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Abstract

Recent trends in the US Air Force (USAF) including
reduction in size of force, closure/consolidatidrbases
and depots have necessitated a fresh evaluatioheof
existing transportation structure and the supplgirth
Further, the changing nature of redeployment, diclg
an increased role in non-military cargo movemenhsas
that found in disaster relief operations have retsed a
need to readdress the structure of the worldwidgoca
supply chain. In this study, a mixed integer progra
transshipment model is developed to optimally leche
transshipment points (aerial ports) within the dypp
chain for the USAF. Usually, goods are consolidated
single point from several supply points (depots basks)
that specialize in the holding of various typesubplies.

It is then shipped to the various destination ®inbm
the consolidation point, making the transshipmeadeh
appropriate. It is shown that the model provides fo
improvement over the existing structure.

1. Introduction

This study examines the location of aerial ports as
transshipment points within the supply chain neeibed
effectively manage the worldwide cargo distribution
system for the US Air Force. The past trend has tee
reduce the size of the force in response to a ¢hgng
global environment and decreasing budgets. This
reduction in both size and number has again been
proposed for the near future. Another factor hanlibe
changing role of the USAF, including a greater riole
deployments for crisis management in the civiliaena,
such as moving humanitarian aid supplies in critses
the recent one in Asia. Redeployment of personseledl
as cargo movement on short notice becomes inciggisin
important. This will require changes in the supgliyin
to effectively support the new requirements.

The location of the aerial ports within the supghain
assumes importance in both minimizing costs of

capability. Thus the aerial ports were necessévdgted
on the coasts. With the current long range capgloilithe
aircraft, and the changing nature of many deploys)emn
new evaluation of the location of the aerial p&tseeded
to meet the objectives of today’ supply chain.

An earlier study of this problem evaluated ten {mres
[4]. Based on the transshipment requirements atitha,
the study concluded that five of those locationsképt
open as aerial ports for transshipment of materg&itsce
that study was completed, there have been sevaratls
of restructuring in personnel and base infrastmectlihis
includes closing/realignment of bases and depats fr
which most of the cargo moved within the supplyicha
originates. Thus the number of cargo originatiom{so
has decreased. At the same time there have also bee
changes in the location of demand points and demand
distribution due to the same reasons. This neeatssif
fresh evaluation of the location of the transshiptme
points (the aerial ports).

Under the recent environment that the USAF operates
in, the location of the transshipment points in shpply
chain evaluated in this study includes six majartgpm
existence, as well as three possible locationiserrtterior,
that would not have been considered in earliergthasof
the system. Cargo data extracted from the databased
in this study to identify the points of origin (qlp) of the
cargo and also the points of demand. The data also
identifies the total cargo loads moved from eachhef
origins, and the load delivered (demand met) ah esic
the destinations. This data is used to determire th
optimal number and location of the aerial ports
(transshipment points) so as to minimize the total
operating costs. The solution is also compared with
costs obtained for the existing set of aerial pads
examine how much improvement the proposed solution
could provide.

2. Background

The facility location problem has been extensively

transshipment and in reducing the lead times in the studied in the literature. Mirchandani and Frar&p
supply chain. The original design of the distribati focus on discrete location decisions, arguing that
network was based on movement of goods for military decision-makers consider a discrete representédidre
deployment, and using aircraft of limited range and more realistic and accurate for the location denisi



Ghosh and Harche [3] examine location-allocation

models, and cite the most important characterigticese
models as the ability to optimally locate seveedilfties
in a simultaneous manner. In many supply chaimsgesaf
the located facilities are used as transshipmentgdrhe

for all j, k

X - Yi'M <0 (M

Where:

multicommodity distribution system design has been jis origin point

studied previously in literature. Geoffrion and @G¥s [2]
solved the problem for a large scale system usergiBr’s

decomposition. The objective was to meet the given

demands at minimum total distribution cost sukfet¢he
system constraints. A discrete set of possibleidigton

centers was used to obtain the optimal subsetsfomer
was assigned to only one distribution center. Baesk [1]

developed a transshipment model for an automobile

k is transshipment point
| is demand point

Ci is weighted average shipping cost per ton-mile from
any origin j to any transshipment point k

manufacturer. However, this model used a continuous Cy is weighted average shipping cost per ton-milenfro
space approach for location, as opposed to a nletwor any transshipment point k to any demand point |

model. A network model would have only a specifsetl
of facilities to choose from. For the current peshl
researched here, the network approach
appropriate, since the set of possible transshipp@nts
is finite and known. The set would include onlystixig
facilities along the coasts and other inland ftesi that
could be used for that purpose, since the cogt@fing a
new facility is prohibitive, and unlikely to occum the
current environment.

