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1. Introduction

Humanitarian logistics is an umbrella term for a mixed array of operations. It covers disaster relief
(immediate operations after the disaster occurs) as well as continuous support for developing affected
regions (Kovacs & Spens, 2007). Disaster Relief Operations (RO) require significant amounts of rescue
materials that must be assigned and distributed in a short period of time (Ferrer et al., 2015; Guanxiang
et al., 2010; Nappi & Souza, 2015; Oloruntoba & Gray, 2006). They are concerned with managing the
flow of those supplies and personnel from their point of origin to the appropriate places at the correct
time, with the purpose of alleviating the suffering of affected people (Holguin-Veras et al., 2012b).

It has been demonstrated that there is a direct relationship between the number of deaths after a SNND
and logistics management strategies used for disaster response (Moreno, 2012). For example, because of
absence of anti-seismic standards, and as a result of weak logistics management, it was estimated that
over 300,000 people died in the Haitian earthquake of 2010 (Haiti, Government, 2010), in contrast to
521 victims in the Chilean earthquake in 2010 (Elnashai, 2012). This significant difference in the number
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of deaths was observed despite the magnitude and duration of the Chile earthquake being higher by 1.5
(moment magnitude scale) and longer by 65 s, respectively, than the Haiti earthquake. Therefore, in order
to decrease the probability of human loss in an SNND, it is relevant to study logistics of RO. Furthermore,
its study relevance increases, since logistics efforts account for 80 percent of disaster relief (Van
Wassenhove, 2006; Ophiyandri et al., 2013).

Logistics for RO have been mainly addressed as a particular supply chain (Makepeace et al., 2017,
Dufour et al., 2017; Sahebjamnia et al., 2017; Goldschmidt & Kumar, 2016; D'Haene et al., 2015; Zheng
etal., 2015; Ransikarbum & Mason, 2014; Overstreet et al., 2011; Van Wassenhove & Pedraza Martinez,
2012; Holguin-Veras et al. 2012b; Altay & Green III, 2006; Van Wassenhove, 2006; Oloruntoba & Gray,
2006; Brucker et al., 1999). In this study, we used the project management approach.

The Project Management Institute (PMI) defines project management as the “application of knowledge,
skills, tools and techmiques to project activities in order to meet or exceed stakeholder needs and
expectations from a project” (PMI, 2004). Project Management has been studied in both Management
Science and Operations Research. Management Science trends to focus on quantitative tools and the soft
skills necessary to manage project successfully. Operations Research gives the essential scientific
contribution to the success of project management through the development of models and algorithms
(San Cristobal, 2016). In this paper, we focus on Operations Research approach of Project Management.

Project management has been widely used in many fields (architecture engineering, software
development, and production manufacture). In the literature reviewed we found that project management
for humanitarian logistics has been boarded mainly for recovery programs (not immediate response
projects) and through non-Operations Research models, but Management Science scope such as:
leadership and community participation (Mojtahedi and Oo, 2017; Lin et al., 2016; Sadiqi et al., 2016),
housing projects (Vahanvati & Mulligan, 2017; Dikmen & Elias-Ozkan, 2016) analysis of project’s
performance (Kim & Choi, 2013; Lin Moe et al., 2007), resource availability (Chang et al., 2012), and
others (Kalkman & de Waard, 2017; Gacasan & Wiggins, 2017).

According to the Operations Research approach of Project Management, the life cycle of a project
consists of six phases (Demeulemeester & Herroelen, 2002): (1) a conceptual design phase where the
needs that justify project execution are identified. A (2) project definition phase in which the objectives
of the project are defined along with the scope and strategy to achieve these objectives. (3) The planning
phase which involves identifying the activities to be carried out in order to achieve the project objective
such as activity durations, precedence relations between them, and resources needs and availability are
estimated. Subsequently, the project enters the (4) scheduling phase that includes the construction of a
schedule that identifies the start and end times of each of the activities, and the allocation of resources.
During the (5) execution phase of the project, its progress must be monitored, applying corrective actions
if necessary (control). Finally, the project enters the (6) termination phase, which involves the delivery
of project outputs (products and/or services) and the writing of performance reports. Patanakul et al.
(2010) present an empirical study on the use of project management tools and techniques across project
life-cycle and according to nine knowledge area: integration management, scope management, cost
management, quality management, time management, risk management, human talent management,
communications management and procurement management. For example, the CPM (critical path
method), PERT (Program evaluation and review technique), GERT (Graphical Evaluation and Review
Technique), Gantt charts, simulation, Monte Carlo analysis, buffer management, schedule crashing,
milestone charts and variance analysis are the main techniques for project’s time management.

