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Abstract: Citizen participation has always been of vital importance in decision-making processes
and, likewise, joint work in the formulation and execution of projects that respond to territorial
needs. This in order to ensure the best impact of public or private investment, optimizing the result
and community articulation. For this reason, this investigation proposes a methodology of evalua-
tion and prioritization of projects based on an approach integrated between the modelling in dy-
namics systems (SDM) and the Analytical process network (ANP), in which the citizen factors are
used as qualitative and quantitative variables inside the posed balance sheet model. This is how the
model developed by the Stella Architect software, it offers to the decision makers approximate in-
formation about the reality of the community, especially those who were affected by the Colombian
conflict and where the expectations of a comprehensive repair could disrupt the socioeconomic sys-
tem and reveal more pressing interests than those of the central government. The methodology is
described by the information gotten through the participatory workshops done in the California
county that belongs to the Magdalena region, this is a very affected region by the conflict in Colom-
bia. The investigation results confirm the useful of, first of all, the use of the modelling as an infor-
mation-generating tool by allowing the simulation of relevant variables in the evaluation and pri-
oritization of projects at different moments of time and, in second place, use the knowledge of the
experts that expose the ANP method for establishing the importance of each variable compared
with other variables and, likewise of each project compared to the rest of the alternatives in each of
the different instants of time in which the evaluation is carried out, given that the results could
change in any time, the official ranking is showed after an optimization process with partial results.

Keywords: community participation; Systems Dynamics Model; sustainable development; multi-
criteria decision-making (MCDM); analytic network process (ANP)

1. Introduction

The final document for the end of the Colombian conflict [1] is composed by various
agreements focused to contribute to the implementation of the constitutional rights of the
Colombian people so it is very important the citizen participation in the construction of
the peace, likewise, in the planning, realization and the monitoring of plans, programs
and works in the territories, that guarantees the socio-environmental sustainability, infra-
structure development, effective use of rural land and land use planning [2].

When we talk about socio-environmental sustainability, the importance of protecting
areas of environmental interest is highlighted and at the same time efforts are coordinated
to improve the offer of employment, economic and welfare opportunities for men and
women that belong to these communities under the principles of participation and aimed
at sustainable development [3].
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The implementation of the agreement seeks, among other things, the construction of
development and well-being in the territories and the reduction of the gap between urban
and rural areas through a review and analysis of the conditions, needs and characteristics
of economic, cultural, and social nature that makes each territory and community a unique
scenery in which the citizen participation allows decision-making to be carried out in a
comprehensive, coordinated and adapted manner to each case [4].

The citizen participation coordinated with the intervention of the territorial and civil
authorities in charge of the conservation of freedom and the rights of the victims of the
conflict, this contributes to recovering the social fabric, through the recognition of the vic-
tims, the construction of historical memory and the purpose of non-repetition, encourag-
ing a tolerance culture, respect, and confidence; they were lost due to the conflict [5].

So the evaluation and prioritization of the projects, in the times of the post-conflict in
Colombia, is showed as a dilemma of where is the best place to take the best decisions of
investments by not only the local governments, also the central government, with the
main goal of an effective repair of the damages caused to the community, so that allows
overcoming many decades of conflict without the attention of the government [6].

However, in many times current rural and urban agendas respond more to political
and/or economic commitments and obligations, so they never attend the problematics,
needs and expectations of the community [7]. When the previous issues like the partici-
pations and the citizen factor, the natural resources, sustainability, projects, and govern-
ment incentives take more importance in a systems dynamical model, it is possible to gen-
erate strategic information to evaluate and prioritize development alternatives for the
communities in the conflict. And, at the same time, bias in decision making is minimized,
setting aside the political and/or economic component, through a multi-criteria evaluation
such as the method proposed in the Network Analytical Process (ANP) [8], it will be pos-
sible to better address the problems and needs of the community affected by the conflict.

In this way, the proposed socio-economic and environmental system allows interpret
and integrate citizen factors within a model in System Dynamics which absorbs, adapts
and answers that factors determined specifically for the community, through participa-
tory workshops that were created by the Participatory Rural Diagnosis methodology [9],
[10]. So far there are few applications where the modelling methodologies in system dy-
namics are integrated with the multicriteria evaluation ANP [11], and it has not yet been
possible to find any related to the evaluation and prioritization of projects.

In this work it is illustrated an integrated assessment approach based on Network
Analytical Processes (ANP) [12]-[15] and System Dynamics Model (SDM) [16]-[19], ac-
cording to its methodological background and operational characteristics. The main ob-
jective of this article is to expose this methodology in order to facilitate decision-making
in the evaluation and prioritization of green projects. The foregoing using the supply and
demand of natural resources of water and land as main variables within a balance model.
Likewise, citizen factors (found through community participation) are used, and its influ-
ence in the rest of the modelling. Through this approach, experts can target planned in-
vestments and incentives from different scenarios and at different times to arrive at an
optimized selection.

