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UTILIZATION OF INCRESED AIRLIFT STUDY

AA CAPABILITY (UIAC) STUDY SUMMARY
.1,o"A10lo CAA-SR-4-29

THE REASONS FOR PERFORMING THE STUDY were to determine the Army's
allocation of unsubscribed capacity, and develop a process to assist the
sponsor is selecting the most suitable cargo and route combinations to
utilize the Army's allocation.

THE PRINCIPAL FINDINGS of this study are:

(1) The Military Airlift Command's (MAC). flying hour program and sched-
uled procurement of new aircraft are the major determinants in identifying
air routes with additional or unsubscrlbed capacity.

(2) The Army's projected allocation of unsubscribed capacity is 55 per-
cent of the total amount available.

(3) MAC's proposed Airlift Service Industrial Fund (ASIF) incentive
tariff rate favors diverting Army-sponsored cargo packed at seaport ter-
minals to realize transportation cost avoidances.

(4) Sufficient amounts of air eligible port-packed cargo to fill the
Army's projected allocation of unsubscribed capacity will not be available
beyond FY 86.

(5) Significant increases in forecasted amounts of unsubscribed
capacity suggest the Army reconsider utilizing its allocation for airlift
resupply.

THE MAIN ASSUMPTIONS upon which this study is based are:

(1) Increases in unsubscribed capacity detailed in MAC's study,
"Airlift Management in a New Era," are accurate.

(2 Peacetime airlift commitments from the Civil Reserve Air Fleet
(CRAF will be retained and increased commensurate with increases in MAC
fleet capability.

(3) Proposed ASIF tariff changes will be implemented.

(4) Projected increases in unsubscribed capacity will not be assigned
in support of Joint Chiefs of Staff (JCS) exercises.

THE PRINCIPAL LIMITATION of the work which might affect the findings is
that the historical lift data extracted from MAC, the Military Sealift Com-
mand (MSC), and Military Traffic Management Command (MTMC) records could
not be validated by Army sources.
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THE SCOPE OF THE STUDY includes an examination of the Army's requirement
for over-ocean movement of Army-sponsored cargo in the 1984-1989 timeframe,
and the development of a process to select the cargo route combinations
best suited to use the additional airlift capacity.

THE STUDY OBJECTIVES were:

(1) Identify the range of unsubscribed airlift capacity that will be
made available to the Army.

w -(2) Develop criteria for the selection of cargo categories suitable for
airlift.

(3) Identify the data that affect the selection of cargo and route com-
binations most suitable for airlift.

., d(4) Develop and document a cargo and route selection process for use by
the sponsor.

THE BASIC APPROACH followed in this study was to define the Army transpor-
tation requirements for sealift and airlift, determine the Army's alloca-
tion of unsubscribed capacity, and then develop a methodology to assist the
sponsor in selecting the most suitable cargoes and air routes to utilize
the Army's capacity allocation. Historical lift data detailing Army peace-
time cargo movements were then collected to facilitate the selection of air-
eligible surface cargoes for diversion and, finally, the transportation
cost avoidances resulting from the diversion were computed.

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics who sponsored
the work, established the objectives, and monitored the study activities.

THE STUDY EFFORT was directed by CPT(P) Jeffrey A. Sorenson, Strategy, Con-
cepts and Plans Directorate.

COIENTS AND QUESTIONS may be sent to the US Army Concepts Analysis Agency,
ATTN: Assistant Director for Strategy, Concepts and Plans, 8120 Woodmont

*-. Avenue, Bethesda, Maryland 20814-2797.

Tear-out copies of this synopsis are at back cover.
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UTILIZATION OF INCREASED AIRLIFT CAPABILITY (UIAC)

CHAPTER 1

9...;. INTRODUCTION

1-1. INTRODUCTION. Air transport of peacetime cargo currently comprises 9
percent of all over-ocean cargo moved within the Defense Transportation
System. Future procurement of additional airlift resources could increase
peacetime airlift capacity to 12 percent of over-ocean cargo shipments.
Planning for and use of the additional airlift capacity requires that the
Army identify the most appropriate routes and cargo types for diverting
cargo from sealift to airlift. The impacts of additional airlift capacity
on the current Army transportation system are unknown. Consequently, the
Deputy Chief of Staff for Logistics (DCSLOG), Headquarters, Department of
the Army (HQDA), tasked the US Army Concepts Analysis Agency (CAA) to study
the impact of increases in peacetime airlift capacity and to report the
study findings in September 1984. This report discusses the study approach,
the reasons for the increase in airlift capacity, the impacts on the current
Army transportation system, and an approach to exploit the additional air-
lift capacity.

1-2. BACKGROUND. The Military Airlift Command (MAC) has embarked upon a
fleet expansion program to satisfy wartime contingency airlift requirements.
Because of the fleet expansion, MAC's peacetime airlift capacity will in-

* crease by 50 percent by FY 1989. This dramatic increase in peacetime air-
lift capacity, in contrast to the minimal increases in demand for airlift
by the Services, will require the Army to adjust its use of peacetime trans-
portation resources. The adjustment will impact on the Army's current use
of sealift, forecasting and budgeting of airlift, and movement of airlift
cargo.

1-3. PURPOSE AND SCOPE. This study develops a process to select the cargo
and route combinations best suited to use the additional airlift capacity.
The primary focus of the study was Army-sponsored cargo requirements for FY

*.. 1984-1989.

1-4. OBJECTIVES

a. Determine the amount of additional airlift capacity that will be
made available to the Army.

* b. Develop and document a process to be used by the sponsor in selecting
cargo and route combinations to use the additional airlift capacity.

1-5. LIMITATION. Historical surface lift data from the Military Sealift
Command (MSC) and Military Traffic Management Command (MTMC) and airlift
data from MAC could not be validated by Army sources.

"'"- 1-1
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1-6. ASSUMPTIONS

a. The projections of additional capacity made by the MAC are accurate.

b. Joint Chiefs of Staff (JCS) will not use the additional capacity for
field training exercises (REFORGER, BOLD EAGLE, etc.).

1-7. ESSENTIAL ELEMENTS OF ANALYSIS (EEA). The essential elements of anal-
ysis of the study were designed to examine the impacts of additional airlift
capacity on the Army peacetime transportation system, and to identify po-
tential solutions to the problem. These elements were as follows:

a. What specific airlift channels and sealift routes will be affected
by the need to utilize additional airlift capacity?

b. What types and sizes of cargo are most appropriate to be reprogramed
from the sealift shipment mode to the airlift shipment mode?

c. If the proposed Airlift Service Industrial Fund (ASIF) is implemented,
how will it alter the selection process for reprograming cargo for airlift
in (b) above?

d. How and to what extent does the cargo selection process help traffic
managers identify what cargo categories should be diverted from sealift to

A. airlift?

1-8. STUDY PLAN. The plan to complete this study is depicted in Figure

Define airlift Develop and collect
and seal ift l ift data and

system cargo criteria

Identify, evaluate Document
"0and select 0 process and

- .methodology outline plan

Figure 1-1. Study Plan

1-2
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a. The following activities were necessary to define the airlift and
sealift system:

(1) Research JCS publications, MSC, MAC, and MTMC directives; and
Army, Navy, and Air Force regulations related to the movement of Army-spon-
sored, over-ocean cargoes.

r.-

(2) Analyze and evaluate the operations and procedures used by MAC,
• -MTMC, and MSC to move cargo and establish transportation rates.

(3) Research completed and on-going studies related to the use of
airlift to transport cargo.

(4) Determine the amount of added airlift capacity available for Army
use.

b. The following actions were required to develop cargo selection cri-
teria and analyze cargo lift data:

(1) Identify cargo lift data bases which most accurately reflect over-
ocean movements of all types of Army-sponsored cargo.

(2) Investigate transportation studies and interview transportation
personnel to identify pertinent criteria for selecting cargo types for air-
lift.

(3) Establish procedures to build and maintain a cargo lift data base
for future analysis.

..

c. The identification, evaluation, and selection of an appropriate meth-
odology required the following:

(1) Identifying alternative transportation models employed to solve
transportation problems.

. (2) Evaluating the applicability of these models to the additional
airlift problem.

O (3) Selecting the most appropriate modeling technique, based upon
available cargo lift data and the processing constraints of potential model
users.

d. The following actions were required to document the process and out-
line the plan:

(1) Document the process so that the user can replicate the analysis
steps, since data inputs may change on an annual basis.

1-3
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(2) Prepare an illustrative example of the process to detail the re-

quired inputs, the cargo and route selection process, and the related outputs.

(3) Identify actions required to fully implement the selected process.

J1-.
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CHAPTER 2

MILITARY AIRLIFT COMMAND (MAC) INCREASE IN PEACETIME
AIRLIFT CAPACITY (1984-1989)

2-1. INTRODUCTION. MAC has embarked upon a fleet expansion program to
satisfy the projected wartime lift requirements of a global scenario. This
chapter describes the goals of the fleet expansion, MAC's flying hour
training program, additional peacetime airlift capacity or unsubscribed
airlift capacity and the incentive tariff airlift rate.

2-2. MAC'S CARGO FLEET EXPANSION

a. Department of Defense (DOD) Directive 5160.2, Single Management
Assignment for Airlift Service, assigns MAC the mission of ensuring that
sufficient airlift capacity is available to satisfy the wartime and
contingency requirements of DOD. MAC accomplishes this mission through
aircraft procurement programs and by requiring high standards of aircrew
readiness.

b. In 1980, the Congressionally Mandated Mobility Study (CMMS) analyzed
S the wartime use of sealift and airlift resources, and prepositioning of
e", materiel and equipment to satisfy logistic requirements of a global
A scenario. The results of the CMMS recommended that wartime airlift

capacity be increased to 66 million ton miles/day (MTM/D) to satisfy the
airlift requirements of the scenario. Since the study results indicated
available airlift capacity was 64 percent below the recommended amount, MAC
embarked upon a fleet expansion program to increase the physical cargo
capacity of their fleet.

c. The FY 85-89 Defense Guidance established 58 MTM/D (see Figure 2-1)
as an interim goal toward achieving the recommended capacity level of 66
MTM/D. The increase in capacity will be provided by the addition of 44

C-5B aircraft, and 19 CRAF-enhanced aircraft. Also, 41 KC-1O aircraft
which perform air refueling missions for the Strategic Air Command will be
available for cargo movement. Achievement of the 66 MTM/D goal will not be

, attained until the FY 94-96 timeframe.

'.2

w 2-1
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70. CMMS

recomended
level

60-

C -58'-" 50.cs

Million KC-10

ton

miles/ Programed CRAF

day
Current CRAFV 30-

20-C- 14 18

10
C-SA

82 90
Fiscal year

Figure 2-1. MAC Fleet Expansion (FY 82-90)

2-3. MAC'S FLYING HOUR PROGRAM

a. MAC's flying hour program is established as a training program to
ensure airlift systems are ready to meet wartime contingencies. The number
of hours in the flying hour program differs for each type of aircraft and
is based upon four interdependent requirements.1

(1) Flying squadrons must train aircrews to be ready for wartime.

*- (2) Maintenance units must maintain their technical proficiency
through "hands on" training.

(3) Supply units require enough flying hours to maintain adequate
repair part stockage levels.

(4) Aerial port units must train personnel in cargo and passenger
handling.

b. Of the four requirements, satisfaction of aircrew readiness is the
dominant factor in the current flying hour program. Historical analysis
has shown that satisfaction of air crew requirements also satisfies the
maintenance, supply, and aerial port training requirements as well. To
derive aircrew readiness, the Air Force considers three factors:

2-2
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(1) Flying hours for training events, i.e., landings, takeoffs, and

approaches.

- (2) Flying hours required to upgrade copilots to aircraft commanders.

(3) Flying hours needed for pilots to meet the experience standards
of the rated aircrew management (RAM) system.1

These factors are then analyzed for each type of aircraft system, and the
one factor that requires the most hours establishes the minimum number of
flying hours for that airlift system.1 No one factor dominates the others
for all aircraft systems. For example, RAM requirements are the most domi-
nant factor for the C-130 aircraft system. If C-130 pilots fly enough
hours to satisfy RAM requirements, the copilot upgrade and training event
requirements are also satisfied. For the C-141 and C-5A aircraft systems,
upgrade requirements, and training events, respectively, are the dominate
factors. Once the dominate factor is established, the number of hours for
that factor are multiplied by the number of pilots who fly that aircraft

N system to derive the minimum number of flying hours for that aircraft
system. Table 2-1 depicts the results of these calculations for the
respective aircraft systems for FY 84-89. As indicated, the increase in
flying hours over the next 5 years is only 6 percent as compared to the 50
percent increase in peacetime fleet capacity. Increases in aircraft cargo
space (e.g., C-5A/B versus C-141) primarily account for the significant
increase in overall fleet capacity.

Table 2-1. MAC's Flying Hour Program (FY 84-89)

-4.

Aircraft FY 84 FY 85 FY 86 FY 87 FY 88 FY 89 increase/decrease

C-5Aa 54,192 54,252 54,072 53,887 53,747 53,747 (1)

0 C-5Ba - - 1,981 7,765 17,758 28,961 1,360

C-130 156,688 159,528 160,997 161,099 161,099 161,099 (3)

C-141a 275,797 274,458 270,807 273,009 273,014 273,014 (1)

486,677 488,238 487,257 495,760 505,528 516,821 6

aIncludes Reserve Associate Program.
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c. After the total number of flying hours are determined, they are dis-
tributed to the respective Services based upon their forecasts and
historical needs. Typically, 50 percent of the flying hours are employed
to satisfy user cargo lift requirements on channel missions (paragraph
3-2a, Chapter 3).1

2-4. UNSUBSCRIBED AIRLIFT CAPACITY

a. A by-product of MAC's flying hour program is available airlift capa-
city to satisfy peacetime transportation requirements of DOD. Over the
next 5 years, the amount of peacetime airlift capacity will increase by 50
percent. Again, this is primarily due to the procurement of larger
aircraft for the fleet and not additional flying hours. However, MAC's
analysis of historical lift data indicated that user lift needs grew at an
annual rate of 2 percent. 2 Assuming that the user growth rate would remain

V constant and that fleet procurement programs would remain on schedule, MAC
1 4 projected amounts of unfilled or additional peacetime airlift capacity.

b. To MAC, the unfilled available capacity represents a potential loss
of Airlift Service Industrial Fund (ASIF) revenues. ASIF revenues are
intergovernmental transfers of funds paid by the users of MAC's airlift
resources for air transportation of their cargo. Therefore, MAC decided to
describe the unfilled as unsubscribed capacity. Unsubscribed capacity is
defined as that amount of airlift capacity generated by the future flying
hour program that is not supported by ASIF revenues. Table 2-2 depicts
MAC's projection of unsubscribed capacity for FY 84-89.2

Table 2-2. Unsubscribed Airlift Capacity (FY 84-89)

Outbound Capacity Inbound capacity Total capacity
FY (STON) (STON) (STON)

Atlantic Pacific Total

84 5,600 2,500 8,100 8,100 16,200
. 85 6,700 2,900 9,600 9,600 19,200

86 11,700 5,100 16,800 16,800 33,600
87 22,700 9,800 32,500 32,500 65,000
88 29,000 12,500 41,500 41,500 83,000
89 35,000 15,000 50,000 50,000 100,000

5-
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c. Currently, ASIF revenues comprise 36 percent of MAC's total budget.
The flying hour program is an Air Force budget item that is funded by a
combination of Air Force Operations & Maintenance (O&M) funds and cargo
lift rates charged to users of the airlift system. Increases in the number
of aircraft in the fleet will increase the cost base of MAC's budget
because of additional maintenance and fuel costs; however, projected

*increases in user demand of air cargo transportation will not be enough to
fund the additional costs. Thus, the resulting shortfall must either be
funded entirely by Air Force O&M funds or be partially offset by increases
in MAC's revenue base.

2-5. INCENTIVE TARIFF AIRLIFT CARGO RATE

a. MAC's initial proposal to resolve the unsubscribed capacity problem
required that the transportation budgets of the respective Services be in-
creased. Basically, MAC wanted the additional capacity to be considered as
part of the total available airlift offered to the Services for air cargo
transportation. Although this proposal would have retained the economic
value mechanism of airlift allocation (i.e., the cost of airlift regulates
its use), it would have increased the bottom line of Service budgets due to
"inflated" transportation costs.

b. Another approach was to reduce the airlift rate in order to
encourage additional use of available airlift resources. The reduced rate,
known as TP-4 (Transportation Priority 4), is a surface equivalent air rate
that is based on the current MSC container ratc for a surface route that
parallels a given air channel. The formula for computing the TP-4 rate is
as follows:

MSC container rate for parallel surface route
(MSC COMSCINST 7600.3G, General Cargo Category)

1/3 MTMC packing rate at port
(MTMC Circular 55-83-3, Table 4, CONEX packing)

*+

MTMC documentation rate
(MTMC Circular 55-83-3, Table 2)

Total TP-4 cost for airlift channel

The total cost is then divided by 40 to obtain a price in terms of $/cubic

%foot.
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If an MSC container route is unavailable for the parallel air channel, the
- TP-4 rate is based upon the MSC breakbulk rates as follows:

MSC breakbulk rate for parallel surface route

(MSC COMSCINST 7600.3G, General Cargo Category)

4 MTMC documentation rate
(MTMC Circular 55-83-3, Table 2)

Total TP-4 cost for air channel

Again, the total cost is divided by 40 to derive a $/cubic foot rate.

c. Allocating unsubscribed cargo space to the Services is one of the
major problems with implementing a TP-4 program. Given that the TP-4 rate
is a surface equivalent rate, the allocation of air capacity using an eco-
nomic value mechanism is not valid. Traffic managers are not discouraged
from using airlift because the airlift and surface rates are almost
identical. Since airlift will get the cargo to its destination quicker
than sealift, airlift demand would increase significantly. Therefore,
available cargo space must be allocated on a pro rata basis rather than an
economic basis.

d. Although it costs less to transport air cargo in a TP-4 mode, it
also takes more time for TP-4 cargo to be delivered to its final
destination than higher priority air cargo. TP-4 cargo service is designed
to air transport nonair-eligible cargoes normally moved by surface during
periods when MAC capacity exceeds user airlift needs. TP-4 cargo can be
thought of as deferred air cargo or space available cargo. It is
transported if the other higher priority cargoes, i.e., TP-1 through TP-3,
do not fill the available airlift space. Since higher priority cargoes
generally fill available airlift cargo space, TP-4 air cargo will be
delayed at the aerial port until unfilled cargo space becomes available.
However, MAC is required to move the TP-4 cargo as quickly as possible
while ensuring that time standards for surface movement of TP-3 cargo are
not exceeded.

" 2-6
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CHAPTER 3

ARMY AIRLIFT TRANSPORTATION SYSTEM

3-1. INTRODUCTION. The Army's use of airlift to transport cargo is
governed by DOD Regulation 4500.32R, JCS Publication 15, AR 59-3, AR 59-8,
and several MAC and MTMC directives. This chapter defines the regulatory
basis for selecting and transporting air eligible cargo, the Army's use of
airlift, and the impact of additional airlift on the Army transportation
system.

3-2. THE REGULATORY AIRLIFT SYSTEM

a. DOD Reg 4500.32R, Military Standard Transportation and Movement
Procedures (MILSTAMP), contains approved joint transportation procedures
applicable to the use of airlift for transporting cargo.

(1) Specifically, the chapter on Shipment Clearance discusses
required procedures to clear cargo into the Defense Transportation System
(DTS). If cargo is to be nominated for airlift it must be cleared through
an Air Clearance Authority (ACA) as follows:

(a) First, shipping activities submit a Transportation Control and
Movement Document (TCMD) containing cargo data for export shipment to the

:(b) After the ACA has received the TCMD, the shipping activity will
release the shipment for movement to the APOE if the ACA does not challenge
the shipment by the hour/day indicated in the TCMD day shipped field.

(c) Finally, the ACA will furnish air terminal operators with a
completed TCMD for shipment of the item.

(2) The Shipping Activity Requirements Chapter addresses the

establishment of airlift requirements and transportation priorities for the
services.

(a) Airlift requirements fall into two categories. They are:

1. Air channel - common user airlift provided on a scheduled
basis between two points.

2. Special Assignment Airlift Mission (SAAM) - airlift
requirements which require special consideration due to the size of cargo,
urgency of movement or other factors that may preclude the use of air
channel capacity.

(b) Transportation Priorities (TP) fall primarily into four
categories, TP-l through TP-4. Categories TP-1 through TP-3 reflect the
importance of materiel needed by the requisitioning activity. TP-1 and
TP-2 cargoes normally are transported via airlift, and TP-3 cargoes are

3-1
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usually transported via surface lift. TP-4 cargo is defined as non-air
eligible cargo normally moved by surface means but offered as airlift cargo
to fill uncommitted or unsubscribed MAC capacity.

b. JCS Publication 15, Mobility System Policies, Procedures and
Considerations, prescribes procedures for submitting common user air
transportation requirements and determining the precedence of traffic
movement. The chapter on Transportation, Requirements, Allocations, and
Priorities discusses the submission of forecast requlirements to establish
an air channel or to request a SAAM.

(1) The preliminary air channel forecasts are submitted on 1 November
for the fiscal year that begins 23 months later, i.e., the request
submitted on 1 November 1984 would be for FY 87.

(2) An update of the air channel forecast is submitted on 1 July for
the fiscal year that begins 15 months later, i.e., the update that would be
submitted on 1 July 1985 is the update for FY 87.

(3) SAAM requests are submitted for air transportation requirements
that cannot be satisfied by air channel missions. Requests are submitted
as airlift requirements develop and are handled by MAC on an individual
basis.

This chapter also discusses the criteria used to assign the TP categories.

These criteria distinguish between the missions of the units that receive
the materiel and the importance of materiel requested.

c. AR 59-3, Air Transportation, prescribes the use of airlift to
transport Army sponsored cargo from CONUS to overseas destinations.

(1) The responsibilities for implementing AR 59-3 are defined as
follows:

IL (a) The Director of Transportation, Energy and Troop Support,
ODCSLOG, will provide policy and guidance on the use of airlift services.

* (b) The US Army Materiel Command's (AMC) Logistic Control Activity
(LAC) will operate the Army ACA (AACA) which verifies, clears and monitors
movement control of air cargo.

(c) The Shipper Service Control Offices (SSCO) will verify the need
for air movement of cargo.

(d) Installation transportation officers will nominate air elgible
-.'> cargo for air movement and ship materiel as directed by the SSCO/AACA.

(2) The procedures and criteria used by AACA to clear cargo into the
airlift system are depicted in Figure 3-1.