In this document, we focus on the (3) planning phase of a project, with the intention to prepare the (4)
scheduling phase. A Project Scheduling Problem (PSP) is visually represented in two ways. One of them
is the acyclic graph G= (N, 4) which contains a set of N nodes and a set of 4 arcs (see an example project
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in Figure 1). The nodes represent project activities, and the arcs represent the beginning and end of the
precedence relationships. In the project representation example of Figure 1, each activity is identified by
a number in the center of the node. Activities 1 and 9 are dummy activities because they don’t consume
any time or resources; they just indicate, respectively, the start and end of the project. Each arc (i, j) €4,
indicates that activity i, (i= /,..., n) is an immediate predecessor of activity j. It means that the activity j
can’t begin while activity i hasn’t finish. The duration time (d7) of the activity is shown below each node,
and the resource needed to be execute is shown above each node. In the example of Figure 1, only one
resource type is considered and its total availability is five (5) units. Projects visual representations helps
to identify its critical path(s). Projects have at least one critical path, which is the path from the starting
to the finish node with the highest duration time. Activities that belong to the critical path are considered
urgent activities to execute because if even one creates a delay it represents a delay of the whole project.

Total Resource Availability = 5

Fig. 1. Nine-activity project representation example. Source: Based on Demeulemeester and Herroelen, 200

Project scheduling deals with decision-making on determining the time required to implement the
activities of a project to achieve a certain objective and the allocation of resources for each activity (San
Cristobal, 2016). Among different factors, correct scheduling is one of the vital elements for project
management success; incorrect scheduling can considerably increase the project costs (Habibi et al.,
2018). There are several ways to schedule projects including the Critical Path Method (CPM) and
Program Evaluation and Review Technique (PERT). Various methods such as resource leveling and
allocation, network analysis methods, Gantt chart, mathematical methods and simulation have been use
for solving project scheduling problems.

There is a lack of research in specialized literature that have presented a project scheduling for managing
RO. In the literature reviewed, only two documents board RO as a scheduling project, but none of them
sets a conceptual framework of the project definition and characteristics. Yan et al., (2009) proposed a
heuristic model for solving the scheduling problem of a specific maritime disaster rescue project. Moreno
(2012) presented the Colombian RO for a natural, sudden, and national disaster, aiming to find strategic
policies that minimizes the number of death.
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Because of the importance of studying RO and the lack of research addressing the problem by employing
a project scheduling approach, the objective of this paper is to present RO for SNND as a MRCMPSP.
The Colombian RO are presented as an illustrative case.

The paper is organized as follows: Section 2 presents the conceptual frame of projects characteristics.
Section 3 shows how RO can be managed as a project of the MRCMPSP type. Section 4 presents the
Colombian RO case for an earthquake as a MRCMPSP, and analyzes its characteristics. Conclusions are
presented in Section 5.

2. Projects characteristics

A project is defined as a “unique process, consisting of a set of coordinated and controlled activities
with start and finish dates, undertaken to achieve an objective conforming to specific requirements,
including the constraints of time, cost and resources” (ISO, 1990).

To solve project scheduling problems, project managers need to understand the characteristics of the
project. Understanding projects characteristics is of significance importance for project managers
because of differences associated with decisions making and goal attainment. Its characteristics affects
the modelling, evaluation, and control of projects and the objectives of time, cost, quality and safety (San
Cristobal, 2017). For example, with projects that have been characterized as complex (network
complexity), it has been demonstrated that network methods are efficient tools for solving scheduling
problems (Habibi et al., 2018; Martinelli et al., 2016). In addition to the objective function, Browning
and Yassine (2010a) define three characteristics of a project: network complexity (C), resource
distribution (ARLF), and resource contention (MAUF).

2.1. Network Complexity (C)

Measuring network complexity has become an integral part of project management (He et al., 2015; Lu
etal., 2015), and generally measures the number of precedence relationships between activities. A greater
number of precedence relationships among the activities leaves less flexibility for doing them at a
different time (higher complexity).

In its most basic form, the measure of network complexity accounts for the number of activities or nodes,
and precedence relationships or arcs. Browning and Yassine (2010b) suggested a [0,1] normalized
network complexity measure, for a project with six or more activities, and have at least N-1 non-
redundant arcs, as follows:

4A" — 4N + 4

(N -2)2 (1)

where 4’ is the number of non-redundant arcs, and N is the number of activities or nodes of the project.

Based on the experiment conducted by Browning and Yassine (2010a), low complexity is defined for
(C<0.14, medium complexity is defined for 0.14<C<0.69, and high network complexity is defined for
C>0.69. In the case of multiple projects, network complexity for L projects is defined as a vector C =
{Cl, C2,C3,... CL}.