The document is structured as follows: section 2 illustrates the model in System Dy-
namics; in section 3 presents the validation of the model through the sensitivity analysis;
then in section 4 the elaboration of the structure of the ANP network is exposed from the
identification of the clusters and nodes in the model in Systems Dynamics; section 5 ex-
poses the application of the evaluation and prioritization methodology to an specific case
of study; section 6 presents the results; then, section 7 exposes the discussion, at the end,
the section 8 shows the conclusions and comments with prospects for future research.

2. System Dynamic Model

The proposed methodology has been carried out through a two-stage structure. The
figure one shows the general approach for its application and adaptation to the specific
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case study. The first stage consists of the elaboration of the model in System Dynamics
through different steps.
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Figure 1. Methodological development.
Source: authors' own creation

The first step in the creation of the modelling is the problem identification. In our
case, the problem lies in how to improve the ability to evaluate and prioritize green pro-
jects, knowing previously that the main problems and the delay development of the com-
munities that belong to the post-conflict period in Colombia [6], [20], are related with the
availability and the use of the natural resources like the water and the land [1], [5], [21],
[22]. That evaluation and prioritization capacity is understood as the selection of the most
appropriate projects that can respond to the problems, needs and expectations of the com-
munity [19], [23]-[26].

The second step was the hypothesis planning, through which it is exposed that it is
possible to anticipate where and at what moment of time to direct investments in green
projects; keeping in mind, first of all, the availability and the use of the natural resource
of the water and land (supply and demand relationship), and in second place, citizen fac-
tors determined directly with the community through participation workshops.
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Figure 2. Casual loop diagram.
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In the third step for the creation of the modelling, we made the casual loop diagram
or CLD (figure 2) [27]-[31], in which we identify the relationships between state variables
set (supply and demand for water; supply and demand for land; and, of course, popula-
tion), likewise the different parameters, among them the citizen factors. The fourth step
was the creation of the stock and flow diagram or SFD (Stock and Flow Diagram, Figure
3) [29]-[32], in which the casual loop diagram is complemented by secondary variables
and parameters in order to simulate the behavior of the system over time.

STOCK AND FLOW DIAGRAMAM - SDF

Avalaible budget =

=

Price of water < ( 1 ') ( )
A e - s oI
:( Yo - | Jo—. Investment decision water Ervv(,f land SocCFland  EcoCF land
ke T 3 . ——f s 1
- ~ S | \
Saving water B 2 /Investment avalaible \\/,J [\ ‘ \ [
k f Incentives for green projects IEnjang | Khana | \Ecknd
: = \ O\ \ O
/ T S .,r.( ) |
J . \ i { { |
i ¥ Available Water - D ; R _[EnPland ISP land WECﬂaﬂG
O —D O—DO W puseianialianel \‘ EnvCE \andCFEco CF land —~ ] |
/" Water Input g v B ( ) = —
/ 2 Unused water ( ) Water use upllmllahon X r—
| o ks A — ~ 8 Investment decision land
( % 9 \
Water input rate . Reserve Margin Water L R e ~——_Available land
[ J \ Water projects pnont»zau_ol _-Land projects prioritization ) /J:| ZL ¢ \ —"
\ £ e —
S [ \ (\_._4' ) ~—_Reserve Margin Land _ r Land used Recnvereu land D
e 2 Land use optimization—__ [ J Land Ophmlzalmn rate
Water Demand \ = T / Land use rate Totatand
- Population & Fixed water conéumpllcn | “ i w ! .“. ‘f " J'
£ ,_.\ ;=,“1 Jﬁx.—s p! J \ . jnveﬂm&nl avalaible | ; Land saving ",
.' Nataiity _ Mortaiity / \ < / \
| Variable water consumpfion 4~ I . | ) e
Bt rat - () () ~f = sl
irth rate Mortality rate [ L A% ,K ). P = |
EnvCF waler Soc CF water Ecg CF water | T— —_—
: | \ \ o Land use
I \ \
\ (W —
\En waner 1S water | JEcwa[er ‘ —t
Land Demand
Intended use of land
IEnP water ISP water " |EcP water El
O 0o .

Figure 3 Stock and Flow Diagram-SFD
Source: authors' own creation

3. Validation of model in System Dynamics

There are 3 cases of sensibility analysis for the models based in system dynamics
numerical sensitivity, Mode of behavior Sensitivity, and policy implementation sensitiv-
ity. After having defined the model that will be applied to generate scenarios in the eval-
uation and prioritization of green projects, it is very interesting to explore the numerical
sensitivity, because with this one, it is possible to show the adjustments that are required
to be carried out in order to validate the hypotheses initially raised.

