
A Framework for Global
Natural Disasters Response:
The Example of the United

States Navy

Full text available at: http://dx.doi.org/10.1561/0200000109



Other titles in Foundations and Trends® in Technology, Information
and Operations Management

Predictive Global Sensitivity Analysis: Foundational Concepts, Tools,
and Applications
Charles L. Munson, Lan Luo and Xiaohui Huang
ISBN: 978-1-63828-338-6

Intervention-Based Research in Operations Management
Aravind Chandrasekaran, Rogelio Oliva and Fabrizio Salvador
ISBN: 978-1-63828-224-2

Sequential Decision Analytics and Modeling: Modeling with Python
Warren B. Powell
ISBN: 978-1-63828-082-8

The Interface of Finance, Operations, and Risk Management
Volodymyr Babich and John R. Birge
ISBN: 978-1-68083-796-4

AI and Business Models: The Good, The Bad and The Ugly
Vania Sena and Manuela Nocker
ISBN: 978-1-68083-794-0

Full text available at: http://dx.doi.org/10.1561/0200000109



A Framework for Global Natural
Disasters Response: The Example

of the United States Navy

Aruna Apte
Department of Defense Management

auapte@nps.edu

Keenan D. Yoho
Rollins College

kyoho@rollins.edu

Boston — Delft

Full text available at: http://dx.doi.org/10.1561/0200000109



Foundations and Trends® in Technology, Informa-
tion and Operations Management

Published, sold and distributed by:
now Publishers Inc.
PO Box 1024
Hanover, MA 02339
United States
Tel. +1-781-985-4510
www.nowpublishers.com
sales@nowpublishers.com

Outside North America:
now Publishers Inc.
PO Box 179
2600 AD Delft
The Netherlands
Tel. +31-6-51115274

The preferred citation for this publication is

A. Apte and K. D. Yoho. A Framework for Global Natural Disasters Response:
The Example of the United States Navy. Foundations and Trends® in Technology,
Information and Operations Management, vol. 18, no. 2, pp. 137–213, 2024.

ISBN: 978-1-63828-363-8
© 2024 A. Apte and K. D. Yoho

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means, mechanical, photocopying, recording or otherwise,
without prior written permission of the publishers.

Photocopying. In the USA: This journal is registered at the Copyright Clearance Center, Inc., 222
Rosewood Drive, Danvers, MA 01923. Authorization to photocopy items for internal or personal
use, or the internal or personal use of specific clients, is granted by now Publishers Inc for users
registered with the Copyright Clearance Center (CCC). The ‘services’ for users can be found on
the internet at: www.copyright.com

For those organizations that have been granted a photocopy license, a separate system of payment
has been arranged. Authorization does not extend to other kinds of copying, such as that for
general distribution, for advertising or promotional purposes, for creating new collective works,
or for resale. In the rest of the world: Permission to photocopy must be obtained from the
copyright owner. Please apply to now Publishers Inc., PO Box 1024, Hanover, MA 02339, USA;
Tel. +1 781 871 0245; www.nowpublishers.com; sales@nowpublishers.com

now Publishers Inc. has an exclusive license to publish this material worldwide. Permission
to use this content must be obtained from the copyright license holder. Please apply to now
Publishers, PO Box 179, 2600 AD Delft, The Netherlands, www.nowpublishers.com; e-mail:
sales@nowpublishers.com

Full text available at: http://dx.doi.org/10.1561/0200000109



Foundations and Trends® in Technology,
Information and Operations Management

Volume 18, Issue 2, 2024
Editorial Board

Editor-in-Chief
Panos Kouvelis
Washington University St. Louis
USA

Editors

Charles Corbett
UCLA, USA

Uday Karmarkar
UCLA, USA

Editors

Onur Bayabatli
Singapore Management University, Singapore

Li Chen
Cornell University, USA

Nesim Erkip
Bilkent University, Turkey

Jan Fransoo
Tilburg University, The Netherlands

Bardia Kamrad
Georgetown University, USA

Chuck Munson
Washington State University, USA

Nicholas Petruzzi
University of Wisconsin, USA

Guillaume Roels
INSEAD, France

Nicola Secomandi
Rice University, USA

Full text available at: http://dx.doi.org/10.1561/0200000109



Zuo-Jun Max Shen
University of California, Berkeley, USA

George Tagaras
Aristotle University of Thessaloniki, Greece

Sherri Xiaole Wu
Fudan University, China

Y. Karen Zheng
MIT, USA

Full text available at: http://dx.doi.org/10.1561/0200000109



Editorial Scope
Foundations and Trends® in Technology, Information and Operations Manage-
ment publishes survey and tutorial articles in the following topics:

