that when we have more than
eight members in a sub-group, some members become overwhelmed and tend not to participate fully. Finally, before each
sub-group work starts, the members are required to select a moderator and a rapporteur. The former then presents the sub-
group findings during the final group meeting.

The table that is used in establishing the number of acceptable indicators is made up of as many ROWS as there are
indicators and TEN COLUMNS. The first row represents descriptions of each column. For example, in row one, column
one, we fill in the relevant thematic area, result-level, and indicator. In the next eight columns (still on row one), we fill in
the respective criteria that will be used in screening the indicators. In the row below and subsequently, we have a table of
binary elements, i.e. zeros and ones (0, 1). The former represents a corresponding indicator, which does not satisfy the
criterion and the latter, a corresponding indicator that fulfills the criteria. The same process applies to \all the criteria and
corresponding indicators. Column 7 summarizes the scores in terms of the number of yeses (or 1s). The seventh column is
the final score attained by each indicator. This is represented as a percentage of yeses in the row. The last column is the final
outcome. It tells us if, based on the scores (1s), we should go ahead and recommend the indicator or not. The ‘gold standard’
for this exercise is 100%. That is an indicator that “yes’ scores in the entire criterion qualify for implementation
automatically. Criterion and description are described in table 1. Self-descriptive tables 1b, 1c, 1d.

Programme Indicator Screening Matrix (PRISM)

Thematic Area: RH, PDS, GDR, Other 1 2 3 4 5 6 7 % Implemente
Results Level: Goal, Outcome, Output Speci | Reliabl | Sensiti | Simpl | Utiity | Afforda | Total Score d
INDICATOR foty | ity vity | icity bity | ves YesiNo

Tab.1: Program Indicator Screening Matrix (PRISM) (Lainjo, 2013)
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OGRAM INDICATOR SCREENING MATRIX (PRISM)

WORKSHOP INTRA-WORKING GROUP GUIDELINES

GROUP NAME:

GROUP MODERATOR:

GROUP RAPPORTEUR:

NUMBER OF GROUP PARTICIPANTS:
RESULTS LEVEL: GOAL, OUTCOME, OUTPUT
THERMATIC ARE: RH, PDS, GDR

BACKGROUND:

During the most recent Mid Term Review (MTR), an assessment of the current country programme
was made. Kez recommendations were made including the realignment of certain interventions and
fine tuning of objectives - results.

TASK:

Each ﬁrou is ﬁiven a number of output indicators — level at which UNFPA is accountable (one of its
key pillar: ;’ If these indicators are well defined and accomplished during programme implementation,
thex will contribute to either the outcome or the goal. The task of each group therefore will be to
further refine the output indicators through a screening process using the PRogramme Indicator
Screening Matrix (PRISM) provided. PRISM is a matrix of indicators and selection criteria that if used
judici can i minimize indi and as a result yield more constructive
and il igni to higher-level results.

v

Tab. 1b: PRISM Case Study — Intra-group Screening

OGRAM INDICATOR SCREENING MATRIX (PRISM)
INTRA-WORKING GROUP GUIDELINES (continued...)

—_—————————

OUTPUT:

» At the end of each group work, the following results will be
presented:

* Number and type of indicators by criterion unanimously
recommended by the group;

¢ Number and tgpe of indicators by criterion with discordant
(indicate number in favor and number against) views;

+ Number and type of indicators (overall) unanimously
recommended for implementation;

* Number and type of indicators (overall) with discordant (indicate
number in favor and number against) views;

» A follow up action plan of how the performance of the
recommended indicators and lessons learnt will be periodically
monitored by each group

Tab. 1c: PRISM Case Study — Intra-group screening (Cont’d)
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ROGRAM INDICATOR SCREENING MATRIX (PRISM)
J INTER-WORKING GROUP GUIDELINES

GROUP NAME:

GROUP MODERATOR:

GROUP RAPPORTEUR:

NUMBER OF GROUP PARTICIPANTS:
RESULTS LEVEL: GOAL, OUTCOME, OUTPUT
THERMATIC ARE: RH, PDS, GDR

BACKGROUND:
During the most recent Mid Term Review (MTR), an assessment of the current country programme
was made. Key recommendations were made including the realignment of certain interventions and
fine tuning of objectives - results.

