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EXECUTIVE SUMMARY 

This report describes a method of evaluating capital investment decisions 
that utilizes the "dynamic programmingn concept. Dynamic programming is 
an operations research technique that is effective in solving certain 
types of problems. The dynamic programming process reduces many elaborate 
problems into a form that may be readily solved (provided the original 
problem is not excessively complicated). 

The particular problems discussed in this report concern the identification 
of an optimum capital investment decision. Typically, the problem involves 
the selection of a capital investment decision from a group of competing 
or alternative investment decisions. 

The method proposed in this report determines the discounted (present 
worth) value of the costs associated with each capital investment decision. 
The capital investment decision, or project, corresponding to the minimum 
discounted total cost is optimum. This solution is shown to be equivalent 
to the solution obtained by a benefit-cost ratio analysis. 
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I. INTRODUCTION 

Dynamic programming is a method of formulating complex multi-stage 
problems as a sequence of easily solved one-stage problems and as such, 
is applicable to capital investment decision analysis. 

This report first examines the underlying assumptions and implications 
of the capital investment analysis theory. This is followed by a 
discussion of the application of dynamic programming. A sample 
application is then presented which includes a description of a 
computer program that has been developed in accordance with the analysis 
process proposed in the report. A method of applying sensitivity anal
~sis is also demonstrated. 

The dynamic programming application discussed in this report is based on 
a concept described by Velona (1). 
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II. CAPITAL INVESTMENT ANALYSIS THEORY 

The dynamic programming capital investment process gives a solution in 
terms of discounted (present worth) dollars. The following discussion 
introduces the discounting concept and subsequently develops a capital 
investment analysis methodology based on the process of discounting 
dollar expenditures or costs to their present worth value. (The reader 
may refer to Grant and Ireson (2) for an excellent detailed discussion.) 

A. REVIEW OF THE DISCOUNTED COST CONCEPT 

Discounting is a technique used to determine the present value of a 
dollar that is spent or received at some future or past date. It is 
a method of evaluating dollar transactions occurring at different 
times in terms of a common measurement scale, the present value of 
the dollar. This transformation into a common measurement base 
permits a meaningful comparison between alternative fiscal or 
monetary transactions occurringat different times. The term 
transaction refers to either a monetary expenditure or receipt. 

Let: P ==The present worth of an expenditure or receipt incurred 
the end of time period n 

S =An expenditure or receipt incurred at the end of time 
period n 

i =The interest rate or discount rate 

n =Number of time periods (usually years) 

1 =present Worth Factor PWF(i,n) 
(1 + i )n 

Then : P = S x PWF ( i , n ) 

The selection of a discount rate is crucial to the evaluation of 
competing monetary transaction alternatives because the present 
worth values of time dependent transactions are often critically 
sensitive to the magniture of the discount rate. See references (2) 
and (3) for further discussion of this topic. 
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B. CAPITAL INVESTMENT ANALYSIS BASED ON THE UNIFORM SERIES 
CAPITAL RECOVERY CONCEPT 

For our purposes, capital investment is defined to be the initial 
cost of establishing a facility or the cost of initiating a project. 
It included all costs incurred during the planning, developing, and 
construction of a facility or project. The capital investment cost 
does not include any operating, maintenance, or penalty costs 
incurred while using a facility. To expedite mathematical 
analysis, the capital investment cost is assumed to be incurred at 
the beginning of the first time period during which the new 
facility is used (if necessary, the capital investment assignment 
may be calculated by discounting the appropriate capital costs to 
the above-mentioned time instant). Then, the discounted value of 
the capital investment cost allows a meaningful comparison bet~~en 
this capital investment occurring at any other time. 

For purposes to be clarified later, it is often desirable to trans
form an initial capital investment into an equivalent uniform series 
of time period (e.g., annual) costs. Normally, the number of time 
periods over which the capital investment is transformed is equal 
to the usable life of the facility. 

Let: R=The capital recovery cost of an initial capital investment 
at the beginning of time period n 

P = Initial capital investment at the beginning of time period 
n 

i =Interest rate or discount rate 

k =Capital recovery 1 i fe of the investment 

(l+i)k-1 =Capital recovery factor CRF(i,k) 
i 

Then: R-":::: P x CRF(i,k) 

The initial investment, P, incurred at the beginning of time period 
n is transformed into a uniform series of k end-of-year capital re
covery cost is assigned to the end of time period n and the last is 
assigned to the end of time period n+k-1. 
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C. TOTAL COST ANALYSIS 

In addition to capital investment costs, there are two other types 
of costs normally relevant to capital investment decision analysis. 
These are referred to as "operating costs" and "penalty costs." 
Operating costs are composed of direct operating expenditures, and 
msintenance costs, but do not include costs associated with the 
establishment of a facility and do not include operating and 
C3pital investment costs. For example, consider the case of a 
single runway. The relevant penalty cost associated with this 
facility consists of all the delay, diversion, and accident costs 
th~t are incurred by aircraft attempting to use the runway. 