2.2. Resource distribution (ARLF)
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This factor identifies whether the bulk of the total resources required by a project is in the front or back
half of its (resource unconstrained) critical path (CP) duration (see Figure 2). ARLF is calculated using

Eq. (2),

CPy Ky N

Tilk
ARLF, = CP, Z Z Z ZueXue ( )
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Fig. 2. Possible resource distribution. Source: Browning and Yassine, 2010a
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0 can have dramatically different shapes. To address these issues, we adopt the

normalized ARLF (NARLF) measure proposed by Browning and Yassine (2010a) which normalizes the
resource distribution over the problem's CP duration:

NARLF =
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2.3. Resource contention (MAUF)
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Resource contention measure is used when resource distribution (ARLF) measure is not sufficient to
describe the location of the bulk of the resources required. This case is represented by the last row in
Figure 5 (ARLF =~ 0), in which the distribution of resources can have different behaviors under one ARLF
value. For this case, Browning and Yassine (2010a) proposed a modified factor of average resource
utilization (MAUF).

3. Relief Operations as a MRCMPSP

In this section, we build a conceptual framework showing, first, how RO is considered as a project. Then,
we present the resource constrain scheduling model appropriated to be used for RO projects. Finally, the
convenience to board the multimode and the multi-project models for RO projects is discussed.

3.1. Relief Operations as a Project

Conceptually, Demeulemeester and Herroelen (2002) (quoting Slack et al, 1998) claim that the diversity
of projects (from the construction of a tunnel channel to planning a wedding) seems to have six common
elements: an objective or goal, uniqueness, complexity, temporary nature, uncertainty, and life cycle. RO
meet each of these features to be considered as a project, as described below.

An objective or goal: projects must have a definable product, result, or output that is typically defined in
terms of cost, quality, and time required to complete project activities. Relief Operations projects have a
definable product, result or output, which is the delivery of supplies and services to people affected by a
disaster (Wassenhove, 2006). These deliveries might be done within constraint resources (minimum
cost), attending affected people (quality), and the fastest deliveries (time) (Holguin-Veras et al., 2012b).

Uniqueness: a project is unique and not a repetitive business. Repeated similar projects have distinct
differences in terms of the usage and availability of resources, and the actual environment where these
projects are executed. The uniqueness of disaster logistics projects exists because of the uniqueness of
each disaster. Two disasters are not exactly the same (Holguin-Veras et al., 2012b).

Complexity: practitioners frequently describe projects as simple or complex. This indicates a practical
acceptance that complexity makes a difference to the management of projects. Definition of project’s
complexity consists of many varied interrelated parts (activities and resources), and a complicated,
involved dimension (Baccarini, 1996). Several authors consider complexity as one of the four
characteristics that make RO a more difficult problem to handle with regard to general business logistics.
This expresses the need for delivering a significant and wide variety of supplies in a short period of time
(Van Wassenhove, 2006; Pettit & Beresford, 2009; Balcik et al., 2010). In addition, as many
humanitarian organizations are involved in RO, coordination and collaboration is difficult to achieve.
Goldschmidt and Kumar (2016) affirms that humanitarian organizations have historically operated
independently with the lack of cooperation and coordination often resulting in the failure of many of the
RO.

Temporary nature: projects and their related activities have a defined beginning and end time. RO
projects start their activities (start time) at the moment the disaster occurs and the operation ends when
the affected people are restituted. The duration of the project depends on the region, the magnitude and
type of disaster. In Colombia, the start and end time of RO activities are defined in actuation protocols.
For example, according to SNPAD (2006a), the response activities of a SNND, may last a week, starting
from the moment the disaster occurs.
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Uncertainty: projects are planned prior to execution; thus, they carry an important risk element. The
uncertainty is evidenced in three of the four characteristics reported in the literature that makes RO a
more difficult problem to handle with regard to general business logistics. First, authors such as Sheu
(2007) and Vitoriano et al. (2010) considered that unexpected damages may be caused to infrastructure
affected by a disaster, thus complicating the distribution of resources and rescue operations. Second, the
information on the amount of resources required is quite limited as the demand of resources is
unpredictable and changes with time. Third, the requirement of logistic resources during an emergency
situation cannot be controlled directly by decision makers (Van Wassenhove, 2006; Pettit & Beresford,
2009; Balcik et al.,, 2010).

Life cycle: the life cycle of a project consists of six phases: (1) a conceptual design phase where needs
that justify project execution are identified. A (2) project definition phase in which the objectives of the
project are defined along with the scope and strategy to achieve these objectives. The (3) planning phase,
(4) scheduling phase, (5) implementation phase, and (6) termination phase are open to be defined by
project managers. Regarding disaster management, the first four phases of a project: design, definition,
planning and scheduling are activities developed during the mitigation or preparation phases of a disaster
(see Table 1). Remain two phases of a project: implementation and termination are the RO itself, executed
after the disaster occurs.

