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Abstract

In today’s constrained budget environment, Air Mobility Command struggles
with striking the right balance in the mobility force structure. There is political pressure
to maintain the status quo, but financial constraints promote downsizing the number of
tactical airlift aircraft in the inventory. There must be a dependable way to determine the
amount of intra-theater airlift that is required for the force while ensuring assets are in
place to provide it.

This research explores an under researched area of study in the Mobility Air
Force; namely, what are the actual requirements for intra-theater airlift in a sustained
conflict. To achieve this, the researcher applied a backward linear regression analysis to
a dataset obtained from an Air Mobility Command database and one from the
USCENTCOM Theater of operations. Six years of data were compared to the number of
people deployed to the Middle East region and other variables. The researcher attempted
to determine what the most influential factors are in the demand for airlift and how those
requirements change based on the number of personnel deployed to an Area of
Operations. Prediction equations with high correlation coefficients were developed from

the datasets and individual variables were examined to determine their effect.
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DETERMINING INTRA-THEATER AIRLIFT REQUIREMENTS FROM NUMBER

OF PERSONNEL DEPLOYED IN A REGION

I. Introduction

Airlift forces are vital instruments of national power. Airlift plays a key role in
meeting National Military Strategy requirements. Airlift can bring a constructive
force to a crisis, but it can also exert destructive force against an opponent in the
form of forcible entry operations in concert with ground units, conducting combat
delivery operations to establish a lodgment. Whatever the situation, airlift moves
the assets to resolve the contingency according to the security interests of the
United States or its allies. (AFDD 3-17)

General Issue

In today’s constrained budget environment, Air Mobility Command struggles with
striking the right balance in the mobility force structure. There is political pressure to
maintain the status quo, but financial constraints promote downsizing the number of
tactical airlift aircraft in the inventory. All this must be done with the support of the end
user in mind. There must be a dependable way to determine the amount of intra-theater
airlift that is required for the force and ensuring assets are in place to provide it.

The support can be provided several ways. First, there is a great deal of commercial
and contract airlift in theater. In fact, the Theater Express program has been the

government’s first choice for moving much of the intra-theater cargo (Huard, 2010: 41).
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The U.S. Army also has a limited fixed-wing airlift capability, which primarily consists
of C-23 and C-12 aircraft (Stillion et al., 2011: xi). These aircraft conduct many of the
same missions as the CH-47 Chinook medium-lift helicopter and provide a small amount
of intra-theater airlift. Alternatively, the U.S. Air Force has a doctrinal responsibility for
joint air mobility missions and the bulk of the joint capability for fixed-wing air mobility
(Stillion et al., 2011: xi).

The Air Force has identified three broad operational mission areas relating to the
intra-theater airlift system for the Intra-theater Airlift Functional Area Analysis (FAA),
centering it on the system’s ability to provide:

1. Routine sustainment: defined as the steady-state delivery of required supplies
and personnel to units.

2. Time-sensitive, mission-critical resupply: defined as the delivery of supplies
and personnel on short notice, outside the steady-state demands.

3. Maneuver to U.S. and allied forces across all operating environments: defined
as the transport of combat teams around the battlefield using the intra-theater

airlift system (Orletsky et al., 2011: x ).

The Air Force requires a way to determine how much cargo and personnel are
required to support a deployed force with intra-theater airlift in these roles.

This study will use historical data to determine if the levels of deployed personnel
in a region can be used to accurately forecast the amount of inter-theater airlift demand.

An exhaustive review of the literature has not uncovered any evidence a study of this
2



type has ever been done. Even the Mobility Capabilities and Requirements Study 2016
(MCRS-16) built its assumptions on "military judgment.” Similarly, the Mobility
Capabilities Assessment 2018 (MCA-18) study currently being produced is only a
capability assessment and does not attempt to define requirements. A requirements study
will eventually be needed to ensure proper support of joint partners and to allow the Air
Force to size the fleet appropriately. The predictive equations generated in this research
could then be used to develop the requirements and assist in the completion of such a

study.

Research Objectives

There are two primary goals for this study. The first goal is to determine the
intra-theater airlift requirement for airlift based on the number of troops deployed to a
region. The secondary goal is to examine possible sources of increased demand for intra-

theater airlift.

Research Focus

The purpose of this Graduate Research Project (GRP) is to determine the number
of pallet position equivalents (PPE) required to support a unit of personnel deployed to an
area of responsibility. PPE is defined as the quantity that represents the length of a
shipment-unit expressed in 463L pallet length equivalents. A single 463 L pallet is 88”
long by 108” wide and is 2 %" thick. An empty 463 L pallet has a maximum load

capacity of 10,000 pounds. The usable dimensions of the upper surface of a 463 L pallet



are 84” wide by 104” long, allowing a 2” area around the pallet to attach straps, nets, or
other restraint devices (Compliance Package International, 2013).

This PPE information could then be used to estimate the size of the C-130/C-17
tactical aircraft fleet required for intra-theater lift within a deployed region in conjunction
with the commercial movements to meet all the users’ requirements.

Several questions need to be answered to achieve the research goals. These

questions are:

1. Given the number of troops deploying, how much theater airlift demand can be
expected?

2. What effect does the infrastructure of a country have on airlift demand?

3. How does the environment (permissive or contested) affect the demand?

4. Has there been a seasonal component that has affected the intra-theater airlift

requirements of the current conflict?

This research will determine if these factors affect the demand for intra-theater airlift and,

if so, which factor has the biggest influence on actual demand.

Methodology

Air Mobility Command (AMC) leadership is the primary audience; the sponsor is
Mr. Don Anderson, HQ AMC/A9. He has provided data on the pallet position
equivalents moved from 2006 until the present. The data set contains information from
two very different operations (Irag and Afghanistan). Data was obtained from all sources

of intra-theater airlift, including: the Short Take-Off and Landing (STOL) contract,



Theater Express contract, U.S. Central Command (USCENTCOM), Deployment and
Distribution Operations Center (CDDOC) contract airlift, and fixed-wing military airlift.

This data set was examined to see what variables have the biggest effect on the
demand for airlift. For example, the situation on the ground has varied considerably.
Some periods of time can be considered a permissive environment, whereas others have
been heavily contested due to the Improvised Explosive Device (IED) threat and during
some periods both conditions existed in different parts of the same country. The research
attempts to determine how much the environment changes the demand.

The Iraq and Afghanistan data sets were analyzed separately, due to the
significant geographic differences. However, both should provide a correlation to the
number of troops deployed to the region.

In order to forecast demand for intra-theater airlift and properly size the aircraft
fleet, a medium to long term view is needed. Several methods are available to forecast
demand for this study. The study examined time series models, subjective models, and
regression models.

The oldest and in some cases still the most widely used methods for forecasting
the demand for transportation is time-series analysis, or trend-extrapolation (Garvett &
Taneja, 1974: 29). These models assume that the behavior being modeled occurs in an
identifiable pattern over time. This method is often used where time and data are limited
and produces the forecast of a single variable, through the use of historical data for the
particular variable. The historical data can be manipulated through the use of

sophisticated smoothing techniques. Since time is used to reflect the impact of many
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variables, the method is only useful as long as there is no change in this basic trend
(Garvett & Taneja, 1974: 29). Time-series analysis is especially useful in producing
short term forecasts. For example, fast food restaurants use them to forecast demand by
hour of the day (Fitzsimmons, 2011: 458). In particular, forecasts of monthly, weekly,
daily and hourly variations can most easily be produced by using time-series models
(Garvett & Taneja, 1974: 29). They are most appropriate for forecasting one or two
periods into the future.

Subjective models such as the Delphi method, cross-impact analysis and historical
analogy are used when sufficient data is unavailable for a quantitative analysis. They
utilize experts within a field of study to produce a forecast that covers a fairly long term
horizon. The drawback of these methods is that they are very labor intensive and require
input from a panel with extensive expert knowledge (Fitzsimmons, 2011: 454). The
dynamic nature of the planning environment and the unknown end state coupled with the
multitude of scenarios that could emerge, also add to the difficulty of using a subjective
model.

The existence of a fairly robust dataset and a longer term time horizon drove the
research towards a causal model, namely a regression analysis of the intra-theater data
that exist to see if a clear pattern would emerge. This method allows individual variables
to be examined to determine their effect on the demand requirements and also produces a
prediction expression that can be used to forecast demand in the future. The PPE

requirement was used as the response variable. Initially, the predictor variables were the



number of personnel deployed, the 9, 12 and 15 month tour lengths, used by the Army in

both theaters, and the status of the Pakistan Ground Line of Communication.