3. Modd

The basic structure of the distribution systemhimit
this supply chain is closer to the network distfido
system modeled by Geoffrion and Graves [2]. Assigni
only one transshipment point to a customer alloors f
consolidation of the different material (cargo) and
therefore favors economies of scale. It is assuthat
transportation costs vary linearly with the dis&@anc
shipped. Operating costs are known for each obites
evaluated. To reduce the complexity of the studjpouit
loss of generality, only the more significant onigiion
and destination points are included in the studysT
allows for most of the cargo movement to be modeied
the analysis. A mixed integer programming
representation of the aerial port distribution egstis
presented next. The problem can be stated as:

Minimize Y (G D + VI)*X jk + Y Cu*Di* X + Yk

FZx 1)

Subiject to:

Y X < S for all j 2
YiXi - Y Xa=0  forallk ®)
S« Xu = D for all | (4)
S Y= 1 for all | (%)
Yi Xk - Z&EM <0 for all k (6)

Dy is Euclidean distance from origin j to transshipine

is morepoint k

Dy is distance from transshipment point k to demand
point |

Vis transshipment point throughput cost per taraofjo

X« is flow in tons per month of cargo shipped frorigior
j to transshipment point k

X is flow in tons per month of cargo shipped from
transshipment point k to demand point |

F« is the monthly operating cost for transshipmeniio

Zyis a 0-1 variable; 1 if transshipment point isbshed
at k, 0 otherwise

Y is a 0-1 variable, 1 if transshipment point k ssrv
demand point |, 0 otherwise

S is origin point cargo availability
D, is the total demand at demand point |

My is the maximum throughput of transshipment point k
in tons per month.

The cargo data has been extracted from the da&tabas
The shipments in the database are uniquely idedtify a
transportation control number. The database i€mély
large with over two million entries. Data was exte
and refined to include only cargo data for a figear, and
that only transited through the current major
transshipment points. Further refining of the datald
provide for the largest origin points and also ldgest
demand points, these would account for more than 85
percent of all cargo shipped.

Similarly, cost data from the database on trudakloa
and less-than-truckload categories was extractedga



with air cargo transportation costs that are tt@erted
to an average ton-mile basis. Operating costs Her t
transshipment facilities were also extracted fraiimen
sources.

The distance data is taken from the military
transportation and travel official table of distasacThey
are also extracted from the database used at the ai
mobility command.

Following the data refinement, the model is apptie
the data to determine the optimal locations of the
transshipment points and to compare the solutiainag
the existing structure. It is expected that the ehodll
lead to improvement over the current system.

The data was extracted for the top points of orfgin
the cargo. Fifty-three locations accounted for mitran
85 percent of all cargo shipped. These are coresidier
this analysis. Additionally, twenty-two destinatipoints
outside the continental United States were evatldey
accounted for a similar volume of cargo received.

4. Analysis and Results

Since the cost of opening a transshipment fadifity
this case is prohibitive, indeed none are propdeeboe
opened we will consider only existing facilities as
candidates for transshipment points. Historicatigduse
of the distances between overseas destinationspaimd
the transshipment points, the transshipment poiete
located on the coasts to accommodate the rangeeof t
transport aircraft. Currently, that issue in noden of
concern as the range of the aircraft has increaleds
interior transshipment points can also be feasibly
evaluated. The six established transshipment pdiirats
have been in use along with three interior poihts &re
attractive as possible sites are considered in ghidy.
The interior points either have existing distribatdepots
in them that are cargo origination points and/oveha
limited aerial port facilities. It was more diffittuto
extract the costs for the three interior point® aslected
as candidates for transshipment points, since seeye
other purposes too. Estimates were obtained fosethe
three points, based on the knowledge that thets susre
between the highest and lowest operating costhef t
existing transshipment points.

Additionally, the throughput capacities of the
transshipment points were estimated, based orutinert
manpower authorized. Other factors such as material
handling equipment, ramp space, and storage fesilit
were also included.

The mixed integer program was applied to the data
collected. The results indicate the following. Otiiyee of
the six current aerial ports (transshipment poiskg)uld
remain open. Two of the ports are on the east aasbt
one on the west coast. One of the ports on theceast is
utilized to its full capacity under this scenarithe other
open port has a much larger capacity.

Sensitivity analysis was performed to examine the
impact of closing the smaller port and absorbing it
throughput into the larger open port. The assumpiso
that closing a port would provide significant sasrand
offset increased operating costs. However, undes th
scenario, total system costs actually increasgtithi

The existing six aerial ports structure was comgare
against the new three port structure solution plrediby
the model in this study. While the total freiglosts did
go up, by almost two percent, the savings in opegat
costs of maintaining only three aerial ports asospg to
the original six far exceeds the additional freigbsts.
Operating costs go down by over 45 percent. Overall
annual cost saving are in the range of three penagrich
is significant, since in real terms it is closeatanillion
dollars. If there was no constraint in the use»terg
facilities and new ones could be opened, the sawongld
be greater over a period of time. It was noticex #t this
time, the interior ports did not figure in the firsalution,
however, as closings of demand points and origintpo
as well as transshipment points occur, they contdrehe
solution.

5. Conclusion

The past and ongoing restructuring process alotig wi
declining budgets has forced a new evaluation ef th
supply chain used by the USAF to move cargo.
Additionally, the changing nature of the cargo moeet,
along with the need for rapid response times regtthat
the transshipment points (aerial ports) locatiores b
reevaluated. This study considers that issue aod/sh
that the existing structure can be improved onyGhiee
ports can provide for a more efficient supply chain
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