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Objective 

To develop a practical planning procedure for allo¬ 

cating sealift and airlift resources so as to obtain the 

highest over-all efficiency of movement of combat troops 

from continental United States (CONUS) to overseas 

destinations. 
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Suromarv 

This study describes a systematic and flexible 

procedure for making allocation, at the higher levels 

of planning, of the transoceanic transportation resources 

of airlift and sealift in moving combat forces under 

military contingencies. Prime consideration is given 

to movements from CONUS to overseas destinations but, 

to a lesser degree, the effects of prepositioned resup¬ 

ply are also discussed. 

It is shown that present methods of transporta¬ 

tion planning which call for delivering a combat force 

in more or less equal increments per sortie result in 

excessive response time for airlift because excessive 

quantities of resupply are included in the early sorties. 

A substantial increase in the rate of delivery of troops 

and equipment is obtained if the principal of daily re¬ 

supply for the troops delivered is followed. In addi¬ 

tion, the procedure described permits the troops to be 

immediately available for combat as well as for further 

deployment or for diversion to other destinations enroute. 

A method of decreasing the response time of sea¬ 

lift is described which would decrease the loading and 

unloading time for cargo ships to a level equivalent to 

the port times required for Navy transports. 

Several aids are developed which would be useful 

at all planning levels which generate the composition of 

combat forces and/or plan for their transportation 

requirements. 
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Introduction 

The United States requires a capability to trans¬ 

port combat forces rapidly from the continental United 

States to overseas destination. The quickest means of 

transportation available today is airlift. However/ 

there are limitations to airlift which must be considered 

in the context of any practical planning problem. These 

limitations include capacity, fuel consumption and its 

resupply, maintenance downtime, characteristics of 

terminal facilities, enroute stop requirements, overfly 

and landing rights. The effects of these limitations 

are felt in high cost, both procurement and operating, 

and lowering of potential capabilities. Strenuous efforts 

to reduce or eliminate these limitations are being made by 

incorporating greater range, capacity, and less critical 

terminal requirements in the latest design of cargo planes, 

e.g., the C-141, which is only on the drawing boards 

at present. 
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Planning Method for Allocating Airlift &nd Seslift 
Resources for Moving Combat Troops Overseas Under 

Military Contingencies 

The other transoceanic transportation resource is 

sealift. Although ships have tremendous capacity, 

(3-5000 short tons each vs. 12-50 ST for planes) and are 

self-contained in operating requirements to a great de¬ 

gree, they too have limitations that must be considered 

in practical planning. Ships are too slow for use in 

movements where speed is of the essence. The loading 

and unloading times required in a port are principal bot¬ 

tlenecks to fast over-all response time. Efforts to alle¬ 

viate these limitations have included roll-on, roll-off 

ships, prepackaging, palletized containerization, and 

mechanized conveyors. 

Restrictions in logistical resources, budget limita' 

tions and common prudence require that the available re¬ 

sources of airlift and sealift be used in the manner that 

best makes use of the special attributes of each in ob¬ 

taining the greatest over-all efficiency of movement of 

combat troops to the desired overseas destination. 

For the purposes of this study, "over-all effi¬ 

ciency of movement" includes such considerations as ef¬ 

ficient, simplified planning, rapid response time, flex¬ 

ibility , troop combat readiness, and actual capability of 

both airlift and sealift. 

-2- 
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A Planning Method for Allocating Airlift and Sealift 
Resources for Moving Combat Troops Overseas Under 

Military Contingencies 

Special Logistical Characteristics of Military Airlift 

Moving combat troops by air is quite different 

from normal peace time military lift which usually in¬ 

volves sending dependents, emergency spare parts, re¬ 

placement personnel or those necessary to fill existing 

personnel vacancies. The difference is that necessary 

supplies and equipment (including vehicles) must accom¬ 

pany the combat troops. This permits 

1. Immediate deployment to combat areas 

upon arrival. 

2. Assures that personnel have their own 

materiel. 

3. Provides means for unloading the planes. 

4. In case of diversion or emergency land¬ 

ings, the combat troops are self-suffi¬ 

cient and have mobility. 

5. Prevents or reduces pilferage, borrowing, 

commandeering and sabotage which could re- / i 

result if the cargo went independently. 

In addition, it is necessary to plan for airlift¬ 

ing resupply to the troops until necessary supply levels 

From the viewpoint of the operating characteristics 

of the airlift itself, special logistical factors required 

-3- 



A Planning Method for Allocating Airlift and Sealift 
Resources for Moving Combat Troops Overseas Under 

Military Contingencies 

include relief air transport crews, increased mainte¬ 

nance and spare parts, terminal facilities at the en- 

route stops suitable for possible overnight lodging of 

the troops as well as airfield parking and refueling 

capabilities suitable for the required number of planes. 