Operating and penalty costs are incurred after a facility is 
established and used. Therefore, a decision to make a capital 
investment implies a willingness to accept the recurring operating 
and penalty costs that follow. To expedite mathematical analysis, 
these costs are assigned to the end of each time preiod. These end
of-period costs represent all the operating and penalty expenditures 
that are incurred during that time period. (Note: depending on the 
accuracy requirements of the problem, it may be necessary to com
pound the expenditures incurred during the time period to the end 
of that time period") Finally, the discounted value of all the 
operating and penalty costs incurred is obtained by summing the 
individual present worth costs. 

The overall cost experienced during the usable life of a facility 
may now be defined as the sum of all present worth costs incurred 
during a time period. It represents the present worth costs that 
will be experienced once a given capital investment is undertaken. 
These cumulative discounted total costs are then used as the basis 
for comparison among competing capital investment decisions. 
However, there are some important considerations involved in such 
a comparison that have not yet been discussed. These concern the 
relevant time periods under analysis and the relevant costs re
quired. 

0" STUDY PERIOD CONCEPT 

In dealing with projecting costs into the future, there is some 
limit to the time span over which forecasts may be reasonably and 
reliably made. Currently, most forecasting techniques estimate 
statistics for a future period of twenty years or less. Estimates 
beyond this time frame are usually unreliable. However, many 
capital investment decisions involve facilities whose capital re
covery life exceed this period of reliability. For example, a 
capital investment decision to build a facility ten years from now 
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usually involves a capital recovery life extending beyond the 20-
year period of reliable forecasts. Furthermore, there is a need to 
define a method of meaningfully comparing the decisions to establish 
one facility, or another facility, at any time during the next five, 
ten or fifteen years. 

The "study period" concept is a method that effectively handles 
these complications. The study period is merely a fixed time span 
over which all costs attributable to each capital investment 
decision is evaluated. The capital investment, operating and 
penalty costs assignable to each capital investment alternative 
during each and all time periods contained in the study period are 
examined. 

The uniform series capital recovery cost technique is used to 
assign the capital investment cost to the appropriate time periods. 
By the study period analysis method, only the capital recovery 
costs assigned to the time periods contained in the study period 
are considered. Since the operating and penalty costs incurred 
only during the study period are examined, this method is a means 
of relating the capital costs to the specific period of use being 
analyzed. This means that any capital recovery costs assigned 
beyond the end of the study period are not relevant to the 
solution process proposed. 

That capital. investment decision which accumulates the minimum 
discounted total costs over the study period is optimum. In terms 
of equivalent present worth dollars, this alternative is the least 
expensive. 

For example, consider the one runway airport. It is desired to 
examine the economic feasiblility of establishing a second runway 
sometime in the near future. Reliable aircraft activity forecasts 
are available only for the next ten years. Therefore, penalty costs 
dJe to aircraft delays, diversions, and accidents maybe reasonably 
estimated only for the next ten years. This ten year period is the 
study period. We are now concerned with two alternatives: to 
build a second runway sometime during the study period or not to 
build a second runway at all. Let us assume that a time period is 
one year. In the formulation of this problem, the decision to 
build a second runway is equivalent to establishing this facility 
at the beginning of one of the time periods during the study period. 

Let: M= Study period (ten years) 

i =Discount rate 
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Consider the decision not to build a second runway; i.e., main
tain the existing situation (one runway) throughout the study 
period. This runway already exists and we may assume that it will 
continue to operate; without replacement, during the study period. 
Therefore, there is no capital investment cost associated with 
this alternative, however, there are operating and penalty costs 
involved. The cumulative discounted total cost associated with 
the decision not to establish a second runway is calculated as 
follows: 

Let: OCj =Operating cost assigned to the end of time period j due 
· to using only one runway 

Then: 

PCj =Penalty cost assigned to the end of time period j due 
to using only one runway 

TC1 =Cumulative discounted total cost attributable to a one
runway operation during the study period 

TC( .~ [OCj +PC~ ] 
J l (l + i )J 

One competing capital investment decision is to establish the 
second runway at the beginning of some time period n. Assume the 
usable life of the second runway, without replacement, is equal to 
some fixed number of years, k, such that k is greater than the 
study period duration m. Assume the capital investment cost of 
expanding from the one-runway operation to the two-runway 
operation is Pn-1. and this cost is assigned to the beginning of 
time period n. During the time periods 1 through n-1, only one 
runway is used and the operating and penalty costs for this 
situation are applicable. During the time periods n through m 
(the end of the study period) two runways are used. Therefore, 
operating and penalty costs for the two runways are applicable 
to those time periods. Usually, the increase in capital invest
ment and operating costs incurred by this expansion would be 
expected to result in a decrease in penalty costs. The cumulative 
discounted total cost over the study period associated with de
cision to use one runway during time periods 1 through n-1 and two 
runways during time periods n through m is calculated as follows: 
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Let: P 1 =Capital investment cost of establishing second runway 
n- at the beginning of time period n (end of time period 

n-1) 

OCj =Operating cost assigned to the end of time period j 

PCj =Penalty cost assigned to the end of time period j 

k =Capital recovery life of the second runway 

i = Discount rate 

CRF(i ,k) =Capital recovery factor 

=Capital recovery cost of P 
n-1 

=cumulative discounted total cost, accumulated over the 
study period 

Then: Rj = P n-l x CRF(i, k) 

M 
TC2 = ~ 

j=l 

There are no capital recovery costs assigned to the time periods 
preceding the time period of establishment; i.e., R·=O, j<n. All 
capital recovery costs assigned to the time periods ~eyond the end 
of the study period (i.e., Rj, j>m) are not included in the analys1s. 