TASK:
- Each group is given a number of output indicators — level at which UNFPA is accountable (one of its
key pillars). If these indicators are well defined and I during i i
they will contribute to either the outcome or the goal. The task of each group therefore will be to
further refine the output indicators through a screening process using the PRogramme Indicator
Screening Matrix (PRISM) provided. PRISM is a matrix of indicators and selection criteria that if used
judici can ially minimize indi and as a result yield more constructive
deliverables and contribute significantly to higher-level results.

Tab. 1d: PRISM Case Study — Inter-group Screening

RROGRAM INDICATOR SCREENING MATRIX (PRISM)
INTER-WORKING GROUP GUIDELINES (continued...)
e |
OUTPUT:

At the end of each group work, the following results will be presented:

» Number and type of indicators by criterion unanimously recommended by the
group;

« Number and type of indicators by criterion with discordant (indicate number in
favor and number against) views;

« Number and type of indicators (overall) unanimously recommended for
implementation;

» Number and type of indicators (overall) with discordant (indicate number in
favor and number against) views;

« A follow up action plan of how the performance of the recommended indicators
will be periodically monitored and lessons learned by each group.

Tab. 1e: PRISM Case Study — Inter-group screening (cont’d)

Because this is a composite analysis, we need to remember that a final outcome is only valid when all these criteria are
considered simultaneously. That is, the outcome identified in the last column. What happens if no indicator satisfies all these
conditions? The answer is simple. Before all the sub-groups begin their assignment, the team establishes an acceptable level
a priori. For example, the team could agree before the exercise starts that any indicator that scores 70% (total yeses divided
by sum of yeses and nays) or decision level, will be considered acceptable. Sometimes, this bar can vary. For example, if the
team recognizes that a certain threshold tends to admit too many redundant indicators, the bar can be raised higher in order
to further refine and streamline our choices.

The following paragraphs attempt to define the meaning of each criterion as it applies to the matrix as well as explaining
research-based strategies that can be used to improve the quality indicators.

Sensitivity

It’s a test that tries to assess the stability of an indicator. For example, does the indicator continue to deliver the same result
with a small variation of either the numerator or denominator? How does the result change when assumptions are modified?
Does the indicator actually contribute to the next higher level? For example, an indicator at the output level accounting for
one at the outcome level will yield a misleading result. If the same indicator accounts for two or more result levels
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simultaneously, it is not stable. As indicated earlier, any indicator that satisfies a criterion is given a one in the corresponding
cell and a zero otherwise.

Sensitivity assesses the stability of an indicator as it highlights the indicator’s ability to correctly come up with similar or
closely similar results with a slight change of the primary variables. Therefore, improving the sensitivity of an indicator
involves ensuring that as a fixed characteristic of the test, it provides a true positive rate. It can be calculated in a two-by-two
table as:

Sensitivity = True Positives
True positives + False Negatives

Criterion Total
Indicator
Yes No
Y=1 30 6 36
=0 5 4 9
35 10 45

Table 2: Sensitivity and Specificity Analysis

In the hypothetical example presented in table 2, initial program designers classified an indicator as associated (contributes
to) with a criterion (specific/sensitive). This classification could have either been true (yes) or false (no). Such classifications
are either based on experience or “guts”. The judges in response and using pre-defined definitions of the criterion re-assess
the designers’ judgment and come up with the following outcomes:

Thirty out of forty-five judges agreed that the indicator was indeed associated or directly contribute to one at the higher level
of the results framework. This outcome is based on the definition of the criterion.

This conclusion among the judges resulted in the indicator sensitivity outcome of about 86% and should be accepted as a
sensitive indicator.

The corresponding specificity is only 60%. Assessing “specificity” at this stage is inappropriate. It also needs to be
highlighted here that the assessment was on the sensitivity — criterion of interest - of the indicator and not on the specificity.
A similar exercise needs to be conducted using “specificity” as the criterion of interest. And there is a strong likelihood that
the score would be significantly higher.

An indicator with 86% of sensitivity detects 86% with 14 % considered false negatives (Fishman, Penuel, Allen, Cheng, &
Sabelli, 2013). To improve the sensitivity of the indicator, it should be evaluated against various changes in the numerator
and the denominators so that it can be observed whether it successfully delivers similar results with a small variation. A
more valuable and practical indicator will be the one that produces similar or close to similar results with a slight change in
the primary variables.

