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Abstract 
This paper describes an innovative Hybrid Optimization and Simulation approach for assessing 
acquisition strategies in the Armed Forces. This work has been conceptualized and is currently 
being developed with and for experts in the field of disaster and emergency management in order 
to tackle the real issues arising during such crises. As the overarching framework, we operate 
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under the umbrella of Capability Based Planning (CBP), a methodology widely used by the 
defense community and referred to by many as the “gold standard” for strategic planning. 
Drawing from the general building blocks of CBP, we aim to develop an analytic process to 
transparently assess and explain humanitarian capabilities acquisitions in the Armed Forces and 
include them in its traditionally defense-oriented strategic planning.  

Keywords: Strategic Acquisition, Humanitarian Logistics, Capability Based Planning, Defense 
Planning 

Introduction 
The significance of disasters for societies is tremendous. It has been estimated that, 

every year, more than 500 disasters strike our planet, with a death toll of over 75,000 people 
and affecting more than 200 million people (Caunhye et al., 2012). Furthermore, several studies 
have demonstrated an increasing trend in both the frequency and severity of these events (Behl 
& Dutta, 2019; Habib et al., 2016; Leiras et al., 2014). In order to lessen their effects, be it the 
loss of human life or the impact on the economy, and to bring society back to a state of 
normality, the field of Disaster and Emergency Management (DEM) prepares resources and 
activities that will deal with the humanitarian aspect of emergencies. Due to the sheer 
complexity of DEM operations, cooperation between military and civilian actors is often required. 
Beyond the context of war, military forces are particularly well equipped to deal with certain key 
areas in DEM, like logistics and engineering, among other support possibilities that could be 
explored to mitigate the impact of disasters on civilian populations.  

This paper proposes the integration of these support possibilities in the strategic analysis 
of the Armed Forces while still maintaining defense-related investments as a priority.   
Preliminaries and Background 

Capability Based Planning 
Capability Based Planning (CBP) is a general planning framework that aims to provide 

an organization with capabilities suitable for a wide range of modern-day challenges and risks, 
simultaneously framing these capabilities within an economic framework (Davis, 2002). This 
approach relies on goals and functional needs for broadly defined scenarios, making planning 
more responsive to uncertainty and risk, and provides a rational basis for decisions on future 
acquisitions. In this sense, CBP differs from threat-based planning, a framework popular during 
and up to the end of the Cold War, where strategic planning was heavily oriented towards 
specific threats or scenarios (Hales & Chouinard, 2011). 

While CBP has been widely adopted by the Defense community, with notable results in 
the United States, Canada, Australia, and the United Kingdom, its extension to the field of 
Safety and Security, including DEM, proved challenging (Hales & Chouinard, 2011). These 
challenges arise, primarily, from perspective differences between the Defense and the DEM 
communities, and from within the DEM community itself. Going a step further in the analysis, the 
internationally funded Technical Cooperation Program (Taylor, 2013; Technical Cooperation 
Program Joint Systems Analysis Group Technical Panel 3, 2004) identified four main building 
blocks in the general framework of CBP: 

1. High level capability objectives derived from government guidance. 
2. Operational concepts for strategic, operational, and tactical levels to describe the 

systems and possible interactions. 
3. Standard groupings of disparate elements in capability clusters to make the analysis 

process more manageable. 
4. Resource constraints that define the limits within which the capabilities need to be 

realized.  
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While these blocks are almost exclusively built and described around defense concepts, 
it is possible to partially abstract them as an optimization problem. This, in turn, allows the 
inclusion of tasks and operations outside the typical concepts in defense but connected at its 
core. 

This research proposes an extension of CBP to include humanitarian capabilities and 
operational concepts while preserving the resource constraints at strategic levels. In essence, 
we aim to study and expand existing military capabilities befitting humanitarian operations, 
acknowledging the existing economic restrictions at strategic levels. 

Operations Research in the Context of Capability Based Planning 
Operations Research (OR) has long been applied to the higher level of strategic defense 

planning. The following paragraphs describe the intended approach to meet the requirements of 
all CBP building blocks using OR methodologies. 