Assumptions/Limitations

The quality of the data set is always of the utmost importance in this type of
research. The axiom is “Garbage in, Garbage out.” As such, inconsistencies within the
data set are a major problem. Every attempt has been made to discard entries that are
beyond the capacity of the aircraft. The data is assumed to be normally distributed and
any errors are randomly dispersed. Lastly, loose cargo, rolling stock, and initiatives such
as the Mine Resistant Ambush Protected (MRAP) vehicle movement could skew the
numbers considerably. The MRAP movement could be considered to be politically
driven and out of the normal for equipment that would be transported by air. Therefore,
care was taken to ensure that all available variables were considered and the most
realistic model was created from the data.

The regression model will assume a similar force mix, weapons, and force
structures to the ones used in the operations in Iraq and Afghanistan. The model will not
include rotary wing or other organic airlift capability inherent to the deployed unit’s
mission. It would also exclude the Direct Support Apportioned (DS-A) C-130 aircraft
embedded with the Regional Command (RC) Army units in Afghanistan, as their primary
mission is to reduce the CH-47 hours and allow them to conduct more combat-focused

operational missions.



Implications

This research could be expanded on by the professionals at AMC/A9 and
USTRANSCOM and could ultimately be helpful to determine the correct mix and
number of tactical airlift assets that the Air Force should maintain. It will not be
sufficient to determine actual force structure or requirements, but should provide a

foundation on which further studies could be built.

Overview

The following pages contain: a literature review to provide background and
explore current research on the topic, a methodology section detailing how results were
obtained and what data was used, an analysis section where the research can be

examined, and finally a conclusion section were the results were interpreted.



1. Literature Review

“An Army without its baggage-train is lost; without its provisions it is lost;
without bases of supply it is lost.”

—Sun Tzu, The Art of War

Overview

Much research has been accumulated on demand forecasting in general,
especially in commercial passenger aviation. Methodologies including regression,
Delphi studies, and demand forecasting have all been employed (Garvett, 1974: 9)
(Wickham, 1995: 15). Most of this research has been concentrated on short term time-
series forecast models (Garvett, 1974: 29). Intra-theater demand and its forecasting
during war time have been explored to a much lesser extent.

This literature review will explore some of the factors that affect the intra-theater
airlift system. Additionally, the study will look at regression modeling and its usefulness

in developing predictive models given a large data set.

Intra-Theater airlift system

To understand the relationship between the personnel deployed to a region and the
intra-theater airlift requirements, one must have a cursory understanding of the system as

a whole.

Joint Publication 3-17, Air Mobility Operations, defines intra-theater airlift as:



Intra-theater air mobility operations are defined by geographic boundaries. Air
mobility forces assigned or attached to that [Ground Combatant Commander]
GCC normally conduct these operations. Intra-theater common-user air mobility
assets are normally scheduled and controlled by the theater AOC or joint air
operations center (JAOC) if established. The ability to identify and coordinate
movement requirements (visible in Joint Deployment and Distribution Enterprise-
common systems) is critical to providing theater reach back support from the
618" TACC. When intra-theater air mobility requirements exceed the capability
of assigned or attached forces, other mobility forces can support intra-theater
airlift using a support relationship. (JP 3-17, 2009: xii )

The [Director of Mobility Forces] DIRMOBFOR will ensure the effective
integration of inter-theater and intra-theater air mobility operations, and facilitate
intra-theater air mobility operations on behalf of the [Commander Air Forces]
COMAFFOR. The DIRMOBFOR provides guidance to the air mobility division
(AMD) on air mobility matters, but such guidance must be responsive to the

timing and tempo of operations managed by the JAOC director. (JP 3-17, 2009:

Xii)

Additionally, the Joint Publication 4-09, Distribution Operations, states that
“Distribution execution at the intra-theater level is the responsibility of the GCC and the
forces assigned, and occurs in that part of the distribution pipeline extending from
intermediate staging bases and [Port of Debarkation] PODs throughout the [Operation
Area] OA” (JP-4-09, 2010: xvii).

There are two primary forms of delivery for cargo and personnel within the Area
of Responsibility (AOR). They are the hub and spoke method and the direct delivery
method.

In the hub and spoke method, cargo and personnel progresses through one or
more en-route staging bases to arrive at a main operations base (the hub) or Aerial Port of

Debarkation (APOD) within a theater. The hub is the focal point for follow-on intra-

theater airlift missions. Cargo and personnel are processed and readied for transshipment
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by intra-theater assets to the Forward Operating Base (FOB)—the spokes, throughout the
theater. Hub and spoke optimizes air mobility operations when supporting multiple
operational commanders and operations (AFDD 3-17, 2011: 43).

Most air shipments are consolidated or aggregated shipments. As with truck
shipments, a shipment may change aircraft multiple times between the origin and
destination ports, similar to commercial air travelers who need to make connecting flights
if no direct flight exists to the desired destination (JP-4-09, 2010: IV-21). The hub and
spoke method allows this aggregation of cargo and can provide a level of efficiency to
the process.

In contrast, the direct delivery method takes cargo directly from the APOE and
delivers it to the FOB directly. Direct delivery avoids both the necessity to deploy
airlifters to the theater and to transship cargo. It also results in increased velocity and
closure overall. This method of delivery is often limited by the ability of the FOB to
accept the larger strategic aircraft and obtain the material handling equipment required to
download the cargo. Additionally, the cargo requirements of many of the forward
locations are too small to justify the larger capacity of these aircraft.

The inter-theater system and the intra-theater system operate in completely
different ways. For example, the peak demand for intra-theater airlift occurs at different
times than strategic lift. When different scenarios were run, the MCRS-16 determined
that the peak demand for strategic lift occurs during the deployment phase of a major war
fight and, more specifically, during the deployment to the second of two nearly

simultaneous war fights in accordance with Defense Planning Scenario (DPS) guidance
11



(MCRS-16, 2010: 4). The demand for intra-theater airlift is at its highest after the
majority of the forces are deployed (MCRS-16, 2010: 4). This means that strategic assets
such as the C-17 can be used to support intra-theater missions without adding to the

overall peak demand for that aircraft.

Intra-theater Airlift Tasks

According to Stilton, in the 2011 Intra-theater Airlift Functional Needs Analysis
(FNA), the tasks, conditions, and standards that are important for intra-theater airlift
missions include the following:

* transport supplies and equipment to points of need

» conduct retrograde transport of supplies and equipment

* transport replacement and augmentation personnel

* evacuate casualties (Stilton et al., 2011: 5)

Ton-Miles

For freight, the normal demand unit, or metric, is the Ton-mile, and for people the
appropriate unit is the passenger-mile. This measure is a unit of freight transportation
equivalent to a ton of freight moved one mile and a passenger moved one mile
respectively.

These units can present challenges for comparison purposes. They are not
homogenous measures. In fact, any combination of weight and distance or passengers
and distance that equals a certain number of ton-miles would be considered equal.

Because of this difficulty, this study will use PPE as the standard measure. This will
12



allow the study to take larger bulk material into account as well as small heavier items.

It is also much more useful for determining airlift capacity.

Theater Express program

Much of the cargo moved within the United States Central Command
(USCENTCOM) Area of Responsibility (AOR) is moved by the Theater Express
program. Commercial airlift is used to move non-sensitive Department of Defense
(DOD) sustainment cargo and rolling stock (vehicles) to customers throughout the
USCENTCOM AOR. The United States Government purchases, on average, $390
million worth of capacity on commercial aircraft each year, which allows the commercial
carriers to utilize their own supply chains (Huard, 2010: 38).

The program was started in 2006 as a way to relieve some of the burden on the
organic airlift assets and shift more cargo away from the convoy routes (Huard, 2010:
38). This shift of traffic allowed less movement on Iraq’s roads where the improvised
explosive device (IED) threat was very high.

Additional benefits of the program have included the safety of service members
and the effective increase in operational life expectancy of the Air Force’s aviation assets.
Since its origin, the program has expanded to meet Operation Enduring Freedom’s
requirements in Afghanistan (Huard, 2010: 38).

Once the mode of travel is determined, all five commercial carriers (Air Transport
International, National Air Cargo, UPS, FedEx, and Evergreen) have the opportunity to

bid on the cargo by offering a price per pound. The award winner is chosen by the

13



factors of historical performance (i.e., delivery time and cost) (Huard, 2010: 38). The
carrier’s performance is determined by the company’s ability to deliver cargo within 72
hours and to meet contract terms 85 percent of the time. If these goals are not met, the
company will lose points, which will affect its future bids (Huard, 2010: 38). The
significant amount of cargo that is moved intra-theater by the Theater Express program is

illustrated by Figure 1 below.