As shown above, RO are the activities to be planned, schedule and implemented as part of an
humanitarian project for disasters attention. In this paper, we present the case of the planning phase of a
project, with the intention to prepare the scheduling phase for the immediate response of a SNND project
in Colombia.

Table 1
Disaster management stages according to different authors
Authors Disaster Stages
Van Wassenhove, (2006) - Preparation Post-disaster
(0]
Pettit and Beresford (2006) - Preparation % Response Reconstruction
Altay and Green III (2006) Mitigation Preparation § Response Reconstruction
Q
. > Immediat .
Kovéacs and Spens (2007), (2009) - Preparation I3 fmediate Reconstruction
z response
Van Wasenhove (2006); Tomasini and V. S : A o
an Wasenhove ( ); Tomasini and Van Mitigation Preparation A Response Rehabilitation

Wasenhove (2009)
Source: Based on Moreno, 2012

3.2. Relief Operations as a resource-constrained project

The resource-constrained project scheduling problem (RCPSP) has been widely discussed in the
literature, in both operations research and artificial intelligence, in order to develop algorithms and
mathematical models that generate the best project schedules (Zhang et al., 2012; Lombardi & Milano,
2012; Haouari et al., 2012).

It is well known for humanitarian authors that the RO of an SNND implies lack of resources specifically:
supply, people, technology, transportation capacity, and money (Kovacs & Spens, 2009; Overstreet et
al., 2011; Goldschmidt & Kumar 2016; among others). Emergency or humanitarian supplies are of a very
wide range (be they from formal or informal sources), which includes products and materials for use and
consumption by the population, such as medicines, food products, household goods, clothing, etc., to
those required by organizations to provide assistance, such as rescue equipment, building materials, tools,
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etc. (PAHO, 2000). The lack of resources to deal with convergence coupled with its usually large
proportion of unsuitable aid (e.g., non- and low-priority donations) creates an important logistical
challenge (Holguin-Veras et al., 2012b). Resource constrains in humanitarian context are also
particularly useful to express the potential reduction of transport capacities after a disaster (Florez et al.,
2015). In this study, we focus on the classical RCPSP that uses a finite number of renewable resources.
The duration of each activity is assumed to be represented by a single, deterministic time, and activities
cannot be interrupted once they have started (no preemption). Moreover, it presents precedence
constraints strictly end-start type. From the classical RCPSP, multiple modes for projects
implementation, and multiple projects that together fulfill a larger project, are two specific cases of
RCPSP found in the literature. They are both described below and analyzed for a national RO situation.

3.3. Relief Operations as a multi-mode project

The multi-mode scheduling problem is an extension of the RCPSP model. Multi-mode projects are those
in which the same activity can be executed using different types and amounts of resources, and therefore,
they can be executed at different times. Projects with multiple modes are more realistic than those with
a single mode, because in practice, resource variability is common during project implementation (Ju &
Chen, 2012). The difference between RCPSP and multi-mode resource-constraints project scheduling
problem (MRCPSP) is that RCPSP has only one pair of activity duration-resource requirements to
perform an activity, whereas in MRCPSP each activity can be, perform by selecting one out of several
different combinations of activity duration-resource requirements. The various alternate combinations
are call modes. Regarding RO projects, different modes exists because of the technical and technological
evolution that may vary the types of resources and equipment to execute operations, and that are evident
in changes of standards and protocols. The resources variety and the technical and technological
differences exists not only among time, but also among the organizations involved in response
operations; local, international, governmental, non-governmental, ONG's, third party logistics, and a big
range of donors (Kovacs and Spens, 2007). For example, in Colombia, at least 20 organizations are
involved in national disaster response operations.

The variety and number of actors generate multiple projects that run simultaneously, as organizations
present differences in nature, culture, size, area of specialization and mode of operation (Chandes &
Paché, 2010). These actors are geographically dispersed, have little or no communication between them,
and an inadequate division of labor (Oloruntoba & Gray, 2006) this makes their aid activities generate
independent projects, which are executed on a common infrastructure, many times congesting it, a
phenomenon known as convergence of materials, information and personnel (Holguin-Veras and Jaller,
2012).