The procedure is to calculate the cumulative discounted total cost 
for all values of n, n =1, -----, m, and that capital investment 
decision which gives the minimum cumulative discounted total cost 
is the decision alternative that will incur the lowest overall 
expenditures by all' parties concerned (i.e., airport owner, air
craft operators, and passengers, etc.). As is later shown, this 
solution is equivalent to the solution obtained from a benefit-
cost ratio analysis. 
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III. DYNAMIC PROGRAMMING 

Dynamic programming is an operations research technique that is 
applicable to problems involving decision sequences. Given a problem 
involving a finite number of alternative decision sequences, a 
dynamic programming approach may be used to efficiently determine the 
"optimum" sequence. The optimum solution is the feasible sequence of 
decisions that optimizes some predefined objective function, e.g., 
minimize costs, maximize profit, etc. The overall problem must be 
capable of being decomposed into a series of stages. At each stage 
there are a finite number of "states" corresponding to the decision 
alternatives. A stage and state comprises a sub-problem. Each sub
problem is solved such thav the solution to that sub-problem implies 
an entry state to the next stage. A solution is obtained for all 
possible states at each state. Upon solving the final stage, the 
overall optimal solution may be deduced from the resultant series of 
sub-problem solutions by tracing back through the implied states. 
This final solution consists of the series of decisions that defines 
what is to be done at each state, i.e. the state of each stage, such 
that the objective function is optimized. 

A naive approach to optimizing a multi-alternative, multistage process 
would require examining all feasible alternatives and exhaustively 
comparing the results. However, in the dynamic programming formula
tion, the solution to a subproblem at one stage implies the state 
at the next stage and so it is necessary to go through the sequence of 
stages only once because the optimal sequence of decisions can be 
deduced from the last stage solution. Clearly the power of dynamic 
programming is its ability to significantly reduce the number of 
comparisons necessary to solve the problem. 

A. DYNAMIC PROGRAMMING FORMULATION OF CAPITAL INVESTMENT 
DECISION ANALYSIS UTILIZING THE STUDY PERIOD CONCEPT 

In formulating the dynamic programming approach, the investment 
time periods correspond to the problem stages, while the competing 
capital investment decisions correspond to the decision 
alternatives or states. A sub-solution involves a decision re
garding a capital investment during some time period given an 
initial state. The final optimum solution is the sequence of 
capital investment decisions that incur the minimum cumulative 
discounted total cost over the study period. 

The following network oriented diagrammatical presentation of the 
competing capital investments process is useful as shown in Figure 1. 
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Consider three competing capital investments to be evaluated over 
a study period of m time periods. Each capital investment 
corresponds to the establishment of a specific facility at the 
beginning of some time period. Each facility corresponds to a 
feasible state of each stage and is referred to as an alternative 
(ALT) in this representation. For any final solution sequence, 
only one alternative may be used during any one time period. 

Figure l. Decision Process for Alternatives 

ALT 1,--,--, 
I 
I 
I 

ALT 21 ~-~----, 
I 
I 
I 

ALT31--~--~---+------,L---=~--~+---=~--~~ 
0 3 n-1 n n+1 m 

TIME PERIOD n 

The dotted line represents the solution sequence that consists of 
the decisions to use ALT l during the first two time periods, ALT 
2 during time periods 3 through n-1, and ALT 3 during time periods 
n through m (the end of the study period). 

The decision to changeover from ALT l to ALT 2 represents the 
decision to make the capital investment required to establish and 
use ALT 2 at the beginning of the third time period. This change
over involves the expenditure of money required to establish ALT 2 
given that ALT l already exists and is in use. 

In this terminology, a solution for any specific alternative is a 
set of decision sequences that results in the use of that 
alternative at the end of the study period. The dotted line 
above is termed a solution for ALT 3, not a solution for ALT l or 
ALT 2, because it results in the use of ALT 3 at the end of the 
study period. 

There are many decision sequences (dotted lines) that aie 
potential solutions for each alternative. By applying dynamic 
programming, we wish to determine the specific decision sequence 
that is in some sense optimum. 
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B. DYNAMIC PROGRAMMING SOLUTION PROCESS 

In accordance with the capital investment analysis discussion, the 
objective of the dynamic programming formulation is to decide 
which alternative to use during each time period so that the dis
counted total cost accumulated during the study period is minimized 

The dynamic programming method approaches the final overall 
solution by first determining a final minimum cost solution for 
each and all alternatives. For each alternative (facility) a 
sequence of capital investment decisions is determined that 
minimizes the cumulative discounted total cost over the study 
period. From this set of individual solutions, the final overall 
optimum solution is obtained by selecting that alternative solu
tion (decision sequence) which yields the minimum cumulative dis
counted total cost. 