The numerical sensibility occurs when changes in the assumptions alter the numeri-
cal results. For example, If the water input rate in the model is changed, it will be observed
how the output is altered in the Available Water level variable. All the models show nu-
merical sensibility [29], and it is possible to observe how a reduced set of scalar factors can
characterize the multidimensional uncertainty in a summarized, but exhaustive way [33],
[34]. The proposed model for this thesis, shows two parameters that are of interest and
that are directly related to the level variables, the water input rate, in the Available Water
level variable and the land use rate, in the Available Land level variable. To carry out the
numerical sensitivity analysis, a window was taken for the water inlet rate between 0,0
and 0,45 and a window for land use rate between 0 and 0,20 and the Montecarlo method
that is included in the simulation package was used Vensim Pro, the figures 4 and 9 show
the results. Due to solutions map is very big, the Vensim Pro software was configured to
make at least 2000 executions of the algorithm so that the results were consistent and like-
wise, cover all possible numerical solutions for those ranges of the parameters. It is im-
portant to mention that, for the sensitivity analysis, the uniform random distribution was
used by means of which a fixed variation of the parameters is guaranteed.
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In figures 4 and 5, the sensitivity analysis of the variables Available Water and Avail-
able Land, manages to establish a range, in which the dynamics of the system evolves and
makes feasible the projects that can be developed according to the assumed parameters
and those that were obtained with the help of the community in the participatory work-
shops carried out. In this way, the model provides to the experts a first selection criterion
and becomes a filter that can be exploited by decision makers during the development of
the peer evaluations proposed in the Analytical Network Process (ANP) and that will be
seen in the next chapter. Once the projects are framed within this range, analysis efforts
can be concentrated on the other variables of the system that account for other important
factors within the complete evaluation and prioritization process.
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Figure 4. Sensitivity analysis of the Available Water level variable.
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Figure 5. Sensitivity analysis in the level variable Land Available.
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Now, in Figures 6 and 7, the sensitivity analysis focuses on the variables called re-
serve margins, both water and soil. This time, the sensitivity shown by these variables
accounts for the narrow margin that exists between the use and abuse of natural resources
of water and land, which in turn, can mean their abundance or scarcity. Therefore, this
analysis could also guide investment decision-making regarding one or another project,
depending on the community and depending on the availability of resources in the area.
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Figure 6. Sensitivity analysis in the Reserve Margin variable (water).
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Figure 7. Sensitivity analysis in the Reserve Margin variable (land).

On the other hand, when the project prioritization variables are analyzed, Figures 8
and 9, a lower degree of sensitivity is evidenced, that is, more monotonous behaviors in
the system, due to the fact that such variables are directly influenced by the factors
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citizens. However, everything will depend, again, on the availability of natural resources
in the area at the time of evaluating and prioritizing the projects, and the problems and
needs of the community that can be quantified in the citizen factors, with which calibrate

the model.
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Figure 8. Sensitivity analysis in the project prioritization variable (water).
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Figure 9. Sensitivity analysis in the project prioritization variable (land).

3.1. Exploitation of the model

Validation techniques tend to identify if the model that is available is faithfully cou-
pled to the real system or phenomenon that is being analyzed. However, when behavior
patterns change as model assumptions change, we talk about sensitivity in the way of
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behavior [35]. These changes in assumptions can occur during the model optimization
process, when it is necessary to modify a pattern that has been diagnosed as inconvenient
or negative. Faced with the new alternatives, the model could go from an oscillatory be-
havior to a monotonic behavior. in this point, it is then also possible to use the tools that
come with software like Vensim Pro, Stella Architect or any other type of software based
on System Dynamics, in order to obtain a more rigorous analysis of the system.

In short, it is possible to use these tools in models that can be represented by systems
of ordinary differential equations and that additionally present no smoothness or jumps
in their functional expressions. The given tools by Vensim Pro and Stella Architect allow
to show some phenomena associated with the use of stepped functions and thus evaluate
alternatives and additional information in order to exploit the model in a better way.

For the model shown in the figure 3, the auxiliary variables Optimization of Water
Projects and Optimization of Land Projects are step functions, which in turn depends on
the Reserve Margins (Water and land, respectively) which are equally non-smooth.
Hence, it is of great interest to evaluate what happens with investment decisions and the
optimization of water and land use, when citizen factors are altered. In the figure 10 we
can see for each value of each one of the citizen factors in the interval between 0 and 1, the
output in the variables Prioritization of Water projects and Prioritization of land projects
shows a variation of less than 50% during the first 30 years, but varies substantially during
the last 20 which is the time in which it is most affected by the alteration of the variables
related to the reserve margins (MRA and MRS) which are very important at the time of
evaluating and prioritize possible projects to be carried out. In this case, projections are
made on these auxiliary variables, to understand how they are affected by specific values
in the parameters of citizen factors. The greater variation at the end of time implies
changes in investment decisions, which would lead decision makers to move towards
other types of investments, such as social or environmental, that respond to the conditions
of the moment. With this tool given by Vensim Pro sensitivity to ways of behavior is ex-
amined, that is, for values around 0 the dynamics system is monotonous, meanwhile for
values above 0,5 oscillations occur. It is worth mentioning that these behaviors are within
the possible intervals that a rural community would face in a post-conflict period, which
is characterized by a monotonous and slow behavior associated with the speed of devel-
opment, so for decision makers in the evaluation and prioritization of green projects, it is
very important to know what happens before a change in the parameters in the medium
and long term and not as is normally done when studying dynamic systems in their sta-
tionary state.
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Figure 10. Exploitation of the model.