3-2
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d. AR 59-8, Military Aircraft, implements JCS Pub 15 within the Army.
It identifies the procedures to follow to establish MAC air channel service
for movement of Army cargo. AR 59-8 defines two types of channel services
for movement of air cargo. Requirements channels are established to
support movement of air cargo as the cargo materializes. Frequency
channels are established for routine air traffic service on a scheduled
basis, i.e., two times a week, four times a week, etc. Cargo requirements
are not the only consideration for establishing frequency channels. Morale
support and operational considerations are sufficient for a service to
establish a frequency channel. Frequency and requirement channel listings
and cargo rates are not published in the regulation because both items
change annually.

(1) Current listings of MAC channels can be obtained from HQ
USAF/LET, Washington D.C.

(2) Current cargo rates are published in Air Force Regulation
76-11.

Finally, AR 59-8 prescribes the procedures to be implemented to forecast
Army requirements for MAC channel service.

3-3. ARMY USES OF AIRLIFT TRANSPORTATION

a. Analysis of historical airlift data indicated that 30 percent of
MAC's total lift capacity was dedicated to move Army-sponsored cargo.

-- Included in this percentage are the Army's requirements for movement of
personnel and cargo and airlift support of Army military exercises. Thirty
percent of the Army's cargo requirements are Air Line of Communication
(ALOC) shipments which enhance the peacetime readiness of Army units.

b. ALOC is a subset of the Army's Direct Support System (DSS). The
principal concept of DSS is the elimination of unnecessary intermediaries
between the requisitioning unit at the General Support (GS) or Direct
Support (DS) level and the CONUS depots. The elimination of intermediaries
can occur in the requisitioning or the delivery of select supply items.
For example, a unit may request an item directly from a CONUS depot without
waiting for the requisition to pass through the DS and GS levels.
Similiarly, the item may be shipped directly to the requisitioning unit
rather than shipping the item to a GS unit that passes the item through the
lower supply levels, and finally, to the requisitioning unit. Significant
cost savings through consolidation of inventories at CONUS depots, and
improved responsiveness of the supply system were the major benefits
realized by the Army as a result of implementing DSS.

c. ALOC improves the responsiveness of DSS by reducing the order-ship-
time (OST) of selected Class II and TX items for units overseas. As
depicted in Figure 3-2, OST is a segment of the overall inventory pipeline.
As OST is reduced, the amount of inventory in the pipeline decreases, and a

*L one-time cost savings results. In addition to cost savings, ALOC has
significantly contributed to the streamlining of the Army's logistics
structure and operations.

9--
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Figure 3-2. Overseas Stockage Policy

d. Curretitly, the Army has established nine ALOCs around the world.
Table 3-1 depicts the amount of cargo delivered to the various ALOC units
during FY 83 in order of weight delivered. The Panama and Okinawa ALOCs
were established during FY 83, and the amounts shown in the table for these

4ALOCs do not reflect 12 months of cargo shipments. The Okinawa total
reflects 4 months of data, and the Panama total reflects 2 months of data.

Table 3-1. FY 83 ALOC Shipments

ALOC Weight (STON) Percent total

1 Europe 23,826 75.5
Korea 3,173 10.0
Europe (medical) 2,307 7.3
Hawaii 979 3.1

S Korea (medical) 586 1.9
Alaska 430 1.4
Japan 139 .4
Panama 72 .2
Okinawa 63 .2

. Total 31,575 100
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3-4. IMPACT OF ADDITIONAL AIRLIFT ON ARMY TRANSPORTATION SYSTEM

a. If the unsubscribed airlift capacity offered by MAC is used by the
Army, three areas of the Army's transportation system will be affected:
(1) cargo lift modes, (2) Second Destination Transportation Funds, and (3)
Army organic transportation resources.

b. The Army can fill unsubscribed airlift capacity either by increasing
its future need for airlift or by diverting cargo currently transported by
surface lift to airlift. The fielding of force modernization items will
increase the need for transportation of Army-sponsored cargo in the future.
However, the majority of these items will be delivered by surface mode
because of equipment size constraints. Therefore, increased demand for
airlift transportation of force modernization items will be minimal. The
integration of force modernization items into the Army inventory will

K- probably increase the number of line items in the ALOC resupply pipelines
as more units began to use their new equipment. However, increased demand
for ALOC resupply of force modernization items will not provide enough air
cargo to fill the Army's allocation of unsubscribed capacity. Thus, the
Army's allocation of unsubscribed capacity will most likely be filled by
diverting cargo currently transported by surface lift to airlift.

c. The Army's use of additional airlift will require slight adjustments
to the current process of budgeting and forecasting for Second Destination
Transportation Funds. Figure 3-3 depicts a comparison of airlift and
surface forecasting and budgeting for FY 86. As illustrated, airlift
forecasts are required before surface forecasts. If the Army decides to
fill its allocation of unsubscribed capacity, their annual airlift forecast
should be increased to include the allocation. Also, the surface forecast
should be decreased to reflect the amount of cargo diverted from surface
lift to fill the Army's allocation of unsubscribed capacity. The
adjustments to the surface and air forecasts are essential for development
of reasonable air and surface cargo. rates for each fiscal year. For
example, if the surface forecast is not adjusted, the actual cargo amount
lifted during the fiscal year will be under-forecasted. As a result, the
MSC industrial fund will incur losses due to under utilization, and surface
rates will increase in the next fiscal year to offset the losses.

d. The additional use of available unsubscribed airlift will increase
the workload of organic Army transportation resources that transport cargo
from an aerial port of debarkation (APOD) to its final destination or
breakbulk or distribution point. In contrast to sealift which is normally
delivered by commercial carriers, Army transportation resources are the
primary means of transporting cargo arriving at APODs to their final
destination. Initially, the workload increase will be minimal. However,
if projected increases of additional capacity are correct, future demand on
Army transportation resources could be significant. For example, by FY 89,
the workload of the 4th Transportation Command which land transports Army
air cargo arriving in Germany could increase by an additional 16,800

" STON/year (see Chapter 5, Tables 5-3 and 5-4).
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CHAPTER 4

OTHER STUDIES ON AIRLIFT UTILIZATION

4-1. INTRODUCTION. During the course of the UIAC study, several related
studies and reports were reviewed. The purpose of the review was to
analyze approaches to similar problems and to examine their data. In fact,
a similar problem of additional peacetime airlift capacity to transport
cargo evolved following the end of the Vietnam conflict. Many studies were
conducted to resolve that problem, and the results of those studies formed
the basis for establishing the Army's current ALOC system. The initial
study on this problem was the Routine Economic Airlift (REAL) Study
conducted by the Research Analysis Corporation (now General Research
Corporation). The Joint Services Air Logistic Pipeline (ALP) Study

. followed and investigated the use of airlift to improve the supply
pipelines of the services. The Army responded to the ALP Study by
initiating an ALOC to Europe which was evaluated by the US Army Material
Systems Analysis Activity (USAMSAA) in their analysis of ALOC-Europe study.
A MAC study entitled Airlift Management in a New Era is a recent study
regarding the current problem, and details the impacts of MAC's fleet
expansion on future amounts of peacetime cargo capacity.

4-2. REAL STUDY. The REAL concept was developed for the Army in 1969. In
that concept, selected high dollar value items were identified for routine
delivery by air. 7 In theory, the reduced order-ship-time (OST) resulting
from air cargo delivery would more than offset the increased transportation
costs of air shipment. However, due to supply implementation problems, as
well as questionable cost avoidance results, the program was not
successful, and was disbanded. The concept of realizing inventory cost
avoidances through pipeline reduction was valid, but the item selection
process failed to take into account normal Army resupply procedures.

4-3. ALP STUDY. The ALP Study was a joint service study to determine what
- DOD cargo should be moved by air, and the resulting potential savings.8

The Army's response to the ALP Study recommended a test of an ALOC concept
in conjunction with the Modernization of Logistics (MODLOG) program

* announced in 1975. The major objectives of the MODLOG program were to
optimize the logistics structure and operations; to increase reliance on
CONUS support; and to increase host nation support. ALOC supported the
MODLOG effort by providing a quick response logistic system which resulted
in phasing down the USAREUR depot system, and realizing significant cost
avoidances through inventory reductions. Based upon the ALP Study, an ALOC
for Europe was established in 1977. Successful implementation of the ALOC
in Europe formed the basis for establishing ALOCs in other parts of the
world (paragraph 3-3d).
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4-4. ANALYSIS OF ALOC-EUROPE STUDY. The title of the technical report,
Analysis of ALOC-Europe (ALOC-E) Order-Ship-Time Segments for Effects on
Materiel Management, System Cost and Operational Readiness, describes the
purpose of the study. USAMSAA's report evaluated the procedures used in
processing Class IX requisitions for Europe since the implementation of
ALOC-E in 1977.9 One of the study findings noted that the Standard Army
Supply System uses the unit priority designator to determine an item's mode
of shipment, and not the item's air eligibility code (AEC) which was

established to support ALOC. Overall analysis of the eleven time segments
which comprise OST, resulted in extending the original ALOC management goal
of cargo delivery to Europe from 20 days to 23 days. Overall, the study
provided an in-depth analysis of ALOC during peacetime and its impact on
improved logistic support.

4-5. AIRLIFT MANAGEMENT IN A NEW ERA STUDY. This study, produced by MAC
in 1983, discusses the impacts of additional peacetime airlift capacity

- that could be made available given MAC's fleet expansion and the projected
peacetime lift needs of the Services. 2 Cargo selection criteria for
utilizing the additional airlift criteria focused on the concept of airlift
dependency during peacetime. Since the additional capacity would be
primarily committed to movement of equipment and personnel during wartime,
the study cautioned against undue reliance on inflated increases in
peacetime airlift capacity levels. Other selection criteria recommended
included: improvement of morale support, acceptance with the common user
system, and improvement of force readiness. Also, to offset potential
losses of ASIF revenues, the study recommended an incentive tariff to
funnel additional cargo into the airlift system.

4-6. SUMARY. Overall, the previous studies recommended using available
airlift to realize pipeline inventory savings. However, based upon
increases in ALOC transportation costs and MAC's caution against undue
reliance on available peacetime airlift capacity, the original focus of
this study was not to consider increasing use of airlift resupply.

*. Instead, the focus of the UIAC Study was to determine other ways to achieve
cost effective use of available airlift capacity. Chapter 6 discusses
alternative ways for the Army to fill the additional capacity based upon
changes in the study scope as a result of recent MAC initiatives (Chapter
5).

-. 4-2
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CHAPTER 5

PROBLEM DEVELOPMENT

5-1. INTRODUCTION. Because of uncertainty regarding future amounts of
unsubscribed capacity, the problem analyzed in this study has been and will
continue to be a dynamic problem. This chapter will discuss the dynamics
of problem development and the methodologies that were evaluated for appli-
cation to the problem.

5-2. PROBLEM DEVELOPMENT

a. The scope and nature of the problem have changed considerably since
the study began in January 1983. Changes in scope were the result of MAC
initiatives which altered the factors under consideration. Table 5-1 il-
lustrates the changes of the study scope as a result of the MAC
initiatives. In sum, the MAC initiatives have narrowed the scope of the
problem as discussed below.

b. Initially, the purpose of the study was to identify the most
*, suitable cargo and air route combinations for use by the Army (column 1,

Table 5-1). Therefore, the study entailed a thorough evaluation of all the
air routes used by the Army and the identification of divertible surface
cargo types to fill the unsubscribed capacity. When the study began, an
estimation of the Army's allocation of unsubscribed capacity was
unavailable. However, a previous analysis of Army over-ocean surface lift
transportation requirements indicated that 50 percent of all surface cargo
lifted by MSC was Army-sponsored cargo. If airlift data indicated a
similar usage factor, then the upper bound on the Army's allocation of
unsubscribed capacity would probably be 50 percent. Assuming the Army
would be allocated 50 percent of the unsubscribed airlift capacity, the

*Army could fill its allocation by diverting approximately 7 percent of its
. surface cargo. Cost was still a factor to discriminate between cargo types
.'.. to be diverted as well as routes to be considered. Also, operational

considerations, such as Army lift requirements, influenced the types of
cargoes and routes to be selected.

c. The first change in the study scope occurred when a MAC proposal to
allocate the additional cargo capacity to the services was rejected.
Basically (column 2, Table 5-1), MAC wanted the additional capacity to be
included with their present capacity and funded under the current rate
structure. This proposal had merit since the economic value of allocating

-airlift space would be maintained. However, this proposal would have in-
* creased the bottom line of the services' peacetime transportation budgets
V'. due to "inflated" airlift costs. Since the additional airlift capacity was

procured to support wartime, not peacetime, cargo lift requirements, it was
decided that the additional costs of expanding the MAC fleet would be pri-
marily funded by Air Force O&M funds. However, to offset some of their
additional costs, MAC proposed an incentive tariff TP-4 program. As stated
in Chapter 2, the TP-4 rate is primarily a surface equivalent rate. With
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the introduction of a TP-4 rate, cargo transporation cost was eliminated as
a discriminator of cargo types. Aside from packing and line haul charges,
the over-ocean rate for a particular cargo type was identical regardless of

- the mode of transportation. Thus, cargo cost factors were dropped from
consideration (column 2, Table 5-1) as a result of this initiative. Appen-
dix E contains a detailed discussion of the elements of transportation
cost.

Table 5-1. UIAC Problem Development

Original initiates proposes

problem incentive incentive
- tariff routes

Routes All All Incentive

Cost factors Xa X Evaluate
Route

9,. selection
Operational
considera- X X X
tions

Surface Surface Surface
Type divertible divertible divertible

(7.0%) (7.0%) (3.5%)

Cargo
selection Cost factors X

Operational
considera- X X X

tions

ax = to be included in the analysis.

d. The last change in the scope of the study resulted from the Air
Force Program Objective Memorandum (POM) released in May 1984 (column 3,
Table 5-1). A significant outcome of the POM was the modification of the
Active fleet structure. The initial estimate of unsubscribed capacity was
forecasted based on the assumption that all newly procured aircraft would
be assigned to the Active fleet. The POM directed that some of the newer
aircraft be assigned to air wings in the Reserves. Since the Reserves'
flying hour program is less demanding than the Active force, the total
amount of unsubscribed capacity was reduced. Again, using the same

5-2
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rationale as above, if the Army was allocated 50 percent of the unsub-
scribed capacity, the Army could fill its allocation by diverting only 3.5

* apercent of Army cargo currently transported by surface mode. Additionally,
since the POM force structure was defined, MAC could project where the un-
subscribed capacity would be made available.

(1) The majority of unsubscribed capacity in future years will be
" created by the fielding of C-5B aircraft. The results of the POM provided

MAC with a projection of the units scheduled to receive the C-5B aircraft
system. From this information, MAC determined the routes that would con-
tain unsubscribed capacity and forecasted the amount of unsubscribed capac-
ity for each route. Table 5-2 depicts MAC's projection of unsubscribed
capacity for C-5B for FY 86. Also, Table 5-2 illustrates a percentage
breakdown of the total capacity which was computed using the midpoints of
the capacity data provided by MAC, e.g., Norfolk-Rota/Sigonella, 75
STON/month divided by 1,320 STON/month, equals 5.7 percent.

Table 5-2. Unsubscribed Capacity FY 86

1 'I Route capacity
Capacity as percentage

Routes (STON/month) of total
"._jj available

Norfolk - Rota/Sigonella 70 - 80 5.7
Norfolk - Rota/Bahrain 40 - 80 4.5

Dover - Rhein Main/Ramstein 420 - 460 33.2
Dover - Dhahran 80 - 90 6.4
Dover - Incirlik 100 - 120 8.3

• Charleston - Howard 60 - 70 4.9

Travis - Hickam/Guam/Subic/Clark 110 - 130 9.1
Travis - Clark/Diego Garcia 90 - 100 7.5
Travis - Kadena 50 - 70 4.5
Travis - Yokota/Osan 80 - 100 6.8
Travis/Tinker - Europe 110 - 130 9.1

Total 1,210 - 1,430 100
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(2) MAC is currently developing an implementation plan to allocate
unsubscribed cargo space to the services. Although the plan was not com-
pleted at the writing of this report, indications were that the allocation
system would be based upon the Services' historical lift needs on the routes
described above. Based upon this information, the route data provided in
(1) above, and the total projected amount of unsubscribed capacity available
to the DOD (Table 2-2), the Army's allocation was derived for each route.
First, a historical lift factor was developed for each route. This factor
represents the historical amount of Army cargo transported via a particular
air route as a percentage of the total amount of cargo transported by MAC
on that route. Second, using the route analysis for C-5Bs from Table 5-2,
the total amount of unsubscribed capacity per route was derived. For ex-
ample, the total amount of unsubscribed capacity for FY 84 for the Dover -
Rhein Main/Ramstein route was derived as follows: .332 x 8,100 STON/year -

2689.2 STON/year, or approximately 2,690 STON/year. Finally, the Army's
historical lift factor (Tables 5-4 and 5-5) was multiplied by the route
capacity to derive the Army's projected allocation of unsubscribed space
for each route. For example, the Army's FY 84 allocation of unsubscribed
capacity for the Dover - Rhein Main/Ramstein route was derived as follows:

0 .96 x 2,690 STON/year = 2,582.4 STON/year, or approximately 2,580 STON/year.
Table 5-3 depicts the pro forma unsubscribed capacity allocations for
Atlantic routes. Table 5-4 illustrates the same information for Pacific
routes and provides a total for all routes.

(3) The Army's projected allocation of unsubscribed capacity equates
to about 55 percent of the total unsubscribed capacity available as com-
pared to the Army's historical use of 30 percent of MAC's resources (para-
graph 3-3a). The difference stems from the fact that Army cargo is pri-
marily lifted on the routes identified by MAC to contain unsubscribed
capacity.

e. It is important to note that the routes and amounts of unsubscribed
capacity for each route are subject to change each year depending upon MAC
operations. Additionally, the routes proposed by MAC are not without ex-
ception. MAC will redistribute the Army's allocation of unsubscribed
capacity to other routes nominated by the Army if sufficient airlift
requirements exist and MAC operations are not impacted adversely. However,

*because additional Army airlift requirements were not identified, the study
focus narrowed to primarily evaluating what Army cargoes should be diverted
from surface to fill the Army's allocation of unsubscribed capacity on the
11 routes proposed by MAC. Other air routes would be evaluated once Army
airlift requirements were defined.

=- 5-4
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5-3. METHODOLOGY EVALUATION

a. The objective of the methodology evaluation was to find the best
methodology for selecting suitable route and cargo combinations to utilize
the additional airlift capacity. Other studief ('iScUssed in Chapter 4) as
well as mathematical models were examined to identify sjitable technique to
solve the problem. The transportation aspects of the problem were empha-
sized during the evaluation.

b. Initial evaluation of the UIAC Study suggested i classical transpor-
tation problem approach. Classical transportation methodologies are employed
to optimize the distribution of cargo over routes with given physical ca-
pacity constraints. The UIAC problem involved a mul0itude cf cargoes with
many sources and destinations. However, further analysis indicated that
the problem was not a distribution problem. It was not a distribution
problem because the Army's transportation cargo lift demand between sources

.. and destinations is currently satisfied by available air and surface
resources. Thus, classical transportation methodologies were not suitable
for application to this problem.

* c. Several multiple objective decisionmaking (MODM) techniques which
are mathematical models that help decisionmakers analyze data and develop
alternative solutions were evaluated next. Generally, the modeling re-

* *•. quirements for employing a MOOM technique are similar, and the following
* discussion of goal programing will detail why a MODM technique was not

used. Goal programing is a MODM technique normally employed to optimize a
set of decision alternatives; however, there are two reasons goal program-
ing was not employed. First, goal programing is normally employed to
design the best alternative to given design constraints. In addition to
design constraints, the decisionmaker defines his objectives and identifies
quantifiable acceptance levels for each objective. The alternatives are
then developed based on the various interactions of the design constraints
and the objectives. As stated above, the problem was not to design cargo
alternatives, but to select the preferred divertible cargoes from a given
set of available surface cargoes. Second, the narrowed focus of the prob-
lem did not warrant the development of a complicated goal programing ap-
proach. Finally, the surface and air routes are self-contained, therefore,
cargoes could not be diverted to alternate ports. Only cargoes on surface

0 routes that paralleled a particular air route could be considered for
diversion. Cargoes on other surface routes could not be considered for
diversion to that particular air route. Thus, goal programing was not an
appropri ate technique.

* d. As defined above, the problem centered on developing a methodology
to prioritize the cargo types that should be diverted from surface shipment
to airlift. The most suitable methodology for this requirement was a
multiple attribute decisionmaking (MADM) technique. MADM techniques are
normally employed when the number of alternatives to evaluate or prioritize
are predetermined. In the UIAC Study, the alternatives, i.e, cargo types
that are air eligible, are finite in number. Also, each cargo alternative

5is characterized by a given set of attributes. The attributes may be ob-
jective (MAC/MTMC billing data, density data, etc.) or subjective

5-7
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* (operational readiness, effects on transition to war, etc.) in nature.
Application of the MADM technique prioritized the alternatives based upon a
combination of the importance of the attributes and attribute values for
the given alternatives. Chapter 6 discusses the MADM technique that was
selected for the UIAC Study.

e. Analysis of historical air and surface data also supported the use
of a MADM technique. As indicated in Table 5-5, the projected growth of
Army cargo lift requirements is low. During the period FY 81-83, Army sur-
face requirements increased at an annual rate of 1.6 percent and air re-
quirements increased at an annual rate of 2.5 percent. (Note: The Army's

• "annual growth in airlift requirements coincides with MAC's 2 percent annual
growth projection). In real terms, the increase in future Army airlift
needs equates to an annual increase of approximately 2,300 STON per year.
In contrast, by FY 89 about 55,000 STON of airlift capacity is projected as
the Army's allocation. Thus, growth of Army cargo airlift requirements
will not be enough to fill the Army's allocation of additional air capacity
by FY 89. If required to fill the available airlift capacity, the Army
must divert additional cargo from sealift to airlift. The selected method-
ology must be capable of prioritizing cargo types for diversion from sea-
lift to airlift without using cargo cost as a discriminating factor. This
methodology will not attempt to change the current MILSTAMP transportation
priority system but work within the current system to prioritize cargo
types within a given transportation priority.

Table 5-5. Army Transportation Requirements FY 81-83 (00s MTON)

• I,. Average
•.FY 81 FY 82 FY 83 annual growth
I I.Iratec

MSC - Surface 3,633 3,792 3,748 1.5%
MAC - Aira 214 223 225 2.5%

ALOCb (76) (91) (112) (21.4%)

Total 3,847 4,015 3,973

aTotal airlift includes ALOC totals which are isolated by ().

bALOC data reflects actual MTON whereas MAC data is converted using a

- factor of 2.42 MTON/STON.

C FY 83 1 average annual growth rate.

5-8
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CHAPTER 6

METHODOLOGY DEVELOPMENT

6-1. INTRODUCTION. The methodology developed for this study will be dis-
cussed in this chapter. The discussion will include an overview of the
methodology; a description of the data sources used in the analysis; the
route selection process; the identification of air eligible cargo types; an
explanation of the model used to prioritize cargo types; and an analysis of
surface and air transportation costs.