At this point in the discussion it is advisable to introduce the 
concept of the "null! " alternative. The null alternative is the 
investment decision that is associated with the existing or current 
situation. The null alternative serves as a boundary condition to 
initi3te the recursive dynamic programming solution process. The 
term "current situation" is loosely defined. It refers to the 
situation, or alternative, that in some way is the base case from 
which all other alternatives may be developed. 

The capital investment cost of the null alternative is zero. All 
other capital investment costs are associated with the cost of 
establishing alternatives, or facilities, that do not currently 
exist. Although its capital investment cost is zero, the null 
alternative normally involves positive operating and penalty costs. 
(Note: If necessary the null alternative may be used as a dummy 
entry into the problem and may be "forced-out" of an optimum 
solution by assingning very, very large penalty costs to it.) In 
this discussion, the null alternative is always considered to be 
alternative one (ALT 1). 

The dynamic programming solution process proceeds in a stage-wise 
(time period) order. It is initiated by obtaining a solution for 
each alternative for the first time period which is trivial because 
only the costs of changing over from the null alternative to each 
of the other alternatives are compared. 

11 



Once a first stage sol uti on for each alternative is determined, the 
process proceeds to the second time period, Again each alternative 
is individually examined and a solution developed, However, now 
decisions concerning changovers from other alternatives at the be
ginning of the second time period are examined. A solution for an 
alternative during time period two implies that there is no other 
solution (decision sequence) available at the beginning of time 
period two capable of accumulating a lower discounted total cost 
at the end of the study period. This solution consists of the 
decision to use some certain alternative during the first time and 
the alternative under examination during the second time period 
so that discounted study period costs are minimized. 

The process proceeds in consecutive order to time periods three, 
four, five, etc. until the study period is exhausted. At each 
stage (time period) only the optimum solution sequences (implied 
states) determined through the pTevious stage need be retained in 
the evaluation process. All other available solution sequences 
have previously been examined and found to be inferior, i.e., not 
minimum cost solutions. These sub-optimum solution sequences are 

eliminated from the dynamic programming process because they will 
increase the end-of-study-period cummulative discounted costs. By 
this method, the analytical scope of the process is systematically 
reduced. 

The solution for an alternative at any time period (stage) is the 
least cost decision sequence from the beginning of the study per
iod to that time period. That is, of all the potential decision 
sequences that have been examined up through that time period 
(stage), this solution accumulates the lowest costs. The solution 
for an alternative for the last time period is the optimum decision 
sequence for that particular alternative for the entire study 
period. 

To clarify the above discussion, examine the solution for some time 
period n in the following example: 

Consider a case where only two alternatives are feasible. 
ALT 1 is the null alternative and ALT 2 is an additional 
facility that will increase service. For instance, for an air
port that currently has one runway, ALT 1 represent continuing 
operations with the one runway only. ALT 2 may represent 
establishing a second runway and using both runways concurrent
ly. The study period is m time periods in duration and all 
costs are to be discounted to the beginning of each time 
period, We may assume that a changeover from ALT 1 to ALT 2 
is feasible, but this process may not be reversed. 
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Th·::! sol uti on for ALT 1 is trivial, The only way to use ALT 1 
during any time period is to use it at the beginning of the first 
time period and to continue to use it through each succeeding time 
peri oct, 

At the beginning of time period n, the available solutions for 
ALT 2 have been examined through the end of time period n-1. 
Suppose the optimum solution for time period n-1 is to use ALT 1 
during time period 1, establish ALT 2 at the beginning of time 
period 2 and use it continuously through time period n-1. All 
other solutions available at the beginning of time period n will 
increase the discounted total cost accumulated to the end of the 
_study period. Therefo_re, they are not examined again, 

Now, at the beginning of time period n, there are only two feasible 
decision sequences available for ALT 2. ALT 2 may be used during 
time period neither by continuing the optimum solution obtained 
for time period n-1 (i.e., establish ALT 2 in time period 2) or by 
deferring the establishment of ALT 2 until the beginning of time 
period n. This latter solution involves the decisions to use 
ALT 1 from time periods 1 through n-1 and changing over to ALT 2 
at the beginning of time period n. The decision concerning which 
of the two sequences is optimum is determined by exami~ing all the 
costs relevant to the end-of-study-period cumulative dicounted 
totll costs. (The relevant costs are discussed below.) The 
decision sequence associated with the lowest such cost is 
selected as the optimum solution for ALT 2 for time period n. 
The other solution is eliminated from any further consideration. 