S C-130PPE mmam C-17 PPE  mmmm Roachback PPE IL-76 PPE AN-124PPE W TE PPE  w===(-17 Tails  ===C-130 Tails

Figure 1: Intra-Theater Pallets Moved by Aircraft Type
Source: 609 Air Operations Center, Air Mobility Division
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Factors That Affect Demand for Airlift

There are many factors that affect the demand for intra-theater airlift within a
theater. Ongoing operations in Afghanistan and Iraq have underscored the vulnerability
of ground convoys to attack from irregular and insurgent forces. Supply convoys are
vulnerable to ambushes and improvised explosive devices. One of the ways ground
supply convoys can be minimized, or in some cases eliminated, is to deliver sustainment
and resupply items by air. In addition to eliminating the risks associated with ground
resupply operations, aerial resupply offers the potential to reduce delivery times.
Implementing more aerial resupply could dramatically increase the need for intra-theater
airlift (Stilton et al., 2011: 5).

A second possible source of increased intra-theater airlift demand is the dispersed
nature of the global war on terror. This translates to multiple, simultaneous,
decentralized operations scattered across huge areas (Stilton et al., 2011: 5).

Another source of increased demand is the huge amount of retrograde and
redeployment cargo in the theater that must be moved out of Afghanistan by the 2014
deadline (NY Times, 2012). It should be noted that retrograde cargo is not the same as
redeployment cargo and both are dealt with differently within the intra-theater system.
Joint publication JP-4-09 defined retrograde as:

Retrograde is the process of moving non-unit equipment and materiel

from a forward location to a reset (replenishment, repair, or

recapitalization) program or to another directed area of operations to

replenish unit stocks, or to satisfy stock requirements. Retrograde

materiel consists of serviceable, unserviceable, economically repairable

items and weapons systems destined to a source of repair, refurbishment
program, or DRMS. (JP-04-09, IV-23)

15



This cargo has often accumulated in an area of operations over several years and
is no longer assigned to any one particular unit. They are normally items that are
common among units and have been designated as “Theater Owned Property” by Army
Material Command. This type of cargo will often be put on opportune airlift for transit
back to an AOPD for further movement to a stateside location.

Retrograde is the process of moving non-unit equipment and materiel from a unit
forward location to a reset (replenishment, repair, or recapitalization) program or to
another directed area of operations to replenish unit stocks or to satisfy stock
requirements. The distribution-based logistic system relies on the efficient redistribution
of intra-theater excesses when they are identified. (JP-04-09, xviii)

This differs from the redeployment cargo that is unit owned and transits back to
the home station at the same time as the owning unit. It may travel by surface, sealift or
airlift. This type of cargo transits the AOR in a fairly predictable manner, moving in
concert with the unit. The amount of both of these types of cargo can add significantly to
the demands for airlift support.

Velocity vs. Cost

In a permissive environment, an additional factor to consider is the tradeoff
between delivery time and the inventory needed to provide a desired level of customer
service and its resulting cost. As replenishment time increases, lead-time demand and
lead-time variability increase, requiring more supplies to be on hand for the same level of

service. Uncertain wartime environments also lead to a requirement for safety stocks in
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theater. So this creates a cost tradeoff among supply chain options if different lead times
have different costs (Peltz, et al., 2008: viii).

This can be illustrated by the following example. The RAND study noted that a
vehicle battery weighs 89 pounds and has a price of $113. The cost to fly the battery via
military-managed strategic air averaged $328 in 2006. Every time a battery is flown,
almost three more could be purchased instead for the amount of the airlift bill. The
theater inventory costs to relieve the air channel for each single shipment are much less
than the cost of one battery, because the inventory continually turns over. In effect, each
additional investment in a battery allows up to six demands per year to be satisfied from
theater inventory, saving multiple air shipments. The optimal investment in theater
inventory for this battery saves $10.1 million per year in transportation costs, with
additional annual inventory and materiel handling costs of about $0.5 million for a
substantial savings of about $9.6 million per year (Peltz et al., 2008: x).

On the other hand, aircraft engines are big and heavy, so at first glance it seems
they should be shipped via surface. However, the Apache and Blackhawk engine, valued
at about $700,000 apiece, costs $962 per pound to buy versus $5 per pound to ship by air.
First examine what it would take for most engines to be issued from theater inventory.
Purchasing additional engines to fill the surface pipeline for theater inventory and
produce a high theater fill rate would require $10.7 million in annual inventory holding
costs while saving $600,000 in air costs, for a net cost increase of $10.1 million per year.

Even at very low theater fill rates, the increased cost of inventory cannot be justified by
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the decreased transportation costs, so this item should not be stocked in theater inventory
with surface replenishment (Peltz et al., 2008: x).
Passengers from Gateway to final destination

One of the biggest demands for intra-theater airlift is passenger movement.
Personnel are normally moved by air due to security and time constraints. In fact, Air
Mobility Command has estimated that almost 40 percent of the intra-theater airlift
missions flown in the AOR support passenger movements (Anderson, 2013). Each
person deployed to a region typically requires one sortie from their gateway destination
(the hub that they arrive to the AOR) to their final destination. When their tour is
complete, they require air movement back to the gateway to depart the AOR (Anderson,
2013). When coupled with a mid-tour Rest and Recuperation (R&R) this demand is
doubled. These tours are provided only for troops that are serving a 12 month tour within
the AOR (Anderson, 2013). The two week R&R was eliminated for personnel on 9
month deployments. USCENTCOM has also had varying policies on 3 day passes back
to bases away from the forward operating locations. The last passenger requirement for
intra-theater lift is for normal movement within the country and can add up to a
substantial demand as well (Anderson, 2013).

Passengers take up space on intra-theater aircraft that could be used for moving
other cargo. Within the Online Mobility Reporting System (OMRS) database, they are
accounted for by using the actual amount of space that they took up on the aircraft

including their baggage, in PPE. If actual numbers are unknown, then standard
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conversion rate of 11.2 passengers per PPE is used to convert the number of passengers
into PPE to input into the system (Anderson, 2013).
Alternate Transportation Methods

Other available means of moving goods and personnel have a huge effect on the
requirement for airlift. If safe roads, robust rail networks or inland waterway
transportation exist, they remove a considerable burden from airlift systems. The two
theaters examined in this study have very different terrain, infrastructure and cargo
requirements.

Iraq presented a fairly developed infrastructure with roads between population
centers and large port facilities in Kuwait and Basrah. In fact, much of the redeployment
and retrograde cargo that came out of Irag was moved by surface (truck convoy) to
Kuwait.

The U.S. Government also sold about $1 billion in military equipment to the
Iragis before departing in 2011 (Army Times, 2011). Additionally, Major General
Thomas Richardson, the chief logistics officer in Iraq, stated that U.S. forces had given
away equipment with a fair market value of $247 million between Sept. 1, 2010, and
August of 2011 -- on top of items worth $157 million that had been transferred before the
withdrawal officially started (Froomkin, 2011). This drastically reduced the requirements
for airlift to remove cargo from the theater.

It has been a very different story in the late 2011-2012 drawdown in Afghanistan.

The terrain is very rugged and unforgiving. Roads are not improved and some are
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impassible during certain times of the year. Surface cargo must be transported through
one of the neighboring countries and that has created its own difficulties.

The Pakistan Ground line of communication (Pak G-LOC) was closed from
November 2011 to July 2012 as a result of the inadvertent killing of 24 Pakistani troops
in an airstrike. This was a major blow to the logistics effort in the region (Martinez,
2012). At the time of the closure, Air Force General William M. Fraser 111 testified
before congress, that some 35 percent of the cargo for American forces traveled through
Pakistan. The rest moved along the northern supply routes and via airlift (AGENCY
GROUP, 2011). Additionally, the Northern distribution network was not fully in place to
absorb the added cargo flow. This closure added considerably to the intra-theater airlift
requirements. Figure 2 below shows some of the surface routes for the USCENTCOM

AOR.
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Figure 2: Major Supply Routes in the USCENTCOM AOR
Source: (Army Times, 2011)

Regression Analysis

The purpose of most research is to assess the relationship between data or
variables. One way that this can be accomplished is through regression analysis. In
statistics, regression analysis is a statistical technique for estimating the relationships
among variables (McClave, 2011: 562). It includes many techniques for modeling and
analyzing variables, when the focus is on the relationship between a dependent variable

and one or more independent variables.
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Linear regression is a sub-set of regression analysis. It attempts to model the
relationship between two variables by fitting a linear equation to observed data. One
variable is considered to be the predictor, or independent variable, and the other is
considered to be a response, or dependent variable. The regression is done to see what
affect, if any, the predictor variable influenced the response variable.