6-2. OVERVIEW

a. The methodology is depicted in Figure 6-1. Basically, the methodol-
ogy breaks the analysis into three parts. First, an air route is selected
for analysis. Second, surface divertible, air eligible cargo types are
identified and prioritized for the air route. Finally, the unsubscribed
airlift capacity for the air routes is filled with diverted cargo, and the
routes are then ranked based on transportation cost avoidance.

SELECT IDENTIFY TYPE
AIR ROUTE AND AIOUNT OF

#. MAC INCENTIVE AM I

, ARMY PROPOSED EL;GIBLE CARGO

FILL CAPACITY
PRIORITIZE BY PRIORITY AND

CARGO BY TYPE COMPUTE TRANS COST

RE ;LIST PREFERRED
N ALL ROUTES Y ROUTES WITH

EVALUATED? CARGO PRIORITIES

- Figure 6-1. UIAC Study Methodology
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4 6-3. DATA DESCRIPTION

a. Data for the UIAC Study were obtained from five different sources.

4- (1) Surface lift data which details Army shipments of surface cargo
were acquired from MSC and MTMC.

(a) Three years of historical lift data were obtained from MSC.
The data contained information on the amount of Army cargo shipped by route,
commodity, and mode of shipment, i.e., breakbulk or container. All totaled,
424 unique routes that the Army utilized to transport its surface cargo
were identified in the data.

(b) One year of historical lift data was obtained from MTMC. These
data contained ship manifest information on the amount and type of Army
cargo packed at seaport terminals (e.g., Bayonne, Charleston, etc.) for a
given route. Army surface cargo types were identified by the three-digit
water commodity code in MILSTAMP. Of the 424 routes identified in the MSC
data base, 374 were contained in the MTMC data base.

-:.,+(2) Three years of historical airlift data detailing Army shipment of
air cargo were acquired from MAC. The data provided by MAC contained lift

information of Army air shipments by commodity, type, and amount. The
cargo types were identified by the airlift commodity codes contained in
MILSTAMP.

(3) Three years of air challenge data were obtained from AACA. The
AACA data detailed the amount of Army cargo nominated for air shipment,
challenged, diverted, and the resulting cost avoidance from cargo
diversion. Commodity types are not identified in the data. However, ALOC
cargo shipments are isolated from the total amount of air cargo nominated
and diverted.

(4) Three months of ALOC performance data were obtained from LCA.
The ALOC data contained information on time of shipment for each of the 11
segments representing the total OST for airlift movement for each major

4. Army theater. Also, similar performance data were provided for movement of
*DSS cargo by surface movement.
* -b. The raw data records from MSC, MTMC, and MAC were transformed into

time series data for analysis. Tonnage amounts were segregated by com-
modity, month, and route. MTMC data were further segregated by MILSTAMP
transportation priority. Finally, the raw route data were aggregated by

*month and listed chronologically for each route by commodity.

6-4. ROUTE SELECTION PROCESS

a. As discussed in paragraph 5-2d, Chapter 5, MAC identified 11 air
routes which were projected to contain unsubscribed capacity. The projec-

" tion was based on the historical cargo lift needs of the Services and cargo
lift capacities of aircraft assigned to the aerial ports of

•4. 6-2
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embarkation (APOE). As more aircraft become operational, the amount of
MAC's unsubscribed airlift capacity and possibly the routes with unsub-
scribed capacity will change. The Army can also nominate air routes with
valid airlift requirements and redistribute their unsubscribed capacity
allocation accordingly. Therefore, MAC proposed air routes or a combina-
tion of MAC proposed air routes and Army nominated air routes will be se-
lected for evaluation. Changes in MAC capacity allowances or adjustments
in Army airlift requirements will require that the air route selection
process be conducted annually.

b. Once an air route is selected, unsubscribed airlift capacities must
be defined for each route. Airlift capacities for Army nominated air routes
should be determined by ODCSLOG based upon projected Army airlift require-
ments. MAC will develop unsubscribed airlift capacities for MAC proposed
routes based upon the historical airlift needs of the Services and MAC's
current airlift capability. Once the routes are selected, the Army's al-
location of unsubscribed airlift capacity is derived based upon historical
lift analysis.

6-5. AIR ELIGIBLE CARGO TYPES

a. Table 6-1 depicts the classes of cargo transported by sealift and
those cargo classes that are divertible for the TP-4 airlift program.

Table 6-1. .Cargo Commodity Classes

I Cargo types Cargo types Reason not
Commodity with potential possibly specified eligible for

cost savings for air movement TP-4 air

1. General x X
2. Special X X
3. HHG X X
4. CONEX X

* 5. Cargo trailer X
6. Freeze MAC
7. Chill MAC
8. POV ODCSLOG
9. Coal Not air eligible

10. Ammunition X
11. Bulk Not air eligible
12. Aircraft X

V..

6-3
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(1) Of the 12 commodity classes, 3 classes represent potential trans-
portation cost savings. The cost savings are achieved by reducing the
packing costs of Army cargo through use of the TP-4 program. As indicated
in paragraph 2-5b (Chapter 2), the TP-4 airlift rate is identical to the
surface rate for over-ocean transportation. However, the Army can reduce
its total transportation cost by diverting air eligible cargoes packed at
surface POEs to APOEs because packing costs (as discussed in paragraph 6-7)
are included in the TP-4 rate. According to the TP-4 formula (paragraph
2-5), two-thirds of the surface packing cost can be avoided. In FY 83,
general, special, and HHG cargo classes accounted for 87 percent of the
Army's containerized cargo shipments. MTMC data for FY 83 indicated that
about 20 percent of containerized shipments are packed at surface POEs.
Thus, about 200 MTON of these cargo classes, or 5.4 percent of the Army's
total surface lift, would be available for diversion.

(2) CONEX, cargo trailers, aircraft, and ammunition are classes of
cargo that are air eligible. However, packing costs are not eliminated for
transporting CONEXs and cargo trailers; thus, the advantage of using TP-4
airlift diminishes. Small arms ammunition is air eligible, but due to se-
curity problems, most ammunition types are packed at the source rather than
the port. Finally, some aircraft items are air eligible, but outsize re-
strictions of cargo aircraft limit their consideration.

(3) MAC eliminated freeze or chill items from consideration as air
eligible commodities for the TP-4 airlift program. Projected delays while
awaiting available airlift space combined with limited APOE storage facili-
ties were the reasons for elimination of those items. Bulk and coal com-
modity classes are not air eligible because they are not suitable for ship-
ment in a container or a pallet.

b. Once identified, surface cargo classes eligible for airlift are
evaluated for diversion. The first step in the process is to examine the
historical lift profile of the commodity classes. The data for this analy-
sis were obtained from the MTMC manifest data base. As stated in paragraph
6-2, Army cargo types are identified in the MTMC data base by route and by
the MILSTAMP three-digit water commodity code. The lift profiles provide a
monthly historical record of the quantity and type of cargo transported on

* a particular surface route. Since the TP-4 program will be based upon an
allocation system, expected flows of cargo types on particular surface
routes must be developed. The flows developed from the lift profiles in-
dicate the lift demand of cargo commodities on selected surface routes.
Also, the cargo flows identify the quantity and type of cargo commodities
that could be recommended for diversion in order to fill the Army's allo-

•0 cation of unsubscribed airlift capacity.

6-6. MODEL TO PRIORITIZE AIR ELIGIBLE CARGO

a. As discussed in paragraph 3-2, Chapter 3, a transportation priority

system based upon unit need, mission, and type of materiel requested cur-
rently exists. The MTMC data base lists the surface cargo types transported
on a given surface route by MILSTAMP priority. Therefore, the unsubscribed

6-4
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capacity for a selected air route will first be filled with divertible sur-
face cargo according to the MILSTAMP transportation priority system. If
the amount of air eligible cargo to be diverted exceeds the amount of un-
subscribed capacity available, the types of cargo within that transportation
priority category will be prioritized using a MADM technique. For example,
if the airlift capacity for a particular route was 400 STON/year and the
amount of air eligible TP-3 cargo was 1000 STON/year, the MADM technique
would be employed to prioritize the TP-3 surface cargo types for diversion.
The MADM technique discussed below was developed as a management tool to
help ODCSLOG personnel prioritize surface cargoes for diversion within the

a. MILSTAMP transportation system.

b. Given the nature of the problem, several MADM techniques were
researched for possible application to the problem. The Technique for
Ordered Preference Similar to the Ideal Solution (TOPSIS) was selected
based upon its flexibility, theory, and application to the problem. A more
detailed description of the TOPSIS methodology is contained in Appendix D.

c. The basic concept behind TOPSIS is that for a given set of alterna-
tives with defined attributes (characteristics), an ideal solution, A*, and
a negative ideal solution, A-, exist. 3 The ideal solution comprises all
the best attribute values attainable, whereas the negative ideal solution
consists of all the worst attribute values attainable. The alternatives
are ranked based upon their relative closeness to the ideal solution.
Figure 6-2 depicts a visual example of this technique. As illustrated in
the diagram it cannot be determined whether alternative Aj is preferred to

- ... alternative A2 based solely upon visual inspection. Al is closer to the
ideal solution but also closer to the negative ideal solution. Alternative

." A2 is farther from the negative ideal solution but also farther from the
ideal solution. Equation 6-1 is used to compare the relative closeness
"C*" for each alternative to the ideal solution and determine the preferred
alternative. The distances between each alternative and the ideal or neg-
ative ideal solutions are measured based upon Euclidian geometry, i.e.,
point-to-point distance measurement.

.

-
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d. Data inputs for Equation 6-1 are derived from the attribute values
of each alternative as well as the relative weight factors for each attri-
bute. As described in paragraph 6-6b above, each alternative can be char-
acterized by a group of attributes. The attributes may be objective or
subjective, and they may present a benefit or a cost. Table 6-2 identifies
the list of attributes used in the UIAC analysis. (Appendix D contains a
complete explanation of the attributes.) The list represents the charac-
teristics of surface cargoes that affect the selection of divertible cargo
types. The list was based upon past studies, USAF memoranda, and general
guidance from ODCSLOG. The first two attributes are objective, one is a
benefit and the other is a cost. The quantitative values for these attri-
butes were obtained from the MTMC manifest data base. The last four attri-
butes are subjective, and only one of them is a cost attribute. Table 6-3
represents an interval scale that will be employed to quantify the qualita-
tive values of the subjective attributes.

Table 6-2. Cargo Attributes

-. Data description Attribute effectZ "  Attribute I Objective Subjective Benefit Cot.

ra

2 . 1. Guaranteed outbound X X
cargo offering

-- (STON/month)

2. Density (lbs/cu ft) X X

3. Ease of peacetime
diversion X X

" 4. Effects on transition X X
to war

5. Operational readiness X X

6. Morale effect X X

.6-7
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Table 6-3. Subjective Value Scale

For cost attributes For benefit attributes

O'.-

Very high 1.0- 1.0 Very low

.. High 3.0- 3.0 Low

Average 5.0- 5.0 Average

Low 7.01 7.0 High

Very low 9.0 9.0 Very high
10.0 10.0

e. In his book, The Analytic Hierarchy Process, Saaty describes his
methodology for prioritizing alternatives based upon a sequence of pairwise
comparisons among the other alternatives. 4  His methodology was adapted for
the UIAC Study as a way to determine the relative importance of each attri-
bute. The attribute weight factors are obtained by first performing a
pairwise comparison of all the attributes. The pairwise comparison measures
the relative importance of each attribute in comparison to the other attri-
butes. Table 6-4 lists the decision algorithm that was employed to conduct
the pairwise comparison. After all of the possible combinations of pair-
wise comparisons are evaluated, the attribute weight factors are mathemati-
cally derived, based upon the importance values assigned, and then nor-
malized. Finally, the normalized weight factors are applied to the
attribute values of each alternative to develop the rank order of the
alternatives. Appendix D contains a detailed discussion of the mathematics
used to derive the attribute weight factors and compute the rank order of

0. the alternatives.

f. After the alternatives are ordered, each air route will be filled
with priority cargo until the amount of unsubscribed airlift capacity for
that route is exhausted. As discussed in Chapter 5, MAC will compute the
unsubscribed capacities for MAC proposed air routes, and OOCSLOG will de-

. 4 termine the airlift requirements for Army nominated air routes. Once the
unsubscribed capacity is filled with priority cargo, the cargo quantities

44- are converted from STON to MTON to compute the transportation cost avoidance
for the particular air route.

6
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Table 6-4. Saaty's Scale for Attribute Weighting

Intensity of I l
importance Definition Explanation

S..

- 1 Equal importance Two attributes contribute

equally to the objective

3 Weak importance of one Experience and judgment
over another slightly favor one

attribute over another

5 Essential or strong Experience and judgment
importance strongly favor one

r.:.attribute over another

7 Demonstrated An attribute is strongly
* importance favored and its dominance

is demonstrated in
practice

9 Absolute importance The evidence favoring one
attribute over another
is of the highest possible
order of affirmation

2,4,6,8 Intermediate values When compromise is needed
'. between the two

adjacent judgments

6-7. TRANSPORTATION COST AVOIDANCE

a. The cost of transporting over-ocean cargo can be separated into five
elements: line haul in CONUS, cargo packing, over-ocean transportation,

" cargo unpacking, and line haul outside CONUS (OCONUS). Table 6-5 compares
the cost elements of TP-4 airlift and sealift for cargoes packed at the
respective APOE and POE. The major differences are the packing costs and
the OCONUS line haul charges.

(1) Packing costs for cargoes packed at n APOE are included in the
.* TP-4 rate. The packing cost equals one-third of the MTMC rate (paragraph

2-5, Chapter 2). In comparison, the full packing cost is charged for sur-
" face cargoes packed at the surface POE.

(2) OCONUS line haul charges for surface cargoes are included in the
over-ocean rate paid to MSC because the MSC billing rate is a one-time

" charge that covers all the elements of over-ocean transportation costs.
(NOTE: CONUS line haul charges would normally be included in the MSC rate

6-9• S
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if the cargo was packed for movement at an Army depot. However, if cargoes
are packed at the seaport, the line haul cost must be paid separately by
the Army. The Army is not reimbursed by MSC for the extra line haul cost
nor is the over-ocean rate reduced for those types of cargo.) In contrast,
airlift cargo arriving at an APOD is delivered to the final destination by
organic Army or Air Force transportation resources. As such, OCONUS airlift
line haul charges do not represent an additional use of transportation funds,
but they do represent an additional use of transportation resources. How-

ever, if organic transportation resources are inadequate (paragraph 3-4d,
Chapter 3), additional transportation funds may be required to defray costs
incurred by moving cargo commercially that otherwise would have been moved
by military transportation.

Table 6-5. Elements of Army Over-ocean Transportation Costs

Airlift Sealift

Line haul CONUS Origin to APOE Origin to POE

Packing (Included in MAC rate) MTMC rate at POE

Over-ocean
transportation MAC TP-4 MSC rate

Unpacking (Included in MAC rate) (Included in MSC rate)

Line haul OCONUS Army transportation (Included in IISC rate)
to destination

b. Transportation cost avoidance is computed for each route as the dif-
ference in mode transportation costs (surface or air) measured in $/MTON
times the amount of cargo diverted from surface lift to fill the unsubscribed
capacity allocation. Mathematically, cost avoidance (CA) is represented as
follows:

n

.- CAi  cargoij (airlift cost. - surface cost.)

j1

If positive, the cost avoidance represents a benefit to the Army, and the
% cargo types on that route should be favorably considered for diversion. If

negative, the cost avoidance represents an additional outlay of Army trans-
portation funds. Cargo types should not be diverted on these routes unless
other factors warrant the additional use of transportation funds.

06-10
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c. After transportation cost avoidances are computed for each route,
the routes are ranked in order of cost avoidance from highest to lowest.
Routes are then selected for consideration until the Army's total allocation
of unsubscribed capacity is satisfied. If Army-nominated routes fall with-

"- in the group, the unsubscribed capacities of MAC proposed routes are ad-
justed to offset the redistribution of unsubscribed capacity to the Army
nominated air routes. Also, required actions in accordance with AR 59-8
must be completed by ODCSLOG to establish the frequency or requirement
channel for movement of Army cargo on Army nominated air routes.
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CHAPTER 7

STUDY RESULTS

7-1. INTRODUCTION. As stated in Chapter 5, the study scope was reduced to
an evaluation of the air routes identified by MAC to contain unsubscribed
capacity. The methodology discussed in Chapter 6 is applicable to air
routes proposed by the Army, but projected lift requirements for Army-
nominated routes were not defined. This chapter will discuss the results
from the analysis of the MAC-proposed air routes, an analysis of potential
ALOC cost savings, and other results from the UIAC Study research effort.

7-2. MAC-PROPOSED AIR ROUTE ANALYSES

a. Case 1 - Diversion of Only Air-Eligible, Surface Port-packed Cargoes.
The TP-4 airlift rate, as discussed in paragraph 6-7, favors the diversion
of air-eligible surface cargoes packed at the port to achieve transporta-
tion cost avoidances. Therefore, the initial study effort was to analyze
the effect of diverting only port-packed surface cargoes to airlift. As
detailed in Appendix F, the majority of surface routes did not have enough
air-eligible, port-packed cargo to fill the Army's allocation of unsub-
scribed airlift capacity on each of the parallel MAC proposed routes.
Other air-eligible cargo types were not diverted to fill the remaining
unsubscribed capacity allocation because additional transportation costs
would be incurred. The analysis of the elements of transportation costs
(Appendix E) illustrated that if the Army diverts cargoes packed at the
source, rather than the port, additional transportation costs generally
result. Table 7-1 illustrates the results of diverting only air-eligible,
port-packed cargoes on the routes proposed by MAC. A potential transporta-
tion cost avoidance of $60,120 in FY 84 could be realized if only port-
packed surface cargoes are diverted from surface lift to airlift; however,
only 31 percent of the Army's unsubscribed capacity allocation is filled.
Also, a negative cost avoidance, i.e., an additional transportation cost,
for the Army results from diverting port-packed cargoes on the Travis-
Hickam/Guam/Subic/Clark route because the TP-4 airlift rate is higher than
the surface rate for port-packed cargoes.

b. Case 2 - Redistribution of the Army's Unsubscribed Capacity Alloca-
tion. As stated in paragraph 6-4, MAC indicated that it would redistribute
the Army's allocation of unsubscribed capacity if sufficient airlift re-
quirements existed. Based on that premise, unfilled airlift capacity from
case number 1 was redistributed to the air routes Travis-Osan/Yokota and
Norfolk-Rota/Sigonella because the amount of port-packed cargo eligible for

* diversion exceeded the amount of available unsubscribed airlift capacities
on those routes. Also, since port-packed cargoes diverted on the Travis-
Hickam/Guam/Subic/Clark route resulted in additional transportation costs,

7-1
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the airlift capacity for that route was also redistributed. Table 7-2
illustrates the results from redistributing the Army's allocation of unsub-
scribed capacity to the routes identified above. In case number 2, 100
percent of the Army's unsubscribed capacity allocation was filled,
resulting in a maximum potential cost avoidance of $217,938 for FY 84.

4...

Table 7-1. Case 1, FY 84 Cargo/Route Selection Results -

Surface Port Packed

Army unsubscribed Port-packed Cost
Routes capacity cargo (STON) avoidance

allocation (STON) Cs)
Available Diverted

Dover-Rhein Main/
Ramstein 2,580 472 472 34,538

Travis-Yokota/Osan 500 4,008 500 11,625

Oover-Incirlik 315 206 206 6,084

Travis-Kadena 105 71 71 5,446

Dover-Dhahran 375 2 2 1,719

Norfolk-Rota/Sigonella 20 1,000 20 1,202

Norfolk-Rota/Bahrain 5 0 0 0

Travi s-Cl ark/Diego
Garcia 75 8 8 127

Travis/Tinker-Germany 140 1 1 122

Charleston-Howard 250 0 0 0

Travis-Hickam/Guam/
Subic/Clark 90 764 90 (743)

Total 4,455 6,532 1,370 60,120

7-2
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Table 7-2. Case 2, FY 84 Cargo/Route Selection Results - Reallocation

•,Army unsubscribed Army unsubscribed Cost
Routes capacity capacity avoidance

allocation (STON) reallocation (STON)

Dover-Rhein Main/
Ramstein 2,580 472 34,538

Travis-Yokota/Osan 500 2,695 22,276

Dover-Incirlik 315 206 6,084

Travis-Kadena 105 71 5,428

Dover-Dhahran 375 2 1,719

Norfolk-Rota/Sigonella 20 1,000 147,626

Norfolk-Rota/Bahrain 5 0 0

-.' Travis-Clark/Diego
Garcia 75 8 127

Travis/Tinker-Germany 140 1 122

Charleston-Howard 250 0 0

Travis-Hickam/Guam/
Subic/Clark 90 0 0

Total 4,455 4,455 217,938

c. Case 3 - Army's Unsubscribed Capacity Allocation Completely Filled.
Finally, assuming that the Army's proposal to reallocate unsubscribed

. -airlift capacity would be rejected by MAC, case number 1 was revisited.
." The amount of unsubscribed airlift capacity remaining on each route after

diverting port-packed cargoes was filled in case number 3 with air-eligible
challenged cargo first, and then with other container compatible cargo.
Air challenged cargoes were diverted first because the major reason for
their initial challenge was the high cost of regular airlift. Since the
TP-4 rate is basically a surface equivalent rate, about one-seventh the
cost of regular airlift, the cost challenge is not as relevant. However,
in the majority of cases, air-eligible challenged cargo is not port-packed
cargo, so additional transportation costs are still incurred by rediverting
air-eligible challenged cargo from surface lift back to TP-4 airlift. By
definition, other container compatible cargoes are source-packed cargoes.
As illustrated in Appendix E, the diversion of source-packed cargoes

7-3
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generally results in additional Army transportation costs. Table 7-3
illustrates the results of diverting both port-packed and source-packed
cargoes. In this case, 100 percent of the Army's allocation for each route
was filled, but the corresponding cost avoidance was reduced to $41,493.