The optimum solution for ALT 1 and ALT 2 for time period n are 
then used to 'initiate solutions for the next time period, time 
period n+l. This process is repeated until all the time periods in 
the study period are analyzed. At that time, i.e., the end of 
time period m, one optimum solution is available for ALT l and one 
for ALT 2. The solution (decision sequence) incurring the lowest 
cumulative. discounted total cost over the study period is the 

final overall optimum solution. 

C. RELEVANT COSTS 

In order to apply the dynamic programming solution process certain 
data are required as input information. The following information 
must be forecasted al!d specified: 

1. The operating and penalty costs associated with each alternative 
(including the null alternative) must be determined. In order 
to evaluate the use of any alternative during a time period, 
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the operating and penalty costs incurred by using each 
alternative must be specified. In accordance with the capital 
investment analysis discussion, the operating and penalty costs 
·are expressed in terms of end-of period dollar assignments. 

2. The capital investment cost of feasibly changing over from 
each alternative to any other feasible alternative is also re
quired. This changeover cost represents the beginning-of
period cost of changing from some ALT K to some ALT I. The 
dollar amount of a changeover cost that is required as input 
data is the cost of such a changeover at the beginning of 
time period 1. This same changeover cost is assumed to apply 
at all succeeding time periods. But, as is shown below, it is 
possible to increase this cost in response to inflation. 

Once an alternative (facility) is established at the beginning 
of some time period, the continued use of this particular 
alternative incurs no further capital investment cost. 
Capital investment costs are incurred only when changeovers 
between alternatives are decided upon. 

3. The capital recovery life of each alternative is also required. 
Great care should be exercised in the formulation of a problem 
so that the study period duration, the capital recovery lives 
and the feasible changeover costs are compatible. 

The following notation is adopted: 

Let: ALT I = Alternative I 

C(K, I) = Capital investment cost of changing over 
from ALT K to ALT I at the beginning of 
some time period. 

OC(I,J) = Operating cost incurred by using ALT I 
during time period J, assigned to the end of 
time period J. 

PC(I,J) = Penalty cost incurred by using ALT I during 
time period J, assigned to the end of time 
period J. 

CRL(I) = Capital recovery life of ALT I 

m = Number of time periods in the study period 

i = Discount rate 
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As an example, for a two alternative problem, the capital in
vestment costs may be: 

C{l,l)=O 

c (2,1) = -1 

c (1,2) = $1,000,000 

c (2,2) 0 

C (2,1) = -1 indicates that a change from ALT 2 to ALT l is 
infeasible (e.g,, It may represent changing from a two runway 
airport to a one runway airport). 

That there are no capital investment costs associated with the 
continued use of an alternative once it has been previously 
established. Therefore, C(l,l) = 0 and C (2,2) = 0. Also, 
since ALT l is the null alternative and is assumed to be the 
existing situation, there is no capital investment cost associ
ated with the use of ALT l, 

D. DYNAMIC PROGRAMMING PROCESSES RELATION TO BENEFIT-COST RATIO 
ANALYSIS 

It will now be shown that the cumulative discounted total cost 
solution obtained by the dynamic programming process is equivalent 
to a benefit-cost ratio analysis. 

Consider a solution for some alternative I (ALT I) for some time 
period n, Consider two solution sequences, A and B, determined for 
time period n-1. The relevant costs may be represented as follows: 

Let: OC(S,J) = Operating cost incurred by sequence S (SEQ S) 
assigned to the end of time period J. 

PC(S,J) = Penalty cost incurred by sequence S(SEQ S) 
assigned to the end of time period J, 

R(S,J) Capital recovery cost assigned to sequence s 
(SEQ S) at the end of time period J. 

'TC (S) = Discounted total cost of Sequence s (SEQ S) 
accumulated over the study period. 

Since both sequences are solutions for the same ALT I for time 
period n, the operating and penalty costs for time periods n through 
m are equal for the two sequences. 
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Let: OC'(S,J) 4 Discounted value of OC(S,J) 

PC'(S,J) = Discounted value of PC(S,J) 

R'(S,J) = Discounted value of R(S 1 J) 

Then: OC'(S 1 J) = OC( SsJ ) 
( l+i ) J j = l. 2, • • • • m 

PC' (S,j) = PC(S 1j) 
O+i )j 

j = l, 2, •• , , m 

R' (S,j) = R(S 1,j) 
(l+j )J j = l, 2, . , . 1 m 

The cumulative discounted total costs over the study period for the 
two sequences, SEQ A and SEQ B, are: 

m n n m 
TC(A) = ~ R'(A,j) + ~ OC' (A,j) + ~ PC'(A,j) + ~ 

j=l j=l j=l j=n+l 

( oc (I ' j ) + PC ( I I j ) 

m 
TC(B) = ~ 

n m 
R' (B,j) + n OC'(B,j) + ~ PC'(A,j) + ~ 

j~l j=l j=n+l 

Let: 

j=l 

(OC (I 1 j) + PC(I,j )) 

C 1 (S) 