Specificity

This refers to the likelihood of the indicator measuring the relevant result. In other words, is there a possibility that the result
the indicator represents does not represent exactly what we are looking for?

The specific characteristics of a test represent the ability of the test to appropriately correspond with the program's objective.
Thus, to successfully improve the specificity of an indicator, specificity needs to display a fixed characteristic of the test as
well as represent a true negative rate. Specificity can be calculated as:

Specificity = True negatives

True Negatives + False positives
The above formula isused to calculafe specificity.
Based on this example, there is an observed difference in terms of fewer observations as compared to the more observations.
As a result, the specificity needs more work than the sensitivity since the latter is already performing better when both are
compared.
I indicate a large percentage of positive cases. Besides, a high sensitivity test that produces negative results suggests the
absence of a condition being measured. In contrast, specificity indicates negative test results. Improving specificity will
involve a highly specific test that is efficient for the detection of a particular factor or element under study if an individual
test positive; similarly, it should not falsely indicate the presence of a factor that is absent.
The specificity and sensitivity of a program depicted in a quantitative test depend on a cut-off value, which determines the
limit between test results that are either positive or negative (Lip, 2015).
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Reliability

This criterion is synonymous to replication. That is does the indicator consistently produce the same result when measured
over a certain period of time? For example, if two or more people calculated this indicator independently, would they come
up with the same result? If the answer is yes, then the indicator has satisfied that condition and hence a ‘one’ is entered in
that cell, and zero entered otherwise. To improve the reliability of the indicator, it is significant to consider the different
types of reliability.

Test-retest reliability

This form of reliability measures the reliability attained in the process of administering a single test twice to a group over a
specified period. Then, the available scores from the different periods can be correlated to evaluate the stability of the test
over the period (Neely, Adams, & Crowe, 2001). Thus, to improve reliability, the test-retest reliability offers the option of
presenting a test twice to a group of individuals to identify a correlation coefficient (needs further explanation) that would
signify the score’s stability.

Parallel forms reliability

It measures reliability attained in the process of administering different adaptations of an assessment tool to the same group
of persons; however, both versions should contain items that explore the same knowledge base, skill, construct, etc. To
improve the reliability of the indicator, the two version's scores are correlated to evaluate the result’s consistency across the
versions (Velligan. et., 2014). For instance, to assess the reliability of the indicator, a large set of items that pertain to the
indicator can be created and then various variables are randomly split into two sets that would represent the parallel forms.

5.3 Inter-group concordance

It examines the reliability that assesses the degree to which different the evaluators or judges agree in their assessment. This
reliability is useful since it may not be possible for various persons to interpret results the same way. Probably, evaluators
could disagree on how individual responses demonstrate knowledge of the skill or construct being assessed. In improving the
reliability of the Inter-group concordance, reliability might be used when there are different evaluations of the degree to
which the indicator meets certain standards, and it is most useful when judgments are considered relatively subjective
(Varzaru, 2015).

Internal consistency reliability

It is the reliability that evaluates the scale to which different indicators probing the same construct have identical results.
Internal consistency reliability is further divided into Average inter-item correlation and Split-half reliability (Venable,
Pries-Heje, & Baskerville, 2012).

Average inter-item correlation
It is obtained by taking all variables on an indicator that explore the same factor, and it determines the correlation coefficient
for each variable as it finally takes the average of the correlation coefficients to yield the average correlation.

Split-half reliability

It involves the process of attaining a split-half reliability by first dividing all indicators intended to explore the same factor in
half to form two different sets of indicators. In this process, the reliability is improved by administering the entire test to a
group of persons and computing the total score for every set and then obtaining the split-half reliability by determining the
correlation between the two set scores (Danks & Allen, 2014).

Validity

Validity refers to how well the indicator measures what it is meant to or how well it can reflect the reality. Improving the
validity of the indicator increases the reliability of the test. Similarly, in this case, it is important to look at the various types
of validity to determine the means of improving the overall outcome (Fornari. et al., 2014).