Table 7-3. Case 3, FY 84 Cargo/Route Selection Results -

Capacity Filled

Army unsubscribed Cargo type (STON)
Route capacity Cost

allocation (STON) Port- Chal- avoidance
_ _._ _ __._packed lenged Other ($)

Dover-Rhein Main/

Ramstein 2,580 472 2,108 0 (22,039)

Travis-Yokota/Osan 500 500 0 0 11,625

Dover-Incirlik 315 206 4 105 (1,216)

Travis-Kadena 105 71 3 31 3,171

-- Dover-Dhahran 375 2 5 368 63,361

Norfolk-Rota/Sigonella 20 20 0 0 1,202

Norfolk-Rota/Bahrain 5 0 0 5 854

Travis-Cl ark/Diego
Garcia 75 8 41 26 (2,764)

Travis/Tinker-Germany 140 1 139 0 (587)

Charleston-Howard 250 0 250 0 (5,029)

Travis-Hick am/Guam/
Subic/Clark 90 90 0 0 (743)

" Total 4,455 1,370 2,550 535 41,493

S%*I
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7-3. POTENTIAL DSS COST SAVINGS

a. As stated in paragraph 4-6, the focus of the UIAC Study was to
determine cost effective ways to use the unsubscribed airlift capacity
other than airlift resupply. However, as demonstrated in paragraph 7-2

• p. above, the potential transportation cost avoidances from diverting air-
eligible, port-packed cargoes is not very significant. Even more important
is the fact that by FY 86, the Army's total allocation of unsubscribed
capacity is projected to be 9,260 STON/year. This projection is 42 percent

- above the total amount of port-packed cargo available for diversion (6,532
STON/year) in FY 84. Assuming that MAC allows the Army to redistribute its
allocation of unsubscribed capacity to divert only port-packed cargoes
(similar to case number 2, paragraph 7-2b above), t,,e amount of air-
eligible, port-packed cargo must increase about 12 percent per year in
order to fill the 9,260 STON of unsubscribed capacity. Based upon the
historical analysis of Army lift requirements, this growth rate is not
realistic. Also, it is unlikely that MAC will reorganize their squadrons

...~to accommodate the air transportation of only Army port-packed cargoes.
Therefore, if the Army is required to fill their allocation of unsubscribed
capacities, beginning in FY 86, greater amounts of source-packed cargoes

*must be diverted which will increase the Army's over-ocean transportation
costs.

b. One way to offset the potential future increase in transportation
costs is to reduce supply pipeline inventories. By shortening the OST of
the supply pipeline, one-time cost savings from pipeline inventory reduc-
tion are realized. Also, since the TP-4 rate is a surface equivalent rate,
the annual transportation cost for maintaining an additional airlift resup-
ply is minimal. Therefore, historical ALOC performance data were analyzed
to determine the potential impact of using the Army's allocation of unsub-
scribed capacity to reduce pipeline inventories.

c. Figure 7-1 depicts the amount of cargo transported via the Europe
ALOC for FY 78-FY 83, and a projected amount for FY 84. The average amount
of ALOC cargo transported to Europe is about 20,000 STON/year. In
contrast, by FY 89 the Army's projected allocation of unsubscribed capacity
available on the Dover-Rhein Main/Ramstein route is about 16,000 STON/year.
Thus, the data suggests that the current ALOC to Europe could almost be

. doubled.

7-
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30,000

STON!
year

10,000 Actual
Projected ----

78 79 80 81 82 83 84

Fiscal year

Filure 7-1. Europe ALOC FY 78-84

d. Based upon the above analysis, ALOC performance data from LCA was
analyzed.5 Table 7-4 illustrates the OST segments in days for OSS surface
movement, ALOC air movement, and TP-4 air movement. The data for DSS, and
ALOC time segments is derived from performance evaluation data for the

% months March-May 1984.
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Table 7-4. USAREUR 3-Month Average Army, GSA,
"LA Order-Ship Time (days)

OSS ALOC TP-4

In-theater processinga 3.5 3.9 3.7

- NICP processinga 3.1 1.6 2.3

Depot processing &
hold time,b

- transit to CCP,
CCP processing, &
cargo accumulation 17.7 7.9 13.5

In transit to POE,
POE process & await
scheduled liftc
in transit POE
to POD 20.6 2.4 21.1

.5-.-'.

POD processing and
in transit to SSA 7.4 2.0 2.0

SSA processinga 7.1 5.5 6.3

Totalf 60.1 22.3 48.9

Pessimistic Probabled Optimistice

Surface 60.1 60.1 60.1

TP-4 air 48.9 43.9 38.9

Pipeline savings 11.2 16.2 21.2

aTime averaged since not dependent upon MSC, MAC, or MTMC.
bCCP processing time adjusted to DSS time segment.

0 CTP-4 20-day processing time at APOE (max).
dTP-4 15-day processing time at APOE.

-*-. dTP-4 10-day processing time at APOE.
fTotal does not represent sum of individual segments because start and

completion times for segments overlap.

, ..
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e. The time segments for TP-4 air movement are derived from a combina-
tion of the two data sets. Generally, TP-4 air movement data are identical
to the ALOC data except for the cargo processing time at the container
consolidation point (CCP) and the port hold time awaiting scheduled lift.
In the case of the CCP processing time, the time segment for DSS cargo
movement was substituted because TP-4 cargo will probably not be processed
as quickly as ALOC cargo. In the case of port hold time awaiting scheduled
lift, MAC's projection of probable aerial port delays was used. According-
ly, the maximum allowable delay was stated as 20 days. If delayed that
long, MAC indicated that the TP-4 cargo would be moved immediately. Fif-
teen days were estimated to be the most probable delay based upon the un-
official results of a MAC test of USAF TP-4 cargo movement outbound from
the west coast. Finally, 10 days were estimated to be the shortest APOE
delay for TP-4 cargo. The analysis results indicated that potential pipe-
line savings from TP-4 airlift resupply for Europe ranged between 11.2 to

Il 21.2 days. Similar analyses were conducted for the other ALOCs and are
depicted in Table 7-5.

Table 7-5. Potential ALOC Pipeline Savings (days)

I Pessimistica Probable b  OptimisticC

Europe 11.2 16.2 21.2
Korea 4.4 9.4 14.4
Japan 8.0 13.0 18.0
Hawaii (4.6) 0.4 5.4

aAssumes 20-day cargo processing delay.
bAssumes 15-day cargo processing delay.
CAssumes 10-day cargo processing delay.

f. Pipeline dollar savings are a function of four variables:

0 Inventory value of the pipeline in terms of dollars/day

OST reductions in terms of days

e Available cargo quantity in terms of STON

@ Available cargo capacity in terms of STON

The DSS surface pipeline in Europe is estimated to be about $750,000-
$1,000,000/day. Applying the probable OST savings of 16.2 days, this
equates to a potential one-time savings from pipeline inventory reduction
of $12.2-$16.2 million (M). However, this potential savings is also af-
fected by the amount of cargn eligible for diversion in the pipeline, and
the amount of air capacity available. Data estimates indicate that the
7-8
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amount of DSS surface cargo eligible for diversion to airlift in Europe is
about 40,000 STON/year. When compared to the Army's projected allocation
of unsubscribed capacity for the Dover-Rhein Main/Ramstein route for FY 85,
3,060 STON/year, about 8 percent of the eligible DSS cargo could be diverted
in FY 85. During each subsequent year, additional amounts of DSS cargo
could be diverted to airlift until the amount of unsubscribed capacity on
the Dover-Rhein Main/Ramstein route is exhausted. Thus, a potential one-
time savings of $.9M to $1.2M could be realized in FY 85. The total
potential one-time savings for the 5-year period could range between $4.9M
to $6.5M.

1-4. OTHER RESULTS

a. As detailed in Appendix E, the TP-4 rate is not accurate. Delayed
delivery of MSC's COMSCINST 7600.3G (billing rate) requires that MAC apply
MSC's average change in container rates to the TP-4 rate for the previous
year to derive the current TP-4 rate, i.e., FY 83 TP-4 rate times the esti-
mated change in MSC's FY 84 container rate equals the FY 84 TP-4 rate. In
the majority of cases, rate discrepancies exist because an average
container increase is used to develop the TP-4 rate, and not the actual
container rate for that route.

b. Shipment delays of TP-4 air cargo awaiting airlift at APOEs will
probably create additional.storage problems at MAC terminals. Currently
MAC is appraising the impact of the projected increases of TP-4 cargo ship-
ments on current storage facilities. The results of that appraisal were
not available at the writing of this report. However, if MAC storage
facilities are inadequate, TP-4 cargo may be stored at the APOE unpro-
tected. This may require that the packing of TP-4 cargo shipments be
modified to withstand inclement weather.

c. If the Army is required to fill their allocation of unsubscribed
capacity with source-packed cargoes, additional transportation costs will
be incurred because of added packing costs. Data obtained from MAC's study
on prepalletized cargo indicated that, generally, the Army packs its own
cargo (Table 7-6).6 Therefore, if source-packed cargoes are used in the
future to fill the Army's unsubscribed capacity allocation, the packing
cost included in the TP-4 rate formula should be eliminated.

Table 7-6. Prepalletized Cargo For MAC Airlift
:'S" (January-June 1983)

Service Total cargo IPrepalletized I Percent
(STOI of total

Army 49,282 14,793 30
Navy 31,547 0 0

. Air Force 69,338 0 0
Marine Corps 2,542 0 0

' *A -- 7-9
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CHAPTER 8

SATISFACTION OF ESSENTIAL ELEMENTS OF ANALYSIS (EEA)

8-1. INTRODUCTION. The course of the study was, to a significant extent,
'a. guided by the sponsor's designated EEA. All of the questions in the EEA

a-, were answered during the study.

8-2. SYNOPSIS OF EEA. Discussion of the EEA is contained throughout the
report. The study EEA are restated below and the answers to them follow:

a. What specific airlift channels and sealift routes will be affected
by additional airlift capacity? Table 5-3, Chapter 5, depicts the air chan-
nels that are projected to contain additional or unsubscribed airlift capac-

* ity. Tables 5-4 and 5-5, Chapter 5, depict the Army's projected allocation
of unsubscribed capacity for FY 84-89. Appendix F lists the particular
sealift routes that will be affected by increases in unsubscribed airlift
capacity on each of the parallel air routes discussed in Chapter 5.

b. What types and sizes of cargo are most appropriate to be reprogramed
'a" from the sealift shipment mode to the airlift mode? The analysis of cargo

commodity classes (Chapter 5) indicates that general, special, and HHG car-
goes are the most appropriate cargoes to be reprogramed from sealift to
airlift. Appendix F contains a list of the recommended divertible cargo
types for the surface routes discussed in paragraph 8-2a above by route,
weight, and commodity class. Also, Figures F-1 to F-9 depict the specific
commodity types recommended for diversion by route, weight, and MILSTAMP
water commodity code. Chapter 7 illustrates that the potential transpor-
tation cost avoidance from diverting surface cargoes to airlift to fill the
Army's projected FY 84 allocation of unsubscribed capacity is between
$34,818 and $217,790.

i c. If the proposed Airlift Service Industrial Fund (ASIF) tariff is
implemented, how will it alter the selection process for reprograming cargo
for airlift? Chapter 2 details the formula for the proposed incentive
tariff TP-4 rate for cargoes designated to fill MAC's unsubscribed capac-
ity. Generally the rate favors the diversion of port-packed cargoes
because airlift cargo port packing costs are included in the airlift rate.
Also, the TP-4 airlift rate cost is measured by the cubic foot, in contrast
to the other airlift rates which are measured by the pound. Finally, the
implementation of a TP-4 rate requires that cargoes be programed to fill
the Army's allocation of unsubscribed airlift capacity.

S. 8-1
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d. How and to what extent does the process developed help traffic man-
agers identify what cargo categories should be diverted from sealift to
airlift? The cargo selection process described in Chapter 6 provides the
sponsor with a system to evaluate the cargoes to recommend for diversion
for a particular air route and the resulting cost avoidance from the diver-
sion. Also, the decisionmaking technique described in Chapter 6 will assist

4/- the sponsor in incorporating his transportation judgment and expertise to
*prioritize cargo alternatives for diversion.

-.2
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CHAPTER 9

CONCLUSIONS

9-1. INTRODUCTION. The diversion of air-eligible surface cargo to fill
the Army's allocation of unsubscribed airlift capacity will not have a sig-

-Z nificant impact on Army over-ocean transportation costs. However, by FY
89, the Army's projected allocation of unsubscribed capacity will increase
the total amount of peacetime airlift capacity available to the Army by 60
percent. The Army can potentially realize some transportation cost savings
by diverting air-eligible, port-packed cargo, but the projected Army allo-
cations of unsubscribed capacity suggest that the possibility of increasing
airlift resupply be reconsidered.

9-2. UNSUBSCRIBED CAPACITY

a. MAC's flying hour program and the procurement schedule of new air-
craft for the MAC fleet are the major determinants affecting the amount of
unsubscribed capacity on selected air routes.

b. The Army's projected total allocation of unsubscribed airlift capAc-
ity on the routes proposed by MAC exceeds the Army's historical utilization
of peacetime airlift capacity.

c. The fielding of force modernization items will probably increase the
growth of Army airlift requirements slightly, but the overall growth of
Army airlift requirements will not be enough to fill the Army's allocation
of unsubscribed capacity by FY 89.

d. Diverting only port-packed air-eligible cargoes will not generate
enough cargo to fill the Army's unsubscribed capacity allocation beyond

FY 86.

e. The cargo route selection process provides the sponsor with a sys-
tematic approach to evaluating the types of surface cargoes to divert to

Vairlift and the resulting transportation cost avoidance from the diversion.

*9-3. TRANSPORTATION COST AVOIDANCE

41 a. The proposed incentive ASIF tariff is a surface equivalent rate that
generally favors the diversion of port-packed cargoes to realize transpor-
tation cost avoidances. If source-packed cargoes are diverted, additional
transportation costs are normally incurred.-0

b. Due to external factors, the published TP-4 rate is not accurate
when compared to the computed rate using the actual TP-4 formula. General-

im, ly, rate discrepancies exist which will affect the selection of suitable
air routes for cargo diversion.

9-1

S i% _- ' . ," . "'. '''. "', % '.% - . ''." , " , " . " ' ." .



CAA-SR-84-29

c. Projected'Ar.my allocations of unsubscribed capacity, and potential
pipeline inventory cost avoidances suggest that increasing the utilization
of airlift capacity for resupply purposes be reexamined. In conjunction, a
field test should be conducted to determine the actual APOE delays for Army

"'-"" TP-4 cargo and the related impacts on the depots and transportation units
involved with the packing and distribution of Class II and IX cargoes.

-9 -
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APPENDIX A
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CPT(P) J. A. Sorenson, Strategy, Concepts and Plans Directorate
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Mr. J. DePalma, Route Analysis, Strategy, Concepts and Plans
Directorate

-"p. c. Other Contributors

Mr. B. Graham, Analysis Support Directorate

Mr. T. Johnson, Analysis Support Directorate

2. PRODUCT REVIEW BOARD

MAJ J. Dernar (Chairman), Computer Support Directorate

MAJ S. Bailey, Modeling Directorate

MAJ R. Peresich, Strategy, Concepts and Plans Directorate
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APPENDIX B

STUDY DIRECTIVE

FIODEPARTMENT OF THE ARMY
OFFICE OF THE DEPUTY CHIEF OF STAFF FOR LOGISTICS

WASHINGTON, D.C. 20310
April 19, 1984

DALO-TSP-C3 1 A '"

MEMORANDUM FOR THE DIRECTOR, U. S. ARMY CONCEPTS ANALYSIS AGENCY

SUBJECT: Study Directive - Utilization of Increased Airlift
Capability (UIAC)

1. Purpose of the Study Directive. This directive tasks the
* U. S. Army Concepts Analysis Agency (CAA) to conduct subject
.'. study.

2. Background

a. Military Airlift Command (MAC) is a single manager
operating agency for the Department of Defense (DOD) and is
responsible for maintaining a global airlift system in a state of
readiness to deploy and support balanced forces to all parts of
the world to meet contingency or wartime needs. During peace-
time, MAC maintains and operates a DOD airlift service system

,4. within limits approved by the Secretary of Defense to maintain an
adequate emergency readiness position and carry out realistic
training programs. Cargo and passenger airlift is provided from
two sources:

(1) The peacetime flying program (C-130, C-141, and C-5
aircraft).

(2) The Civil Reserve Air Fleet (CRAF) program.

b. Beginning in FY 1984, the additive capacity available
from purchases of KC-10 aircraft and procurement of additional
CRAF capacity will result in a capability that will exceed proj-
ected DOD peacetime requirements by 10 percent. The procurement

'p * of C-5B aircraft beginning in FY 1986 will significantly increase
the total airlift capacity. By FY 1989 total airlift capacity

*• will exceed projected DOD peacetime requirements by 37 percent.

c. As a major user of lift assets, the Army will be
required to consider increasing its utilization of available
airlift. To support this increased utilization, the Army needs
to:

mds (1) Reevaluate the current use of air and sea transport
• modes.

B-1
4.,



t.7

CAA-SR-84-29

DALO-TSP-C3
SUBJECT: Study Directive - Utilization of Increased Airlift

Capability (UIAC)

(2) Develop a process to select cargo/route combinations
best suited to use the additional capacity.

3. Study Sponsor and Sponsor's Study Director. HQDA, ODCSLOG is
the study sponsor. COL Bernard J. Clark, Transportation
Management Division (DALO-TSP), Transportation, Energy and Troop
Support Directorate, ODCSLOG, will be the sponsor's study direc-
tor.

4. Study Agency. U. S. Army Concepts Analysis Agency (CAA).

5. Terms of Reference

a. Scope. This study will examine the requirement for over-
ocean movement of Army sponsored cargo in the 1984-1989 timeframe
and develop a process to select the cargo/route combination best
suited to use the additional airlift capacity.

b. Objectives

(1) Identify the range of airlift capability that will
be made available to the Army due to the MAC fleet expansion
program and the CRAF program.

(2) Develop criteria for the selection of cargo cate-
gories for air shipment. These criteria will include but not be
limited to:

(a) Cost of airlift.

(b) Contribution to route utilization.

(c) Effects on transition to war.

(3) Identify those data affecting the selection of cargo
and route as most appropriate for airlift shipment and produce a
data base to facilitate the evaluation of cargo categories for
reprograming from sealift to airlift.

(4) Develop and document a process for use by the spon-
sor in selecting cargo/route combinations best suited for using

"-.. the additional airlift capacity. Prepare pro forma analysis
detailing aggregate airlift cargo shipments during FY 1984-1989
based upon cargo category criteria, routes, and different percen-
tage levels of airlift capacity usage.

2
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DALO-TSP-C3
SUBJECT: Study Directive - Utilization of Increased Airlift

Capability (UIAC)
c. Timeframe. FY 1984-1989.

d. Assumptions

(1) MAC by-product airlift capacity will increase to
levels detailed in MAC study "Airlift Management in a New Era."

(2) CRAF peacetime commitment will be retained and
4. increased commensurate with increase in MAC fleet capability.

(3) Proposed Airlift Service Industrial Fund (ASIF)
tariff changes will be implemented to make MAC airlift services
more cost competitive with the commercial airline industry.

(4) Forecasted unsubscribed cargo capacity will not be
assigned in support of JCS exercises.

e. Essential Elements of Analysis

(1) What specific airlift channels and sealift routes
will be affected by the need to utilize additional airlift
capacity?

(2) What types and sizes of cargo are most appropriate
to be reprogramed from the sealift shipment mode to the airlift
shipment-mode?

(3) If the proposed ASIF tariff is implemented, how will
it alter the selection process for reprograming cargo for airlift
in (2) above?

(4) How and to what extent does the cargo selection
process help traffic managers identify what cargo categories
should be diverted from sealift to airlift?

6. Responsibilities

a. Army Staff and Field Operating Agencies will provide sup-
O" port as required for areas of responsibility and interest.

.- b. Military Traffic Management Command (MTMC) will provide
data as required.

c. Coordination will be made with the Military Sealift
Command, MAC, Air Force, and Navy.

S3
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DALO-TSP-C3
SUBJECT: Study Directive - Utilization of Increased Airlift

Capability (UIAC)

7. Literature Search

a. MTMC and MAC airlift studies and reports.

-.-. b. Office, Secretary of Defense airlift studies and reports.

c. Defense Technical Information Center (DTIC).

8. References

a. DODD 5160.1, Single Manager Assignment for Ocean
Transportation, July 1970

b. DODD 5160.2, Single Manager Assignment for Airlift
.'." ~Service, October 1973

c. DODD 5160.53, Single Manager Assignment for Military
-a.? .Traffic, Land Transportation and Common-User Ocean Terminals,
,, January 1974.

d. JCS Pub 15, Mobility System Policies, Procedures and
Considerations, June 1975.

e. AR 5-5, Army Studies and Analyses, October 1981

f. AR 55-30, Space Requirements and Performance Reports for
Transportation Movements, September 1982

g. AR 55-355, Military Traffic Management Regulation,
December 1982

h. AR 9-8, Department of Defense (DODN Common User Airlift
Transportation, August 1982.

i. DA Pam 5-5, Guidance for Army Study Sponsors, Sponsor's
Study Directors, Study Advisory Groups and Contracting Officer's

* Representatives, April 1982

9. Administration

a. Support. CAA will provi-;- all funds and administrative
support necessary for conduct of subject study.

b. Milestone Schedule

(1) 29 February -study directive and study plan approved

B-4
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DALO-TSP-C3
SUBJECT: Study Directive - Utilization of Increased Airlift

Capability (UIAC)

(2) 30 June - In Process Review brief

(3) 30 September - publish report

c. Control Procedures

(1) COL Bernard J. Clark, Transportation Management
Division (DALO-TSP), ODCSLOG, will be the study sponsor's direc-
tor. Mr. Roger Shriver, DALO-TSP, telephone 694-4082 or AUTOVON
224-4082, will be the HQDA point of contact (POC) for subject
study.

-i (2) For purposes of data collection, direct coordination
between CAA and the submitting agency is directed.

(3) DALO-TSP will prepare initial DD 1498.

(4) CAA will submit final approved document to DTIC.

(5) Study sponsor will prepare an evaluation of study
results IAW AR 5-5.

d. Coordination. This tasking directive has been coordi-
nated with CAA IAW AR 10-38.

FOR THE DEPUTY CHIEF OF STAFF FOR LOGISTICS:

JIMMY D. ROSS
""' Brigadier General, GS

Director of Transportation,
Energy and Troop Support

.
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AMC Reg 55-8, Control of Premium/High Speed Transportation

Military Traffic Management Command (MTMC)

- MTMC Circular 55-83-3, Port Handling Billing Rates, FY 84

DEPARTMENT OF THE AIR FORCE

US Air Force (USAF),Publications

AFR 75-15, Reports for Military Transportation Requirements

AFR 76-11, US Government Airlift Rates

US Air Force Military Airlift Command (MAC) Publication

Quarterly Airlift Management Report, RCS: DD-I&L(Q) 1299

DEPARTMENT OF THE NAVY

-. US Navy Military Sealift Command (MSC) Publication

COMSC Instruction 7600.3G, MSC Billing Rates
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APPENDIX D

TECHNIQUE FOR ORDERED PREFERENCE SIMILAR TO THE IDEAL
SOLUTION (TOPSIS) METHODOLOGY

D-1. INTRODUCTION. The purpose of this appendix is to detail the theory
and mathematics behind the Technique for Ordered Preference Similar to the
Ideal Solution (TOPSIS). TOPSIS is a particular multiple attribute decision-
making (MADM) technique that mathematically orders a finite set of alterna-
tives using attribute values for each alternative and attribute weights.
The technique incorporates the judgments of the decisionmaker, analyzes the
consistency of the judgments, and develops a formalized system to evaluate
the alternatives. In real situations, the number of alternatives with as-
sociated attributes is usually more than two. This technique aids the
decisionmaker in reducing a complex n-dimensional problem (attributes and
alternatives) into several two-dimensional problems that are solved more
easily.