The definition of OR has been approached from multiple perspectives by many relevant 
authors in the field. In the interest of clarity and simplicity, we will adopt the OR definition 
described by the Association of European Operational Research Societies (EURO): 

[Operations Research] can be described as a scientific approach to the solution of 
problems in the management of complex systems. In a rapidly changing 
environment, an understanding is sought which will facilitate the choice and the 
implementation of more effective solutions which, typically, may involve complex 
interactions among the elements of the system, for instance, people, materials and 
money.1  
Closely related to the building blocks of a CBP framework described earlier, an effective 

CBP implementation requires the developed plan to meet the capability objectives under the 
defined operational concepts, minimizing risk and cost and complying with the resource and 
general constraints (Technical Cooperation Program Joint Systems Analysis Group Technical 
Panel 3, 2004). In order to optimally distribute resources, CBP depends on OR methods to help 
make better decisions. In particular, this research leverages two powerful techniques found at 
the intersection between OR and CBP, Simulation and Optimization.  

On the one hand, different simulation methodologies are used for representing 
operational concepts and to develop and explore the sandbox in which different scenarios will 
be tested. These are the different techniques used in this work:   
 System Dynamics (SD) is a modeling a simulation technique for studying the dynamics 

of complex systems (Sterman, 2000). It uses a set of simple building blocks and entities, 
namely Stocks, Material, and Information Flows and Delays to describe how these 
systems change over time. Due to a high level of abstraction in the modeling approach, 
SD is normally regarded as a strategic modeling methodology.  

 Discrete Event Simulation (DES) is a method that requires the modeler to divide the 
studied system into a sequence of operations performed across entities over discrete 
time (i.e., the model clock only advances when something significant happens in the 
model). It is generally considered to be a low abstraction modeling technique and is 
used to model processes in-depth (Borshchev, 2013). 

 Agent Based Modeling (ABM) is a more recent modeling approach, focusing on the 
behavior of individual interacting entities (namely, agents) to create emergent behavior 

 
1 from https://www.euro-online.org/ 
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(bottom up approach), instead of the process affecting those entities (top down; 
Borshchev, 2013). 

 In order to exhaustively explore scenarios under uncertainty, Monte Carlo Simulation 
allows the modeler to assess individual simulation run outcomes by stochastically 
varying input parameter values (Rubinstein & Kroese, 2016). This technique is well 
suited to deal with systems where the input-output interactions are too complex to 
assess analytically.  
Architecturally, two main streams can be identified with respect to simulation techniques. 

The first stream combines SD, DES, and ABM into a single model using multimethod modeling 
(Borshchev, 2013). The second stream considers exclusively the Monte Carlo simulations, 
running parallelly to the first stream.  

Analytical optimization approaches, on the other hand, are also used for finding, at 
different strategic levels, the best resource allocation strategy from an economic and operative 
standpoint. These models have been successfully applied in several DEM problems, as shown 
in Behl and Dutta (2019) and Habib et al. (2016). In this work, two practical optimization 
problems will be explored: a modification of the vehicle routing problem (VRP; Lahyani et al., 
2015; Toth & Vigo, 2002) and a strategic acquisition problem framed as an extension of the 
classical Knapsack Problem (Bakirli et al., 2014; Brown et al., 2004). Both problems are solved 
in a sequential workflow, as explained in the Methodology and Concept Description. 

Humanitarian Logistics and Capability Based Planning 
In a humanitarian context, the term logistics represents the processes and systems 

involved in mobilizing people, resources, skills, and knowledge to help vulnerable people 
affected after a disaster. Given the wide array of problems that this field encompasses, we will 
focus on the Last-Mile Relief Distribution (LMRD) problem, a well-known problem that will act 
as a proxy for humanitarian operations (Balcik et al., 2008; Stapleton et al., 2011). In this 
problem, a fleet of capacitated vehicles must economically distribute relief resources between 
local depots and affected areas. 

An interesting characteristic of the LMRD problem is the trade-off between economic 
distribution and the life-saving utility: There is a clear correlation between the number of 
vehicles and the achievable satisfaction of demand. Due to limited resources, however, it is 
necessary to correctly assess the optimum supply and transport capacity that can successfully 
satisfy this demand while reducing transportation costs and idle capacities. 

The extension of humanitarian logistics to the CBP framework, while not exactly easy, is 
conceptually quite straightforward: First, the number of transportation units and supply 
capacities robust against a broad set of disaster scenarios is calculated and immediately 
compared with present distribution capacities. If a need for improvement in transportation 
capacities is detected, it will be included in the much broader strategic investment plan, 
considering the investment priorities of the Armed Forces as a whole.  
Research Question 

The concrete question that this research aims to answer is How can humanitarian 
capabilities for military support in DEM be characterized when framed within a broader strategic 
acquisition plan in the Armed Forces?  