To finish model validation, a policy sensitivity analysis is presented, this consists of
making changes in the hypotheses in order to reverse the impacts or convenience of a
proposed policy. For example, in the case of the model for the evaluation prioritization of
green projects, it is proposed to change the diagram under which an investment decisions
are calculated (water and land), analyzing two possible scenarios.

In the first test model, to calculate the value of the variable Incentives for Green Pro-
jects, a greater weight is given to the variable Investment Decision Water keeping without
changes the variable Investment Decision Water, a greater weight is given to the variable
Investment Decision Land. Now, exploring extreme cases, a second test model is pro-
posed, in which one of the variables could be Investment Decision Water or Investment
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Decision Land becomes zero, in order to observe the changes in the variables Water Use
Optimization and Land Use Optimization.

When carrying out the sensitivity analysis before the policies of the diagrams in the
first, second and third test model, it can be seen how when the weight varies in the varia-
ble Investment Decision Water or Investment Decision Land, for the first test model, it
presents greater variability than the second and third test models (see figures 11,12,13,14).

If it is possible to establish the weights of the variables investment decision for which
the maximization of the variable incentive for green projects is achieved, the dynamic flow
of this system evolves without having to commute between investment and non-invest-
ment decisions, in this way, the variability in the decisions of the entities in charge of
evaluating and prioritizing the projects for this community is reduced. Additionally, if we
compare the variables Investment Decision Water and Investment Decision Land
(weighted), with the variables Water Project Prioritization and Land Use Optimization, it
is clearer that the parameters associated with these, that is, the citizen factors, are the ones
that significantly affect the behavior of the system. So, sensitivity analysis efforts can be
concentrated on them to get more out of the model.
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Figure 11. First test model — Variables Optimization of land use and Optimization of water use.
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Figure 12. Second test model- Variables Optimization of land use and Optimization of water use.
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Figure 13. Third Test Model — Zero Water Investment Decision.
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Figure 14. Third Test Model — Zero Water Investment Decision.

4. ANP network structure

The second phase of the proposed methodology corresponds to the evaluation and
prioritization of projects through the multi-criteria decision method ANP (Network Ana-
lytical Process) [7], [36]-[40]. The ANP method allows to identify and consider mutual
dependencies between the different evaluation criteria [13], [14], [41]. So, it is possible to
structure a cluster and node network and, therefore, define the interrelationships that oc-
cur between them [42], [43]. The general structure of a network ANP is composed of
source nodes and destination nodes (drain), these are determined when the paths of in-
fluence are established [15], [44]. The connections between nodes and elements can occur
either through feedback to components of other elements by ringlets to the same compo-
nents [12], [42], [45], [46]. Due to the large number of interdependencies and interactions
in the proposed System Dynamics model, likewise, the impossibility of structuring it hi-
erarchically, we have decided to use the ANP method like the method for the evaluation
and prioritization of the projects (alternatives). The creation of the structure of the ANP
network, starting from the System Dynamics model, it was carried out in different steps.

The first step consisted in the identification, in the model in DS of the clusters that
would make up the ANP structure. in this point we identified 6 clusters that corresponded
to the social, environmental and economic dimensions in addition to the citizen factors
and the government dimension, the ANP structure was completed with the cluster that
belongs to the alternatives or projects to be evaluated and prioritized, as shown in Figure
15.
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IDENTIFICATION OF THE CLUSTERS OF THE ANP NETWORK IN THE SYSTEM DYNAMIC MODEL
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Figure 15. Identification of the clusters of the ANP network, in the System Dynamics model.

Source: authors' own creation

The second step consisted in the identification of the nodes and elements that make
up each cluster, in this way, those variables and parameters of the model that were found
were established as elements inside each identified cluster in the before step. Likewise,
the interconnections and dependency relationships were established according to the ex-
isting relationships in the model in DS. In the figure 16 we can see the complete structure

of the ANP network
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Figure 16. ANP network from the System Dynamics model.
Source: authors' own creation
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5. Study Case — California county (Fresno, Tolima)

The application of the proposed methodology was carried out through a case study
in the county California, located in the Tolima department in Colombia (see figure 17),
this zone. Therefore, belongs to the region of the downtown of the Magdalena region his-
torically affected by the Colombian conflict until 2016 year in which the peace agreement
was signed. The county extends over 150 hectares and is located on the eastern slope of
the Central mountain range in an elevation of 1800 meters above the level of the sea and
also belongs to the Guarind river basin, an important tributary of the Magdalena river,
one of the most important rivers of the country.
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Figure 17. Geographic location of the California county, Fresno (Tolima).
Source: Tolima Governing [47].