D-2. ATTRIBUTES

a. Attributes are characteristics of alternatives which describe either
a cost or a benefit associated with that alternative. Also, the attribute
data may be subjective or objective in nature. Objective attribute data
for this study were obtained from the MTMC transportation billing data
base. Subjective attribute data were obtained from interviews with OOCSLOG
personnel involved with transportation dec isionmaking.

b. Table 0-1 describes attributes used to select alternative cargo
types in this study.

Table D-1. Cargo Attributes

AttrteI Data description Attribute effect

ObJective Subjective enefit Cost

1. Guaranteed outbound X X
cargo offering
(STON/month)

2. Density (lbs/cu ft) X X

- 3. Ease of peacetime
diversion X X

* 4. Effects on transition X X
to war

5. Operational readiness X K

6. Morale effect x K

0-
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(1) The first two attributes, guaranteed cargo offerings, inbound and
outbound, represent demand data of particular cargo commodities on selected
surface routes. The data describe shipments of cargo on surface routes
that parallel selected air routes in STON/month. This facilitates the
analysis of filling capacity allowances on the air routes. These attri-
butes are benefit attributes since surface cargo demand is required for
finding divertible cargo candidates. Also, the larger the demand for a
particular commodity, the fewer the number of cargoes are needed for diver-
sion. Fewer divertible cargoes will minimize disruptions in the Army's
current transportation system.

(2) Density is an objective cost attribute because the TP-4 air cargo
tariff favors low density cargoes. The less it weighs, the more cargo can
be used to satisfy STON allocations of unsubscribed capacity.

(3) Ease of peacetime diversion is a subjective benefit attribute.
It represents the ease with which a particular type of cargo can be diverted
to air. Analysis of MTMC data indicates that some cargo commodities are
obtained from several suppliers. The fewer the number of suppliers of a
particular cargo commodity, the easier it will be to direct the diversion
program.

(4) Effects on transition to war is a subjective cost attribute. It
represents the "hidden" cost of rediverting cargo delivered during peace-
time by excess airlift capability to a surface resupply mode during war-
time. According to USAF reports, the by-product excess cargo capacity
generated by the peacetime flying hour program will be initially used to

- deploy materiel and men during wartime and not resupply; therefore, the
major effort is to avoid selecting those cargo types which have a signifi-
cant impact on wartime resupply.

(5) Operational readiness is a subjective benefit attribute. It
represents how the particular cargo commodity will affect the operational
readiness of units in the field. Objective data is not available for this
attribute. Thus, reliance is placed on the logisticians' judgment of the
operational readiness impact of a cargo commodity at the unit level.

* (6) Morale effect is a subjective benefit attribute. It identifies
how the item affects the overall morale of the soldier who receives the
item. Again, this attribute is difficult to quantify, but reducing the
transportation time of selected cargo items will improve soldier morale.
Cargo types that would receive a high value for this attribute are AAFES

- items, HHG, etc.

0 .2
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c. Qualitative attributes are commonly converted into numerical values
through the use of a bipolar interval scale. Use of an interval scale per-
mits the decisionmaker to express preferences of the attribute quantita-
tively. A standard unit of preference must be designed to allow comparison
and measurement of changes in the decisionmaker's perceptions. This is
referred to in literature as the unit of just noticeable difference (jnd)
unit. Also, the interval scale is designed with two end points and a mid-
point for calibration. The end points represent the maximum and minimum
values that are practically or physically realizable. The midpoint repre-
sents the breakpoint between values that are favorable and those that are
unfavorable.

(1) The interval scale used in the analysis is diagramed in Table
D-2. Note that the cost scale is inverted so that low-cost characteristics
are assigned a favorable rating of 10.0. Again, a low cost and a high bene-
fit are favorable characteristics. Favorable characteristics are associated
with values between 5.1 and 10.0

Table D-2. Subjective Value Scale

* For cost attributes For benefit attributes

0 0

Very high 1.0 1.0 Very low

High 3.0 3.0 Low

Average 5.0 5.0 Average

Low 7.0 -- 7.0 High

Very low 9.0 -- 9.0 Very high
10.0 10.0

(2) An assumption of the scale used is that the difference in value
between "high" and "low" is the same as the difference between "very low"
and "average." Also, the type of scaling assumes that a value of 6.0 is
twice as favorable as 3.0. Therefore, employing this scale to assign values
to subjective attributes requires careful analysis and consideration.
Haphazard selection and association of subjective values could invalidate
the conclusions of the analysis.

D-3
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D-3. ATTRIBUTE WEIGHTS

a. Assignment of attribute weights is the first step toward rank order-
ing the alternatives. There are several methods which can be employed to

-" assign the weight. One method, Saaty's4 pairwise comparison of attributes,
reduces the assignment problem from a single analysis of n-dimensions to a
series of two-dimensional analyses. This method simplifies the problem for
the decisionmaker and provides him feedback on the consistency of his
judgments.

b. Assignment of weights requires that the decisionmaker quantify his
judgment and preferences. This is accomplished through the use of a ranking
scale which serves as an algorithm guide for the decisionmaker (Table D-3).
Note that this scale is an interval scale. The assumptions and limitations
of interval scales as discussed in paragraph D-2b(2) apply to this scale as
well.

S.,

.5 Table 0-3. Saaty's Scale for Attribute Weighting

Intensity of
importance Definition Explanation

1 Equal importance Two attributes contribute
equally to the objective

3 Weak importance of one Experience and judgment
over another slightly favor one

attribute over another

5 Essential or strong Experience and judgment
importance strongly favor one

attribute over another

7 Demonstrated An attribute is strongly
* importance favored and its dominance

is demonstrated in
- practice

9 Absolute importance The evidence favoring one
attribute over another
is of the highest possible
order of affirmation

2,4,6,8 Intermediate values When compromise is needed1 between the two
adjacent judgments

0-4
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c. In his book, The Analytic Hierarchy Process, Saaty explains the
psychological rationale behind the scale and the reason for the interval
scale 1-9. Saaty draws on the works of two famous German psychologists,
Ernest Weber (1795-1878) and Gustav Fechner (1801-1887). Their works
involved analyzing stimuli and responses and formulating laws for

.' measurement. Basically, their laws stated that just noticeable differences
in stimuli follow in geometric progression, but the responses increase
arithmetically. Solving the equations formed from their analysis resulted
in the response measures of 1 through 9. Saaty also conducted analyses on
other scales that could be used but concluded the scale 1 through 9 was
most appropriate.

d. The weights of the attribute are derived once the attribute matrix
is defined. The attribute matrix is an n-square matrix A where the values
ai~i represent the decisionmaker's judgment of the attribute i in terms of
attribute j.

all a12 ... aln

* a21 a22 ... a2n

A

anl an2 ... ann

The judgment aij represents the relationship between weight of attribute i,
wi and weight of attribute j, wj. Thus,

a a = - (for i, j = 1,2,...,n) (Equation 0-1)
w.

The matrix A can also be represented by a ratio of the attribute weights:
O

wi/wi wl/w2 ... wl/Wn

w2/wl w2/w2 ... w2/wn
A...

wn/wl wn/w2 wn/Wn

_-,

,o I0 -5
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S..Since human judgments and, in fact, physical measurements are never exact
in a mathematical sense, some allowance must be made for deviations, other-
wise, equation 0-1 is unsolvable. Therefore, to make allowances for some
deviations, consider row i of matrix A. In the general case, row i is
represented by:

ail, ai2, ... aij, ... , ain

In the more precise case, row i is defined as:

"' ""' w -
w. wn

z'

If the first element is multiplied by w1, and the second element by w2, the
result is a row of identical elements.

-w = wit w w., ...- w w
1 1 w2  2 i  W n i
wi, wi ,•.. wi

In the general case, the results would be:

ailwl, ai2w2 ,..., ainwn

or, a statistical scattering around the wi. Therefore, Equation D-1 should
be written as:

wi = aijwj (for i,j = 1,2 ... n) (Equation D-2)

or as evidenced by the results above,

wi = average of (ailwi, ai2w2 ,..., ainwn)

S Thus, Equation D-2 can now be defined as:

* n,,.,,r ,:

Wi n = ai (i 1,2 ... n) (Equation D-3)
j=l

Equation D-3 allows for some deviation from the exact case Equation D-1;
however, a unique set of weights wi cannot be obtained from Equation 0-3.

ro Any change in aij would result in another set of solutions. However, if n

0-6
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were to change as aij changes, then a unique solution would result.
Changes in n are denoted as X max. Therefore, Equation D-3 can now be
written as:

n

= m: aijwj (for i = 1,2 ... n) (Equation D-4)
Xmax j=1

Equation D-4 results in an eigenvalue problem that is solvable and will
result with a unique set of attribute weights.

e. To define the unique set of attribute weights, recall Equation D-1:

W.
a...= - ij = 1,2, ... , nij w

or

a. . 1 i~j =1,2, .. ,n

l j

Adding the column values results with

n

a 1 n i =1,2 ... n

or

n
Z a - nw i =1,2 ... n

Sij =1

This is equivalent to

Aw =nw (Equation 0-5)

where A is the matrix of judgments aij w represents the weight vector of
the attribute, and n is an eigenvalue. Using Equation D-1, Equation D-5

,

c n be nwd

.- , j j = i= 1,2 •.•7
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wI  wI w

w2

W, W

Aw .. W w2Wn wI  = n w1

-1 W2

1'.w2 w2 w2II
2 w-2 2- w2 w

wi w.. .. n 2 2

.w n  wn  wn
w. w ., • n  W n

L wI  w2  wn _

As formulated, Equation D-5 represents an eigenvalue problem that can be
solved using matrix algebra. Based upon paragraph D-3d above, Equation D-5
can be written as:

Aw= Xmax w

where X max is the highest value of X that solves the equation. After
determining X max, the attribute weights wi are derived and normalized so
that:

n
= w 1.0.

,4 i =1

f. As mentioned above, judgments aij will deviate and cause recipro-
cating adjustments to X max in order to solve for a unique set of weights.
Deviations in X max can be measured from the ideal case as depicted in
Equation D-3. This deviation is a measure of consistency by the decision-
maker. It provides the decisionmaker with an index to compare his derived
scale to the underlying ratio scale he attempted to estimate. The index is

*_ based on the formula:

"max -n.. < .1
n-1

* The value .1 is not an absolute number. Generally, if the index is _< .1,
the decisionmaker's judgments are considered to be consistent.

g. All of the steps discussed above are incorporated into a user-friendly
software package available for microcomputer use. The software package
prompts the pairwise comparison judgments of the decisionmaker, computes
the attribute weights, and derives the consistency index of the decision-

L'maker's judgments.

0-8
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0-4. TECHNIQUES FOR ORDER PREFERENCE BY SIMILARITY TO IDEAL SOLUTION
(TOPSIS)

a. TOPSIS is a MADM technique used to rank order a finite set of alter-
natives with associated attribute values and attribute weights. It is based
upon the premise that two alternatives, an ideal solution, A*, and a nega-
tive ideal solution, A-, exist within a given space. The ideal solution is
composed of all the best attribute values attainable. In contrast, the
negative ideal solution is composed of all the worst attribute values at-
tainable. The rank order of actual alternatives is thus based upon the
concept that the most preferred alternatives will have the shortest dis-
tance from the ideal solution and the farthest distance from the negative
ideal solution.3 The concept is illustrated in Figure D-1. Distances are
measured in terms of Euclidian geometry, i.e., point-to-point. Although
the concept is simple, in reality, the situation is more complex. For
example, alternative A1 above is closer to the ideal solution than
alternative A2. This fact favors the selection of alternative Al as the
preferred alternative. However, alternative A2 is farther away from the
negative ideal solution than alternative Al. This favors the selection of

- alternative A2 . Thus, it is difficult to justify the selection of alterna-
*tive Al or A2 based solely upon a visual inspection of this figure.

However, TOPSIS rank orders the alternatives by computing the relative
closeness of each alternative to the ideal solution. The relative close-
ness, C*, is computed as:

CU

WS!
L

4~4A

4J%

(A A

-4-,

m 'o. 4-)

!6 Attribute XI kini-reasinq preference)

Z Figure 0-1. TOPSIS Concept
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A-A i where 0! C< 1

A A*Ai + A-A For i = 1, 2, ... m

Preferred alternatives are associated with the highest possible value of C<
1.0.

b. The values of C* are derived after completing the six formal steps
of the TOPSIS methodology. Each step is discussed in detail below.

(1) Step 1 is to construct a decision matrix. The decision matrix,
D, is composed of the alternatives, Am with associated attributes, (Xn).

XI  X2 Xj... Xn

* A1  Xll X12 Xlj Xln

D A2  X21 X22 ... X2j ... X2nSD

Ai Xil Xi2 ... Xij ... Xin

Am Xml Xm2 ... Xmj ... Xmn

where Xij represents the jth attribute value for the ith alternative. The
TOPSIS methodology assumes that each attribute, Xn, in the decision matrix
i*ncreases or decreases monotonically. If values are qualitative, an
appropriate subjective scale, such as the one on Table D-2, should be usedto derive the values.

(2) Step 2 of the process is to normalize the decision matrix. Nor-malization is necessary to transform the attribute dimensions into nondi-
mensional attributes for cross comparisons. The normalized values are
derived from the formula:

ri : Xi

After normalization, each attribute vector has the same unit length.

D-10
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(3) Step 3 is to construct the weighted normalized decision matrix,
V. Weights for this step were derived from the pairwise comparison process
as described in paragraph D-3. Each of the attribute values of the normal-
ized decision matrix is multiplied by the weight of that attribute to derive
the values Vij.

Vii ... V1j ... Vn wlr11 ... wjrlj ... wnrln

v = vii ... vij ... vin = wiril ... wjrij ... wnrin

vml ... Vmj ... Vmn wlrml ... wjrmi ... wnrmn

(4) Step 4 is to determine the ideal and negative solutions. As de-
fined, the ideal solution is composed of all the best attribute values at-
tainable.

A* = (max Vij j J),(min vij j e J')E i 1,2, ... m

<i i

= VI* V2*, .. Vn*

The negative ideal solution is comprised of all the worst attribute values
attainable:

A- { (min V j J), (max V j J')ji = 1,2, ... , m

-" IV1-, V 2 - ... V 3-1

*In both cases, J is the set of all benefit attributes and J' is the set of
all cost attributes.

(5) Step 5 is to measure the distance between each alternative and
-: the ideal and negative ideal solution. The separation distance, S from

each alternative to the ideal solution is defined as:

.S. * (Vij )2 i : 1,2, m
.-; j=l

D-11
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Likewise, the separation distance to the negative ideal solution is defined
as:

SSi- = ( - V )2 i =-1,2, ..., m-Y ij J" ,

(6) Step 6, as discussed in paragraph D-4a above, is to determine the
relative closeness, C, of each alternative to the ideal solution. Relative
closeness is defined as:

* Si- A-Ai

s, Si* + S i-  A 'w -i  + -i

• where 0 _ Ci* _< 1 for i = 1,2, ... m.

Thus, if Ci* = 1.0, then Ai = A*. The higher the value of Ci*, the more
preferred the alternative. Once calculated, the Ci* are rank ordered in
descending order to determine the preferred order of alternatives.

c. The steps discussed above are incorporated into a software package
for microcomputer analysis which was tested by the study team prior to em-
ploying it. Attribute values for each alternative are the only inputs
required to run the program. The attribute weight algorithm described in
Table D-3 is also incorporated into the software package.

, ,*1
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APPENDIX E

TRANSPORTATION COST ANALYSIS

E-1. GENERAL. The purpose of this appendix is to detail the steps of
analysis that were performed to derive the transportation cost avoidance
from diverting surface cargo to airlift. The appendix will include a dis-
cussion of the elements of cost for over-ocean transportation of Army-
sponsored cargo, an analysis of the TP-4 rate computation and the compu-
tation of transportation cost avoidances for each route.

E-2. COST ELEMENTS

a. During peacetime, the Defense Transportation System (DTS) operates
in a fashion similar to commercial transportation companies. The respec-
tive commands within the DTS are organized as transportation operating
agencies (TOA) to facilitate the movement of cargo. Accordingly, the users
of the transportation services provided by MSC, MAC, and MTMC pay each
respective TOA for their services through intergovernmental fund transfers
based upon established rate guides and rules for applying the rate guides.

b. There are five elements of transportation cost for the over-ocean
movement of Army-sponsored cargo: CONUS line haul, cargo packing, over-
ocean transportation, cargo unpacking, and OCONUS line haul. The cost of
transporting cargo depends upon when the cargo is offered to the TOAs for
movement. Table E-1 illustrates a comparison of the differences in over-
ocean transportation cost for movement of cargoes packed at the APOE or
POE.

Table E-1. Elements of Army Over-ocean Transportation Cost

a'

Airlift Sealift

Line haul CONUS Origin to APOE Origin to POE

Packing (Included in MAC rate) MTMC rate at POE

Over-ocean
-' transportation MAC TP-4 MSC rate

Unpacking (Included in MAC rate) (Included in MSC rate)
.w: "°%

' Line haul OCONUS Army transportation (Included in MSC rate)
* to destination

E-1
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c. The major difference in over-ocean costs between TP-4 airlift and
surface lift is port packing cost. CONUS line haul costs were assumed to
be equal since the APOEs and POEs for the air and surface routes analyzed
were close in proximity, e.g., Dover APOE, New York POE, Charleston APOE
and POE, Travis APOE, and Oakland POE, etc. OCONUS line hauls for delivery
of airlift cargo are completed by organic Army or Air Force transportation
vehicles. Additional use of these vehicles to transport TP-4 cargo repre-
sents an additional use of Army or Air Force resources, but not additional
transportation costs to the Army. Therefore, CONUS and OCONUS line haul

*.'.- costs were not included in the analysis of transportation cost avoidance.

d. Each route was evaluated by computing the transportation cost to theArmy for both surface and air modes of movement. The specific cost elements

of over-ocean transportation for the cargo packed at the port are: docu-
mentation, packing and over-ocean transportation costs. The packing and
documentation rates were obtained from DA Circular 55-83-3, MTMC Port
Handling Billing Rates, dated 1 October 1983. The surface over-ocean
transportation rates were obtained from the COMSCINST 7600.3G, MSC Billing
Rates, dated 21 October 1983. The TP-4 airlift rates were obtained from
AFR 76-11, dated 28 July 1983.

e. Table E-2 illustrates the cost elements for surface transportation
for each surface route. This table also compares the transportation costs
for port packed cargoes with the transportation costs for source packed
cargoes that are delivered to a surface port for transportation to an over-
seas destination. Table E-3 illustrates the TP-4 airlift transportation
costs for each airlift route.

Table E-2. FY 84 Surface Transportation Costs
Port of Port of Packing- Overocean Surface Surface cost

embarkation debaikation documentation transportation cost I (- packing)
-($1MON) (S/IION) ($/MTON) ($/MTON)

New York Germany 45.62a 79.60 125.22 98.43

New York Saudi Arabia 45.62a 272.35 317.97 281.18
New York Turkey 45.62a 160.20 205.82 169.03
Norfolk Spain 45.62a 79.60 125.22 88.43

Italy 116.15 161.77 124.98
Norfolk Bahrain 45.62a 272.35 317.97 281.18
Charleston Panama 45.62a 55.70 101.32 64.53
Oakland Hawaii 31.30b 61.40 92.70 70.2

Guam 95.55 126.95 104.45
Philippines 70.55 101.85 79.35

.., Oakland Diego Garcia 31.30b 144.60 175.90 153.40

Oakland Okinawa 31.30b 86.80 118.10 85.60
" Oak idnd Japan-Korea 31.30b 56.00 87.30 64.80

Korea 59.15 90.45 67.95
Oakland Germany 31.30b 119.40 150.70 128.20

% aPack ing = 36.79
Documentation , 8.83
Total 45.62

bPacking - 22.50

* Documentation - 8.80
Total 31.30

E-2
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Table E-3. FY 84 TP-4 Airlift Transportation Costs

Aerial Aerial Transportation
port of port of priority Airlift

: embarkation debarkation 4 rate costs
-_-_($/cu ft) ($/TON)

Dover Rhein Main-Ramstein 2.76 110.40
Dover Dhahran 5.25 210.00
Dover Incirlik 4.95 198.00
Norfolk Rota-Sigonella 3.07 122.88
Norfolk Bahrain 5.25 210.00
Charleston Howard 1.83 73.20
Travis Hickam 2.38 95.20
Travis Guam 3.44 137.60
Travis Diego Garcia 6.04 241.60
Travis Clark 2.54 98.00

* Travis Kadena 2.86 114.40
Travis Yokota 1.92 76.80
Travis Osan 2.25 90.00
Travis Rhein Main-Ramstein 3.26 130.40
Tinker Rhein Main-Ramstein 4.60 184.00

.m

E-3. TP-4 RATE ANALYSIS

a. The equation used by the Air Force to calculate the incentive tariff
(TP-4) rate was displayed in paragraph 2-4, Chapter 2. There is a differ-
ence in the calculated TP-4 rate and the published TP-4 rate because the
Air Force calculates and publishes the TP-4 rate based on MSC's estimate of

* container rate changes (MSC COMSCINST 7600.3G, MSC Billing Rates). In the
interim between the draft and published copy of MSC's CCMSCINST 7600.3G,
increases or decreases in overseas container and breakbulk rates for indi-

"4 vidual routes are determined. However, the published TP-4 rate is not ad-
justed for specific routes.

b. Using the formula described in paragraph 2-4, Chapter 2, TP-4 rates
were computed for the air routes proposed by MAC to contain unsubscribed
capacity. Table E-4 illustrates a comparison between the computed TP-4
airlift rate and the published airlift rate.