In multiple regressions, multiple predictor variables are used to see which has the
greatest effect on the response variable. The variable with the highest p - value is
typically discarded and the model is run again to see if it improves.

The most common method for fitting a regression line is the method of least-
squares (Mathworks, 2013). This method calculates the best-fitting line for the observed
data by minimizing the sum of the squares of the vertical deviations from each data point
to the line (if a point lies on the fitted line exactly, then its vertical deviation is 0).
Because the deviations are first squared, then summed, there are no cancellations between
positive and negative values.

The performance of regression analysis methods in practice depends on the form
of the data generating process, and how it relates to the regression approach being used.
Since the true form of the data-generating process is generally not known, regression
analysis often depends to some extent on making assumptions about this process. These
assumptions are sometimes testable if a large amount of data is available. Regression
models for prediction are often useful even when the assumptions are moderately

violated, although they may not perform optimally (Collins, 2010: 177).
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History

Regression analysis can be traced back to the 1870s and the pioneering work by
Francis Galton, dealing with work on inherited characteristics of sweet peas (Stanton,
2001). While studying natural inheritance, Galton collected data on the heights of adult
children and their parents. He noticed that the tendency was for tall parents to have tall
children and for short parents to have short children. However, the children were not as
tall, or short, as their parents. Their heights tended to move towards the mean height of
the overall population. Galton called this phenomenon the “law of universal regression”
because the children tended to “regress” towards the average. A straight line model was
applied to the height data and the term regression model was coined (McClave, 2011:
562).

For most of its history, regression analysis has been a complex, cumbersome, and
expensive undertaking. Around 1944, as part of the war effort, Milton Friedman was
asked to analyze data on the alloys used in turbine engine blades. He used regression
analysis to develop a model that predicted the time to failure as a function of stress,
temperature, and some metallurgical variables representing the alloy’s composition.
Obtaining estimates for Friedman’s equation by hand and calculating test statistics would
have taken a skilled analyst about three months’ labor. Fortunately, a large computer,
built from many IBM card-sorters and housed in Harvard’s air-conditioned gymnasium,
could do the calculations. Ignoring the time required for data input, the computer needed

40 hours to calculate the regression estimates and test statistics. Today, a regression of
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the size and complexity of Friedman’s could be executed in about one second

(Armstrong, 2012: 689).

Summary

This literature review attempted to provide a background for the discussion that
will follow in the rest of the study. It outlined some of the factors that are at work in the
intra-theater airlift system and the issues that most affect the flow of cargo. The review
also noted a lack of research done on the topic of intra-theater airlift and forecasting of
intra-theater demand. The actual regression techniques used in the study will be covered

in depth in the methodology section.
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I11. Methodology

Overview

This section will describe the two data sets used in the research and how they
were prepared for the regression analysis. The section then describes how the data was

input into the JMP statistical program and how results were obtained.

Dataset

To determine a predictive model to determine the need for intra-theater airlift,
this paper will examine two separate data sets. The first set is a data pull from the Global
Decision Support System 2 (GDSS2) system. This system is used by the Tanker and
Airlift Control Center (TACC) at Scott Air Force Base to manage the mobility assets
worldwide. Although intra-theater assets normally fall under the control of the Air
Component Combatant Commander and not USTRANSCOM, the information for the
flights is entered into GDSS2 by personnel in the local Air Operations Center (AOC).
This database provides the integration between classified and unclassified networks and
is one of the most comprehensive command and control tool available. Unfortunately,
when the outputs from GDSS2 were compared to other databases, there was only about
an 85% correlation.

The second dataset that will be analyzed is from Online Mobility Reporting
System (OMRS) database. This database only tracks USCENTCOM intra-theater airlift

missions flown by US Air Force aircraft and contract commercial carriers. The primary
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aircraft it reports on are the C-130, C-17, C-27, IL-76, and AN-124. It does not contain
information about the Theater Express mission or any US Army assets. However, this
dataset does contain a great deal more information on the amount of cargo that was
actually carried on the sorties. It also provides detailed information on the number of
passengers that were carried and the amount of pallet position equivalents that their
baggage took up. The downside of the OMRS database is that it is classified. All
analysis must be conducted on a secure network and the actual data was published in a
classified annex. However, when a methodology was developed, the results are

unclassified as none of the original data can be determined from the equation itself.

Methodology

The two databases were compared against personal data obtained from United
States Central Command J1. This data detailed the number of personnel, both military
and civilian, deployed to Iraq and Afghanistan by monthly total. There has been a great
deal of fluctuation in the personnel levels between 2006 and 2012. This is due to various
surges, drawdowns and political constraints. The levels for each theater can be seen in

Figure 3 below.
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Figure 3: Personnel on the Ground
Source: (CTS Deployment File, Dec 2012)
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The first step in the process was to group and sort the cargo and passenger data in
Excel. The data from GDSS2 included only sorties that had an origin or destination in
the USCENTCOM AOR. The complete list of airport identifiers can be found in
appendix B. The data set used has 449,733 individual sorties from January 2006 until
August 2012. This data contained each mission sortie, takeoff date, origin, destination,
aircraft type, cargo pallet equivalent onboard, rolling stock on board, total cargo weight
and a wealth of other information. The data was first sorted by month and year. Then
macros in excel were used to separate the sorties that actually transited Iraq and
Afghanistan from sorties that did not. The macro then sorted and calculated monthly
sums for pallet equivalents and weight for three categories: Iraq, Afghanistan and other.

The OMRS dataset contained the information that was in GDSS2, as well as
number of passengers on each leg, PPE for the passengers and their baggage, PPE of
cargo for both pallet and rolling stock, and PPE carried overall. A more comprehensive
picture of the cargo movement that occurred in the theater of operations appears from this
data. It contained nearly 450,000 sorties from Jun 2006 (when the database was started
in the AOR) until August 2012. This data set also contained operation designations for
each of the sorties. They were: Operation Iraqi Freedom (OIF), Operation New Dawn
(OND), Operation Enduring Freedom (OEF), Horn of Africa (HOA), Other and Blank.
All sorties that were labeled OIF or OND were counted against Irag. Likewise, the OEF
sorties were counted against Afghanistan. The sorties labeled other or left unlabeled

were divided between the theaters based on the percentages of troops deployed to both
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countries. Lastly, the HOA sorties were discarded as being outside the scope of this
research project.

The data was analyzed in its entirety to determine if there was a relationship
between the total movement in the AOR and the population levels of the two active
theaters (Irag and Afghanistan). The J1 personnel data did not include the forces that
were deployed to the surrounding gulf region and the first analysis did not show a strong
correlation.

The data was then disaggregated into Iraq and Afghanistan sets. This was done
for several reasons. First, operations in Iraq had almost entirely come to a close.
Military personnel had left the country and the airlift requirements were minimal.
Second, the terrain and infrastructure varies greatly between the two regions. Third, the
population data that the researcher was able to obtain only included the deployed
personnel for Irag and Afghanistan. Lastly, the two theaters have their own distinct
demand signals with different seasonal demand and so distinct models were deemed the
best way to proceed.

Sorties with obvious data entry errors (pallets aboard exceeded the capacity of the
aircraft) were discarded (approximately 15 data points). Entries for the contracted
commercial AN-124s only included cargo pallet information. USCENTCOM policy
prohibits moving passengers on these aircraft, so the pallet aboard information was used
for the overall PPE carried on these sorties. Additionally, information entered in for the
C-27J sorties in the AOR included passengers on board and pallets but not a summed

PPE number. On these sorties, passengers were divided by 11.2 to find a pallet
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equivalent and that number was added to the cargo pallet number to determine an overall
PPE. The instances of both of these data entry problems were approximately 1500 out of
the nearly 450,000 sorties in the system. This accounts for well less than .5 percent of the
data.

Next, a six step process proposed by McClave and his fellow authors in, Statistics
for Business and Economics was used to build the probabilistic model used for analyzing
a multiple regression model.

Step 1: Hypothesize the deterministic components of the model that relates the
mean, E(y) to the independent variables xi, X;....... Xk

Step 2: Use the sample data to estimate unknown parameters in the model Bo, B1,

Step 3: Specify the probability distribution of the random error term, ¢, and
estimate the standard deviation of this distribution, c.

Step 4: Check that the assumptions on ¢ are satisfied and make model
modifications if necessary.

Step 5: Statistically evaluate the usefulness of the model.