By answering this question, we expect to bridge an observed gap in military strategic 
planning, broadening the application potential of CBP by enriching its current defense-oriented 
paradigm with humanitarian goals. 
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Methodology and Concept Description 
Conceptually, this work is being developed with experts in the field of DEM, both from 

civil organizations and with military backgrounds.  
Figure 1 shows the broad framework description: On the right, the classical capability 

and investment approach remains unchanged. On the left, we show the proposed extension to 
the classical approach by linking humanitarian operations to optimal capability requirements—
as described in problem (a)—and finally conducting a holistic assessment of the acquisition 
requirements and transparently supporting decision-makers with optimal economic 
distribution—tackled in problem (b). The connection shown in this figure between the classical 
CBP approach (right side) and the proposed extension (left side) represents the multi-purpose 
existing capabilities in the Armed Forces and one key argument to justify military support in 
humanitarian operations. 
 

 
Figure 1. Proposed CBP-Based Acquisition Framework (Left Side) 

Architecturally, this work adopts a connected modular approach, developing two different 
models tackling different organizational levels:  
a) the relief distribution problem, used to identify a gap in capabilities, and 
b) the acquisition problem, supporting the acquisition of those capabilities. 
Figure 2 shows a conceptual description of the process flow and the connection between both 
problems, with their corresponding inputs and outputs. 
 

 
Figure 2: Conceptual Process Flow 

Problem (A): Determining Humanitarian Logistics Capabilities 
This problem encompasses both the tactical and operational levels observed in the CBP 

framework and will, for practical purposes, keep a narrow perspective within Humanitarian 
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Operations. At this level, we developed a multi-method simulation model of a disaster requiring 
civilian relocation to shelters. The behavior of this model was designed in cooperation with 
experts in logistics and DEM and follows real constraints and variables to the best extent of the 
possibilities.  

The scenario used to exemplify typical operations observed in this model can be 
described as follows:  

In the aftermath of a disrupting disaster (e.g., earthquake, pandemic with quarantine 
demands, large scale blackout, among others), the civilian population is relocated to shelters for 
their safety. Regional military forces are in charge of supplying these shelters using limited 
structural resources and commodities, with optional civilian support that can be required at 
higher costs. The central task at this level is the determination of required vehicles (both military 
and civilian)—together with corresponding distribution routes—for a timely delivery of relief 
goods to the population in need.  

There are two main decisions at this level; the first one, of an operative nature, involves 
the cost and time efficient determination of routes and supply schedule for every vehicle, given 
specific fleet configurations.  

In order to shift the problem complexity away from the user, a Rich-Vehicle Routing 
Problem (R-VRP; Lahyani et al., 2015) optimization model is solved parallelly to the simulation, 
identifying the optimal routing strategy for each vehicle in the fleet. This mathematical model 
was developed exclusively for this research and captures a complex set of real-world VRP 
taxonomic features not simultaneously contemplated in previous mathematical VRP models, 
such as 

1. Split-Delivery: Multiple vehicles are allowed to visit a single shelter, effectively sharing 
the supply requirements for that shelter. 

2. Multi-Echelon: Unlike traditional VRP, in this case, the fleet is not necessarily stationed 
at the depots and might have their own fleet base (for example, one or more supply 
regiments) 

3. Multi-Depot: This problem needs to contemplate multiple sources of relief in the map. 
4. Heterogeneous Fleet: As observed in real world problems, a fleet normally comprises 

different types of vehicles, each with its own fuel consumption, fixed usage costs, and 
load capacities.  

5. Multi-Trip: Vehicles can travel multiple time between depots and shelters in order to 
resupply if needed. 

6. Multi-Commodity: Each vehicle can transport multiple products with different packaging 
options.     

The transportation parameters used in this problem are shown in Figure 3. 
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Figure 3. Load Transportation Parameters 

(Note: This figure is the authors’ own elaboration with image captions from 
https://commons.wikimedia.org.) 
 

A conceptual description of the user interface designed for this level can be seen in 
Figure 4. Shelters and Depots show a live feed of their stock levels (red and green bars), and 
the position of every vehicle in the fleet is updated in a GIS environment. Using this module as a 
sandbox, users can modify input parameters and observe the success potential of different 
supplying strategies.  
 