Kb' E-3
9-.'
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Table E-4. FY 84 TP-4 Airlift Rate Comparison

'V. Routes I Computed I Published

I ($/MTON) ($/MTON)

Norfolk-Rota/Sigonella 140.00 122.88
Norfolk-Bahrain 296.40 210.00
Dover-Rhein Main/Ramstein 103.60 110.40
Dover-Dhahran 296.40 210.00
Dover-Incirlik 184.00 198.00
Charleston-Howard 80.00 73.20
Travis-Hickam 79.60 95.20
Travis-Guam 113.60 137.60
Travis-Subic/Clark 88.80 101.60
Travis-Kadena 105.20 114.00
Travis-Clark 88.80 101.60
Travis-Diego Garcia 179.60 241.60
Travis-Yokota 74.40 76.80
Travis-Osan 77.20 90.00
Travis-Europe 137.40 130.40
Tinker-Europe 123.34 184.00

E-4. TRANSPORTATION COST AVOIDANCE

a. Transportation cost avoidance is computed for each route as the dif-
ference in mode transportation costs (surface or air) measured in $/MTON
times the amount of cargo diverted from surface lift to fill the unsub-
scribed capacity allocation. Mathematically, cost avoidance (CA) is
represented as follows:

n

CAi = cargoij (airlift cost i - surface costi)

• v" j=1

If positive, the cost avoidance represents a benefit to the Army, and the
cargo types on that route should be favorably considered for diversion. If
negative, the cost avoidance represents an additional outlay of Army trans-
portation funds. Cargo types should not be diverted on these routes unless
other factors warrant the additional use of transportation funds.

E-4""I"
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b. Table E-5 illustrates the cost avoidance for each route from divert-
ing only port-packed caroges to airlift. The total cost avoidance from
diverting only port-packed cargoes is $60,120. However, only 31 percent
of the Army's FY 84 unsubscribed airlift capacity allocation was utilized
by diverting port-packed cargoes. There was a sufficient amount of divert-
ible cargo to satisfy the Army's FY 84 airlift capacity but the cargo was

" .on routes with airlift capacity allocations lower than available divertible
port-packed cargo.

Table E-5. Transportation Cost Avoidance - Surface Port Packaged

Route CA MTON diverted x (S-A)a + k A (WO of HHG)

Dover-Rhein Main/Ramstein S34,538 . 1,187 x (125.22-110.40) + (110.40) (307)

Dover-Incirlik 6,084 778 x (205.82-198.00) + (198.00) (0)

Travis-Yokota/ 4,429 = 367 x ( 87.30-76.10 + ( 76.80) (15)
Osan 7,196 * 990 X 90.45-90.00 + ( 90.00) (150)

Travis-Kadena 5,446 498 x (118.10-114.40) + (114.40) (63)

Oover-Uhahran 1,719 13 x (317.97-210.00) (210.00) (3)

Norfolk-Sigonella 1,202 = 31 x (161.77-122.88) + J (122.88) (0)

Travis-Clark 127 * 33 x (101.85-98.00 + 98.00) (0)

Travis-Rhein Main/Ramstein 122 x 6 x (150.70-130.40) + (130.40) (0)

Travis-Hickam (743) s 297 x ( 92.10-95.20 + (47.60) (0)

Total 60,120

% Divertable Surface Airlift Airlift HHGCA cargo x transportation - transportation I transportation x cargo

$ (MTON) (S/MTON) ($/MTON) (S/MTON) (MTON)

as * surface transportation ($/MTON), A - airlift transportation (S/MTON).

c. Sensitivity analyses were performed to achieve total utilization of
the Army's projected allocation of unsubscribed capacity for FY 84. The
first sensitivity analysis was performed by expanding the Army's allocation
of unsubscribed airlift on selected routes to equal the amount of port-
packed cargo on that route without exceeding the Army's FY 84 total allo-
cation for unsubscribed airlift. The routes were filled by priority based
upon the route that contributed the largest positive cost avoidance per
MTON lifted. Table E-6 illustrates that a cost avoidance of $217,938 could
be realized through this redistribution. This was accomplished by expand-
ing the Army's unsubscribed capacity allocation on the Norfolk to Sigonella
and Travis to Yokata/Osan routes. Seventy-eight percent of the total cost

* - avoidance was netted from the Norfolk-Sigonella expansion.

E-5
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Table E-6. Transportation Cost Avoidance - Reallocation

Route CA - MTON diverted x (S-A)a + * A (MTON of HHG)

Norfolk-Sigonella 147,626 3,796 x (161.77-122.88)

Travis-Yokota 12,399 1,126 x (87.30-76.80) + J (76.80) 15

Travis-Osan 9,877 6,950 x (90.45-90.00) * (90.00) 150

Other routes from
Tab le E-4 48,036

Total 217,938

aS surface transportation cost (S/14TON), A airlift transportation cost ($/NTON).

.

d. The second sensitivity analysis was performed to achieve total utili-
zation of the Army's projected allocation of unsub-stribed capacity for FY
84 by route. In this analysis, container compatible cargoes other than
surface port-packed cargoes were diverted to fill the Army's allocation per
route (Table E-7). As indicated in paragraph 7-2c, Chapter 7, air-eligible
challenge cargo was diverted first because the cost challenge for TP-4 air-
lift is not as relevant. Table E-8 depicts the amount of dir-challenged
cargo available for rediversion from surface lift to TP-4 airlift for FY
83. Included in these totals are ALOC air-challenge data which was iso-
lated and is depicted in Table E-9. The remaining amount of unsubscribed
airlift capacity was then filled with source-packed containerized cargo.

*0 As shown in Table E-7, the total cost avoidance from diverting these
cargoes was $41,493. Diverting source-packed cargo to airlift on all
routes except Dover to Dhahran and Norfolk to Bahrain produced negative
cost avoidances or additional transportation costs to the Army. However,
due to the large cost avoidance from diverting surface cargo to airlift on
the routes named above, the overall cost avoidance remains positive.

E-6
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Table E-7. Transportation Cost Avoidance - Capacity Filled

Route CA - CApa * (Challenged cargo + Other cargo) x (S-A)b

Dover-Rhein Main/Ramstein (22,039) - 34,538 + (4,890 + 0 x (98.43-110.40)

"over-Incirlik (1,216) - 6,084 + ( 9 + 243 X (169.03-198.00)

• Travis-Yokota/Osan 11.625 - 11,625 + ( 0 + 0 x (67.95-90.00)

Travis-Kadena (3,171) - 5,446 + ( 7 + 72 x (85.60-114.40)

Oover-Ohahran 63,361 - 1,719 + ( 12 + 854 x (281.18-210.00)

V Norfolk-Sigonella 1,202 - 1,202 + ( 0 + 0 x (124.98-122.88)

-. , Norfolk-Bahrain 854 - 0 + ( 0 + 12 x (281.18-210.00)

, Travis-Clark (2.764) - 127 + ( 95 + 60 x (98.00-79.35)

Travis-Germany (587) • 122 + ( 322 + 0 x (128.20-130.40)

Charleston-Howard (5,029) x 0 + ( 580 + 0 x (64.53-73.20)

Travis-Hickam (743) - (743) + ( 0 + 0 x (70.20-95.20)

% Total 41,493

aCAp - cost avoidance generated by diverting port-packed cargoes (Table E-5).

b= surface transportation ($/TON), A -airlift transportation (S/MTON).

o.

' E-7
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Table E-8. FY 83 Air-challenged Cargo Data
(page 1 of 2 pages)

.- a-

" Month STON MTON $ Savings

Germany

Oct 931 2,160 $ 2,351,658
Nov 875 2,030 2,285,979
Dec 1,101 2,554 2,821,277
Jan 858 1,991 2,461,185
Feb 504 1,169 1,376,380
Mar 771 1,789 2,056,459
Apr 986 2,288 2,423,762

4. May 739 1,714 1,774,593
Jun 734 1,703 1,805,273
Jul 1,010 2,343 2,366,281
Aug 870 2,018 2,008,784
Sep 1,581 3,668 3,696,438

-P Korea

Oct 59 137 200,936
Nov 61 142 127,405
Dec 70 162 186,700
Jan 72 167 193,117
Feb 106 246 318,167
Mar 95 220 244,225
Apr 88 204 223,264

- May 83 193 244,133
Jun 116 269 348,089
Jul 157 364 478,453
Aug 104 241 377,263

'a- Sep 73 169 284,277

Japan

Oct 17 39 60,281
Nov 18 42 38,222
Dec 21 49 56,010

* Jan 22 51 57,935
Feb 32 74 95,450

,.. Mar 29 67 73,267
Apr 26 60 66,979

-." May 25 58 73,240
Jun 35 81 104,427
Jul 47 109 143,536
Aug 31 72 113,179
Sep 22 51 85,283

E-8
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Table E-8. FY 83 Air-challenged Cargo Data
(page 2 of 2 pages)

Month STON MTON $ Savings

Hawaii

Oct 30 69 $100,468
Nov 31 71 63,703

- Dec 35 81 93,350
Jan 36 89 96,559
Feb 53 123 159,089
Mar 48 110 122,113
Apr 44 102 111,632
May 42 97 122,067
Jun 58 135 174,045
Jul 79 182 239,227
Aug 52 121 188,632
Sep 37 85 142,139

Panama
C'

- Oct 9 21 11,354
Nov 47 109 51,836
Dec 20 46 26,267
Jan 1 2 2,091
Feb 25 58 28,791
Mar 2 5 3,413
Apr 60 139 44,461
May 15 35 11,359
Jun 20 46 16,439

a' Jul 3 7 3,074
Aug 15 35 11,920
Sep 66 153 95,097

Neareast Asia

Oct 4 9 13,913
Nov 88 204 269,582
Dec 0 0 0

* Jan 1 2 2,091
Feb 1 2 2,332
Mar 1 2 3,355
Apr 0 0 0
May 0 0 0

Jun 0 0 0
Jul 1 2 1,491
Aug 3 7 9,718
Sep 4 9 12,762

, E-9
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Table E-9. FY 83 ALOC Air-challenged Cargo Data

Month STON MTON ALOC Savings

Germany

Oct 436 550 $ 1,055,210
Nov 343 304 756,631
Dec 141 170 317,373
Jan 26 112 75,491
Feb 102 106 240,339
Mar 90 103 32,852
Apr 260 283 568,803
May 207 264 398.050

, Jun 65 185 167,571
Jul 30 102 70,342
Aug 87 177 201,869
Sep 245 312 538,497

Hawaii

* . Oct 22 43 16,367
Nov 15 136 36,643

Dec 1 12 3,286
Jan 11 86 24,928
Feb 3 37 9,182
Mar 18 76 43,147
Apr 2 5 22,527
May 2 10 3,439
Jun 0 0 0
Jul 1 1 852
Aug 0 0 0
Sep 0 0 0

Korea

Oct 24 18 3,894
Nov 0 0 0
Dec 0 0 0
Jan 0 0 0
Feb 55 2 17,954

* Mar 0 0 0
Apr 0 0 0
May 1 8 5,680
Jun 102 97 336,909
Jul 118 102 390,883
Aug 122 83 418,296

* Sep 9 8 31,202

E-10
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APPENDIX F

SURFACE ROUTE - COMMODITY ANALYSIS

F-1. GENERAL

a. The purpose of this appendix is to detail the steps that were
performed to fill the Army's allocation of unsubscribed capacity for FY 84.
The analysis discussion will consist of: (1) a listing of the surface port
identifiers that were used to identify parallel surface routes, (2) a
summary of port-packed cargoes eligible for diversion by amount and type,
(3) an analysis of the surface commodities eligible for diversion by
MILSTAMP transportation priority, and (4) the resulting transportation cost
avoidance from the diversion of surface port-packed cargoes to airlift.
The analysis discussion for the surface routes appears in this appendix as
follows:

(1) New York to Germany.

(2) New York to Saudi Arabia.

(3) New York to Turkey.

(4) Norfolk to Spain and Italy.

(5) Norfolk to Bahrain.
- (6) Charleston to Canal Zone.

(7) Oakland to Hawaii and Guam

(8) Oakland to Diego Garcia and Philippine Islands.

(9) Oakland to Okinawa.

(10) Oakland to Japan, Korea.

(11) Oakland to Germany.

b. The 11 surface routes were selected based upon the 11 air routes
ah. projected by MAC to contain unsubscribed air capacity. The surface routes

that best parallel the given MAC incentive routes were selected for
evaluation. The surface routes were formed by combining surface POEs and
PODs in close proximity to APOEs and APODs. This was accomplished by
selecting the first two digits cf the surface POE and POD port
identification code as found in MILSTAMP. For example, the port of New
York was selected as a surface POE for the APOE of Dover. Since the New
York port area is composed of several individual ports, all of the ports
were aggregated into one POE. The surface POD was selected as the seaport

0 , closest to the aerial POD or the port that serves the APOD country.

F . F-1
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c. The data base in this analysis is defined as all Army cargo loaded
at terminals in CY 83. The data base was first divided into three
transportation priorities (TP-1, TP-2, TP-3) and then defined as the amount
of TP-1, 2, and 3 cargo commodities by each of the individual routes. The
number of individual routes contained in each transportation priority are:

* *TP-1 - 98, TP-2 - 157, and TP-3 - 374. Of the total number of individual
*. routes contained in the data base, only 32 TP-1 routes, 46 TP-2 routes, and

70 TP-3 routes matched the 11 air routes. The output contains the routes,
commodities per route, and weight and cube of each commodity by month.

(1) Table F-1 illustrates the routes that were utilized and lists the
total amount of commodities by route and transportation priority. The
total amount of all commodities on the 11 surface routes was 14,874 STON.
The total amount of all commodities packed at surface ports for CY 83 was
94,258 STON.

Table F-I. CY 83 Surface Commodity Tonnage/Transportation Priority
(STON)

Route TP- I TP-2 TP-3

New York to Germany 26.98 28.77 5,507.67
New York to Saudi Arabia .80 .75
New York to Turkey 2.46 2.09 202.27
Norfolk to Spain, Italy 66.09 90.59 1,048.94
Norfolk to Bahrain 0 0 0
Charleston to Canal Zone 0 60.60 1,461.70
Oakland to Hawaii, Guam 2.55 64.25 696.52
Oakland to Diego Garcia, Philippines 0 0 7.74
Oakland to Okinawa 0 3.22 79.29
Oakland to Japan, Korea 152.62 159.48 4,239.89
Oakland to Germany .92 1.55 1,027.38

Total (14,874.52) 251.62 350.75 14,272.15

(2) Table F-2 illustrates the Army's projected allocation of
unsubscribed airlift capacity for each of the MAC-proposed routes. First,
air-eligible, port-packed cargoes were listed in order of MILSTAMP
transportation priority. Next, cargoes were selected in priority for

J- bdiversion until the Army's allocation of unsubscribed capacity for that
route was satisfied. If the amount of cargo eligible for diversion

* exceeded the amount of unsubscribed capacity on that route, the MADM
technique (Appendix D) was employed to prioritize the cargoes.

F-2



AD-Ai148 669 UTILIZATION OF INCREA5ED AIRLIFT CAPABILITY (UiAc) 2/
STUDY(U) ARMY CONCEPTS ANALYSIS AGENCY BETHESDA MD

IS J A SORENSON ET AL. SEP 84 CRA-SR-84-29
UN LAFED F/G 15/5 N

EEE.Eh59hhEEE hh hhhEshhmhEEEEEEE
EhhhohohEohEEE
EhhEEEEEEEEmhE
EEEEohhEEohhEI



- o."

1.01112.

W11 3211."11112-0

IIIL25

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARD 1963 A

"°%

.o- 

. .

, '-a. * ",* * ',,*



.1*~~. 7-7 -6 - .. . . . .

CAA-SR-84-29

Table F-2. FY 84 Unsubscribed Airlift Capacity Allocation - Army

:- .Route STON/year

Dover to Rhein Main/Ramstein 2,580
Dover to Dhahran 375
Dover to Incirlik 315
Norfolk to Rota/Sigonella 20
Norfolk to Rota/Bahrain 5
Charleston to Howard 250
Travis to Hickam/Guam 90
Travis to Subic Bay/Clark/Diego Garcia 75
Travis to Kadena 105
Travis to Yokota/Osan 500
Travis/Tinker to Europe 140

(3) The transportation cost avoidance was then calculated for each
*route. First, the surface commodities were converted to MTON equivalents

using the data contained in the MTMC data base. Then, the amount of
surface cargo eligible for diversion on that route was multiplied times the
difference in surface and airlift transportation costs to compute the
potential transportation cost avoidance. Finally, the routes were ranked

-- - in order of cost avoidance. (Note: The HHG TP4 rate is one-half the TP4
rate for that route per AFR 76-11.)

F-2. NEW YORK TO GERMANY

a. The following water port identifiers were used to develop a surface
route to parallel the air route Dover-Rhein Main/Ramstein:

(1G1 to JF1) (IG9 to JF6) (IGC to JF6)
(1G3 to JFI) (IG9 to JF1) (IGH to JFI)
(1G6 to JF1) (1GC to JF1) (1GH to JF6)

Bayonne and Port Elizabeth accounted for 76 percent of cargo loaded at New
*York surface ports. Bremerhaven received 87 percent of the cargo delivered

to Germany.

(1) The total amount of TP-1 cargo shipped on this route was 26.98
STON. Sixty-nine percent of this cargo was automotive and machine parts;
the remaining cargo commodities are listed in Figure F-I. All cargo
shipped was eligible for airlift in accordance with AR 59-3, Appendix C.
One percent of the FY 85 Army quota of unsubscribed airlift capacity for
this route was filled with TP-1 cargo.

(2) The total amount of TP-2 cargo shipped on this route was 28.77
STON. Seventy-one percent was paper products, and the remaining cargo
commodities are listed on Figure F-I. The only commodity that cannot be

.~..diverted to air was the 1.34 STON of POV.

F-3
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(3) The total amount of TP-3 cargo shipped on this route was 5,507.67
STON. Ninety-two percent of the TP-3 cargo was POVs, which cannot be
diverted to airlift. The remaining commodities listed in Figure F-1 are
divertible to airlift except for the 14 STON of paint and 8 STON of
furniture. Possible justifications for their diversion are the potential
savings that could be accrued from avoiding packing costs and the fact that
the Dover-Rhein Main/Ramstein capacity was not satisfied.

(4) Summary of divertible cargo:

-. HHG General Special
I.(STON) (STON) (STON)

TP-1 0 28 0
TP-2 0 27 0
TP-3 90 319 8

,. Total 90 374 8

Total - 472 STON/1,187 MTON
Route allocation - 2,580 STON

b. The sum of TP-1, TP-2, and TP-3 divertible commodities could have
filled 22 percent of the FY 84 Army quota of unsubscribed airlift capacity.
The total amount of divertible cargo on this route was 472.41 STON, leaving
2,108 STON of unfilled capacity on this route.

c. Cost avoidance for this route is as follows:

Cost Divertible Surface Airlift
avoidance = cargo transportation - transportation

($) (MTON) ($/MTON) ($/MTON)

-. 1,187 x (125.22 - 110.40)

+ HHG cost avoidance (airlift)
* 16,947

- 34,538

F..-
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F-3. NEW YORK TO SAUDI ARABIA

a. The following water port identifiers were used to develop a surface
route to parallel the air route Dover to Dhahran: 1G9 to PF3 and 1G9 to
PPI. The main ports used to analyze this route were Port Elizabeth, NJ to
Damman, Saudi Arabia.

*(1) There was no cargo shipped as TP-1, and the total amount of TP-2
cargo shipped on this route was .80 STON consisting entirely of HHG. Only
.1 percent of the Army's FY 84 quota of unsubscribed airlift capacity for
this air route could be filled by TP-2 cargo.

(2) The total amount of TP-3 cargo shipped on this surface route was
.75 STON. All of the TP-3 cargo was general cargo, not otherwise specified

(NOS). Only .1 percent of the Army's FY 84 quota of unsubscribed airlift
capacity for this air route could be filled with TP-3 cargo.

(3) Summary of divertible cargo:

I HHGI General ISpecial
(STON) (STON) (STON)

TP-1 0 0 0
TP-2 1 0 0
TP-3 0 0 0
Total I 1 0

Total - 2 STON/13 MTON
al aRoute allocation - 375 STON

b. The sum of the TP-1, TP-2, and TP-3 divertible commodities (Figure
F-2) filled about .2 percent of the Army's FY 84 quota of unsubscribed
airlift capacity. The total weight of cargo diverted on this surface route

,.. was 1.55 STON with a shortfall of 373 STON.

c. Cost avoidance for the route is as follows:

Cost Divertible Surface Airlift
avoidance = cargo x transportation - transportation

($) (MTON) ($/MTON) ($/MTON)

" 13 x (317.97 - 210.00)

+ HHG cost avoidance (airlift)
315

1,719

0
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.4-

TP -
-. * ROUTE Z IG PF COMMOO ?9G SHP MTHS

"RMO WEIGHT ITONS) VOLUME IjU FTI
8309 .80 14700

* * ROUTE = 16 PF CO"O00 700 SHP MTHS 1 I

IRM0 WEIGHT (TONS) VOLUME ICU rT)
8312 .32 1S0.00

ROUTE = IG PF COMPOO 700 SHP mIyS = 1

TRO WEIGHT ITONS) VOLUME ICU rTI
8312 .43 200.00

Figure F-2. New York to Saudi Arabia Cargo Distribution List

- -.

F-13

....

N"
a.

,--A.%'2F-13



CAA-SR-84-29

F-4. NEW YORK TO TURKEY

a. The following water port identifiers were used to develop a surface
route to parallel the air route Dover to Incirlik:

(IG1 to LR2) (IG1 to LQ1) (IGH to LR2)
(1G1 to LR1) (1G9 to LR1) (1GC to LR2)

The ports used to evaluate this route were New York to Izmin, Turkey and
Bayonne, NJ to Istanbul, Turkey.

(1) The total amount of TP-1 cargo shipped on this route was 2.46
. STON. Seventy-nine percent of the cargo was reels of wire rope; the

remaining cargo commodities are listed in Figure F-3. Diversion of the
TP-1 cargo would fill .8 percent of the Army's FY 84 quota of unsubscribed
airlift capacity for this route.

(2) The total amount of TP-2 cargo shipped on this route was 2.09
STON. Thirty-three percent of the cargo was paints and compressed gas

* cylinders. The cargo commodities are listed on Figure F-3. The only
commodity ineligible for diversion to airlift in accordance with AR 59-3,
Appendix C, was the .25 STON of paint. The sum of TP-1 and TP-2 cargo
filled percent of the Army's FY 84 quota of unsubscribed airlift capacity
for this route.

(3) The total amount of TP-3 cargo shipped on this route was 202.27
STON. Twenty-five percent was paint and chemicals, and 34.4 percent was
housewares and household products. The remaining cargo commodities are
listed on Figure F-3. Although the paint and housewares are not air-
eligible according to AR 59-3, Appendix C; possible justification for their
diversion is warranted based on the potential cost savings from avoiding
packing and the fact that the Dover-Incirlik route capacity was not
satisfied.