5.1. Participatory Workshop (Participatory Rural Appraisal — PRA)

Through the participatory workshop carried out with the community of the county,
it was possible to gather the necessary information to calibrate the balance model in Sys-
tem Dynamics, according to the variables and parameters proposed related to the supply
and demand of water and land, likewise the citizen factors and support from local and
national government, as well as other funding institutions. The workshop with the com-
munity was worked through the method called Participatory Rural Diagnosis [9], [48]-
[56], the Table 1, shows the main findings, classified according to the dimension (clusters
of the network ANP) to which they correspond (social, environmental, economic and gov-
ernment). Therefore, the citizen factors that were determined by the facilitating team of
the workshop are presented after finishing it and likewise the alternatives, that is, the dif-
ferent projects to be evaluated and prioritized, which also belong to the 6 clusters of the
network.
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Table 1. PRA findings classified by dimension (ANP network cluster).

Identified Find Dimension (ANP network cluster) Used tool
Difficulties for arriving to the county Socioeconomic Venn Diagram
Small-scale agriculture (self-supply and external sale) Socioeconomic Venn Diagram
Main products: Cocoa, banana, avocado and coffee Socioeconomic Venn Diagram
Climate variety, many farmings and fertile lands Economic SWOT
No agro-tourism type projects are identified in the region Economic and from the government SWOT
Social connection Social SWOT

Abandonment by the state and local government

Social and from the government

Venn Diagram

The population of the county, most of them left the county

Semi-structured dia-

ial
due to the violence in the nearby regions Sodia logue
Diversity of thought and approach to the problems and Social Semi-structured dialo-
needs of the community gue

Impossibility of taking adequate advantage of natural re-
sources and the existing share capital due to the lack of insti-
tutional support in the development of high-impact projects

and also lack of training for its inhabitants

Socioeconomic and from the government

Semi-structured dia-
logue

Soil Affectation (in Exchange of better productivity), by the
use of pesticides and agrochemicals in crops.

Socioeconomic

Semi-structured dia-
logue

The community of California recognizes that technification
in their crops can mean greater competitive capacity in the
market, and a better position of their products with more
profitable prizes

Socioeconomic

Semi-structured dia-
logue

The natural resource of water is widely accessible to the in-
habitants, so it can be drunk directly from the springs and
gorges of the zone

Environmental

Semi-structured dia-
logue

The community recognizes the problems that underlie the
consumption of non-potable water in relation to the genera-
tion of diseases.

Social Ambiental

Venn Diagram

Industrialization processes or widespread growth of the
main crops are not identified in the county, small-scale agri-
cultural production being the main economic source, like-
wise the underemployment in the nearby counties

Economic

Venn Diagram

Project management or resources for productive projects in
the county are not identified, which makes it difficult the im-
provement the physical, economic, natural and cultural con-

ditions of the community.

Government

5.2. Model calibration in System Dynamics

The calibration of the proposed model was made based on two main sources, the first
corresponding to the participatory workshop developed with the inhabitants of the
county California and the second corresponding to secondary sources such as the web
pages of the mayor's office of the county and from foundations and private corporations
that work in the region supporting the community through rural development projects,
among others. As a result, Table 2 Calibration of the model in System Dynamics is pre-
sented below, in which the parameters, their value and the source from which it was taken
are described. Likewise, the table shows the value assigned to each citizen factor and other
assumptions that are taken into account within the System.
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Table 2. Calibration of the model in System Dynamics.

Parameter Description Value Units Source
A t of wat ided by th
Water Input Rate - mount of water provided by the 22 % [47], [57]
different tributaries in the area per year
Unused Water Rate Amount of water not consumed or used 45 % (471, [57]
per year
Variable
A t of wat th
Consumption of mount of water consumed above the 60 Cubic meters [47], [57]
annual average
Water
Fixed consumption Amount of water consumed per year 130 Cubic meters [47], [57]
of water
Population Number of inhabitants 200 people [47], [57]
Price of Water Value paid per m® of water 6000 Pesos [47], [57]
A t of ilable f
Available budget fotint oF money avat able for 50 Million pesos Model Assumption
investment
Price of Land Average value paid per hectare of land 150 Thousands pesos [47], [57]
Land Use Amount of land consumed per year 9000 hectares [47], [57]
Intended use of land Proportion of land (of the to.tal) planned 30 % (47, [57]
to be used for the following years
Land Use Rate Proportion of land (of the total) used 15 % (471, [57]
each year
Total Land Total hectares of land (used and unused) 515 thousands of hectares [47], [57]
FCSwater Social Citizen Factor (Water) 20% Dimensionless Participatory Workshop
FCAwater Environmental Citizen Factor (Water) 25% Dimensionless Participatory Workshop
FCEwater Economic Citizen Factor (Water) 55% Dimensionless Participatory Workshop
FCSiand Social citizen factor (Land) 10% Dimensionless Participatory Workshop
FCAland Environmental Citizen Factor (Land) 30% Dimensionless Participatory Workshop
FCEland Economic Citizen Factor (Land) 60% Dimensionless Participatory Workshop