• B2B Commerce

• Business Process Engineering
and Design

• Business Process Outsourcing

• Capacity Planning

• Competitive Operations

• Contracting in Supply Chains

• E-Commerce and E-Business
Models

• Electronic markets, auctions
and exchanges

• Enterprise Management Sys-
tems

• Facility Location

• Information Chain Structure
and Competition

• International Operations

• Marketing/Manufacturing In-
terfaces

• Multi-location inventory theory

• New Product & Service Design

• Queuing Networks

• Reverse Logistics

• Service Logistics and Product
Support

• Supply Chain Management

• Technology Management and
Strategy

• Technology, Information and
Operations in:

– Automotive Industries
– Electronics manufacturing
– Financial Services
– Health Care
– Media and Entertainment
– Process Industries
– Retailing
– Telecommunications

Information for Librarians

Foundations and Trends® in Technology, Information and Operations
Management, 2024, Volume 18, 4 issues. ISSN paper version 1571-9545.
ISSN online version 1571-9553. Also available as a combined paper and
online subscription.

Full text available at: http://dx.doi.org/10.1561/0200000109



Contents

1 Introduction 3

2 Motivation 5
2.1 Impact of Climate Change on Natural Disasters . . . . . . 5
2.2 The United States Department of Defense Response

to Climate Change and Disasters . . . . . . . . . . . . . . 9
2.3 Readiness Metrics for Disasters . . . . . . . . . . . . . . . 10
2.4 In the Asia Pacific Region . . . . . . . . . . . . . . . . . . 12

3 Framework 18
3.1 Lessons Learned for Readiness Metrics . . . . . . . . . . . 18
3.2 Capabilities, Cost, and Proximity . . . . . . . . . . . . . . 19
3.3 Importance of Vertical Lift . . . . . . . . . . . . . . . . . 23

4 Partnering and Collaboration 27
4.1 Coalition of Asia Pacific Countries . . . . . . . . . . . . . 27
4.2 Classification of Tropical Cyclones . . . . . . . . . . . . . 30

5 Conclusion 33
5.1 Design for Humanitarian and Disaster Response . . . . . . 33
5.2 Technology . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.3 Organization . . . . . . . . . . . . . . . . . . . . . . . . . 38

Full text available at: http://dx.doi.org/10.1561/0200000109



5.4 Information . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.5 Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6 Examples 44
6.1 Example: Vertical Lift from USN . . . . . . . . . . . . . . 44
6.2 Application of Models to Real World Examples . . . . . . 46
6.3 Other Than USN and USMC Assets . . . . . . . . . . . . 47
6.4 Multi-Criteria Analysis . . . . . . . . . . . . . . . . . . . . 47
6.5 Example: Coalition of Asia Pacific Countries . . . . . . . . 47

7 Recommendations 51

Appendices 55

References 71

Full text available at: http://dx.doi.org/10.1561/0200000109



A Framework for Global Natural
Disasters Response: The Example
of the United States Navy
Aruna Apte1 and Keenan D. Yoho2

1Professor of Humanitarian Logistics, Department of Defense
Management, Naval Postgraduate School, USA; auapte@nps.edu
2Professor of Operations, Roy E. Crummer Graduate School of
Business, Rollins College, USA; kyoho@rollins.edu