(4) Summary of divertible cargo:

I HHG IGeneral ISpecial
(STON) (STON) (STON)

TP-1 0 2 0
TP-2 0 3 0
TP-3 0 161 40
Total 0 166 40

Total - 206 STON/778 MTON
Route allocation - 315 STON

F-14
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b. The sum of TP-1, TP-2,, and TP-3 divertible commodities would fill 66
percent of the Army's FY 84 quota of unsubscribed airlift capacity. The
total weight of cargo diverted on this surface route was 206.82 STON;
163.18 STON of unsubscribed capacity was not used.

c. Cost avoidance for the route is as follows:

Cost Divertible ( Surface Airlift
avoidance cargo x transportation - transportation

($) (MTON) K ($/MTON) ($/MTON)

" 778 x (205.82 - 198.00)

- 6,084

11

,°.-

.
[7 F-15



'p.. CAA-SR-84-29

"tL 1-C ft vo :Cc :011000000oo
1..~~~ ~ * .* l b 10 0000 1-0G IC.~0

%A of 2C 22 m bl * C;**

U .0P~w~- .0 ftf.0.f

2~~I 2.
3. 3, 30 e . 02 0.2

0 en 0 wd

Pd 0 on ft 0 L

Is to It Is 1-00W

00 -0 mm tl -0 mm0 -0 of ofI

011 0 0U' C e oIACD 0 .00 -00 -0000 -. "o-en00 C
a z. 0 Z. 0 Z. 0 Z. 0 ZIP 010-6 0 40"W 0 0 iL0OOW#

a e 50 50 £0 x 0 0 . z..oz..*
11 K 1- 1 - -CK ~ 1-1aft I !PIlos.00"

Aj 461 0 . 00

31. M aJ i w j us5

ki W o w 2n 11
0- t- P. wen

= I 20- oo0 20 2 0~ 00 1-L.4
o VC) e 5cl 0 MOJ 0 z0 0 ame) 000.14 004A ~ ~ (4

ft ItI f tf t (r" IT :M a I xL5 0 COD= 0 KOLJ188
)--a 0. PmO at 0 ::w"M -- Mt 06--11W

L. 4-

U. :O 0 - - -0 ft -40 4.1 cu
o- SbC lb 

-

21- of 1 20 51 1. SI ftcm 5 ft C I i 1 e f

IAU-4~O IAU of1. 1-1: Is 1 2 14
S-o 2- !:! 0A .7=A dIU l W VIU V

- ~ ~ O on2 2 - - 2 2-1z
SW Sw K on P. in 1 -1 .1-

IL2 02 IL2 K E
I~ IJ 2 ~ 2 43 M 4L2 'L 11 02 IL2 0

on 0 0n 0A .00 I 0 0 0 l A

~~4 P.U 
.

It on ift0 It 0 .0

C,: g, 0 ;p A .0 v"" 00

0 X0 0 x0~C
0 2 0Z* 0 4 ld A xW 0 1 0 A~ 0 . A.

£01 : C - 0. 0:4 02 02 02 2 0 4 e
U U ~ i - 0 0- 0-- 0- 0

LO to L2 z
S. : -1 z- .1 z- 4- 1A4-

of -1 .4 -
-1

404 0 cc x2 Ml 0- 2 2 04 t- clp
422 -41 o4 L- 94 -4 -

2 0 041 2 0.0 11 0..66M -1-4 4

"I F-16



CAA-SR-84 -29

in -01000c v. -0 a -000C -0 e D0 0
.0"0 M co 0 -00000

M, ItK.Z;- O- of ZCCC I '; 1

-@ 0 4wU

i F. U In a0

lo go of f to
0~ * ~W 'nf 0 AA 0 100'.1 0 IA*PeI 0 we: 0 0 C IADUOOOO

a.O.0a. 0 Z* a K. 0 Z m...

L- 0- a- a- a- e- D

U 6- m a w 60 Aa w

10 W100 10c, 0 10J.- 10 2;2 910 OOMu"f

1z "" orUmn a cP~ C ropP tItn c t o

0-400 I-amom. we K00 C 0. 0 C OCj

I-

:0000M0 ;:oeooea I 00000 - 000000 0 :0a02,00o0 lp -00OC300000 .19 IV
* ~ ~ ~ ~ ~ ~ ~ C c .uii - "LOiJAJU. IOO -C0~h I.I~LLCL VC"mOLI..L LV L D

mm -w.m~..0e e IwiOp. Si * IA -Coo.u'p,- m. -tgoote p 0%.0

2:094 coen- 2 we eauAl =GtIV -0- 214m'. -
I V_ 94 *aN I4 w ii9 omm b U 4, a IA w VI W" INU

*~~ z z-2 22

-2 3 j I .,
0 . 1.0

I w 0 A 0 IA 0 A I

0 Q 0 I
0 N ANL6.

-auiamcwr.0.a -emAavmm goW~i NVft-rInU9O- go~ .vi

""'9C % Z......* T.*. 0 Oigi"Ogl 0 2............. 0 . -t..it ,

0- 0 0- -0 .

j 1 0 a 1j w .

1,0 0I0 0 2 C 12 C, O14 0 10 10:

F-1



CAA-SR-84-29

0. .2 '42 2 9 ~ t3 3 4. 12.4U9- .4W .4I.4 aW4 W4

:-. ., 0. b2Iflo 2. Om 02 in0.300

Z. a4 0o. ft6 0 4 f*.t*~ ~~~ 0 .09 449
* I'-p. p.5- 0 ie p

II I II I I IS I I

to of s- 0 -0o0f

49-bK- ac~ 0 0 o~l 02,4 c 0SM-1 . W3
4, 300 3. .32S L

,d :T OC20 4 -0#41042

Ca 2CJ -CC 00. - a 0000 - . 000 1U.s 0 0040 n $-CAL) 1-0246) 2.60.A041 2041-0m 20CaO CC0i~ e '" O: of11.4 0. 0-.-. . .. 05 GK IJO..p. 050 .. 00 w t

L. '4-
4..

4 . 00a OR 0 001 0C ~ ~ ~ ~ ~ ~ ~ f aCS02CICC - 00 U 0 0 - 0 0 0 . a. o oo O ~ @
11 *~ * ~ ~ O . : bloa -bcco0 IO OO.

4 Id .4 U U .4 z .. .. a f.40 Z.' 2. .- =- . 12-
0 hi Ke. 5-5-

K w SW W 1h1i SW 3w

a 2

II me

0 rr *~o *0 15 0- 1 0 ~0 0 44-14 0" 4C 40t18 0 B 0 400@1.s 0
"P, 0 0 - 0 - OCJISC

a- 24W P0D O c "" 1 rn Pp f ci" so"
Is P2 am

15 .3 a3 .3.41,.

F-8.h



CAA-SR-84 -29

P4-0 -0 Of Im r-.21 MO -.- o P4S

Ia 4W 016 no n5 
M 5 8 S SA I a i 1 Si 0 5 P 5

z z Oz -

% PPPPP

1- 0 64 0 A 00P
P. 4 4 P a 1p P

55~~~~~O 555 I5 S 50 55

0, -W C - 0- - 0
zIL IL IL LI U

ww 6. www . .w .w ... S

it 33 a A a 2 a.J &a en en too en wn .0 fol

*~~~ ~ .2 v4 
S 3e 30 240--

00 03 3-0 a Won 41 300 0 o It on at wo cc GC0 a or"
WINO 8.0 0 0*

on -000 ow -00 01-000 P01 PCOiJ 00L**.5* .@ SLI0 -00000000 -0 -co :00 1.0t

03Wc of40 3-t

It.2 IL3 0. 0.c2L
z 0 zj3 2 a 0.2

U0 all a4 vf aOf 0.

040D1 " 0 A .0 pbdp ~ p

0 g** .. a * 0S.. l4 0 01 0GP 14 0 0150 0 0000010 0101 Q*0f 02 - a**** 40" 640.0 0 ca... oz0 KG ol 3.0 30n C!*"30 30co
I. C - a -0 .- t C e- C.

LI. LJ L jU u- x P.

AD o 2 a 23

0 1 3t '0 'ZO 3- -. C9

at en~ p at envo. en an t s l -on
- - - 11. a4 w-4ow "gv4w cc *Sv iI 55 ~w' a5 IS "Whim hi hi hi hi hi W O

P P p p F 19



CAA-SR-84-29

co -§0-0 -00 -e -0

- I- %O*lo
g Wo wW in ZWZ Z Z

93 ' z'~

%n0 ,a %0 Zl ~

:;- b4 0~' CC ;0 c~c
0 Z* 3.. 03* 3 Z. 0 ze

50~~ C, ~ ~ s
e 0W CIC-C

LO 0 l 3 3 3

2- 0- -2 -" 2090

411i 41, 4 cm

30 0W 0 3w 0-0 3
4L to0 #%OWN #I @m -2Z 

5

~w L L

416@0 z- o 416 0 z & C td0 I

30 30

If t i-V " g i-U * t -M bi

2- z- z- n

b-0 -D. p. -SW ZSW- Cc, luW SW M0- 3RC
is Uff"5

.4040 0 C

F.- 20



CAA-SR-84-29

F-5. NORFOLK TO SPAIN AND ITALY

a. The following water port identifiers were used to develop a surface
route to parallel the air route Norfolk-Rota/Sigonella:

(IMI to KJ1) (IM1 to KJ2) (IM1 to KF3) (1M2 to KF1)
(1MI to KJ3) (1MI to KF1) (1M1 to KF4) (1M2 to KF3)

The ports used to analyze this route were Norfolk to Rota, Spain, and
Norfolk to Naples, Italy.

(1) The total amount of TP-1 cargo shipped on this route was 66.09
STON, all destined for Sigonella. Seventy-eight percent of the TP-1 cargo
shipments were lumber products and 19 percent were household appliances.
The FY 84 Army quota of unsubscribed airlift capacity is only 20 STON.
Thus, the eligible TP-1 cargoes on this route must be prioritized for
diversion using the MADM technique discussed in Appendix D. The results of

. the prioritization process indicated that the preferred alternative for
diversion was lumber products. A sufficient amount of lumber products was
available to satisfy the Army's route capacity allocation; therefore,
household appliances were not considered.

(2) Additionally, 91 STON of TP-2 cargo and 1,048 STON of TP-3 cargo
were eligible but not selected for diversion (Figure F-4).

(3) Summary of divertible cargo:

HHG General Special
(STON) (STON) (STON)

TP-I 0 32 0
TP-2 0 96 0
TP-3 29 828 5
Total 29 966 5

Total - 1,000 STON/3,796 MTON
Route allocation - 20 STON

b. Cost avoidance for the route is as follows:

Cost Divertible ( Surface Airlift
avoidance = cargo x transportation - transportation

($) (MTON) t ($/MTON) ($/MTON)

- 31 x (161.77 - 122.88)

- 1,206

0
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F-6. NORFOLK TO BAHRAIN

a. The following water port identifier (1MI to PKI) was used to develop
a surface route to parallel the air route Norfolk-Bahrain. The ports used

- - to evaluate this route were Norfolk to Bahrain.

b. Surface port-packed cargoes that are air eligible were not available
for diversion on this route; however, the Army's FY 84 quota of
unsubscribed airlift capacity for this route was only 4 STON.

F-i. CHARLESTON TO CANAL ZONE

a. The following water port identifier (1P2 to BAl) was used to develop
a surface route to parallel the air route Charleston-Howard. The ports of
Charleston, SC to Balboa, Panama were used to evaluate the route.

b. TP-1 or TP-2 cargo were not available for diversion on this route.
The total weight of TP-3 cargo shipped on this route was 1,461.7 STON and
100 percent of this cargo was POV (Figure F-5). POVs are not divertible,
and the parallel air route has an FY 84 unsubscribed airlift capacity of

S.-; 250 STON which cannot be filled.
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Figure F-5. Charleston to Canal Zone Cargo Distribution List
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F-8. OAKLAND TO HAWAII AND GUAM

a. The following water port identifiers were used to develop a surface
route to parallel the air route Travis-Hickam/Guam:

(302 to SA3) (3D2 to XE1) (3DC to XE3)
(302 to XE2) (3D2 to SA1) (30S to SA3)

The ports used to analyze this route were Oakland to Pearl Harbor and
*- Honolulu, Hawaii; Oakland to Naval Support Depot, Guam.

(1) The total amount of TP-1 cargo shipped on this route was 2.55
STON, all of it destined for Hawaii; 51 percent of the TP-1 cargo was
chemicals. All of the TP-1 cargo was eligible for diversion.

(2) The total amount of TP-2 cargo shipped on this route was 64.25
STON, again destined only for Hawaii; 25 percent of the cargo was medicine
and drugs, 17 percent was chemicals and household appliances, respectively,
and the remaining commodities were POL products, liquor, and general
cargoes. All of the commodities are air eligible except for the household
appliances. The total amount of TP-1 and TP-2 cargo would fill 53.4
percent of the Army's quota of unsubscribed airlift for FY 84 for this
route.

(3) The total amount of TP-3 cargo shipped on this route was 696.52

STON (690.94 STON to Hawaii and 5.58 STON to Guam). Forty-eight percent of
the total weight was subsistence and general cargo (NOS). Drugs,
ammunition, and household appliances each accounted for 8 percent of the
total amount.

(4) Summary of divertible cargo:

I.HHG General Special
(STON) (STON) (STON)

TP-1 0 3 0
-'. TP-2 0 64 0

TP-3 2 694 0
Total 2 761 0

Total -763 STN/2,124 MT0N
Route allocation - 90 STON

fhe remaining TP-3 commodities were glass, chemicals, and printed forms
(Figure F-6). Since the FY 84 Army quota for unsubscribed airlift capacity
is 90 STON and TP-1 and TP-2 cargo accounted for 66 STON, the remaining 24
STON will be selected from the TP-3 cargo.
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b. The prioritization process was performed by developing attribute
weight factors for the attributes on the route, listing the alternatives
and identifying the attribute values for each alternative. Table F-3
depicts the TP-3 cargo alternatives eligible for diversion. The attribute

- weight factors are then applied to the attribute values of the alternatives
to derive the rank order of the alternatives. The TOPSIS software was used
to mathematically compute the rank coefficients. Table F-4 illustrates the
results of the TOPSIS analysis.

c. A negative cost avoidance existed for this route, since the surface
transportation cost was less than the airlift transportation cost.

Cost Divertible Surface Airlift
avoidance = cargo x transportation - transportation
M ($) (MTON) t ($/MTON) ($/MTON)

= 297 x (92.70 - 95.20)

- (743)

Table F-3. Cargo Alternative Data, Oakland to Hawaii

II I Effect on
* Commodity I Monthly Amount Density transition Operational Ease of Morale

""(STON) (TON) lb/cu ft to war readiness diversion effect

ASubsistencea 32 53.6 29.9 4 6 3 9
Drugsb 3 9.3 15.6 2 8 4 8
Vehicle parts .08 1.1 3.6 1 9 6 5
POL 1.0 1.3 40.0 2 8 7 5
Chemical productsc .33 1.0 16.0 5 7 3 5
Instruments 1.5 7.5 10.1 4 7 5 5
Construction materiel .6 .4 70.0 6 7 2 7
Ammunition 4.6 4.2 56.0 1 9 8 6HHG .2 .7 12.5 9 1 1 9
General cargo (NOS) 5.5 16.6 16.9 2 7 2 5

Books .33 .5 33.3 9 1 2 9
Glass products (NOS) 1.0 3.0 15.7 9 1 2 4
Stationery .08 .2 25.0 9 1 2 7
Printed forms 1.3 2.5 25.0 7. 5 7
Paper products (NOS) .25 .6 20.0 8 2 3 5
Plastic products (NOS) .2 2.3 3.6 9 1 2 4

aSubsistence - commodity codes 500, 506, 51A, 51G. 512, 513, 518, 523, 524, 525, and 529.

* barugs - commuodity codes 530, 532, and 534.N- .
CChemical products * commodity codes 634 and 635.

JP. F-33
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a-,

Table F-4. Alternative Rank Order, Oakland to Hawaii

1 Subsistence 9 Chemical products
- 2 Ammunition 10 Printed forms

3 Vehicle parts 11 Books
4 Drugs 12 HHG

" 5 General cargo (NOS) 13 Glass
6 POL 14 Stationery
7 Construction materiel 15 Plastic products (NOS)
8 Instruments 16 Paper products (NOS)

F-3
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F-9. OAKLAND TO PHILIPPINE ISLANDS, DIEGO GARCIA

a. The following water port identifiers were used to develop a surface
route to parallel the air route Travis-Clark/Diego Garcia: 3D2 to QF1, 301
to TAl, 3D1 to TA2. The ports analyzed to evaluate this route were Oakland
to Manila, Philippines, and Oakland to Diego Garcia.

b. Only 7.7 STON of air-eligible, port-packed cargo was eligible for
diversion on this route. The entire amount was transported to the
Philippine Islands. The Army's FY 84 quota of unsubscribed airlift
capacity of 75 STON could not be filled with port-packed cargo.

c. Cost avoidance for this route is:

- Cost Divertible ( Surface Airlift
avoidance = cargo x transportation - transportation

($) (MTON) ($/MTON) ($/MTON)

- 33 x (101.85 - 98.00)

= 127

F-10. OAKLAND TO OKINAMA

a. The following water port identifiers were used to develop a surface
route to parallel the air route Travis-Kadena:

(3D1 to UBF) (3D1 to UBF) (3D2 to UB1)
(301 to UBi) (3DS to UBI)

The ports analyzed to evaluate this route were Oakland to Naha, Okinawa.

(1) TP-1 cargo was not shipped on this route. The total amount of
TP-2 cargo shipped was 3.22 STON. Fifty percent of the cargo was

* electrical instruments, 30 percent was general cargo (NOS), and the
remaining amount was housewares. All commodities were air-eligible except
for housewares. Three percent of the Army's FY 84 quota of unsubscribed
airlift capacity for this route could be filled by diverting TP-2 cargo.

(2) The total amount of TP-3 cargo shipped was 79.3 STON. Forty-
seven percent of the cargo was electrical cables and 29 percent was HHG.
The remaining amount primarily consisted of vehicles (POV and military
vehicles). The POV are not eligible for diversion to airlift; therefore,
about 57 percent of the FY 84 quota of unsubscribed airlift capacity for
this route could be filled by diverting TP-3 cargo.

K' " F-44
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(3) Summary of divertible cargo:

I HHG I General I Special
(STON) (STON) (STON)

TP-1 0 0 0
TP-2 0 4 0
TP-3 24 37 6
Total 24 41 6

Total - 71 STON/498 MTON
Route allocation - 105 STON

b. The sum of TP-2 and TP-3 cargo would fill 60 percent of the FY 84
Army quota of unsubscribed airlift capacity for this route (Figure F-7).
The total amount of cargo eligible for diversion on this route was 70.5
STON, leaving 34.5 STON of capacity unfilled.

c. Cost avoidance for the route is as follows:

Cost Divertible Surface Airlift
avoidance cargo x transportation transportatio

($) (MTON) t ($/MTON) ($/MTON)

- 498 x (118.10 114.40)

+ HHG cost avoidance (airlift)
3,603

: 5,446

0
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F-11. OAKLAND TO JAPAN, KOREA

a. The following water port identifiers were used to develop a surface
route to parallel the air route Travis-Yokota/Osan:

(3D2 to UD6) (3D2 to UL1) (3D2 to UDC) (3DS to UL1)
(30S to UC2) (3S to UM) (302 to UC2) (301 to UDC)
(30S to UDC) (3DS to UD6) (3D to UC2) (3D2 to UMI)
(30S to UL7) (3DK to UD6) (3DJ to UD6) (3D2 to UME)
(301 to UME) (3DS to UME)

The ports analyzed to evaluate this surface route were Oakland to Pusan,
Korea and Oakland to Yokohama, Japan.

(1) The total amount of TP-1 cargo shipped on this route was 156.6
STON (124.2 to Korea and 32.4 to Japan). Thirty-two percent was general
cargo (NOS), 23 percent was paper and paper products, 21 percent was
electrical cables, and 10 percent was repair parts (Figure F-8). Thirty
percent of the Army's FY 84 unsubscribed airlift capacity allocation for
this route could be filled with TP-1 cargo.

(2) The total amount of TP-2 cargo shipped on this route was 159.5
STON (95.95 to Korea and 63.5 to Japan). Sixteen percent of the weight was
HHG, 13 percent was barbed wire, 11 percent was household appliances, 9
percent weapons, and 7 percent was paper and paper products. The remaining
commodities are listed on Figure F-8. All commodities are eligible for
diversion to airlift, and the combined total of TP-l and TP-2 cargoes would
fill 62.4 percent of the Army's FY 84 quota of unsubscribed airlift

.* capability for this route.

(3) The total amount of cargo shipped on this route was 4,240 STON
(3,073.6 STON to Korea and 1,166.4 STON to Japan). Thirty-three percent of
the total weight was liquor, 11 percent was general cargo, and 8 percent
was furniture. The other significant commodities were POL products,
chemicals and glass items (Figure F-8). Three hundred sixteen STON of the
Army's FY 84 quota of unsubscribed airlift for this route could be filled
with air-eligible TP-1 and TP-2 commodities. The remaining 184 STON needed* to satisfy the Army's capacity allocation was selected from TP-3 cargo

commodities. The TP-3 cargoes were prioritized using the TOPSIS Model.
First, attribute weight factors for the cargo attributes were developed.
Second, the available TP-3 cargo alternatives were listed with associated
attribute values (Table F-5). Then the attribute weight factors were
applied to the attribute values of the alternatives using the TOPSIS

* software to develop the rank order of the alternatives (Table F-6). The
remaining 184 STON of unsubscribed capacity could be filled by diverting
only subsistence cargoes. The other commodities were not considered
because the Army's capacity allocation was satisfied.