P'(S) 

m 
= ~ 

j=l 

m 
E' = ~ 

j=n+l 

m 
R' (S,j } + ~ OC' (Sij ), S= A1B 

j=l 

PC(S 1 j ), S= A, B 

( oc (I • j ) + PC (I I j ) 

Then: TC(A) = C'(A) + P'(A) + E' 

TC(B) = C1 (B) + P'(B) + E' 
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The dynamic programming cost solution is TC: 

TC = min [TC(A), TC(B)] 

Let us assume SEQ A is the minimum discounted total cost solution, 
i~e., TC(A) < TC(B) 

Now, consider the benefit-cost ratio solution to the sample problem: 

TC(A) = C' (A) + P' (A) + E' 

TC(B) = C' (B)+ P'(B) + E' 

Where TC(A) < TC(B) 

Let: C= Incremental capital costs 

C= C' (A) - C'(B) if C' A 

= C' (B) C' (A) if C' 
B 

B= Benefits 

= P' (B) P' (A) if C' 
A 

::;: P' (A) P' (B) if C' B 

B = Benefit-Cost ratio 
c 

> C' 

> C' 

> C' 

> C' 

B 

A 

B 

A 

Applying the benefit-cost ratio method, we have: 

TC(A) < TC(B) 

C' (A) - P' (A) + E' < C' (B) + P' (B) + E' 

C' (A) + P' (A)< C' (B) + P' (B) 

17 



If C'(A) > C' (B), evaluate the case for spending additional capital 
to change from SEQ B to SEQ B to SEQ A: 

C' (A)+ P' (A)< C'(B) + P' (B) 

C' (A)- C'(B) < P' (B)- P' (A) 

c 

l 

< 

< 

B 

B 
c 

The benefit-cost ratio is greater than one, therefore SEQ A is the 
preferred SEQ B. This is the same conclusion obtained by the 
dynamic programming routine. 

Now, if C' (A)< C' (B), evaluate, using the benefit-cost method, the 
case for spending additional capital to change from SEQ A to SEQ B: 

Again: TC(A)< TC(B) 

C' (A) - P' (A) + E' < C' (B) + P' (B) + E' 

P' (A) - P' (B) < C' (B) - C' (A) 

B < c 

B < l 
c 

The benefit-cost ratio is less than one, and SEQ A is still the 
preferred solution. A change from A to B involves an unfavorable 
benefit-cost ratio. The same conclusion obtained by the dynamic 
programming method again results. 

If this procedure is repeated for the case when TC(A) >TC(B) it 
will show that the dynamic programming solution and the benefit
cost solution are again identical. 

This procedure may be repeated for all time periods, one through m, 
and the same conclusions will be shown. 

Repeating this procedure for time period m will show that the final 
optimum dynamic programming minimum discounted total cost 
solution for the entire study period is equivalent to the benefit
cost ratio solution. 
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E. REVIEW OF THE DYNAMIC PROGRAMMING PROCESS 

The dynamic programming process is an efficient solution method for 
mulit-stage, multi-alternative capital investment problem. Dynamic 
programming solves the overall problem in a stage wise procedure 
by obtaining sub-solutions at each successive stage (time period) 
and state. At each stage, extraneous non-optimum solutions 
(decision sequences) are eliminated from the problem. This 
technique significantly reduces the size of the analytic solution 
process. 

The dynamic programming method often requires less restrictive 
simplifying assumptions then are required by ma~y other analytic 
techniques. 

At each stage, the same set of basic calculations are performed 
with only the numbers changed. Therefore, the dynamic programming 
process is easily adopted to computer programming. A computer 
program has been designed and an example of its application is 
discussed later. 

The dynamic programming minimum cumulative discounted total cost; 
solution is equivalent to a benefit-cost solution. This equality is 
important to many organizations, particularly governments, whose 
capital investment decision evaluations are usually based on bene... , 
fit-cost analysis. 

Care should be exercised in the selection of problems appropriate 
to a dynamic programming application. Capital investment problems 
of the form discussed above are usually well suited to a dynamic 
programming solution. However, many of these problems may be too 
large for efficient dynamic programming. In such cases, one should 
examine the feasibility of decomposing an excessively large problem 
into a set of related smaller problems before utilizing (or 
abandoning) the dynamic programming approach. 

The dynamic programming solution process proposed in this report is 
based on evaluating discounted (present worth) dollars. As pre
viously discussed, any analysis method based on discounting is 
sensitive to the value of the discount rate used. One must be 
careful to select a discount rate that is, in some sense , valid. 

There is also the question of the relative sensitivity of the 
dynamic programming solution to the:accuracy of the cost forecasts. 
However, since this process is easily (and is) computerized, sensi
tivity analysis is readily applicable. The cost forecasts may be 
adjusted as desired and the program re-run so that the effects of 
the forecast adjustments on the final solution may be examined. 
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IV. SAMPLE APPLICATION: INSTRUMENT LANDING SYSTEM, 
CATEGORY IliA INSTALLATION PROGRAM 

A. SOLUTION PROCESS 

To demonstrate the application of dynamic programming to capital 
investment decision analysis, an example involving the installation 
of Instrument Landing Systems, Cateaory IliA, at various airports 
in the United States was selected. This system is referred to as 
ILS CAT IliA or CAT IliA ILS. An ILS system is an electronic 
guidance system that enables appropriately equipped aircraft to 
land during unfavorable weather conditions. 