Step 6: When satisfied that the model is useful, use it for prediction, estimation and

other purposes. (McClave, 2011: 626)

The basic equation of a straight line model is:

Y=P0+plx + ¢ Equation 1
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Where: y is the dependent or response variable to be modeled
X is the independent of predictor variable
Bo is the y-intercept of the line
B, is the slope of the line (the change in y for every one unit increase in x)
¢ is a random error component

McClave states that there are a set of assumptions that must be used for random
error €. They are that for any given set of values X1, X»....,xk, the random error has a

probability distribution with the following properties:

1. Mean equal to 0

2. Variance equal to o’

3. Normal distribution

4. Random errors are independent (in a probabilistic sense) (McClave, 2011: 626)

The statistics modeling software, JIMP 10.0 was used to analyze the data after
completing the Excel filtering and grouping. JMP was used to plot the original series, fit
a regression line and examine a correlation coefficient.

The correlation of determination is r*:

, _ SSyy —SSE

r .
SSyy Equation 2

OR
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, _ explained variation

total variation Equation 3

Where SS,,,, is the total sample variation of the observations around the mean y
and SSE is the remaining unexplained sample variability after fitting the line. The
difference between the two is the explained sample variability that can be attributed to the
linear relationship with x.

This coefficient merely measures how well a given regression curve fits the
sample data. Whenever two variables have a nonzero correlation coefficient, r, we know
that they are dependent in the probability sense. An absolute correlation would be an r?
of 1and would indicate that all variability is explained. However, r? alone does not
always provide a complete measure of the predictive power of a model. It is possible to
manipulate the model and obtain an r* value of 1.0 by over fitting the model, such as a
scenario in which the number of predictor variables is equal to the number of data points.
Therefore r? should be used to measure the usefulness of a model only when the sample
size is substantially greater than the number of predictor variables. The adjusted multiple
coefficient of determination (Adj- r) is more useful since it accounts for both the sample
size and the number of predictor variables (McClave and others, 2011: 635). An
accepted standard in the statistical community is to only use one predictor for every 10

data points in the model (Schubert Kabban, 2012). While it is important to note that
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correlation does not necessarily imply a direct causation, one would assume some causal
relationship for a data set of this size.

The complete data set to include all the sorties flown in the gulf was then sorted.
Theater Express missions and the missions flown to countries other than Iraq and
Afghanistan were assumed to be supporting the theaters in the same proportions as the
deployed personnel were distributed. For example, if the distribution was equally split,
then half the sorties were assumed to be supporting Irag and half were assumed to be
supporting Afghanistan. The missions that didn’t directly transit Iraq and Afghanistan, as
well as the sorties with no theater data, like the Theater Express missions, were
multiplied by the percentages of personnel in each country and the resulting value was
added to the PPE that actually transited the regions. This process was conducted for both
the GDSS and the OMRS data sets to obtain the most complete picture possible. This
method is the generally accepted practice for dividing information between the two
theaters when AMC/A9 conducts studies of this type (Anderson, 2013).

An additional variable was added to the regression to account for the closure of
the Pakistan Ground Line of Communication (PAK G-LOC) as this caused a large spike
in direct airlift of critical and sustainment cargo. According to USCENTCOM J4 20%-
30% of all cargo in Afghanistan is being moved by air. This variable was applied to all
months from November 2011 until the present. While the G-LOC officially opened in
July of 2012, very little cargo has been moved along it since its original closure.

To account for differing tour lengths and the associated impact on passenger

movement requirements three more variables were added. Dummy variables were input
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for each of the time frames reflecting the differing tour lengths. The variable was
included during the date range where a tour length was in effect and the input for the
other two variables was ignored. The three different lengths that were examined were the
Army tour lengths used for the Iraq and Afghanistan conflicts; 9 months, 12 months and
15 months. The hypothesis was that a longer tour length would generate fewer
requirements than a shorter one because of the extra inflow and outflow of personnel.

The date ranges used in this study information was gathered from open source
media outlets. From January 2006 until April 2007 tour lengths were the Army standard
12 months. Then in May 07 tour lengths were changed to 15 months (Associated Press:
2008). This was done to increase the continuity in theater and reduce the demand on the
deployment system. During a Pentagon news conference, then Defense Secretary Gates
stated: “Effective immediately, active Army units now in the Central Command area of
responsibility and those headed there will deploy for not more than 15 months and return
home for not less than 12 months,”.

This policy applied to all active duty Army units with the exception of two
brigades that were already in Irag and had already been extended to 16 months. The
policy did not apply to Marine Corps, Navy or Air Force units serving in Central
Command. It also does not apply to Army National Guard or Army Reserve units
deployed to the region. The 15-month tour applied to active duty soldiers serving in
Afghanistan, the Horn of Africa and all the countries in the region. In August of 2008
deployments went back to 12 months (Associated Press: 2008). Then in September 2011

tours were dropped again to 9 months (Youssef, 2011).
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Residual Analysis

When the outputs from JMP were received, a residual analysis was performed to
ensure that the assumptions made were satisfied. As the assumptions all concern the
random error component, g, the first step is to estimate the random error. The error
associated with a value of y is the difference between the actual y value and its unknown
mean. The researcher estimated the error by taking the difference between the actual y
value and the estimated mean. This estimated error is called the regression residual or
simply the residual (McClave et al., 2011: 698).

First the residuals were plotted against each of the quantitative independent
variables. Each plot was analyzed to determine if there was a curvilinear trend that
would indicate the need for a quadratic term in the model.

Next the residual plots were examined for outliers. Lines were drawn on the
residual plots at 2 and 3 standard deviation distances from the 0 axis. One would expect
that no more than 5 percent of the residuals would exceed the 2 standard deviation line.

The frequency distribution of the residuals was plotted using a histogram to see if
they followed a normal distribution. Additionally, any skewedness in the distribution
could be caused by outliers, so special care was taken to identify them.

Finally, unequal variance was checked by plotting the residuals against the
predicted values of y. Any pattern could indicate that the variance of € is not constant

that the model should be refit (McClave et al., 2011: 702).
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Summary

The methodology section detailed the manipulation of the two data sets that was
done prior to using the computer program, JMP, to perform an analysis. The 450,000
sorties in each data base were sorted according to group, then by operation, and then by
year. Next, they were then compared to the number of military and civilian personnel in

each theater during that month.
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IV. Analysis and Results

Chapter Overview

This chapter will detail the analysis performed on both the GDSS2 and the OMRS
data set and draw conclusions from the results. The investigative questions will then be

examined and compared to the models that resulted from the regression.

GDSS2 Dataset

The first model was a regression of total PPE moved in the CENCOM AOR vs.
the total number of personnel deployed to both Iraq and Afghanistan. The dummy
variables for the 9, 12, and 15 month rotations as well as the variable for the Pakistan G-
LOC were included. There were 79 observations in the dataset ranging from January
2006 until July 2012. The Theater express data was added as well.

The regression plot (Figure 4) shows a fairly random distribution with very little
correlation. This is confirmed by the very low r? value (Table 1) and the high errors.
This result is attributed to the personnel data only containing the people deployed to Iraq
and Afghanistan. The sizable footprint of military and civilian manpower in the other
gulf and AOR countries is not accounted for and appears to be skewing the results.
Additionally, as discussed earlier, the demand curve for the two countries is very
different. A much larger percentage of sustainment cargo in Afghanistan is shipped by

air than in Irag. In fact, it is a much larger percentage than past conflicts as well.
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Even when the gulf countries were removed and only sorties into Iragq and
Afghanistan destinations were plotted against each other, there was very little correlation.
The models may be so different as a result of the terrain and other constraints that they

cannot be modeled together.
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Figure 4: Actual by Predicted Plot for the combined theater

Figure 4 above displays a random distribution of points without the correlation

that one would expect. Additionally, the low r? value can be seen in Table 1 below.
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Summary of Fit
Table 1: Summary of Fit combined theaters (GDSS2)

R Squared Value 0.335453
Adjusted R Squared Value 0.299531
Root Mean Square Error 1777.834
Mean of Response 14127.65
Observations 79

Table 2: Parameter Estimates combined (GDSS2)

Term Estimate Std Error T Ratio Prob > it
Intercept 4353.8122 2745.989 1.59 0.1171
Total BOG 0.0578 0.0138 4.16 <.0001
9 Month Rot 2460.8503 1374.076 1.79 0.0774
12 Month Rot -1370.385 529.6849 -2.59 0.0116
G-LOC closed -384.9396 1524.256 -0.25 0.8013

One can see from Table 2, above, the variables of Total BOG, 9 month Rotations,

12 Month Rotations are statistically significant based on their p-values, shown in the
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Prob > Itl column. This is the two-tailed test against the alternatives in each direction.
Based on this information, the G-LOC closure cannot be said to be significant at the 95%

confidence level.