Major Assumptions 

In the light of the foregoing, the major assump¬ 

tions used in this study are: 

1. Personnel, supplies and equipment must go 

together as quickly as possible in the in¬ 

itial movement from CONUS and are to be 

ready for combat on arrival. 

2. Daily resupply required for personnel de¬ 

livered will be by airlift until resupply 

from ships is available. 

3. Resupply rate is 1.1 short tons (ST) per 

man per month (l/30th of this per day) . 

4. Average sortie, load (notional) is 15 ST 

cargo or 100 personnel. 

Transportation Intelligence and Planning 

Each specific transportation problem has its own 

context or framework within which decisions or estimates 

must be made by the planners. This framework is provided 

-4- 
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by transportation intelligence which the following quota¬ 

tion aptly describes: 

"a. Definition. Transportation intelligence 
is intelligence concerning air, land, and 
water transportation systems and facili¬ 
ties of actual or potential theaters of 
operations. It includes data concerning 
the characteristics, conditions, develop¬ 
ment, organization, material, operation, 
maintenance and construction of such 
facilities. 

b. Role. Transportation intelligence pro¬ 
vides data essential to strategic, tacti¬ 
cal and logistical planning and furnishes 
the basis for estimates of military transa 
portation capacities and capabilities." (1] 

Elements of transportation intelligence particularly 

pertinent to airlift and sealift planning have been divi¬ 

ded into four groups which bracket typical constraints on 

any specific airlift or sealift problem: 

1. CONUS 3. Lift Availability 

2. Destination 4. Enroute. 

Plate 1 illustrates a typical breakdown under 

each group. Some observations are in order. 

During the fact-finding phase of this study it 

became apparent that the kind of information outlined 

in Plate 1 is scattered among the three Services and at 

different responsibility levels, for example, data on 

^ Field Manual FM-55-8, Transportation 

Intelligence, p. 4, Department of the Army, October 1956. 

-5- 
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Resources for Moving Combat Troops Operseas Under 

Military Contingencies 

land transportation and port facilities are available from 

the Army; data on airfields, plane capacities and avail¬ 

abilities are the province of the Air Force, and ship data 

are supplied by the Navy. This diversified information in¬ 

put upon which sound planning discussions must be made is 

often a variety of ideas, opinions, estimates, generalized 

missions and tasks. Sound planning requires adjusting the 

capabilities of airlift and sealift to the realities of 

the constraints imposed. The required feedback of infor¬ 

mation does not appear well organized in order for rapid 

adjustments to plans to be made. 

In order to understand the mechanics behind the air¬ 

lift-sealift allocation procedure to be described, it is 

first necessary to consider three relationships in airlift, 

namely, effect of outloading or sortie rates on capacities, 

effect of resupply subdivision on delivery rates, and the 

effect of sortie rates and flying hours on total plane 

pipeline requirements. 

Effect of Outloading (Sortie) Rates on Airlift Capacities 
1 1 

A typical effect of the outloading rates of aircraft 

on the capacities of an air]ift and the lift completion 

time is illustrated in Plate 2. The example used assumes 

a cargo-to-personnel ratio in the initial movement of 0.6 

I short tons per man and different rates of outloading in 

-6- 
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Resources for Moving Combat Troops Overseas Under 

Military Contingencies 

units of short tons per day or notional sorties. Two 

facts are apparent from the curves: 

a. The higher the outloading rate the 

faster the lift is completed, 

b. The curves are non-linear. 

The completion times for the airlift can be ob¬ 

tained by simply adding the transit time plus unloading 

time to the outloading time indicated in Plate 2. 

The non-linearity of the outloading curves is due 

to the increase in resupply cargo. As more and more troops 

are delivered, the daily resupply requirements increase 

at the expense of the quantity of troops and cargo out- 

loaded in the initial movement. This behavior is illus- 

trated in Plate 3 for a cargo to personnel (-) ratio = 1.1 

and an outloading rate of 540 ST/day. 

The composition of the daily lift is given by 
n-1 

K = (f + a) P + r Z P^ 
n n i=l i 

where K = short tons lifted on the nth day l 
n 

P = number of personnel lifted on nth day 
n 

r = resupply rate (ST/man/day) 
n-1 
Z P. = cumulative number of personnel outloaded 

i=l 1 through the (n-l)-th day 

f = ratio of cargo to personnel (ST/man) 

a = conversion factor for men to tons, 
(tons/man) 

K , r , a and f are constants. 