 
 

Figure 4. Proposed User Interface for the Humanitarian Logistics Model (Problem [a]) 
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The second type of decision in problem (a) is of a strategic nature and aims to explore 
and identify the best combination of structural and fixed-operational resources to successfully 
see the delivery plan through to completion.  
Essentially, the structural resources to define at this stage are 
 Transport capabilities (number and type of vehicles in the fleet) 
 Supply capacities (units per day of each product that depots can supply) 

In Figure 5, an example is shown based on a real case study that has been anonymized 
for presentation purposes. The problem includes a fleet base (green triangle), three depots 
(blue squares) and three shelters (red exclamation marks). The goal is to design the optimal 
distribution plan for a fleet of heterogeneous vehicles starting from and returning to the fleet 
base. Each vehicle must pick up two types of commodities at the depots and distribute them to 
the different shelters. The Rich-VRP features included in this model are shown in the green box 
in Figure 5. The right side of this figure shows the results of wrapping the optimization model in 
a Monte Carlo framework, stochastically varying the population sizes at the shelters (first three 
columns), and defining a new demand composition at each scenario. The last three columns 
show the optimum number of truck types for each scenario and the cost of that solution, 
respectively. The row in blue indicates the highest demand scenario. 
 

 
Figure 5. Conceptual Map and Different Scenarios Designed in a Complex Rich-VRP 

 

 Problem (B): Strategic Acquisition Plan, Defense Structure Coupled With Humanitarian 
Operations 

The acquisition problem represents the strategic level and takes as input an explicit 
formulation of capability requirements from multiple defense branches in the Armed Forces and 
the humanitarian capabilities determined in problem (a). The goal at this level is to formulate 
the acquisition strategy that maximizes the capability needs of the army for both defense 
and humanitarian considerations. This problem assumes that all inputs provided by the 
defense branches are the output of similar analytic assessments conducted by experts and, 
hence, out of the scope of this project. The generic hierarchical structure used in this problem is 
shown in Figure 6. 
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Figure 6. Example of a Generic Hierarchical Structure in the Armed Forces 

 

The implementation of this problem consists of a modified knapsack optimization model 
aiming to maximize the value of an investment while not exceeding the available budget. Built 
on top of this optimization model, a user interface allows experts and decision-makers to 
explore and configure different parameters at each strategic level in the army. 

The designed interface, shown in Figure 7, gives an overview of the outputs produced by 
the model, with the total distribution of funds for each branch of arms and the capability of 
exploring and parameterizing specific hierarchical levels individually. At this point, it is worth 
noting that the outputs of this model do not replace by any means the need for expert 
assessment or decision-makers. These results are exclusively meant to support the decision-
making process and reduce the burden of computing complex calculations on the user. 

Finally, both problems are merged in a single platform and under a comprehensive 
management dashboard in order to provide tactical, operative, and strategic information of the 
different scenarios contemplated for analysis.  

 
Figure 7. User Interface for the Strategic Acquisition Problem With Detail for Higher Hierarchical Level 

(Armed Forces Strategic Command) 
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First Results 
Due to the early stage of this project and the sensitive nature of the information used, 

results will be presented on a qualitative basis, with the goal of assessing feasibility and 
scalability of the approach. With respect to the former, the approach yields promising results: 
Figure 4 and Figure 6 showcase not simply conceptual designs, but actual results of this 
framework, specifically from the management dashboard, in a dynamic environment with which 
the user can interact. Furthermore, the quantitative values in those figures correspond to real 
values calculated using the underlying mathematical models. An analysis of those values in 
these lines would not be of interest since all values shown are generic, given the confidentiality 
of the information handled. 

With respect to scalability, it was observed that the bottleneck of this approach is the 
relief distribution problem (a), which might struggle when the problem is too expressive (e.g., 
due to multiple transportation options and complex routing strategies considered) or too large. 
As a reference, the current optimization model correctly handled maps with simple behavior with 
up to 75 nodes; however, it struggled with larger instances. For the full expressiveness of the 
model, instances with up to 16 nodes were solved in realistic time.  

Conclusion and Outlook 
This paper described the concept behind a streamlined framework for the integration of 

humanitarian operations within the strategic planning of the Armed Forces. Concretely, this 
research bridges an observed gap in military strategic planning, broadening the application 
potential of Capability Based Planning by enriching its current defense-oriented paradigm with 
humanitarian goals. Even though the project has an already working implementation of the 
described concept, several validation steps are still needed, as well as a deeper development 
regarding the hierarchical army sub-structures and the specifics of each disaster tackled. 
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