The residual plot, shown in Figure 5, shows a random distribution with no

definitive patterns.
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Figure 5: Residual by Predicted Plot (Combined Theater GDSS2)

Iraq Model

When the data is de-aggregated into individual theaters and only the sorties into
the countries are taken into account the model becomes much more descriptive. With all

the variables in the model the r? value jumps to a value of .92. The data shown in Table 3
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includes all the variables. Further refinement is accomplished in the next regression.

Figure 6 shows the linear trend and the strong correlation.
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Figure 6: Actual by Predicted Plot (Irag GDSS2)

Table 3: Parameter Estimates Iraq (GDSS2)

Term Estimate | Std Error t Ratio Prob>|t|
Intercept Biased | 1349.4250 | 812.4065 1.66 0.1009
Iraq BOG 0.0686193 | 0.004571 15.01 <.0001%
9 Month Biased | -241.6684 | 1043.304 -0.23 0.8175
rotation
12Month | gicod | -1880.611 | 408.7991 -4.60 <.0001*
Rotation
15 month
Rotation Zeroed 0 0

Gloc closed 2091.1767 | 955.7225 1.04 0.3031

41




The residuals for this complete model, shown in Figure 7 below, show a random

distribution with a mean of 0.
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Figure 7: Residual by Predicted Plot (Iraqg GDSS2)

To find the fit model for Iraq, the regression model was run backwards and the
results are shown below. The final model only includes the BOG variable and the 12
months rotation variable. The other rotation lengths were found to be insignificant for
this data set. That makes sense given the limitations of the G2 data and its lack of
accurate accounting of the passenger and passenger baggage movement within the
theater. The model information is shown below.
Prediction Expression

The final prediction expression was:
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Total PPE = 396.6756 + 0.0736 * Iraq BOG + -1513.1767 * 12 Month Rotation Variable
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Figure 8: Actual by Predicted Plot (BOG and 12 month rotation)

The same strong linear trend from the first iteration of the model can be seen here
in Figure 8. The removal of the 9 and 15 month rotation lengths as well as the Pak G-
LOC variable had a very small effect on the R Squared value and resulted in a more

parsimonious model.

Summary of Fit

Table 4: Summary of Fit Irag (GDSS2)

R Squared Value 0.915488
Adjusted R Squared Value 0.913264
Root Mean Square Error 1200.893
Mean of Response 7666.152
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Observations

79

Table 5, shown below, displays the information on the actual variable terms used

in the final model.

Parameter Estimates

Table 5: Parameter Estimates Irag (GDSS2)

Estimate Std Error T Ratio Prob > it
Term
Intercept 396.6755 354.0317 1.12 0.2660
Irag BOG 0.0736 0.0026 28.61 <.0001
12 Month Rot -1513.177 286.5915 -5.28 <.0001

Residuals for the model are randomly distributed and the histogram shows no

definite patterns (shown in Figure 9).
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Figure 9: Residual by Predicted Plot (Iraq GDSS2)
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Figure 10: Bivariate Fit of Residual Irag Total By Predicted Iraq Total (GDSS2)

The fit model of residuals (Figure 10) to predicted values shows a mean of zero
with no noticeable patterns. Additionally, the histogram of the residuals, shown below,
shows a roughly normal distribution with a peak near zero and steeply declining

symmetric tails.
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Figure 11: Histogram of Residuals (Irag GDSS2)
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Autocorrelation of the residuals occurs when there the residuals are correlated
with lagged values of themselves; that is, when e; tends to be correlated with e.s. The
Durbin-Watson statistic tests for correlations between e; and e.;, which is called serial
correlation (Frederick, 2001). The Durbin-Watson statistic will be near 2.0 if there is no
autocorrelation. If the statistic is near 0.0, there is evidence of positive autocorrelation
(high residuals tend to be followed by high residuals, and negative residuals tend to be
followed by negative residuals). On the other hand, if the statistic is near 4, there is
evidence of negative autocorrelation (positive residuals tend to be followed by negative
residuals, and vice versa) (Frederick, 2001). The values JMP determined for the Iraq
model for Durbin-Watson and Auto Correlation are below and show little evidence of
Autocorrelation.

Table 6: Durbin-Watson Iragq (GDSS2)

Durbin-Watson Number of Auto
number Observations. Correlation
1.0326453 79 0.4438

Afghanistan Model

The G2 dataset was then analyzed for the Afghanistan Theater. The best model
was shown to include the BOG, 9 month, 12 month and G-LOC variables. A respectable
value for r? of .88 was determined. The G-LOC variable was found to have the least
impact on the overall model and that was a surprising result. The final model is shown

below.
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Prediction Expression
The final prediction expression was:
Total PPE = 716.2421 + 0.0338 * Afghan BOG + 814.2403 * 12 Month Rotation

Variable + 1295.6647 * 9 Month Rotation Variable + 1047.5388 * G-LOC Closed
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Figure 12: Actual by Predicted Plot (Afghanistan GDSS2)

The same linear trend can be seen in this model as in Iraq, but there are slightly

more outliers present.
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Summary of Fit

Table 7: Summary of Fit Afghanistan (GDSS2)

0.875859
R Squared Value
Adjusted R Squared Value 0.869149
Root Mean Square Error 721.9762
Mean of Response 3821.101
Observations 79

Table 8: Parameter Estimates Afghanistan (GDSS2)

Term Estimate Std Error T Ratio Prob > it
Intercept 716.2421 194.9017 3.67 0.0004
Afghan BOG 0.0338 0.0025 13.67 <.0001
9 Month Rot 1295.6647 587.1798 2.21 0.0304
12 Month Rot 814.2403 226.7758 3.59 0.0006
G-LOC closed 1047.5388 564.4678 1.86 0.0675
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Table 8 shows the effect that each of the variables have on the overall prediction
expression. The 15 month tour didn’t appear to have a significant impact on the overall

result.

Again, the same random distribution of the residual values was found when they

were plotted against the predicted values.
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Figure 13: Bivariate Fit of Residual Total By Predicted Afghanistan Total (GDSS2)

The fit model of residuals to predicted values shows a mean of zero with no
noticeable patterns. Additionally, the histogram of the residuals, shown below, shows a

roughly normal distribution with a peak near zero and steeply declining symmetric tails.
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Figure 14: Histogram of Residuals (Afghanistan GDSS2)

Table 9: Residuals Afghanistan (GDSS?2)

Mean 1.957e-13
Std Dev 703.22038
Std Err Mean 79.118475
Upper 95% Mean 157.51278
Lower 95% Mean -157.5128
Number of data points 79

The values JMP determined for the Afghanistan model for Durbin-Watson and Auto

Correlation are below and show little evidence of Autocorrelation.
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Table 10: Durbin-Watson Afghanistan (GDSS2)

Number of Observations. | Auto
Durbin-Watson number Correlation
1.3594335 79 0.3119

OMRS Dataset

The OMRS dataset was dealt with in the same manner as the GDSS2 set. An
initial regression on the combined set produced results with very little correlation. As
discussed previously, this is due to the demand curves for the theaters being so different.

The set was then disaggregated into an Iraq set, Afghanistan set and other set.
This was done based on the operation name that was entered into the OMRS database.
The sorties labeled “Other” or “N/A” were divided among the two models based on the
percentage of the total number of personnel deployed to both theaters. Most of these
sorties had an APOE and an APOD that were not in either theater directly and the
researcher could not directly determine what operation they were supporting.
Additionally, this method is the accepted practice when AMC/A9 conducts studies of this
type (Anderson, 2013). The data from Theater Express was distributed in the same
manner. A backwards regression was run in JMP using the deployment length variables
and the G-LOC closure variables. Then the Stepwise regression function was used to
optimize the model for the lowest AIC in a backwards regression.

Irag Data
When the data is de-aggregated into individual theaters and only the sorties into
the countries are taken into account, the model again becomes much more descriptive.
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The final model for the Iraq data had an r* value of .9588 and adjusted r? value of .9577,
shown in table 11 below. As with the GDSS2 data, graphs of the actual values vs. the
predicted values showed a linear relationship with few outliers. As expected the closure
of the Pakistan G-LOC had very little impact on the model. Surprisingly, the 9 month
and 15 month troop rotations were also found to be insignificant.

There were 74 observations in the model and the maximum number of variables

used was five.