ABSTRACT
Climate change is affecting the entire earth and due to in-
creases in temperatures and greenhouse gases, we are start-
ing to observe events that would not have existed several
decades ago. The United Nations (UN) projects that the
number of natural disasters will reach 560 a year by 2030.
The UN report also says that “the scale and intensity of
disasters are increasing, with more people killed or affected,
in the last five years, than in the previous five.” The result
of this is that those least able to protect themselves or to
move out of the path of danger – particularly in developing
countries – will be most at risk and will suffer disproportion-
ately. All this leads to our motivation for a framework that
will help these nations respond more effectively to natural
disasters. The United States Navy (USN) is one organization
capable of providing Humanitarian Assistance and Disaster
Relief (HADR) on a global scale and its effectiveness has
been illustrated in some of the largest natural disasters in
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the last twenty years. However, in the future, the demand for
disaster response will likely outgrow the ability of the USN
to respond effectively everywhere there is need. Therefore,
it is useful for nations to learn about what has made the
USN effective in responding to past disasters as well as what
gaps remain in disaster response need.

This monograph introduces frameworks for humanitarian
operations to respond to natural disasters worldwide in ways
that are effective and efficient. We will illustrate the frame-
works using the case of the United States Navy (USN). We
will suggest ways in which Non-Government Organizations
(NGO) can apply the lessons learned from previous disaster
responses that consider capabilities, cost, and proximity of
resources to the disaster location. However, we will point
out that dependance on the USN for HADR may not be
the best solution for countries in the Asia Pacific region.
Given that the USN is moving towards retiring large deck
ships and moving onto Next Generation Logistics Ships
(NGLS), especially for the logistics support in contested
environments, the humanitarian aid may not be easily avail-
able in the future. With this perspective in mind, we make
some recommendations for what Southeast Asian countries
can do to become self-sufficient in the domain of disaster
response. We also propose addressing disaster response as a
design problem and identifying the fundamental components
for developing a design to more effectively confront disaster
response challenges in the future.
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1
Introduction

In this monograph we introduce cases and frameworks that address
global humanitarian logistics and disaster response conducted by the
United States Navy (USN). The purpose of introducing these cases
and frameworks is to identify those capabilities that enable efficient
and effective responses to a humanitarian crisis or disaster. We do not
consider each case illustrative of a perfect disaster response but instead
we identify operational improvements that are readily implementable for
the USN and that could be replicated by other nations either through
their military or non-military institutions. We will also argue that de-
pendance on the USN for humanitarian assistance and disaster response
may not be the best or the most sustainable solution for countries in
the Asia Pacific region. The main reason for our argument is that the
USN is planning on the retirement of many large deck ships which are
so useful in supporting disaster response and replacing them with Next
Generation Logistics Ships (NGLS) to support combat operations in
contested environments. The People’s Liberation Army Navy (PLAN)
believes that logistical support in the contested area of the South China
Sea is the “Achilles heel” for the USN and has developed plans and
concepts that make sustainment of operations difficult during a conflict.

3
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4 Introduction

Given increasing tensions and shifting priorities by the USN, immedi-
ate provision of humanitarian aid to other nations may not be readily
available in the future due to both priorities and equipment capabilities.
With this perspective in mind, we make some recommendations for what
countries in the Asia Pacific region can do to become more self-sufficient
in the domain of disaster response operations.

Our approach to this study will follow four steps. First, we provide
a motivation for the attention given to humanitarian assistance and
disaster response by addressing climate change and the impact of natural
disasters in the Asia Pacific region, which is the most heavily populated
region on earth. Second, we identify metrics for determining operational
readiness to respond to a disaster event with a framework introduced
by Apte et al. (2020). Third, we identify capabilities and competencies
that have proven most effective among all those available to the USN
during a disaster response and draw upon several cases to illustrate
the points empirically (Apte et al., 2013, 2020; Apte and Yoho, 2017,
2018). Though the USN is arguably one of the most technologically
and organizationally capable organizations in the world to respond to
a disaster, not all of its responses to disasters have been perfect from
a technical or sociotechnical perspective. However, identifying those
specific capabilities and competencies that have proven most useful is
a good starting point for making recommendations to other nations
and NGOs with regard to where they can allocate their resources most
efficiently to build an effective disaster response capability. Finally, we
introduce a design perspective for considering the future of disaster
response and focus on four design elements for building an effective
disaster response: technology, organization, information, and policy.
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Appendix A