5.3. Model evaluation for evaluation and prioritization

Coming up next, a series of simulations of the proposed model are presented, carried
out using the Stella Architect software, in these the variation of the different variables of
interest in the model can be observed, which were presented to the experts to be consid-
ered in the evaluation and prioritization of green projects. Once again, as was the case in
the study carried out with this same methodology in the Pesebre county (Tame, Arauca)
[6], confirms the hypothesis that was raised from the beginning, first of all, the reserve
margins (water and land) of the figures 18 and 19, respectively, show how the change in
the levels of supply and demand for water or land, represented in the defined margins,
generate early alerts, which allow adequate control of investments.
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a. % Water Reserve Margin (water, year 0 to 50)  b. % Land Reserve Margin

Figure 18. Simulation Reserve Margins Environmental Dimension.
Source: authors' own creation
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Figure 19. Government dimension of the investment decision
Source: authors' own creation

In second place, we can see how the variables related with the prioritization and op-
timization of water and land resources, is also influenced by citizen factors, established
through community participation. in accord with the figure 20, for the case of California
county, it is evident how the community gives preference to water projects, that is, those
in which their water sources can be used for a social purpose for their inhabitants.
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Figure 20. Optimization of Resources Economic Dimension
Source: authors' own creation

5.4. Projects Evaluation and prioritization with ANP

Once the simulations carried out with the model in System Dynamics (DS), the sec-
ond phase of the proposed methodology began, this consisted of the application of the
Analytical network process (analytic network process-ANP). Having structured the ANP
network, which was described in the chapter 3 of this document, the six dimensions pro-
posed (social, environmental, economic, government, citizen factors and projects) likewise
the elements (variables) likewise their corresponding elements (variables) were evaluated
according to dependency relationships and defined feedback.

As mentioned in chapter 3, the ANP method is based on pairwise comparison [12],
[58]-[63] to determine the priorities among the indicators or variables involved in the eval-
uation. the experts were asked that, according to the information presented from the
model in System Dynamics, evaluate the relevance of the indicators considered according
to the fundamental scale of Saaty [45], [64]-[66] (Table 3).

Table 3. Saaty Fundamental scale.

VALUE DEFINITION COMMENT

1 Equal Importance Criterion A is just as important as Criterion B

3 Moderate importance Experience and judgmen.t sl%ghtly favor criterion A over
criterion B.

5 Big importance Experience and judgment' str.ongly favor criterion A over
criterion B

7 Very big importance Criterion A is much more important than Criterion B.

9 Extreme importance  The greater importance of criterion A over B is beyond doubt.

2,4,6,8 Intermediate values between the previous ones, when it is necessary to qualify

The first step of the evaluation refers to the pairwise comparisons between the clus-
ters [41], [43], that is, among the six dimensions defined. Once the evaluations were com-
piled, it was possible to develop the evaluation matrix [63], [67]-[69], in which the
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numerical values represent the influence identified for the elements of the network. The
second step after having established the priorities of the clusters was perform pairwise
comparison for the nodes or elements or each cluster [39], [46], [70], [71]. Regarding to the
evaluation of each cluster, the judgments were made taking into account the influences
and interdependencies [12], [72], recognized in the network. For example, the figure 21
shows the pairwise comparison between “social dimension” and “economical dimen-
sion”. In detail, the assigned value "4" refers to the fundamental scale of Saaty (Table 3).
This means that the experts considered the “Social Dimension” more important than the
“Economic Dimension”.
Uidgrents N Fatings
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Figure 21. Environmental Dimension Vs. Economic Dimension.

The figure 22 shows the pairwise comparison between the nodes (elements) that be-
long to environmental dimension (cluster). In the same way that was done in the pairwise
comparison by the clusters for the assignment of values the fundamental scale of Saaty
was used in order to determine the importance of the different variables that compose it.
In detail, the assigned values mean that, first, the “water reserve margin” is more im-
portant than “the land reserve margin” (value 3); second, the “water offer” is equally or
moderately more important than “land offer” (value 2); and third, that the “water reserve
margin” is moderately more important than the “land supply” (value 3). Great im-
portance has been given to the "water reserve margin “in the county California. This is
due in part to the fact that water is of vital importance in crops and thanks to the local
aqueducts all the inhabitants can benefit from it, on the contrary, with the water or land,
which are the private property of the inhabitants of the community or of companies that
established their crops in the area, since the benefit is individual, as it is taken advantage
of. In this context, it is possible to underline that the comparison by pairs has been carried
out considering the characteristics of the area, and likewise the problems and needs of the
California Community.

2. Node comparisons with respect to Margen de Reserva d

Graphical Verbal Matrix Questionnaire Direct
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7
7
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Figure 22. Comparison between nodes with the Saaty scale.