Face Validity

It establishes that the indicator assesses the PRISM's construct. Thus, stakeholders can easily evaluate this kind of validity.
Face validity is not entirely a precise form of validity; however, it is an essential component in enlisting stakeholders'
motivation. If it cannot be proved that the indicator is an accurate assessment tool, the task may face numerous
disengagements. In improving the validity of the indicator, every single item needs to be related to the different types and
components of the study if the measure of the indicator appreciation is created. Besides, there needs to be a reference to the
indicator's movement for it to gain recognition and reflect the real assessment of the result or outcome (Ahmadi et al., 2014).

Construct Validity

It ensures that the indicator measures what the construct or the PRISM intends for it to measure, and not any other variable.
In this case, to improve the validity, there will be a need to use a panel of professionals or experts that are more familiar with
the construct to assess the validity of the indicator. The professionals will be required to examine the applicability of the
indicators and decide what they are intended to depict. By employing the skills and knowledge of the experts, the PRISM
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will be able to incorporate an indicator or indicators that adequately evaluate the proposed construct, rather than any other
irrelevant element (Froyd, Borrego, Cutler, Henderson, & Prince, 2013).

Criterion-Related Validity

It predicts current or future performance by correlating test results with another interest criterion. To improve the validity of
an indicator, it is important to associate the indicator with standardized measure ability in the same scope. If the correlation
between the new measure and the traditional measure is high enough, the indicator will gain great approval in regards to its
assessment potential (Subramanian, Ramkumar, Narendran, & Ganesh, 2013).

Formative Validity

It assesses how efficiently a measure can provide information to improve the program being studied when it is applied to the
assessment of outcomes assessment. Thus, if the indicator can measure how well a particular factor is being processed, then
the tool provides meaningful information that can be effectively used to improve the requirements of the program.

Sampling Validity

This form of validity is quite similar to content validity as it ensures that the indicator covers an extensive range of areas
within the concept or idea being studied. Since not every item is included, the validity is improved by making sure that the
different elements are sampled from all the relevant domains. Experts could effectively implement this process. That would
help in ensuring that there is an effective exhaustion of all possibilities and the content area is sufficiently sampled. Besides,
a good mix of experts assists in limiting bias as the assessment will adequately reflect the entire content area in its entirety
(Woodbridge et al. 2014).

As Woodbridge et. al (2014) emphasize, another way that validity can be improved in general is by making sure that the
goals and objectives of the program are operationalized and clearly defined. Moreover, the expectations of the program and
indicators should be well outlined. Also, the assessment measures should be matched to the program's objectives and goals,
and the entire process should be reviewed by experts or professionals.

Simplicity

A convoluted indicator represents challenges at many levels. Hence here, we are looking for an indicator that is easy to
collect, analyze and disseminate. Any indicator that satisfies these conditions automatically qualifies for inclusion. The
zero/one process is then followed as indicated above.

The quality, reliability, validity, and acceptability of the indicators used to develop the results must not be enforced in a way
that it leads to complexity (Bonnefon, 2012). To improve simplicity, the indicators should ensure that the ethical aspects of
research, while they may occur in several circumstances, must observe traditional norms. Some may not regard this form of
mundane science or inquiry to qualify as valid research. Nonetheless, these aspects are very much significant to ensure
simplicity and relevance of the research. Simplicity and other participatory research forms serve to bring appropriate
stakeholders together in a flexible and reflective process that will maximize research possibilities and other success factors
(Baskerville & Wood-Harper, 2016).

Utility

This refers to the degree to which information generated by this indicator will be used. The objective of this criterion is to
assist in streamlining an indicator in an attempt to help the decision-making team in making an informed decision. This can
either be during the planning process or the re-alignment process. The latter representing occasions when organizations are
evaluating the status of its mandate.

Utility and the relevance of research have been a major topic requiring serious consideration for many years. The issue of
utility appears to be more sensitive for programs and projects that are faced with wider competing demands and more severe
limitations (Gidron, 2013). Besides, there are divergent and multiple beneficiaries and users of the knowledge and results
generated from research, for instance, service providers, action implementers, policymakers, and the wider communities.
Besides, the competitiveness of a nation is also linked with innovation and research. Hence, it is highly important to develop
research-based strategies that can improve the element of utility and the relevance of the research. The benefits associated
with research may emerge from the research process rather than the results or the final products. Thus, assessment of the
utility and relevance of research becomes complex. In an attempt to improve the utility of the indicator, it is important to
incorporate critical appraisal, intelligent choice, and appropriate adaptation of various items in the application of the
knowledge.