• Amphibious Assault Ship: The amphibious assault ship re-
sembles a small aircraft carrier and is capable of launching and
recovering vertical and short take-off and landing as well as rotary
wing aircraft. These ships contain a well deck to support use of
air cushioned landing craft (LCACs) as well as other watercraft.
The primary attribute that an amphibious assault ship brings to
the humanitarian assistance and disaster response mission is its
ability to conduct and support vertical lift (helicopter) operations
from the littoral for long periods of time (Figure A.1). The ship
is also useful for conveying personnel and supplies from the sea
to land and vice versa.

• PM-2: Special Mission Program ships provide operating platforms
and services for a wide variety of U.S. military and other U.S.
Government missions. Most special mission ships are Government-
owned and operated by civilian mariners who work for private
companies under contract to Military Sealift Command (MSC).
Maritime support vessels – or MSVs – are a type of special mission
program ship (Figure A.2).

• PM-3: Military Sealift Command’s prepositioning ships are able
to discharge cargo pier-side or while anchored offshore by using
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shallow-draft barges. These ships support the movement of cargo
to be ferried to ports on shore (Figure A.3).

• Ready Reserve Force: The Ready Reserve Force (RRF) pro-
vide prompt sealift support in the event they are needed for
the rapid deployment of military forces. The RRF includes roll-
on/roll-off (RO/RO) cargo ships, breakbulk ships, barge carriers,
Auxiliary Crane Ships (ACSs), tankers, and two troop ships for
surge sealift requirement which are capable of handling bulky,
oversized military equipment (Figure A.4).

• Nuclear carriers: An aircraft carrier is a warship with a full-
length flight deck and facilities for carrying, arming, deploying,
and recovering aircraft, that serves as a seagoing airbase. A nuclear
carrier is powered by nuclear power (Figure A.5).

• CRUDES: Navy cruisers and destroyers (CRUDES) protect car-
riers, cargo ships, oil tankers, and any other vessel that is part
of its mission. These ships are multi-mission air, undersea, and
surface warfare combatants that may also have ballistic missile
defense capability. Further, these vessels may operate as part of a
group or independently (Figure A.6 and A.7).

• LCS: Littoral combat ships are small surface vessels designed for
near-shore operations (Figure A.8).
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Figure A.1: The amphibious assault ship USS America.

Figure A.2: The maritime support vessel MV C-Champion (Source: Clark et al.,
2010).

Figure A.3: USNS Gordon.
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Figure A.4: SS Cape Medoncino.

Figure A.5: USS Theodore Roosevelt.

Figure A.6: U.S. navy destroyer USS Stockdale.
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60 Appendix A

Figure A.7: U.S. navy cruiser USS Bunker Hill.

Figure A.8: USS Freedom.
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Appendix B: The Model

We use the following notation:
I = set of resources (ships), for i ∈ I; J = set of capabilities, for

j ∈ J
Dj = demand for capability; {ηij}IxJ = capability of ship;
cij = cost of functional capability j ∈ J of ship i ∈ I

ηij =


2 if i is capable for j
1 if i is somewhat capable for j
0 if i is not capable for j

The Optimization Model

minimize
∑
i∈I

∑
j∈J

cijYi (B.1)

subject to
∑
i∈I

ηijYi ≥ Dj ∀j ∈ J (B.2)

Yi integer ∀i ∈ I (B.3)

• Objective function (B.1) minimizes the cost of a ship i across all
the capabilities summed over all ships, thus yielding the total cost

• Constraints (B.2) ensure that demand for capability is met by
the flotilla of the ships that are deployed and/or diverted to the
Affected Host Country
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62 Appendix B: The Model

• Constraints (B.3) guarantee that fractional ships are not deployed
or diverted

• The accessible data only gave the functional cost for all the
ships together, the cost of functional capability of ship had to be
assumed to be the same across the ships