Table 11: Summary of Fit Iraqg (OMRS)

0.958843
R Squared Value
Adjusted R Squared Value 0.957684
Root Mean Square Error 1894.04
Mean of Response 17539.84
Observations 74

The final prediction expression was:

Total PPE = 463.9539 + 0.1658 * Iraq BOG + -2022.8351 * 12 Month Rotation Variable
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Table 12: Parameter Estimates Iraq (OMRS)

Estimate Std Error T Ratio Prob > iti
Term
Intercept 463.9540 599.6954 .83 4099
Irag BOG 0.1658 0.0041 40.67 <.0001
12 Month Rot -2022.835 459.3164 -4.40 <.0001

Table 13: Analysis of Variance Iraq (OMRS)

DF Sum of Squares Mean Square
Source
Model 2 5933948803 2.967+9
Error 71 254704535 3587387.8
C. Total 73 6188653338
F Ratio 827.0571 Prob > F <.0001

The fit model of residuals to predicted values shows a mean of zero with no

noticeable patterns. Additionally, the histogram of the residuals shows a roughly normal

distribution with a peak near zero and steeply declining symmetric tails. A Studentized

Residuals scatterplot shows the data is primarily within 2 standard deviations to fit a 95%

confidence interval, as represented within the 2 to -2 range of the plot. There are 6
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outliers on this data; this is just above the expected amount for the 74-point data set on a

95% interval.

Afghanistan Model

The OMRS dataset was then analyzed for the Afghanistan Theater. The best
model was shown to include the BOG, 9 month, and 12 month variables. A respectable
value for r? of .95 was determined. As with the GDSS2 data, graphs of the actual values
vs. the predicted values showed a linear relationship with few outliers. For this set, the
15 month variable was found to have no impact on the overall model. Additionally, the
G-LOC variable had a very slight effect. It did not substantially impact the model and

was removed. The final model is shown below.

Table 14: Summary of Fit Afghanistan (OMRS)

0.953894
R Squared Value
Adjusted R Squared Value 0.951918
Root Mean Square Error 1590.016
Mean of Response 14843.7
Observations 74
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The final prediction expression was:

Total PPE = 2957.2747 + 0.14762 * Afghan BOG + 4421.2271 * 9 Month Rotation +

1397.2396 * 12 Month

Table 15: Parameter Estimates Afghanistan (OMRS)

Estimate Std Error T Ratio Prob > iti
Term
Intercept 2957.2747 433.2388 6.83 <.0001
Afghan BOG 0.1476 0.0058 25.52 <.0001
9 Month Rot 4421.2271 807.9101 5.47 <.0001
12 Month Rot 1397.2396 521.934 2.68 .0092

Table 16: Analysis of Variance Afghanistan (OMRS)

Source DF Sum of Squares Mean Square
Model 2 3661333612 1.2204e+9
Error 71 176970511 2528150.2
C. Total 73 3838304123

F Ratio 482.7421 Prob > F <.0001

The fit model of residuals to predicted values shows a mean of zero with no

noticeable patterns. Additionally, the histogram of the residuals shows a roughly normal

55




distribution with a peak near zero and steeply declining symmetric tails. A Studentized

Residuals scatterplot shows the data is primarily within 2 standard deviations to fit a 95%

confidence interval, as represented within the 2 to -2 range of the plot. There are 3

outliers on this data; this is an expected amount for the 74-point data set on a 95%

interval

Investigative Questions Answered

1.

2.

The questions that the study was seeking to answer were:
Given the number of troops deploying, how much theater airlift demand can be
expected?
The number of troops deployed to a given area has been proven to be the most

influential factor in determining the airlift requirements to a region.

What effect does the infrastructure of a country have on airlift demand?

The effect of infrastructure on the requirements was not directly proven. Itis
hypothesized that the requirement will increase dramatically if the theater is in a
landlocked country. This appears to be the case in Afghanistan, but the general lack

of infrastructure could be causal as well.

How does the environment (permissive or contested) effect the demand?
The study was not able to prove a connection between a contested environment and a
corresponding increase in airlift requirements. It is generally accepted that from 2005

and on, both theaters can be considered a contested environment. The only
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obtainable data was from 2006 to the present. Therefore, the data set does not allow
us to investigate the impact of this variable and it will be included in the

undetermined variation.

4. What effect does tour length have on the requirements?
Tour length was assumed to be a major factor in the increase of airlift requirements,
however only the 12 month tour length (the default in both theaters) was shown to be
significant in all the models. While it appears to have some effect, it is not as great as

was first thought.

5. Has there been a seasonal component that has affected the intra-theater airlift

requirements of the current conflict?

The Afghanistan Theater is known to have a seasonal fighting pattern. The data
did not show the variance expected from a seasonal pattern in airlift requirements. It
could be that the winter season was used to restock supplies that were depleted during the
times of heavy fighting, or simply that all the available airlift was being used the entire
year and there was no additional capacity to move extra cargo and personnel. No
seasonal trend was noted in Iraq.

The global F ratio for all of the de-aggregated models allows us to reject the null
hypothesis that the predictor variables have no effect on the response variable. An a=.05
was used for a 95% confidence interval. It was determined that the relationships between

the variables were statically significant.
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Summary

The datasets were analyzed in this section and four distinct models were
developed. There were prediction expressions for Iraq and Afghanistan for both the
GDSS2 and the OMRS data. Backwards regression was applied in the JMP statistical

software. A model was then selected in each case that provided the best fit.
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V. Conclusions and Recommendations

Chapter Overview

This chapter touches briefly on the author’s conclusions and significance of the

research, and recommendations for action and future research.

Conclusions of Research

The research concluded that only two variables were common to all of the models
to determine intra-theater airlift requirements. They were the actual number of personnel
deployed to the region and the presence of al2 month tour duration. It was very
surprising that some factors such as the closure of the Pakistan G-LOC and the longer 15
month tour length were not found to be statistically significant based on the regression
models.

There are many additional factors that are known to affect the model but the
researcher was limited by the data available. Some events such as the transition from a
permissive environment to a contested environment could not be pinpointed to a specific
date or time. This transition happened gradually and incrementally over time and the
data did not exist to perform a complete analysis. Most of the transition to a contested
environment was thought to have occurred prior to the data set that was used in this
research. Additionally, it is difficult to foresee all of the contingencies that may occur in
a future conflict. The geography of the next theater of operations could be vastly

different than these two.
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There is also some anecdotal evidence that a baseline of intra-theater airlift is
used regardless of the number of personnel in the region. In other words, the airlift
capacity is maxed out because it provides a speed advantage over other forms of
transportation. Other methods are then used as the system approaches its capacity.

There were four prediction equations that were determined from the analysis: two
for Irag and two for Afghanistan from the GDSS2 and OMRS datasets respectively. The
correlation coefficients were slightly better for the OMRS database for both theaters.
More importantly, OMRS includes data for the number of personnel moved and the
amount of space required for their luggage. For this reason the two prediction
expressions shown below are a more accurate representation of the actual requirements in
a theater of operations.

Prediction expression for the Irag Theater from OMRS

Total PPE = 463.9539 + 0.1658 * Iraq BOG + -2022.8351 * 12 Month Rotation Variable

Prediction expression for the Afghanistan Theater from OMRS

Total PPE = 2957.2747 + 0.14762 * Afghan BOG + 4421.2271 * 9 Month Rotation +

1397.2396 * 12 Month

Significance of Research

If a relatively complete forecasting model could be derived from the data gathered

in the operational theaters, it would provide planners with a starting point for the
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requirements of intra-theater airlift assets for each operation. This data could then be
complied to develop a comprehensive study of what aircraft the Air Force should invest
in to acquire and maintain the capabilities that the Combatant Commanders needs. It
might also provide a list of variables that planners could use to influence the need for
airlift in an operation. For example, if the model showed that a 3-day pass program or
R&R required an additional 3 C-130s to be deployed to a region, leadership could
objectively compare that cost to other needs in the theater and make an informed
decision.

Additionally, this model could be expanded on by the professionals at AMC/A9
and USTRANSCOM and could ultimately be helpful to determine the correct mix and
number of tactical airlift assets that the Air Force should maintain. It could be used to
defend the Air Force’s position with regard to what the force structure should look like

and how it should be distributed.

Recommendations for Future Research

Studies or models should be performed that take into account variables such as a
more fully developed data set, the complete drawdown from Iraq and the continuing one
in Afghanistan, and surges in both countries.

The models for Iraq and Afghanistan should be merged to develop a universal
model. Afghanistan is a very difficult area to move cargo and personnel. This is mostly
due to the poor infrastructure and the fact that it is a landlocked country. According to

The Central Intelligence Agency World Fact Book, the number of landlocked countries in
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the world is only 44 out of 195. Since just 22 percent of the countries in the world are
landlocked, it is recommended that the model be weighted in favor of the Iraqg model at a
rate of 4 to 1. This should provide a general model for basic planning factors regardless
of the actual geographical location.