For a detailed derivation see Appendix A. 

-7- 
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A Planning Method for Allocating Airlift and Sealift 

Resources for Moving Combat Troops Overseas Under 
Military Contingencies 

Effect of Resupply Subdivision on the Rate of Delivery 
of Combat Troops 

Two concepts of outloading troops and cargo for 

airlift are illustrated by the curves in Plate 4. It is 

assumed there that an initial movement consists of 37,118 

men and 18,560 short tons of cargo. At an outloading rate 

of 1440 ST/day, fifty days are required to outload such a 

force. Daily resupply requirements over that time would 

cumulate to 47,873 ST. The total tonnage of the initial 

movement of personnel, cargo and resupply amounts, there¬ 

fore, to 72,000 ST. For purposes of illustration, it is 

assumed that sealift is not available until after the 

50th day, hence airlift must carry the total movement. 

The straight lower curve illustrates the effect of 

outloading (or delivering) the total tonnage in equal 

increments per day as compared (upper curve) to outload¬ 

ing personnel and cargo and only the daily resupply re¬ 

tí quirements to maintain supply levels corresponding to the 

cumulative number of personnel actually delivered (out- 

loaded) up to each particular day. The advantage of the 

latter procedure is evident by comparing the two curves. 

Thus, for example, if we look at the 20th day, with daily 

resupply the upper curve shows that 25,000 combat troops 

with their equipment will have been airborne as compared 

i to only 14,800 troops with their equipment when the equal 

-8- 
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increment procedure is used. In addition to slowing down 

the rate of delivery of the combat troops and their equip¬ 

ment, the equal increments procedure has the further dis¬ 

advantage of producing a tremendous excess of resupply in 

the early days of the lift when the build-up of troops is 

just beginning. For example, as indicated in Plate 4, 

680 short tons of resupply would arrive each day while 

the troop build-up would amount to only 742 men per day. 

Six hundred eighty tons of resupply is equivalent to one 

day's resupply for approximately 18,500 troops which would 

not have been airborne until the 25th day. This excess of 

resupply could seriously impede the mobility of the troops 

on arrival as well as being conducive to pilferage, com¬ 

mandeering, borrowing or sabotage, as well as the head¬ 

aches of establishing effective resupply depots or dumps. 

The chief merit of the equal increment procedure 

is that it requires only simple arithmetic by the planner 

ï to convert the lift into sortie loads. To enable the 

planner to use the daily resupply concept in as simple 

j and quick a manner, a complete set of tables have been 

computer-generated which give in detail, up to fifty days, 

the quantity of personnel, cargo and daily resupply to be 

outloaded each day and also the respective cumulative 

totals for the range of cargo/personnel ratios from 0.1 

-9- 
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to 1.4 in 0.1 increments and outloading ratios from 

360 to 2880 ST per day in increments of 180 ST per day. 

Notional sortie loads based on 15 ST per plane are also 

given. Plate 5 outlines such a table. It will provide 

answers to such questions as: 

How many combat troops with their 

equipment can be loaded out in _days 

at _ST/day (or sorties).-1 How long 

will the total initial movement take? 

What tonnage of resupply is required 

each day? 

What outloading rate must be used 

to deliver _troops and _tons of 

cargo with daily resupply in _days? 

Effect of Outloading Rate (Sortie/Dav) and Operating 
Hours per Day on Plane Pipeline Requirements 

The total number of planes required to maintain a 

pipeline over a given route is given by the equation: 

Number of Planes in Pipeline = 

Sorties/Day x Round Trip Flying Hours 
Flying Hours per Plane per Day 

This relationship is illustrated graphically in 

Plate 6 for different sorties per day. For capability 

planning, the relationship can give a quick estimate of 

-10- 
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what daily sortie level can be maintained with the total 

number of planes available when flown over a particular 

route. Thus, if 864 planes were available and the airlift 

route required 72 flying hours per round trip at 8 hours/day 
O 

operating level, then 864 x = 96 sorties per day could 

be maintained. Converting the sorties to equivalent 

capacity in short tons would provide the daily outloading 

rates to be used in selecting the proper table of those 

previously described or in selecting the proper curve such 

as illustrated in Plate 2 or the proper set of curves il¬ 

lustrated for a particular outloading rate by Plate 7. 