The Federal Aviation Administration (FAA) owns, installs, and 
operates almost all the ILS facilities in operation in the United 
States. The ILS facilities, classified according to the service 
provided, are designated as Categories I, II, IliA, IIIB, and IIIC. 
The level of service provided increases incrementally from CAT I 
to CAT IIIC. While most ILS equipment currently in use is CAT I, a 
program is underway to install CAT II equipment at most large 
airports. 

The FAA must now decide whether or not to embark on a program to 
install any CAT IliA ILS ground equipment. In justifying such a 
program, government agencies normally depend on a benefit-cost 
ratio analysis. Since the dynamic programming minimum discounted 
cost analysis method is equivalent to a benefit-cost analysis, the 
CAT IliA ILS program was evaluated in this example as a dynamic 
programming problem. The primary guideline to an installation 
program is that the program with the highest benefit-cost ratio 
greater than unity is preferred. Equivalently, the FAA is interest
ed in identifying the program associated with the minimum cumulative 
discounted total cost. 

The major airlines have recently announced plans to install CAT IliA 
ILS equipment in new generation aircraft. This included the two, 
three, and four engine wide-bodied turbojets, and the supersonic 
transport. This CAT IliA ILS airborn equipment is being installed 
although no complementary ground equipment is now available at any 
domestic airport. Therefore, the airlines are investing capital 
in airborne CAT IliA equipment although no benefits are currently 
realizablefrom the investment in the United States (Note: CAT IliA 
ground equipment may currently be in service at some European air
ports.) 
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It is assumed that the FAA's cost considerations are not effected 
by the airlines ab~ve program. Since the airborne cost expenditure 
program affects each FAA ground installation program equally, the 
costs attributable to the airborne equipment need not be considered 
in an economic evaluation of the FAA programs. The revelant costs 
associated with competing FAA ground equipment installation 
programs retain their relative dollar magnitudes; thus the final 
minimum discounted total cost solution is not distorted by 
excluding the airborne equipment costs from the analysis process. 

Forecasts of new generation aircraft activity indicate that a 
significant majority of these operations will occur at the airports 
designated by the FAA as "airports serving large hubs." For 
purposes of this demonstration example, twenty-five large hub 
airports were selected as potential candidates for CAT IliA ILS 
ground equipment installation. It is assumed that no CAT IliA ILS 
ground equipment can be installed at any airport before the 
beginning of 1972. See reference 4. 

The additional service provided by CAT IliA ILS over CAT II ILS 
was measurable in terms of the delay and diversion costs that are 
avoided or prevented by installation of the CAT IliA ground equip
ment. These costs that are avoided by using CAT IliA ILS were the 
penalty costs assigned to the decision to establish and use CAT 
IliA ILS equipment. The analytical scope of this problem was 
reduced by dealing in terms of relative values between CAT II and 
CAT IliA penalty costs. By excluding the CAT IliA penalty cost 
from all the alternative programs, the relative dollar magnitude of 
the relevant penalty costs remained the same and the minimum 
discounted total cost solution was not changed (this holds true for 
a benefit-cost solution also). 

A method of estimating the penalty costs attributable to delays and 
diversions has previously been developed by the FAA(5). This method 
is used in Appendix A to estimate the preventable penalty costs. 
Since estimates of future new generation aircraft activity are 
available only through 1981, the preventable penalty costs are 
forecast only for the years 1972 through 1981. 

Since all available cost data are expressed in terms of 1970 
dollars, it is convenient to use 1970 dollars as the basic measuring 
unit for the analysis process. The dynamic programming method dis
counts all relevant costs to 1970 dollar. Therefore, the first time 
period used in the dynamic programing method corresponds to 1970. 
With each time period corresponding to a year, the study period un~ 
der consideration consists of the twelve time periods, years 1970 
through 1981. 
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Since no CAT IliA ILS can be installed before 1972, all installation 
programs (including the null alternative) incur the same operating 
and penalty costs during the first two time periods, 1970 and 1971. 
Since CAT II ILS is used as the base case in this formulation, only 
CAT II ILS service is assumed to be available during 1970 and 1971, 
(Note: Although this assumption may not precisely represent the 
real world situation, it is compatible with the purpose of this 
analysis, which is to evaluate the additional service provided by 
CAT IliA ILS.) Since all potential programs incur the same 
operating and penalty costs in 1970 and 1971, these costs may be 
eliminated from consideration, 

This establishment of the additional service provided by CAT IliA 
ILS, over CAT II, implies the expenditure of additional operating 
costs. As in the case of the preventable penalty costs, an analysis 
involving only the incremental operating costs may be conducted 
without distorting the relative costs. Therefore, the additional 
operating costs incurred by using CAT III ILS are the only operating 
costs that need be considered. 