The new weighted expression could then be compared against the results of the
modeling done for the MCRS-18, and checked for accuracy. The combination of the
modeling software and the results from past data could provide decision makers with a

better understanding of requirements for future conflicts.

Summary

The methodology of this research consisted of a regression analysis of an
unclassified dataset (GDSS2), to refine variables and expand understanding of the
problem. Using information gained from that exercise, an additional regression analysis
was performed, using the same steps, on a more robust and classified database (OMRS).
Both regressions showed a strong correlation between intra-theater airlift requirements
and the number of civilian and military personnel deployed to a region. The lengths of
Army tours within the region were also shown to be correlated to the number of PPE

being moved.
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Appendix B — Theater Express Data

Date Weight Pallet Date Weight Pallets
Oct-06 | 4,505,713 | 1408 Sep-09 19,659,962 6144
Nov-06 | 10,163,908 | 3176 Oct-09 21,564,306 6739
Dec-06 | 10,004,441 | 3126 Nov-09 21,339,350 6669
Jan-07 | 12,754,187 | 3986 Dec-09 14,290,848 4466
Feb-07 | 11,619,988 | 3631 Jan-10 13,853,747 4329
Mar-07 | 15,952,207 | 4985 Feb-10 14,785,899 4621
Apr-07 | 14,734,404 | 4605 Mar-10 12,332,053 3854
May-07 | 19,305,637 | 6033 Apr-10 10,686,116 3339
Jun-07 | 18,601,594 | 5813 May-10 15,479,989 4837
Jul-07 | 20,415,523 | 6380 Jun-10 19,336,492 6043
Aug-07 | 25,858,758 | 8081 Jul-10 18,274,464 5711
Sep-07 | 25,139,793 | 7856 Aug-10 16,382,677 5120
Oct-07 | 26,841,518 | 8388 Sep-10 19,094,777 5967
Nov-07 | 26,078,179 | 8149 Oct-10 19,463,845 6082
Dec-07 | 32,191,541 | 10060 Nov-10 16,948,035 5296
Jan-08 | 26,783,370 | 8370 Dec-10 14,146,708 4421
Feb-08 | 23,261,423 | 7269 Jan-11 15,736,911 4918
Mar-08 | 23,464,572 | 7333 Feb-11 18,558,361 5799
Apr-08 | 23,321,746 | 7288 Mar-11 18,955,795 5924
May-08 | 18,245,516 | 5702 Apr-11 21,513,057 6723
Jun-08 | 14,428,420 | 4509 May-11 22,470,489 7022
Jul-08 | 18,858,523 | 5893 Jun-11 21,083,441 6589
Aug-08 | 21,930,412 | 6853 Jul-11 21,733,386 6792
Sep-08 | 18,054,962 | 5642 Aug-11 26,146,425 8171
Oct-08 | 17,807,600 | 5565 Sep-11 21,809,519 6815
Nov-08 | 20,501,872 | 6407 Oct-11 24,176,176 7555
Dec-08 | 19,935,067 | 6230 Nov-11 21,729,255 6790
Jan-09 | 22,011,630 | 6879 Dec-11 21,666,431 6771
Feb-09 | 21,330,714 | 6666 Jan-12 15,192,405 4748
Mar-09 | 27,133,848 | 8479 Feb-12 12,618,178 3943
Apr-09 | 22,120,924 | 6913 Mar-12 14,420,556 4506
May-09 | 25,248,700 | 7890 Apr-12 12,693,542 3967
Jun-09 | 24,248,158 | 7578 May-12 14,870,240 4647
Jul-09 | 24,582,507 | 7682 Jun-12 10,994,127 3436
Aug-09 | 23,327,065 | 7290
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Appendix C — Military and Civilian Personnel Serving in Afghanistan and

Iraq

By Year, Month, Personnel Type, and Country of Deployment
As of: December 31, 2012
Source: CTS Deployment File

TOTAL
YEAR MONTH AFGF(;;?\'I\II-IYSTAN IRAQ ONLY AFE:QI;I;Z‘I;N TOTAL
2006 01 23,358 141,238 122 164,718
2006 02 26,209 133,243 63 159,515
2006 03 26,494 132,875 40 159,409
2006 04 26,850 131,991 49 158,890
2006 05 24,117 130,571 42 154,730
2006 06 24,214 127,458 56 151,728
2006 07 23,787 132,161 83 156,031
2006 08 23,624 143,752 63 167,439
2006 09 22,601 153,995 45 176,641
2006 10 21,218 156,667 52 177,937
2006 11 22,424 151,790 73 174,287
2006 12 22,237 133,146 46 155,429
2007 01 25,464 137,692 87 163,243
2007 02 26,254 141,269 78 167,601
2007 03 25,953 146,380 99 172,432
2007 04 25,918 152,780 115 178,813
2007 05 28,717 151,854 171 180,742
2007 06 25,619 158,137 114 183,870

68




2007 07 23,737 163,299 190 187,226
2007 08 23,889 171,712 110 195,711
2007 09 24,652 182,901 93 207,646
2007 10 24,989 184,099 176 209,264
2007 11 24,806 174,682 116 199,604
2007 12 26,479 163,033 110 189,622
2008 01 30,524 164,365 93 194,982
2008 02 29,214 161,058 113 190,385
2008 03 34,776 167,128 214 202,118
2008 04 36,917 168,550 267 205,734
2008 05 36,196 163,651 167 200,014
2008 06 34,280 157,105 185 191,570
2008 07 36,892 158,539 212 195,643
2008 08 34,989 152,949 256 188,194
2008 09 35,340 162,114 218 197,672
2008 10 33,961 167,555 273 201,789
2008 11 34,130 160,335 252 194,717
2008 12 37,017 155,438 224 192,679
2009 01 37,578 154,348 206 192,132
2009 02 37,932 150,677 238 188,847
2009 03 41,549 146,260 747 188,556
2009 04 43,254 138,010 856 182,120
2009 05 49,083 146,305 365 195,753
2009 06 54,440 130,891 724 186,055
2009 07 62,799 125,868 332 188,999
2009 08 67,168 135,655 630 203,453
2009 09 70,039 137,250 351 207,640
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2009 10 76,182 128,430 534 205,146
2009 11 81,686 123,261 452 205,399
2009 12 84,272 119,608 384 204,264
2010 01 86,857 116,556 560 203,973
2010 02 90,094 105,680 360 196,134
2010 03 102,597 107,881 364 210,842
2010 04 102,358 109,145 452 211,955
2010 05 106,572 101,100 936 208,608
2010 06 108,249 94,767 486 203,502
2010 07 115,262 92,264 476 208,002
2010 08 115,109 74,536 377 190,022
2010 09 116,808 65,297 352 182,457
2010 10 119,751 61,391 368 181,510
2010 11 120,631 61,668 392 182,691
2010 12 115,294 62,072 392 177,758
2011 01 120,589 56,657 335 177,581
2011 02 123,177 60,057 653 183,887
2011 03 127,880 60,144 458 188,482
2011 04 127,908 55,227 390 183,525
2011 05 125,194 62,666 384 188,244
2011 06 124,210 62,205 311 186,726
2011 07 122,580 55,309 227 178,116
2011 08 119,835 59,405 285 179,525
2011 09 121,453 51,647 213 173,313
2011 10 122,133 46,962 185 169,280
2011 11 118,000 37,150 130 155,280
2011 12 121,359 16,448 152 137,959
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2012 01 123,927 3,346 227 127,500
2012 02 121,529 2,945 91 124,565
2012 03 122,463 2,695 161 125,319
2012 04 119,926 2,376 285 122,587
2012 05 115,883 2,241 222 118,346
2012 06 111,354 2,157 247 113,758
2012 07 108,590 2,120 256 110,966
2012 08 105,037 2,117 219 107,373
2012 09 104,910 2,103 210 107,223
2012 10 94,543 2,077 46 96,666
2012 11 92,898 2,036 35 94,969
2012 12 91,551 2,014 76 93,641

* "For Location Events beginning 19 March, 2003 and prior, if the reported country was unknown,

the Deployment Country is categorized as Afghanistan".

Produced by Defense Manpower Data Center on February 11, 2013

DRS #61070
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Appendix D — Full Data Results for GDSS2
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Appendix E — Complete Data Set for GDSS2 Regression

Flight Date _ Afghanistan PPE__Iraq PPE OtherPPE__ TEData _ Afghanistan BOG __Iraq BOG Total BOG AFG % of Total IRAQ % of Total Afghanistan Total _Iraq Total Total PPE
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Appendix F — Data Set and Results for OMRS

The full results and data set for the OMRS Database are Classified Secret. They can be
obtained by authorized personnel through the Graduate School of Engineering and
Management at the Air Force Institute of Technology.
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