The effect cf variable flying hours per day on the 

maximum size of a pipeline is illustrated in Plate 8 for 

an assumed turnaround time and round trip flying time 

when the sortie rate is constant. Additional require¬ 

ments for administrative use of MATS are also shown. 

Plate 9 illustrates the effect of variable flying hours 

ï on the sortie rate when the total number of planes in ( 

the pipeline is constant (i.e., the airlift must be op¬ 

erated within the capacity of the number of planes allo- 
' J 

cated to it). The situations represented in Plates 8 and 

9 are those which might be the result of a "surge" in 

the beginning of a lift followed by a tapering off to 

some final average level of operation. 

-11- 
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The Airlift-Sealift Allocation Procedure 

The procedure developed in this study for allo¬ 

cating an initial movement of combat troops with their 

equipment between airlift and sealift is illustrated by 

the flow chart in Plate 10 and graphically in Plate 11. 

The procedure consists, in essence, of (a) comparing the 

time required for delivery by sealift (SL) against the 

completion time required for delivery by airlift (AL) and, 

(b) if the latter time is greater than the sealift com¬ 

pletion time, then the undelivered part of the initial 

movement not yet airborne by the end of the sealift 

response time is allocated to sealift at the start of the 

airlift operation and arrives at the objective area to join 

up with the cumulated personnel and equipment that had 

been airlifted. In addition to the troops and equipment 

aboard, the ships can also carry bulk resupply adequate 

for the troops until the ships carrying the resupply 
ï 

build-up arrive. 

Reference to Plate 11 will clarify the procedure. 

I Along the horizontal axis, the completion time required 

by sealift is divided into its principal components: 

a. Delivery time to P.O.E. (Port of Embarkation) 

b. Port time (loading, miscellaneous delays) 

c. Steaming time to destination 

I 
-12- 
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d. Unloading time in port 

e. Port clearance time and delivery to 

objective area. 

When the transit and unloading time of the airlift is 

subtracted from the total response time for sealift and 

the corresponding intercept is made with the proper out- 

loading curve, the part of the initial movement which 

would be delivered by airlift at the same time as sea¬ 

lift can be determined. The part that would be undeliv¬ 

ered by airlift is the quantity to be allocated to ships 

at the start of the operation. The total initial move¬ 

ment in airlift and sealift would thus arrive at the 

objective area at the same time. This joint movement 

would thus preserve the advantage of rapid movement of 

the bulk of the force by air consistent with the airlift 

capability available at the time. The usual 30-day re¬ 

supply build-up would arrive at a later date. 

It appears feasible to reduce appreciably the 

response time of sealift. Since the time spent in port 

loading and unloading ships constitutes a large portion 

of over-all response time, a way to reduce this port time 

would be to partially load cargo ships at the expense of 

using more cargo ships for a particular lift. To illus¬ 

trate the possibilities, suppose 12,000 men and 11,000 ST 

-13- 
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cargo were to be sealifted. The normal capacities of 

a Navy transport (AP) is 3500 men and 1000 ST cargo. 

The port time (load and unload) would be about 6 days. 

A cargo ship (AK) with a capacity of 15,000 measurement 

tons or about 5000 ST would require about 17 days total 

port time. For the example cited, 4 APs and 2 AKs would 

be required and the total port time would be about 12 days 

since full capacity is not required. However, if the 

number of AKs is doubled to 4, and each of these is 

loaded to one-half the level of the first two, the total 

port time would be reduced to 6 days which is the port 

time of the APs. Therefore, both transports and cargo 

ships could leave together. For this size of initial 

movement, the additional requirement for cargo ships 

and pier space is modest compared to the time-saving 

gained. 

L The Effect of Prepositlonsd Resupply on Airlift Response 
Time 

Prepositioned resupply increases the rapidity of 

I outloading an initial combat force by virtue of the fact 

that it means that a greater quantity of personnel and 

cargo can be moved per day since resupply does not have 

to compete with them for the available plane capacity. 

The over-all rate of delivery of the initial movement, 

1 i.e., personnel, cargo and resupply can also depend on 

-14- 



1 

A Planning Method for Allocating Airlift and Sealift 
Resources for Moving Combat Troops Overseas Under 

Military Contingencies 

the distance of the resupply depot from the objective 

area. This is illustrated by the curves in Plate 12 

which is based on the assumption that personnel and 

cargo arrive from CONUS and that the resupply required 

for the cumulated personnel that has been delivered is 

picked up from the depot which, in the illustrated ex¬ 

ample, is one and two round trip days away by using a 

necessary number of the planes which arrived from CONUS. 