Once all the pairwise comparison matrices have been obtained for all the dimensions
and the nodes, we can develop the unweighted supermatrix [12], [42], [60], in which all
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the priorities obtained through pairwise comparisons are detailed. Likewise, the super-
matrix represents the relations between the nodes that compose the network. Now, to ob-
tain the weighted supermatrix, it was necessary to multiply the unweighted matrix by the
final vector of priorities [63], [64], [73]. It is important to highlight that, both for the con-
struction of the ANP network and for the peer evaluations and the development and op-
eration of the matrices, we used the super decisions software that was created by the foun-
dation creative decisions [74].

6. Results and Optimization

How it was expressed in the previous sections, the ANP method was carried out at
five different instants of time and taking into account the information obtained by means
of the System Dynamics model for each moment of time in particular. In this way, it was
possible to observe the various interpretations that the panel of experts can make when
there are many data. At this point, the usefulness of a multicriteria process is highlighted
like the ANP, through which it is possible to group different decisions about the same
issue and establish a valid solution [75].

The figure 23 shows the individual results of the Network Analytical Process in each
of the five moments in which it was determined to carry out the evaluation and prioriti-
zation. For this research, a twenty-year time horizon was used, being the year 0 (without
intervention) the first year to be evaluated, followed by years five, ten, fifteen and twenty
as the last year to be taken into account. This case corresponds to the California county in
the Magdalena downtown region, a Colombian post-conflict period community.
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Figure 23. ANP evaluations (year 0 to 20).

However, the optimization process is based on the proposal described by Chichil-
insky [76], to achieve sustainability, the basic idea is to exhibit a trade-off between prefer-
ences for the future and underlying natural resources (future supply and demand) and
present preferences and consumption generated by utility criteria (current supply and de-
mand). For this research, it was decided to give greater weight to the first ANP evalua-
tions, 40% the first one (year 0), 30% the second (year 5), 15% the third (year 10), 10% the
fourth (year 15) and 5% the last evaluation (year 20). The foregoing, taking into account
that citizen factors express the most pressing needs and they are a Colombian post-conflict
period community, its inhabitants expect a response in the short and medium term that
improves their quality of life. The Table 4 shows the results of each ANP evaluation real-
ized and its corresponding weight.
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Table 4. ANP evaluations and weights (year 0 to 20).

. Weight . Weight Weight Year  Weight Year  Weight  Final
Project Year 0 40% Year five 30% Year Ten 15%  fifteen 10% Twenty 5% Result

Aqueduct 0,438 0,175 0377 0,113 0,458 0,068 0,128 0,012 0,434 0,021 0,391

Soccer Field 0,058 0,023 0,069 0,020 0,061 0,009 0,049 0,004 0,0688 0,003 0,061

Collection Center 0,376 0,150 039 0,117 0,339 0,050 0,141 0,014 0,3652 0,018 0,351
Hydroelectric 0,126 0,050 0,162 0,048 0,140 0,021 0,681 0,068 0,1318 0,006 0,195

7. Discussion

The proposed methodology for Evaluation and prioritization of green projects, pre-
sents the use of applied mathematics [36], [69], [77]-[79], in a field in which it has rarely
been used, such as sustainable social development [80]-[84]. Likewise, it is observed how
today it becomes important when taking into account the needs of the current world in
which a balance is sought between social, environmental and economic development
[85]-[87]. For this reason, the proposed methodology constitutes a contribution in this sci-
entific field, in the effort to develop knowledge where different techniques are integrated
that, regardless of any bias, help and improve decision-making processes on these issues,
where it has certainly been seen how in some cases the influence of sectors or people alter
the results and therefore the benefit to the community is also affected [88]-[95]. Therefore,
represents a contribution in the integration of mathematics with the social and environ-
mental aspects of the world.

Furthermore, in places where environmental conditions are often very favorable, in
relation to the supply of natural resources such as water and land, but the social and eco-
nomic conditions require a more detailed review. The proposed methodology, by inte-
grating different methods and having a model that is calibrated according to participatory
factors (citizen factors), ensures that the system includes not only the problems and needs,
but also the expectations of the community, therefore, social learning processes take place
[26], [84], [96]-[99], by means of which, it is possible to characterize the community [17],
[87], [88], [100], [101], as well as the environment, the information that will be taken into
account when evaluating and prioritizing, since when applying a multicriteria method,
all the variables involved are considered, thus determining their true influence on the pro-
cessal [102]-[105].

Although the processes of development and social learning are not usually linked to
the application of mathematics, this research shows how this science, applied through
mathematical modeling [106], [107], it can also contribute in this regard by indicating or
highlighting aspects that must be taken into account when evaluating and prioritizing
projects, which added or inserted in a multi-criteria decision-making process, which
added or inserted in a multi-criteria decision-making process like the proposed ANP
method, It can be of great help for decision makers, which results in better benefits and a
better quality of life for the population [36], [38].

The above reasons mean that the integration achieved in the proposed methodology
results in an innovative alternative that adapts to scenarios where the problems are usu-
ally complex as they involve society, even more, considering that these communities are
in transition from the conflict to the post-conflict period, but its problems continue to exist
and continue to require the attention of local and national governments and other institu-
tions that work in the region. It is then observed how mathematics adapts to problems of
a complex and real nature that not only allow to produce theory, also t is possible to put
them into practice for the solution or the contribution to social development, especially of
the communities of the post conflict period.