3.4. Relief Operations as a multi-project

Multi-projects are those that together fulfill a larger project, its activities are independent from each other,
but some resources are commonly used/shared among the subprojects (Geiger, 2017). The RO for
national disasters can be considered a multi-project problem, with all activities being classified in groups
based on a specific goal, in which each group or subproject fulfills a larger humanitarian attention project.
When multiple projects are simultaneously executed, and their activities require common resources, a

multi project board helps to coordinate activities, its resource allocation and the coordination of the
different areas of the organizations involved. Different project management tools, like the ones proposed
by the Project Management Institute (PMI) in its Guide to the Project Management Body of Knowledge
(PMBOOK, 2004) can be used to allow visualization and quantification of scarce resources, distribute
them avoiding conflicts between them and decreasing the duration of the different projects.
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According to Holguin-Veras et al. (2012a) the humanitarian logistics must deliver supplies to meet the
needs of the response process which includes: food and water for the responders; equipment and supplies
for medical teams, search and rescue, security forces; transportation, and construction equipment and
fuel. The definition and coordination of those subprojects depends of the regional Government. For
example, in the United States, the Federal Emergency Management Agency (FEMA) considers 15
subprojects related as emergency support functions, for responding disasters, and include: transportation;
communications; public works and engineering; firefighting; emergency management; mass care,
emergency assistance, housing, and human services; logistics management and resource support; public
health and medical services; search and rescue; oil and hazardous materials response; agriculture and
natural resources; energy; public safety and security; long-term community recovery; external affairs
(FEMA, 2008). Two approaches have been used to board multiple projects, (see Fig. 3): (a) a multi-
project (MP) approach, conserving a separate critical path per project, and (b) a single-project approach,
using dummy activities and precedence arcs to combine the projects into a single mega-project and a
single critical path.
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Fig. 3. The two multi-project representation’s approaches. Source: Ju and Chen, 2012

When dealing with national disaster attention, the multi-project is the most appropriate approach for the
following reasons. As noted by Browning and Yassine (2010a), the single-project approach is less
realistic, as it implicitly assumes equal delay penalties for all projects. Moreover, aggregating multiple
projects yields very large problems and independent project analysis becomes difficult. Finally, because
subprojects in response operations are commonly led by different organizations (FEMA, 2008), so each
subproject has its own manager who is mainly interested in the individual project's descriptive
characteristics. As manager organizations and support organizations may take part of different
subprojects, resources among subprojects -such as staff, infrastructure, transport and communication
equipment, etc.- are sheared (FEMA, 2008). Multi-project scheduling model, as a model that coordinates
different subprojects activities, answers to one of the strongest challenges of humanitarian logistics: the
coordination of logistical activities among organizations involved in response operations (Wilson et al.,
2018; Kovacs & Spens, 2009; Holguin-Veras et al., 2012b). As noted before, so many humanitarian
organizations are involved in response operations, so coordination and collaboration is difficult to
achieve. Goldschmidt and Kumar (2016) affirms that humanitarian organizations have historically
operated independently with the lack of cooperation and coordination often resulting in the failure of
many of the RO. Multi-project scheduling model may give a global coordination support to the
independent activities of different organizations involved in a national disaster response.
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4. The case of Colombian RO as a multi-project
4.1. Origin of the Colombian RO system

Since the flood caused by the activation of the Ruiz volcano in November 13, 1985, the Colombian
government identified the need to create a system to prevent and coordinate disaster response and
attention. Thus, it created the National System for Disaster Attention and Prevention (SNPAD, in its
Spanish acronym). Then, in 2011 it identified the need to adopt a comprehensive approach toward
disaster management (not only prevention and attention), and created the National Unit for Disaster Risk
Management (UNGRD, in its Spanish acronym) (Colombian Republic, 2011; UNGRD, 2012).

4.2. Structure of the Colombian RO system

As a multi-project, Colombian system is organized into ten (10) subsystems (SNPAD, 2006a), based on
the primary goal in emergency situations (see Fig. 4). Aid activities of each subsystem represent a single
project. The ten subsystems or subprojects are classified as follows: (1) search and rescue, (2) health and
sanitation, (3) feeding and lodging, (4) public services, (5) aid management, (6) telecommunications, (7)
public order or security, (8) accessibility and transport, (9) habitat and housing, and (10) production. This
structure and way of operating continues in force in 2018.
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Fig. 4. Colombian post-disaster humanitarian system. Source: Based on Moreno, 2012

Each subsystem of Colombian System has a governing entity and a set of supporting organizations (see
Table 2). As some organizations participate in more than one subproject, it reveals that among those
subprojects, resources are sheared. Each subsystem has its own objective, and they all together fulfil the
global RO objective. The UNGRD, is the Colombian organization in charge of the global multi-project
coordination.
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Table 2
Ten subprojects of Colombian RO

Subproject Coordinating entity Support entities

Civil Aeronautics of Colombia, INVIAS, DIMAR, INCO,
DGR, Road Police, Air Force, Navy.

Ministry of Education, Colombian Red Cross, Colombian
Lodging and feeding Ministry of Social Protection Civil Defense, National Police, Military Forces, SENA,
Ministry of Social Protection, DGR, Ministry of Agriculture.