• Single perspective—namely, which ships will be used if all costs
were the same by focusing on capabilities alone as opposed to the
cost of the capabilities

• Not all ships cost the same when deployed or diverted. The costs
depend on many factors such as the ships’ size, whether they
are built to commercial standards, and whether they travel with
support or sail alone.
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Appendix C

Calculate ship proximity as

T_(i, d) = ((d_i/s_i))/(24 hours) (C.1)

where,
T = the number of transit days required to arrive on-scene at the disaster
location

i = one ship of a given class
d = ship distance from present position to disaster location (nm,

nautical miles)
s = ship maximum range speed in knots
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64 Appendix C

Figure C.1: USN capability vs. average O&S cost per day, by FY 2017 class (hull
numbers).

Figure C.2: Utility of 10-day HADR response by class.
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Table C.1: 2010 Haiti earthquake HADR response ship utility and cost
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Table C.2: 2011 Tohoku earthquake HADR response ship utility and cost
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Appendix D

Optimization Model
For post analysis we developed the optimization model VL to mini-

mize the cost of vertical lift operations while meeting the demand.
Indices and Index Set

I = Aircraft, i ∈ I, {i = Type of Aircraft; 1: CH-53E; 2: MH-60S;
3: MH-60R; 4: V-22 short range; 5: V-22 long range 6: UH-1}
Input Data

Ci = cost of sortie($US)/sortie for aircraft type i
V i = number of aircraft that are available for aircraft type i
Ti = sorties that are available for aircraft type i
σi = Search and rescue (SAR) capability score for aircraft type i
λi = maximum usable free lift capacity (lbs) for aircraft type i
µi = aircraft limit capacity (lbs) for aircraft type i
ϕi = maximum aircraft fuel capacity (lbs) for aircraft type i
τi = cost ($US)/flight hour for aircraft type i
πi = hours per sortie (hours/sortie) for aircraft type i
χi = maximum sorties per day (sorties/day) for aircraft type i
ρi = Range capability score for aircraft type i
D = Total capacity demand, in lbs.
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68 Appendix D

Calculated Parameter Data

λi = µi − ϕi

Ci = (τi)(πi)
Ti = (Vi)(χi)

Decision Variables
Xi = Number of aircraft sorties for aircraft type i
Objective (minimize): Total cost of vertical lift sortie operations

z =
∑
i∈I

CiXi

Constraints ∑
i∈I

λiXi ≥ D (D.1)

∑
i∈I

σiXi ≤ 0 (D.2)

∑
i∈I

ρiXi ≤ 0 (D.3)

Xi ≤ Ti, i ∈ I (D.4)
Xi ≥ 0 (D.5)

Constraint (D.1) represents the demand in terms of capacity of the
aircraft to be satisfied. Constraint (D.2) account for the Search and
Rescue (SAR) capability requirements. We require that at least 25% of
the aircraft be SAR-capable. MH60R, MH60S and UH1 are the only
assets that are SAR capable. Constraints (D.2) are therefore derived
based on the capability σi, SAR capability score. Based on the subject
matter expert’s recommendation we require that at least 10% of the
optimal mix possess long range capabilities. Constraint (D.3) accounts
for the proportionality of range capability score, ρi for each aircraft.
Constraint (D.4) limits the total number of available aircraft sorties
to Ti, based on available aircraft within United States Pacific Fleet
(USPACFLT), Vi, and χi. The group that has the aircrafts available
for humanitarian aid within the fleet is the ESG. Hence, we looked
at the aircrafts available based on the current configuration of ESG.
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Table D.1: Minimum daily average cost-survival

Constraint (D.5) requires the optimization model to produce a non-
negative solution. In VL, we minimize cost of the vertical lift operations
in response to the sudden on-set disaster.
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Appendix E

Figure E.1: Framework for the determination of naval assets for HADR operations.
Adapted from Greenfield and Ingram (2011); Apte et al. (2013); Gastrock and
Iturriaga (2013); Moffat (2014); Gangcuangco et al. (2020). This figure shows the
thinking process of decision making in disaster relief, and also shows the framework
of analysis in this research.
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