8. Conclusions

According to the main objective raised from the beginning, this research allowed us
to determine the degree of affectation of investment decisions and investment incentives
in green projects, when the citizen factors and the relationship of supply and demand of
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the natural resources of water and land are evaluated jointly, in the Colombian post-con-
flict period community.

Likewise, the relationship between social development and the scarcity of natural
resources is remarkable, demonstrated in the supply and demand relationships of water
and land. In this sense, it is observed how the inadequate use of resources also has adverse
effects on the community, slowing down growth processes and deteriorates the quality of
life of its inhabitants.

Furthermore, with the results of this investigation, the usefulness of mathematical
models and decision-making methods is highlighted, in matters of social development
that also involve environmental problems related to the appropriate use of natural re-
sources, especially water and land. Likewise, at a time when climate change is directly
related to the quality of life [17], [82], [108]-[110], the right decisions reflected in this case
in the increase of the capacities of evaluation and prioritization of projects, they become a
tool not only for local and national authorities but also for the communities themselves,
with a view to undertaking projects that favor their environment and themselves.

We can see, therefore, how the component called "Citizen Factor", determined
through participatory workshops with the community and included both in the System
Dynamics model and in decision making, is the factor that, on the one hand, makes the
problems and needs of the population visible, and, on the other hand, improves decision-
making, since this factor establishes direct relationships between local knowledge (social,
environmental and economic) and the potential benefits of the projects that undergo the
evaluation and prioritization process.

Likewise, it is evidenced in variables such as the reserve margins (of water and land),
available budget and the incentives of the green projects, the direct relationship with the
social development of the community, as confirmed in the different ANP evaluations, car-
ried out by the experts where they are indicated as those with more weight when priori-
tizing the projects.

However, it is observed how two different methods such as System Dynamics and
the Analytical Network Process can be conveniently integrated and complemented, in or-
der to make a more appropriate decision-making for the selection of green projects for a
community. In this case, the modeling and simulation tools offered by the DS are used as
data provided to experts who were able to make informed decisions according to peer
review required inside the ANP method. In this way, citizen participation (participatory
workshops and citizen factors) are linked in the proposed methodology, mathematical
methods and models for the representation of a part of the real world (System Dynamics)
and ANP multi-criteria decision-making method.

The fact of using an optimization method with partial results to obtain a single result,
highlights the importance of citizen participation in the evaluation and prioritization pro-
cesses, especially in the methodology proposed in this research, since, in the determina-
tion of citizen factors, activities that show not only "the urgent" are considered (present
problems and needs that require immediate action), but "what is important” (needs and
expectations that must be met in the future in the population). From the differentiation of
the urgent and the important was how the weighting of the partial results of the ANP was
achieved in the final evaluation.

On the other hand, it should be noted that the methodological proposal presented
contributes to the reduction of biases in decision making, by involving different actors
such as the community and experts, and by taking as a basis for decisions, information
resulting from participatory modelling and peer review of criteria that is carried out by
experts, and that allows to obtain a hierarchy within them and thus, more appropriate
results to the population and the region.

Nevertheless, some limiting factors can affect the execution of the methodology,
among them obtaining the active participation and trust of the community so the infor-
mation obtained could be trustable and true. Likewise, the understanding of the scenarios
presented to the experts and their relationship with the projects to be evaluated and
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prioritized, it constitutes an aspect to be treated with care, so that information is not lost
or misinterpreted, which could alter decision-making.

Likewise, the inequality that is currently perceived in the countryside, prevents de-
velopment processes from taking place properly, in the same way the lack of support and
continuity of the projects by the governmental institutions, just as corruption causes the
gap between the rural and the urban to be larger every day and that opportunities are lost
to improve the quality of life of its inhabitants, jobs, health, education, the foregoing given,
among other things, by the stigma that has been woven with respect to the rural field and
the peasant of the conflict [6], [111].

Contrary to that, in the California county such circumstances have been an engine
that drives daily for the search for change and improvement, the community is aware of
its role in the territory and should not be alone in the search for well-being, especially if
one takes into account that state support would consolidate the processes that are carried
out.

Finally, this type of processes, like the one followed in this research, generates dis-
cussions about the concept of development and the need to understand that development
is not linear nor can it be generalized, on the contrary, it is a process that is built with the
transfer of the communities, their interests, conceptions, needs, views of the world and
the natural, economic and cultural context. So, it is required to stop seeing communities
as homogeneous societies and it is necessary to support them so that from their own
knowledge build their own forms of development that allow achieving the integral well-
being of their inhabitants and also of the territory. Additionally, it is evident how applied
mathematics can contribute to improving evaluation and prioritization capacities related
to the selection of green projects and, at the same time, contribute to the activation of social
learning processes within the community, which finally translates into greater benefits
and an increase in the quality of life of the population.
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