Transport and accessibility Ministry of Transport

Colombian Red Cross, Military Forces, National Fire System,
Search and rescue Colombian Civil Defense Ministry of Transport, Civil Aeronautics of Colombia,
Ministry of Social Protection, National Police, DGR.

Ministry of Environment,

Habitat and housin Housing and Territorial Compensation Offices, National Housing Fund, Agrarian
& Planning - Housing Bank, CREPAD, CLOPAD, Ministry of Agriculture.
Directorate

Ministry of Foreign Affairs, DGR, Colombian Civil Defense,
Aid management Colombian Red Cross DIAN, Ministry of Education, Ministry of Social Protection,
National Police, National Disaster Fund, Attorney-general.

Ministry of the Interior and
Justice - Territorial Direction
and Public Order and Citizen
Coexistence

Ministry of Defense-General Command of the Military
Forces, National Police, Ministry of the Interior and Justice,
General Public Prosecutor's Office, Penitentiary Guard, DGR

Ministry of Commerce, ACOPI, INCODER, ICA, Agrarian
Bank, FINAGRO, CORPOICA, SAC, FEDEGAN, FENAVI,
Supply Corporations, ANDI, Colombian Security Council,
Chamber of Commerce

Colombian Red Cross, Colombian Civil Defense, IPS,
Health and sanation Ministry of Social Protection General Public Prosecutor's Office, National Police, Military
Forces, ICBF, DGR.

Ministry of Environment, Superintendent of Public Services,
Drinking Water Regulatory Commission, CREG, National
Police, Private businesses.

Public order or security

Productive or livelihood Ministry of Agriculture

Ministry of Mines and

Public services
Energy

Operators, DGR, Ministry of Social Protection, Ministry of
Telecommunications Ministry of Communications Defence, Military Forces, National Police, Colombian Red

Cross, Civil Defense.
INVIAS: National Institute of Roads. DIMAR: Maritime General Directorate. INCO: National Institute of Concessions. DGR: General Directorate of
Revenue. SENA: National Learning Service. CREPAD: Regional Committee for Disaster Prevention and Response. CLOPAD: Local Committee for Disaster
Prevention and Response. DIAN: National Tax and Customs Office. ACOPI: Colombian Association of Micro, Small and Medium Enterprises. INCODER:
Colombian institute of rural development. ICA: Colombian Agricultural Institute. FINAGRO: Fund for the financing of the agricultural sector. CORPOICA:
Colombian Corporation of Agricultural Research. SAC: Colombian Farmers' Association. FEDEGAN: Colombian Federation of ranchers. FENAVI: National
Poultry Federation. ANDI: National Association of Employers of Colombia. IPS: Health Services Institutions. ICBF: Colombian Institute of Family Welfare.
CREG: Energy and Gas Regulatory Commission.

Source: Based on SNPAD, 2006i
4.3. Data gathering

To identify Colombian subprojects activities, precedence constraints and resource requirements, data was
collected from official documents concerning to action protocols for an SNND (SNPAD, 2006a, 2006b,
2006¢, 2006d, 2006e, 2006f, 2006g, 2006h, 20061), web site of coordinating entities, and by face-to-face
semi structured interviews to experts. The interviews were conducted from January 2013 to June 2013.
Based on Harrell and Bradley (2009), we first conducted a judgment sampling, selecting directive
members from 100% of the coordinated entities and from the organization in charge of the global multi-
project coordination, UNGRD. Then, we asked the selected sample to refer us to persons with the
necessary knowledge of each specific subproject coordination. This final snowball sampling resulted in
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15 participants interviewed (4 members of coordinated entities, 3 members of support entities and 8
members of UNGRD), who cover 100% of the subprojects knowledge coordination.

We asked the interviewed to answer all questions based on their experiences (strategic level) the RO of
a national earthquake of identical dimensions of the one occurred in Armenia, in 1999. We also asked
them to answer according to the current technical and technological level, so that the current Colombian
mode -and not 1999 technical and technological mode- (activities, resources required for each activity
and duration of each activity) for the RO was defined. The interview presented three sections
questionnaire (Appendix A) based on experience questions (Harrell and Bradley, 2009). The first section
aimed to identify the objective of each subproject and the activities required to execute it, as well as the
precedence constraints of activities. This first section resulted in the construction of a Work Breakdown
Structure (WBS) and a basic precedence diagram for each subproject.