.1 Z
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(4) Sumary of divertible cargo:

(STON) (STON) Sp" P- I )IG GeneralI

TP-1 0 157 0
TP-2 26 134 0
TP-3 0 4,238 2
Total 26 4,529 2

Total - 4,557 STON/8,071 MTON
Route allocation - 500 STON

Table F-5. Cargo Alternative Data - Oakland to Japan/Korea

I•I I IEffect on
Commodity Monthly Amount Density transition Operational Ease of Morale

I (STON) I (MTON) lb/cu ft to war readiness diversion effect

Metal products (K)a  4.0 8.1 24.1 3 7 4 5
Metal products (J) .8 7.0 5.9 4 6 4 5
Subsistence (J)b 48.0 75.0 32.3 5 6 3 9
Subsistence (K) 71.0 100.0 35.3 6 7 3 9
Vehicle parts (K) 1.3 6.3 9.2 1 9 6 5
Machinery parts (K) 4.1 10.0 19.6 1 9 6 5
Lumber (K) 1.0 2.0 34.3 6 7 4 7
Lumber (J) 2.0 5.2 20.0 7 5 4 7
Chemical products (K)c 8.2 10.9 37.5 6 7 3 5
Chemical products (J) 1.8 2.3 38.2 5 6 3 5
POL (K)d 12.0 115.0 5.2 3 8 7 5
POL (J) 1.0 1.2 39.3 2 8 7 5

. Ammunition (J) 7.0 35.7 9.9 1 9 8 6
Empty containers (J) 16.0 83.3 9.7 8 6 4 1Construction material (K) 1.7 3.3 25.0 5 7 2 7

Instruments (K) .5 3.0 8.6 4 7 5 5
Printed forms (K) 4.7 9.8 23.9 7 5 7 6
Paper products (NOS) (K) 1.8 6.0 14.6 8 2 3 5
General cargo (NOS) (K) 38.6 60.0 32.1 2 7 2 5
Gneral cargo (NOS) (J) 2.0 7.7 12.9 2 7 2 5
Stationery (K) .1 .2 30.0 9 1 2 7
Glass products (K) 3.0 13.4 11.5 9 1 2 4
Books (K) .6 .8 35.0 9 1 2 9
Books (J) 4.3 9.8 21.7 9 1 2 9
Hardware (NOS) (J) .6 3.3 8.8 5 7 3 7
Plastic products (K) .5 4.0 6.3 9 1 2 4
Cement (liquid & rubber) K) .8 1.5 25.7 5 7 3 7
HHG (K) 10.8 72.9 7.4 9 1 1 9
HHG (J) 5.0 6.0 41.4 9 1 1 9
Military vehiclet ,J) .8 6.0 5.7 2 8 9 6
Military vehicles (K) .08 .5 8.6 1 9 9 7
Vehicles (NOS) (K) .5 3.5 7.0 1 9 9 6

aMetal products , commodity codes 576 and 578.
i '.-.

• .
bSubststence -- commnodity codes 518 and 500.

CMachlnery parts - commodity codes 594, 592, and 591.

dChemical products commodity codes 603 and 604.
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Table F-6. Alternative Rank Order - Oakland to Japan/Korea

1 Subsistance (K) 17 Military vehicles (J)
2 Subsistence (J) 18 Printed forms (K)
3 General cargo (K) 19 Instruments (K)
4 Empty container (J) 20 Lumber (J)
5 Chemical products (K) 21 Metal products (K)
6 POL (K) 22 Chemical products (J)
7 Ammunition (J) 23 HHG (K)
8 Lumber (K) 24 General cargo (NOS) (J)
9 Machinery parts (K) 25 HHG (J)
10 Vehicle parts (K) 26 Books(J)
11 Military vehicles (J) 27 Stationery (K)
12 Vehicle (NOS) (K) 28 Books (K)
13 Construction materiel (K) 29 Stationery MJ)
14 Cement (liquid & rubber)(K) 30 Glass products (K)
15 Hardware (K) 31 Plastic products (K)
16 POL (J) 32 Paper products (NOS) (K)

b. Cost avoidance for the route is as follows:

Travis to Yokoto:

Cost Divertible x Surface Airlift
avoidance = cargo x(transportation - transportation)
() (MTON) ($/MTON) ($/MTON)

. 367 x (.87.30 - 76.80)

+ HHG cost avoidance (airlift)
576

, 4,429

Travis to Osan:

Cost Divertible Surface Airlift
avoidance = cargo x ransportation transportation{,'-" $)(MTON) \ ($/MTON) ($/MTON)

= 996 x (90.45 - 90.0)0

+ HHG cost avoidance (airlift)
6,750

- 7,196

Total cost avoidance: $11,625

U- F-50
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F-12. OAKLAND TO GERMANY

a. The following water port identifiers were used to develop a surface
route to parallel the air route Travis/Tinker-Europe:

(ZD3 to JF6) (ZOC to JF6) (303 to JF1)
(ZD3 to JF1) (ZD3 to JF6)
(ZDC to JF1) (ZEI to JF1)

The ports that were used to evaluate this route were Oakland to Bremerhaven

and New Orleans to Bremerhaven.

(1) The total amount of TP-1 cargo shipped was .92 STON. The
majority of TP-1 cargo was electronic equipment.

(2) The total amount of TP-2 and TP-3 cargoes shipped was 109 STON,
and 100 percent was POV. This commodity was not eligible to be diverted to
airlift.

b. Only .7 percent of the Army's unsubscribed capacity allocation, or
.92 STON, could be diverted from surface to airlift on this route (Figure
F-9).

c. Cost avoidance for the route is as follows:

Cost Divertible ( Surface Airlift
avoidance = cargo x transportation - transportation

($) (MTON) k ($/MTON) ($/MTON) )
- 6 x (150.70 - 130.40)

122
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F-13. SUMMARY. Table F-7 portrays a summary of the results from diverting
only surface port-packed cargoes that are air eligible.

Table F-7. FY 84 Cargo/Route Selection Results -
Surface Port-packed

IArmy unsubscribed Port-packed Cost

Routes capacity cargo (STON) avoidance
allocation (STON) IveAvailable Diverted

Dover-Rhein Main/
Ramstein 2,580 472 472 34,538

Travis-Yokota/Osan 500 4,008 500 11,625

Dover-Incirlik 315 206 206 6,084

Travis-Kadena 105 71 71 5,446

Dover-Dhahran 375 2 2 1,719

Norfolk-Rota/Sigonella 20 1,000 20 1,202

Norfolk-Rota/Bahrain 5 0 0 0

Travi s-Clark/Diego
Garcia 75 8 8 127

Travis/Tinker-Germany 140 1 1 122

Charleston-Howard 250 0 0 0

Travi s-Hi ckam/Guam/
Subic/Clark 90 764 90 (743)

0 Total 4,455 6,532 1,370 60,120

.5. F-74
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APPENDIX G

MAC COMMODITY PER ROUTE DATA (AIRLIFT)

G-1. ROUTE DATA

a. This appendix is designed to provide a historical data base of Army
cargo shipments on MAC incentive tariff routes and an analysis of the com-
modities lifted per route. The following is the sequence of routes.

(1) Dover to Frankfurt and Ramstein, FRG.

(2) Dover to Dhahran, Saudi Arabia.

(3) Dover tz Incirlik, Turkey.

(4) Norfolk to Rota, Spain and Sigonella, Italy.

(5) Norfolk to Bahrain.

(6) Charleston to Howard, Panama.

(7) Travis to Hickam, Hawaii, Clark and Subic Bay, Philippine Islands.

(8) Travis to Diego Garcia.

(9) Travis to Kadena, Okinawa.

(10) Travis to Osan, Korea and Yokota, Japan.

(11) Tinker to Frankfurt and Ramstein, FRG.

b. The data base, as defined in Chapter 6, paragraph 6-3, was acquired
from MAC and contains lift information of Army shipments by commodity, type,
and amount for FY 81-FY 83. The figures contain a listing of all Army com-

Smodities per MILSTAMP air commodity code for each route. Each route was
analyzed to determine the amounts and type of commodities lifted on each

-V air route.

4.'- G-2. DOVER TO FRANKFURT AND RAMSTEIN

• a. Dover to Frankfurt. The total weight was 53,436 STON. The largest
N'. commodity (by weight) shipped over this route was vehicles (26 percent?,

followed by unaccompanied baggage (2 percent) and signal equipment and sup-
plies (1 percent). The following were significant commodities: weapons,
printed forms, publications and drawings, and aircraft supplies and equip-
ment. Figure G-1 depicts the trends of these significant commodities. The
remaining commodities are illustrated on Figure G-2.

G-1
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b. Dover to Ramstein. The total weight transported was 35,378 STON.
The largest commodity (by weight) shipped was vehicles (23 percent) fol-
lowed by signal equipment and supplies (2 percent). The other significant
commodities were aircraft supplies and equipment, chemical supplies and
clothing, and weapons. The 6-month trends of these commodities are illus-
trated in Figure G-3. The other remaining commodities are displayed in
Figure G-4.

G-3. DOVER TO DHAHRAN, SAUDI ARABIA. The total weight transported was
3,437 STON. The largest commodity (by weight) shipped over this route was
rations and subsistence (11 percent), followed by unaccompanied baggage (2
percent) and HHG (5 percent). The next significant commodity was personnel
services (2 percent). The only significant military related commodity was
communications equipment and supplies. The overall analysis is that this
route was used for personal items to support the noncombatant. Figure G-5
depicts the trend of these significant commodities. The remaining commod-

e. 46ities are illustrated on Figure G-6.

G-4. DOVER TO INCIRLIK, TURKEY. The total weight of cargo shipped was
2,370 STON. The largest commodity (by weight) shipped over this route was
vehicles (19 percent), followed by mail (185 STON), even though it was
transported only for 7 months. As with all the selected routes, unaccom-
panied baggage was one of the top (by weight) three commodities shipped.
The two remaining major commodities carried on this route were personnel-
oriented items, troop clothing, and personnel services. The remaining
commodities are illustrated in Figures G-7 and G-8.

* G-5. NORFOLK TO ROTA/SIGONELLA. This route is used to a small degree by

the Army, as seen in the Army's FY 84 unsubscribed airlift capacity of only

20 STON. The heaviest (by weight) commodity carried was mail (82 STON),
yet this commodity was carried only for 4 months in the middle of FY 83.
The next heaviest commodity was communications equipment and supplies (13
STON). The only commodity with a definite monthly demand was unaccompanied
baggage.

G-6. NORFOLK TO BAHRAIN. The total weight carried on this route was 52
STON. This route is also a small route, used very little by the Army, with

. an FY 84 unsubscribed airlift capacity of only 4 STON. The only signifi-
cant commodities transported were mail and unaccompanied baggage. The two
commodities account for 28 percent of the total, and each commodity con-
tributed 26 percent and 1 percent, respectively. No commodity had a
constant/monthly demand.

. G-7. CHARLESTON TO HOWARD. The total weight of cargo transported was
3,881 STON. This route carried a wide range of commodities, the heaviest
being the following: vehicles, 396 STON; unaccompanied baggage, 257 STON;
medical equipment and supplies, 129 STON; communications equipment and sup-
plies, 120 STON; and personnel services, 102 STON. The major significant
observation for this route is that the trends for the commodities are
increasing (see Figure G-9). The remaining commodities are illustrated on
Figure G-10.
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G-8. TRAVIS TO HICKAM/GUAM/CLARK/SUBIC

a. This is the second largest route leaving Travis. The total weight
karried was 5,382 STON; the weight on the Travis-Hickam route was 5,138
STON. The largest recipient of cargo was Hickam, followed by Clark, Guam,

*i and Subic. The only significant commodity carried on all segments of the
route was unaccompanied baggage (6 percent of the total route's weight).-
The largest commodity carried on any route was aircraft supplies and equip-
ment to Hickam (512 STON) (see Figure G-11).

b. The Travis-Clark route carried 165 STON, and its largest commodity
was communication equipment and supplies (3 percent of this segment's
total). Other significant commodities were aircraft equipment and sup-
plies, 3 percent; unaccompanied baggage, 2 percent; and vehicles, 6 percent
of this route's cargo (see Figure G-12). The Travis-Guam route carried 58
STON, and the largest commodity was unaccompanied baggage (15 percent of
this segment's total route). The other significant commodities shipped
were communication equipment and supplies (5 percent) and aircraft supplies
and equipment (3 percent) of this route's cargo (see Figure G-13). The

Z 1Travis-Subic route carried 20 STON, and the largest commodity was medical
supplies (14 percent of this segment's route cargo). The remaining com-
modities shipped were unaccompanied baggage (13 percent) and aircraft sup-

. plies (7 percent of this segment's route cargo) (see Figure G-14). Figure
G-15 displays the trend of the significant commodities on the only major
portion of this route, Travis to Hickam. Figure G-16 displays the trends
of three commodities on the Travis to Clark route.

G-9. TRAVIS TO DIEGO GARCIA. The total cargo carried on this route was 37
STON. The largest commodity was mail (86 percent), and communications
equipment and supplies accounted for 8 percent of the total cargo. The
remaining commodities are illustrated on Figure G-17.

G-10. TRAVIS TO KADENA. The total cargo carried on this route was 242
STON, and the largest commodity shipped was vehicles (36 percent). The
other significant commodities were aircraft supplies and equipment (5
percent) and communications equipment and supplies (5 percent of the
route's cargo). Figure G-18 displays the trend of vehicles. The remaining
commodities are illustrated on Figure G-19.

G-11. TRAVIS TO YOKOTA AND OSAN

a. Travis to Korea. This is the largest route leaving Travis. The
total weight carried (Travis to Osan/Yokota) was 12,503 STON. The largest
destination was Korea (12,439 STON). The heaviest commodity carried on

* this route (Travis-Osan) was vehicles; 8 percent of the total cargo. The
following other commodities were aircraft equipment and supplies (6 percent)
of the total (Travis-Osan) cargo. The remaining commodities are listed on
Figure G-20. Figure G-21 displays the trend of vehicles and aircraft
equipment.
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b. Travis to Yokota. This portion of the route carried 64 STON--5
percent of the total route. The heaviest commodity carried was communica-
tion equipment--13 STON, followed by aircraft equipment and supplies--i
STON. The trends are displayed on Figure G-22, indicating the relative
constant shipment of these two commodities. Figure G-23 contains the re-

. maining commodities, listing the weight and monthly shipments.

G-12. TRAVIS/TINKER TO RAMSTEIN/FRANKFURT

a. Tinker to Frankfurt. The total cargo carried on this route (Tinker
to Frankfurt/Ramstein) was 4,569 STON, and the heaviest commodity was unac-

Jcompanied baggage (1,021 STON). The total weight carried by the Tinker-
Frankfurt route was 2,641 STON. The types of commodities carried on both
segments of the route were aircraft equipment and supplies and communica-
tion supplies and equipment. The Tinker to Frankfurt route segment carried
the heaviest amount of cargo, 58 percent of the total cargo. The remaining
commodities are illustrated on Figure G-24. The trends of unaccompanied
baggage and vehicles are displayed on Figure G-25.

b. Tinker to Ramstein. The total cargo carried on this route was 1,928
STON, and the heaviest commodity was unaccompanied baggage, 20 percent of

. the total route. The trends of aircraft supplies, vehicles and equipment,
and communication equipment are plotted on Figure G-26. The total listing
of remaining commodities is found in Figure G-27.
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APPENDIX H

SPONSOR'S COW"ENTS

DEPARTMENT OF THE ARMY
7 : / OFFCE OF THE OEPUTY CHIEF OF STAFF FOR LOGISTICS

WASHINGTON. D.C. 20310-0500

20 NOV 1984
DALO-TSP-C3

SUBJECT: Utilization of Increased Airlift Capability (UIAC)
Study.

Director,
US Army Concepts Analysis Agency
ATTN: CSCA-SP
8120 Woodmont Avenue
Bethesda, MD 20814-2797

1. Reference letter, CSCA-SP, USACAA, 9 October 1984, subject as above.

2. Our comments regarding this excellent and timely study are cited on the
enclosed Study Critique Sheet pursuant to reference request.

3. Recommended additional distribution addressees are identified at Pa 167
-" of the enclosed Distribution List. /" iLh/ED

RANCIS W. AWW
Acting Chief, Transportation

7 C.A...#/ L -ent Division
2 Encls /tHOK F. YOUNG Direcc:rntc fo r Trins)ortation

Co on GS-- a-il "roc") Stipp~t

Chief, Transportation
" Management Division

Directorate for Transportation,
Energy and Troop Support
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STUDY CRITIQUE

(This document may be modified to add more space for responses to questions.)

1. Were there any editorial commuents? If so, please list on
separate page and attach to the critique shee

2. Was the work accomplished in a timely manner? yes If not,
please comment.

3. Does the work report address adequately the issues planned for the
analysis? Completely . If not, please comment.

.e. 4. Were appropriate analysis techniques used? Yes . If not,
please nonment.

5. Are the findings fully supported by good analysis based on sound
assumptions? Yes . If not, please explain.

6. Does the report contain the preferred level of details of the
analysis? Yes If not, please comment.

7. Is the written material fully satisfactory in terms of. clarity of
presentation, completeness, and style? Yes * If not, please*'.-." comment.
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STUDY CRITIQUE (CONTINUED)

8. Are all Figures and Tables clear and helpful to the reader? _La .

If not, please comment.

.....'.:

9. Does the report satisfy fully the expectations that were present when
• -the work was directed? Entirely If not, please explain how not.

10. Will the Findings in this report be helpful to the organization which
directed that the work be done? solutely . If so, please indicate
how, and if not, please explain Why not.

Findings completely substantiate cargo selection process for DSS

cargo and justify fully, rationale for obviating selection of other cargo.

11. Judged overall, how do you rate the st ? dr e one)

Poor Fair Average Good Excellent

5. This excellent, comprehensive study will enable the Army to readily

transition to utilization of excess MAC capability with the knowlege
that the basis for cargo selection is well founded and principled.
Study has the further advantage to the Army of providing an undeniable,

C. fully substantiated methology for cargo selection that will stand the
test of any internal or external audit.
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Deputy Chief of Staff for Logistics 4
Headquarters, Department of the Army
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Deputy Chief of Staff for Logistics 1
Headquarters, Department of the Army
ATTN: DALO-RMB
Washington, DC 20310

Deputy Chief of Staff for Logistics 1
Headquarters, Department of the Army
ATTN: DALO-SMP-U
Washington, DC 20310

Commander 1
US Army Logistics Center
Fort Lee, VA 23801

.4
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US Army Logistics Control Activity
ATTN: DRXLC-LC
Presidio of San Francisco
San Francisco, CA 94129
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--. GLOSSARY

* AACA Army Air Clearance Authority

AAFES Army and Air Force Exchange System

ACA Air Clearance Authority

AEC air eligibility code

AFR Air Force Regulation

ALOC air line(s) of communication

ALP Air Logistic Pipeline

AMC US Army Materiel Command

AMCCOM US Army Armament, Munitions, and Chemical Command

APOD aerial port of debarkation

APOE aerial port of embarkation

ASIF Airlift Service Industrial Fund

CA cost avoidance

CCP container consolidation point

CMMS Congressionally Mandated Mobility Study

COMSCINST Commander Military Sealift Command Instruction

CONUS Continental United States

CRAF Civil Reserve Air Fleet

4' DLA Defense Logistics Agency

DS direct support

DSS direct support system

DTS Defense Transportation System

EEA essential element(s) of analysis

HHG household goods

p GS general support
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GSA General Services Administration

JCS Joint Chiefs of Staff

LCA US Army Logistics Control Activity

M million

MAC Military Airlift Command

MADM multiple attribute decisionmaking

MICOM US Army Missile Command

MILSTAMP Military Standard Transportation and Movement
Procedures

MODLOG modernization of logistics

MSC Military Sealift Command

MTMC Military Traffic Management Command

MTM/D million ton miles/day

MTON measurement ton(s)

NICP National Inventory Control Point

NOS not otherwise specified

OCONUS outside Continental United States

ODCSLOG Office of the Depute Chief of Staff for Logistics

O&M operations and maintenance

OST order-ship-time

PLL prescribed loac list

PM project manager
POD port of debarkation

POE port of embarkation

POM Program Objective Memorandum

POV privately owned vehicle

RAM rated aircrew management
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REAL Routine Economic Arilift

ROD required delivery date

S-A surface cost - airlift cost

SAAM special assignment airlift mission

SSCO Shipper Service Control Office

.-, STON short ton(s)

TCMD Transportation Control and Movement Document

TOA Transportation Operating Agency

TOPSIS Technique for Order Preference by Similarity to Ideal
Solution

TP transportation priority

UIAC Utilization of Increased Airlift Capability

USAF US Air Force
-a.

USAMSAA US Army Materiel Systems-Analysis Activity
USAREUR US Army Europe
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: STUDY
*CAA "  UTILIZATION OF INCREASED AIRLIFT
. ". 4 CAPABILITY (UIAC) STUDY S ARUhli'%% , CAA-SR-84-29

THE REASONS FOR PERFORMING THE STUDY were to determine the Army's
allocation of unsubscribed capacity, and develop a process to assist the
sponsor is selecting the most suitable cargo and route combinations to
utilize the Army's allocation.

THE PRINCIPAL FINDINGS of this study are:

(1) The Military Airlift Command's (MAC) flying hour program and sched-
uled procurement of new aircraft are the major determinants in identifying
air routes with additional or unsubscribed capacity.

(2) The Army's projected allocation of unsubscribed capacity is 55 per-
cent of the total amount available.

(3) MAC's proposed Airlift Service Industrial Fund (ASIF) incentive

tariff rate favors diverting Army-sponsored cargo packed at seaport ter-
minals to realize transportation cost avoidances.

(4) Sufficient amounts of air eligible port-packed cargo to fill the
Army's projected allocation of unsubscribed capacity will not be available
beyond FY 86.

(5) Significant increases in forecasted amounts of unsubscribed
capacity suggest the Army reconsider utilizing its allocation for airlift
resupply.

THE MAIN ASSUMPTIONS upon which this study is based are:

0 (1) Increases in unsubscribed capacity detailed in MAC's study,
"Airlift Management in a New Era," are accurate.

(2) Peacetime airlift commnitments from the Civil Reserve Air Fleet
(CRAP) will be retained and increased commensurate with increases In MAC
fleet capability.

(3) Proposed ASIF tariff changes will be implemented.

",i (4) Projected increases in unsubscrlbed capacity will not be assigned
in support of Joint Chiefs of Staff (JCS) exercises.

h L U of the work which might affect the findings is
thatt the itorical data extracted from MAC, the Military Sealift Com-
mod (NSC) and Military Traffic Management Comand (MTMC) records could
not be valdated by Army sources.



THE SCOPE OF THE STUDY includes an examination of the Army's requirement
for over-ocean movement of Army-sponsored cargo in the 1984-1989 timeframe,
and the development of a process to select the cargo route combinations
best suited to use the'additional airlift capacity.

THE STUDY OBJECTIVES were:

(1) Identify the range of unsubscribed airlift capacity that will be
made available to the Army.

(2) Develop criteria for the selection of cargo categories suitable for
airlift..

(3) Identify the data that affect the selection of cargo and route com-
binations most suitable for airlift.

(4) Develop and document a 'cargo and route selection process for use by
the sponsor.

THE BASIC APPROACH followed in this study was to define the Army transpor-
tation requirements for sealift and airlift, determine the Army's alloca-
tion of unsubscribed capacity, and then develop a methodology to assist the
sponsor in selecting the.most suitable cargoes and air routes to utilize
the Army's capacity allocation. Historical lift data detailing Army peace-
time cargo movements were then collected to facilitate the selection of air-
eligible surface cargoes for diversion and, finally, the transportation

p cost avoidances resulting from the diversion were computed.

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics who sponsored
the work, established the objectives, and monitored the study activities.

THE STUDY EFFORT was directed by CPT(P) Jeffrey A. Sorenson, Strategy, Con-
cepts and Plans Directorate.

CCbI#ENTS AND QUESTIONS may be sent to the US Army Concepts Analysis Agency,
ATTN: Assistant Director for Strategy, Concepts and Plans, 8120 Wooduont
Avenue, Bethesda, Maryland 20814-279?.
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