In other words, this is the kind of situation where the 

TAC planes in the theater are not available for the re- 

supply lift and the whole job must be handled by the 

initial available pool of planes assembled for the air¬ 

lift. Since the resupply requirements increase each 

day as the number of personnel delivered increase, the 

number of planes entering the resupply lift increase 

and since the available pool of planes is assumed fixed, 

the number of planes returning to CONUS for successive 

* 
trips progressively decreases and hence the outloading 

rate from CONUS decreases. Plate 13 illustrates the ef- 

I feet on the daily delivery rate for cargo and resupply. 

It is interesting to note that, referring to 

Plate 12, a considerable quantity of troops and equip¬ 

ment can be delivered before a 1-day difference in the 

round trip flying time between the resupply depot and 

-15- 
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the base appreciably affects the delivery time of the 

troops from CONUS. In the example in Plate 12# approxi¬ 

mately 8000 troops and 4000 ST cargo can be delivered 

before the delivery times of curves A and B show a 1-day 

difference. 

* 

\ 1 

I 

-16- 
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Appendix A 

Some Relationships in Airlifting Cargo, Personnel 
and Resupply 

Let: - daily lift capability on the i-th day (tons) 

P. = number of personnel delivered on the 
i-th day (men) 

C. = amount of cargo (not resupply) delivered 
on the i-th day (tons) 

= amount of resupply delivered on the i-th 
day (tons) 

r = resupply rate (tons/man/day) 

a = conversion factor for men to tons (tons/man) 

f = ratio of cargo/personnel (tons/man) 

TL = total lift on the n-th day 

Conditions: K , r , a , f are constants, so that 

(a) TLn = nK 

(b) fP. = Ci 

(c) r / 0 

The composition of the daily lift will be as follows: 

K1 = C1 + aPl + 0 

K2 = C2 + aP2 + rPl 

K3 = C3 + aP3 + riPj^ + P2) 

n-1 
K = C +aP +r Z P- 
n n n i 

or, using condition (b) 

(1) K_ = 
n-1 

(f + a)Pn + r E P< 
1=1 1 

fr 

These derivations were developed by Commander 

i 

1 W. L. Wilkinson, USN, Office of Naval Research. 
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Taking advantage of the equivalence in the set of equa¬ 

tions for given above, we can write the following re¬ 

cursion formula: 

(2) 

and the series 

(3) 

p = If + a - r) p 
n f + a n-1 

letting ~ ^ a q 
n i ' â 

Z P.=P (1+Q+Q^+ 
i=l 1 1 

which is a geometric series with a sum for the nth day: 

(4) £ Pi = 11-+ a) (1 - Qn) P 
i=l 1 r 

and in the limit, the sum is, 

(5) £ pi = (f + a) P, = K/r 
i=l 1 r i 

or, stated differently, the maximum number of men that 

can be delivered and supported is: 

(6) P = K/r 
max v 

For computing, the following form appears to be most 

convenient: 

(7) I P. = K/r (1 - Qn) 
i=l 1 

and, solving for P^ from (1), we have 

(8) Pn = KQn/(f + a - r) = KQ^Vu + a) . 

On the nth day, the load distribution looks like this: 

(9) Kn = fKQn/(f + a - r) + aKQn/(f + a - r) + K(l-Qn_1) 

where the fraction of lift devoted to each is independent 

of K but depends on n. 

J 

ii 
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And to compute how much of each we have delivered 

by the n-th day we haves 

(10) nK = UU</r(1..-.^)1 + i aK/rJl-Qn)l + 

Cargo personnel(tons) 

lnK-(K/r) (a^+ f) g-Qn)l 

Resupply 

As an application of (8), suppose the planner is 

not willing to schedule airlift when the delivery rate/day 

for personnel falls below some number, say w . He wants 

to know on what day this will occur. That is, when 

(K/r) (Q11-1 - Qn) < w . 

Solving for n , 

(11) n ^ Ifl-y..-1:, ln r, -. In K - ln (1-Q) 
v ' ' ln Q + J. . 

If we take, for example, w = 100, K = 540, r = .037, 

f = 1.1, a = .15, and Q = .97, then n = 48. 

Another question that may be of interest to the 

planner is "whàt day will my resupply tonnage begin to 

exceed that of cargo and personnel. " This can be easily 

answered by solving the inequality: 

Q11“1 < 1/2 

or 

-In 2 
n / 

ln Q 

which suggests a simple plot of Q versus n for a prac¬ 

tical range of Q. 

J 
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