Delivering the necessary aid
to the affected area

Organize and coordinate the
aid delivery and
administration

Organize and coordinate the
aid reception

Request and/or confirm aid Define and monitor the plan Define the delivery and
requirements for aid receiving administration system:
(5.1) (5.2) direct or indirect
Receive the offer of national Define the aid, the aid donors, Execute the delivery of
and international aid and aid quantities to be aid
(5.3) delivered (5.4) (5.5)

Fig. 5. WBS of Colombian 4id Management subproject

The second section aimed to identify the renewable resources needed for each task in each subproject, so
it resulted in a resource matrix. Finally, the third section aimed to identify the estimation of duration of
activities and the amount of each of the resources required for responding to a national earthquake. It
resulted in a database, which integrates the WBS tasks with the time and resources needs of each activity.
As a sample, in Fig. 5, Fig. 6 and Table 3 are shown respectively, the WBS, the precedence diagram, and
the matrix of resources required for the Colombian Aid Management subproject, resulted from the
interview to a UNGRD member.

Fig. 6. Precedence diagram of Colombian Aid Management subproject
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Table 3
Resources matrix of Colombian Aid Management subproject
NODE (Work package)
RESPONSABLE RESOURCE quantiry  RELRTIVE
CODE ACTIVITY
General and operational vice principal .
(Colombian Civil Defense) L DIEESIET
Request and/or  General and operational . . .
5.1 confirm aid vice principal (Colombian UNGRD* Professional 10 Disaster
requirements Civil Defense) Computers 6 Disasiar
Radiotelephones 6 Disaster
Director of national relief (Colombian 1 Disaster
Director of National relief Red Cross)
(Red Cross) Director of International Cooperation 1 Disaster
Define and (Ministry of Foreign Affairs) A )
52 monitor the plan Municipal Public Professional 1 M ecte it
for aid receiving  Director of International Aflfml(t:lr::la ity
Cooperation (Ministry of Department Public Professional 1 D ec;z ¢
Foreign Affairs) epartmen
Computers 10 Disaster
Director of national relief (Colombian 1 Disaster
Director of National relief Red Cross)
. (Colombian Red Cross) Director of International Cooperation .
Receive the e b . 1 Disaster
ffor of nati (Ministry of Foreign Affairs)
53 offer of national ’ g )
’ and international . ) UNGRD* Professional 10 Disaster
il Director o_f Inter_ngtlonal _
Cooperation (Ministry of Computers 6 Disaster
Foreign Affairs) . .
Radiotelephones 6 Disaster
Director of national relief (Colombian 1 Disaster
Director of National relief Red Cross)
Define the aid, (Colombian Red Cross) Director of International Cooperation 1 Disaster
the aid donors, (Ministry of Foreign Affairs)
5.4 and aid ) ) UNGRD* Professional 10 Disaster
quantities to be  Director of International
delivered Cooperation (Ministry of Computers 6 Disaster
Foreign Affairs) . .
Radiotelephones 6 Disaster
Director of national relief (Colombian 1 Disasiar
Red Cross)
Director of International Cooperation 1 D
Director of National relief (Ministry of Foreign Affairs)
(Colombian Red Cross) UNGRD Professional 6 Disaster
Public Professional 6 Disaster
Execute the aid Drivers 1 Truck
2= delivery
38 tonnes of
Trucks 1 aid to be
Director of International dellvaned
Cooperation (Ministry of Radiotelephones 6 Disaster
FEREE AR Computers 6 Disaster
Volunteers 5 Truck

*UNGRD: National Unit for Disaster Risk Management (in its Spanish acronym)

4.4. Colombian RO objective

To study Colombian RO we considered a project with the objective of minimizing the makespan of a
sudden, natural and national earthquake i.e., the minimization of deaths (Moreno, 2012). The time period
considered is the response phase (one week since the disaster occurs, according to SNPAD, 2006a). The
earthquake is the second type of sudden natural disasters in the world and has the highest occurrence
possibility in Colombia (Moreno, 2012).
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4.5. Characteristics of Colombian RO multi-project

In order to understand the behavior of Colombian RO multi-project, we calculate its characteristics. Table
4 summarizes the characteristics of the project for the Colombian RO. Resource contention (MAUF) was
not calculated, as resource distribution value (4RLF) was sufficient to describe resource behavior (ARLF
not near ). As shown in Table 4, projects with less than six activities have a low network complexity.
Considering that an exclusive resource for one activity may not cause resource constrained conflicts,
only shared resources among activities (or projects) were considered for calculating the ARLF indicator.