The problem's manifestation may be different in diverse programs, and a diversity of responses and information is required.
Thus, it would also be important to incorporate a detailed analysis of problems that include their extent and nature in specific
areas of the program, and concerning the program's goals and objectives and other underlying factors (Lerch, & Hermann,
2015). Besides, in regards to Information Technology, the necessary infrastructures, such as management, personnel,
facilities, infrastructure, and the societal wealth affect the practicability of making use of the acquired knowledge, while
cultural beliefs and attitudes can influence the societal acceptability of the program. Consequently, the indicator applied in
the program should address the above issues as one form of necessary research is the one that supports the formulation,
implementation, and evaluation of policies.
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Additionally, the indicator needs to link with the sustainable and efficient systems by presenting an inclusive and
comprehensive information, which forms the basis of the program's planning. Moreover, the indicator and the program must
strike a balance between timely output within practical limits and the scientific severity. It is also important for the
statistically and quantitatively proven results to be complemented by descriptive and qualitative case studies.

Affordability

This is simply a cost-effective perspective of the indicator in question. Can the program/project afford to collect and report
on the indicator? In general, it takes at least two comparable indicators to establish a more efficient and cost-effective one.
The one that qualifies is included at that criterion level. And the same process as outlined above is followed.

Kwiatkowska, Norman, & Parker (2002) emphasize that since affordability is a cost-effective perspective of the indicator
being measured, it evaluates the capacity or potential of the program in reporting and analyzing the indicator. To assess the
affordability of an indicator, there is a need for a detailed analysis of the efficiency of the indicators. In most cases, there is
an evaluation of two or more indicators to identify the most preferable and profitable one, and that can efficiently produce
the intended goals and objectives of the program (Chan & Chung, 2015). Similar to the above factors, affordability of an
indicator is highly instrumental as it illustrates the most efficient and practical indicator. Indicators that do not meet this
criterion and respond to the above factors will not be considered in the program as they are not cost effective.

Inclusion

The penultimate column (8) simply represents the composite score. The total number of yeses is divided by the total number
of criterion (in this case, seven) and multiplied by 100 to produce the relevant score for each indicator. During this process,
each indicator is then classified as either accepted (if it scores 70% or more) or rejected otherwise.

In both quantitative and qualitative designs, there must be considerable thought into the determination of various recruitment
procedures that can be employed to obtain the proposed sample (Kwiatkowska, Norman, & Parker, 2002). Consequently, to
improve on the inclusion criterion of the research and the indicator, there should be a deployment of various cultural and
multiple relevant recruitment strategies, particularly in meeting the objectives of the program and the relevance of the
project. Also, there needs to be a reporting on the number of eligible subjects approached, the data on various recruitment
methods, the enrolled number, and the number that completed each phase of the program. This type of information has
important implications for the interpretation of data is required in the reporting of results as a primary research-based
strategy. The Consolidated Standards of Reporting Trials Statement commonly known as CONSORT gives relevant
recommendations for the reporting of study participants from the entry of the study to completion. Also, there should be a
precise elaboration of the scores of each indicator that will include a classification of the indicators and the basis for
inclusion (Hinton, Kwiatkowska, Norman, & Parker, 2006).

5. Conclusions

This framework has been successfully implemented in countries in Africa and Asia. The challenges notwithstanding, the
model confirmed that when implanting partners are collectively involved in program development, there is a significant

degree of synergism that facilitates partnership establishment and promotes a common understanding of potential major

challenges in some development program areas.

Some of the lessons learned included:

Prior limited understanding of development frameworks and their hierarchies;

Relationships between lower and higher level indicators;

Inability to conceptualize the framework from a program perspective;

The longer the training period, the more the likelihood of high attrition rate;

The tendency to set lower gold standards;

Expertise was limited to thematic groups;

Identifying team leaders and rapporteurs was challenging;

Duplication with relevant oversight was quite successful;

Initial program evaluation was a wake-up call to many program managers.

12. Recommendations:

For any degree of success to be accomplished in implementing this framework, there will be a need to:
To get all stakeholders practically involved;

Include as many development partners as possible;

Include as many implementing agencies or partner (IP) as possible;

Recruit facilitators with adult-learning backgrounds complemented by adequate field experience;
Avoi