Table 4
Colombian RO characteristics
Critical
Ne Subproject ACt(i:;ﬁes re(i:;lliant coNrflt;;::il:y Qualigcation dul:lttlilon dl;sii?;:::jn u;‘l‘iltflf:;ion
arcs (a') (c)* (hours) (ARLF)** q
1 Transport and accessibility 13 13 -0.033 Low 39 -1690.176 Negative
2 Lodging and feeding 11 9 NA Low 22 -2149.163 Negative
3 Search and rescue 17 17 -0.018 Low 15 257.731 Possitive
4 Habitat and housing 3 1 NA Low 9 -29898.498 Negative
5 Aid management 5 4 NA Low 23 11.760 Possitive
6 Public order or security 8 7 -0.222 Low 7 -2188.689 Negative
7 Productive or livelihood 7 5 NA Low 435 -9.752 Negative
8 Health and sanation 32 33 0.000 Low 117.25 -4677.915 Negative
9 Public services 17 21 0.053 Low 42.8 -79.074 Negative
10 Telecommunications 16 15 -0.041 Low 120 -5.622 Negative

* Dummy activities are not considered to calculate C;
** Based on scheduling each activity at its early start time (EST schedule)

As shown in Table 5, all of the Colombian RO projects have a low network complexity (C<0.14). The
multi-project vector is surprising, given the complexity feature of RO described in section 2.1. Therefore,
although RO are naturally complex, they can certainly be manageable by employing a multi-project
management approach. Resource distribution for the multi-project Colombian case was calculated using

Eq. (3).

NARLF = —33,69

The Colombian NARLF result represents a back-loaded resources distribution. It is surprising because,
as mentioned before, some authors affirmed that emergency situations require significant amounts of
rescue materials that must be assigned and distributed in a short period of time, especially immediately
after a disaster occurs. Hence, a front-loaded resource distribution was expected. This behavior may be
a consequence of the fact that the project is design at a strategic level, so that at this level, resources
needed are not of significant amounts. We may also consider that when a disaster occurs, diagnosis
activities are executed to identify disaster damages. Then, according to the diagnosis stage, response
activities are executed. Diagnosis activities require less resources than response activities, but the time
duration required for completion of diagnosis activities may not always be lower than response activities.
Thus, two observations can be provided for observing a back-loaded resource distribution: first, because
of the current disaster response mode, the Colombian system has a prolonged diagnosis stage. Second,
resources required in diagnosis activities is significantly different from resources required in response
activities. Based on both this two observations, it is suggested to find ways to reduce the duration of the
diagnosis stage.
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5. Conclusions

From a conceptual point of view, this paper present the relief operations (RO), responding to a SNND,
by employing a project approach. Relief Operations can be addressed as a multi-mode resource-
constrained multi-project scheduling problem (MPRCPSP). This approach answers to one of the
strongest challenges of humanitarian logistics: the coordination of logistical activities among
organizations involved in response operations. Furthermore, it enable the use of project management
tools (successful in other contexts) in order to find better response times and reduce mortality caused by
natural disasters. The methodology used for the Colombian case can be extended to RO from other
countries, other natural disasters (such as flood, mass movements, and windstorms), and other levels of
decision making (tactical and operative). The methodology outputs can be used as a base for developing
software and disaster response protocols that facilitate decision making for allocating and distribution of
resources at a strategic level.

For the Colombian project case, RO presents a low network complexity and a back-loaded resources
distribution. The low network complexity reveals the convenience to board Colombian RO as a
MRCMPSP because it can certainly be a manageable project. It also suggests replicating, for future
research, the methodology in other countries to evaluate if the convenience of boarding RO as a
MRCMPSP may or may not be generalized. Because of the significant amounts of resources required
immediately after a disaster occurs, a front-loaded resource distribution was expected. Instead, a back-
loaded resource distribution was observed, which suggests that the Colombian disaster phase of
diagnosis, spend more time than desirable to meet the victim’s needs. It is suggested that more efforts
(project modes) should be taken to reduce time of the planning activities (preparation phase) of a national
disaster in Colombia.
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Appendix A. Interview questionnaire (original questionnaire was created and applied in Spanish)

Thank you for participating in our study about Colombian relief operations for an earthquake attention.
Your response will be use only for academic purposes.
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Please answer all questions visualizing that you are attending a sudden and national earthquake of
identical dimensions of the one occurred in Armenia, in 1999. Consider also, the current technical and
technological conditions of Colombian system and not the 1999’s conditions.

Section 1

1. Since you are a member of the coordinating group of the (mention here the indicated
subsystem) area, please tell me what is the objective of this area?

2. When dealing with a national, sudden earthquake, what activities have to be done by
(mention here the indicated subsystem) area for immediate response (during the first
week)?

3. Does the activities have to be executed with specific precedence order? If so, How is that
order?

Section 2

1. Please let me know which are the renewable resources needed in each of the activities you
just mention?
2. How much quantity is needed of each resource in each activity?

Note: Renewable resources are those that are not consumed during the execution of an activity, so that
when the activity ends, the resource remains available to be use in another activity. Some examples are
manpower, machines and equipment.

Section 3
How much time is needed to execute each of the activities with those quantity of resources needed?
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