The installation of CAT IliA ILS at an airport involves the decision 
to incur a capital investment cost. In terms of the relative costs 
used in this report, this capital investment cost is the additional 
expenditure involved to changeover (or upgrade) from a CAT II ILS to 
a CAT IliA ILS. In essence, the FAA has to decide whether it is 
economically feasible to incur the additional capital investment 
and operating costs attributable to CAT IliA service in order to 
avoid the preventable penalty costs. 

The CAT II ILS service is considered as the base case or null 
alternative, There is no capital investment cost assigned to the 
alternative decision to continue the use of CAT II service in the 
dynamic programming formulation. Continued use of CAT II ILS ser
vice at all airports corresponded to the decision not to establish 
any CAT IliA ILS. The dynamic programming process compares all 
competing CAT IliA programs against each other as well as against 
the base case. In this fashion the analysis yields a list of air
ports which economically justify CAT IliA ILS and what year they 
qualify. This list is called an installation program. ·For e~ample,, 
one program may consist of installing two CAT IliA ILS's at the 
beginning of 1972, three at the beginning of 1973, and so on. The 
program would include the identity of the airports involved. 
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There are thousands of ins~allation programs possible from combina
tions of twenty-five airports and the ten installation periods, 
Examination of each such program even by the dynamic programming 
process is infeasible. However, this overall problem can be de
composed into a series of individual problems, each of which is 
readily solved. It is assumed that the installation of a CAT IIIA 
ILS at any one of the twenty-five candidate airports does not 
significantly affect the costs incurred or the ILS service provided 
at any of the other airports. Thus, each airport is analyzed 
indivirlually and a solution program identified for each one. The 
twP.nty-five individual solutions are then combined into the final 
optimum solution program. 

B. APPLICATION OF THE DYNAMMIC PROGRAMING COMPUTER PROGRAM TO THE 
CAT IliA ILS PROBLEM 

A computer program that performs the dynamic programming capital 
investment analysis is available and is reproduced in Appendix II. 
To demonstrate this computer program, the installation of a CAT 
IIIA ILS at the large hub airport serving Atlanta, Georgia, is 
evaluated. 

In summary, the study period is twelve time periods (year~ in 
duration, i.e., 1970 through 1981. All costs are discounted to the 
beginning of the first time period (1970), CAT II ILS service is 
the base case (null alternative) and therefore must be assumed to 
be in use at the beginning of time period one. This boundary 
condition is necessary to initiate the dynamic prggramming 
sequential solution process. CAT IIIA ILS service can first be 
established at the beginning time period 3 in 1972. All cost fore
casts were in terms of 1970 dollars. 

The FAA is to decide when to establish CAT IIIA ILS service, if at 
all, in order that the discounted total cost accumulated over the 
study period is minimized at Atlanta. 

In the formulation of the dynamic programming process, two 
alternatives are identified. Alternative l (ALT 1), the null alter
native, represents CAT II ILS service while alternative 2 (ALT 2) 
represents CAT IIIA ILS service~ A changeover from ALT 1 to ATL 2 
may be conducted in any of the time periods 3 through 12. In this 
analysis, a changeover from ALT 2 to ALT 1 is not allowed. 

The capital investment cost associated with changing over from CAT II 
(ALT 1) service to CAT IIIA (ALT 2) service is $500,000 (expressed 
in 1970 dollars). Since CAT II is the base case, there is no capital 
investment cost associated with ALT l. 
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The useful life of CAT IliA ILS is assumed to be fifteen years. 
Therefore, the capital recovery life for ALT 2 is fifteen time 
periods. It is assumed that the useful life of the base case, 
CAT II ILS, will extend beyond the end of the study period. The 
capital recovery life of fifteen time periods is also assigned to 
ALT l. (Note: The value of the capital recovery life of the null 
alternative, ALT I, is not critical to the computer solution pro'
cess.) 

The operating and penalty costs used are the relative costs 
discussed above. The relative penalty costs incurred by the 
decision to use each alternative in any and each time period are 
based on the preventable delay and diversion costs calculated in 
Appendix I. The relative operating costs are based on the 
incremental operating costs incurred by using CAT IliA (ALT 2) 
service rather than CAT II(ALT l) service. The end-of-period 
relative operating and penalty costs, in 1970 dollars, are as 
shown in T~:ible l. (Note: as discussed above, costs incurred in 
1970 and 1971 are not relative to the solution,) 

Table l. Relative 0Eerating and Penal t;y Costs 
of CAT IliA ILS 

(1970 dollars) 

RELATIVE RELATIVE 
OPERATING COST PENALTY COST 

TIME 
PERIOD YEAR ALT l ALT 2 ALT l ALT 2 

l 1970 0 0 0 0 
2 1971 0 0 0 0 
3 1972 0 50000 55000 0 
4 1973 0 50000 76000 0 
5 1974 0 50000 106000 0 
6 1975 0 50000 155000 0 
7 1976 0 50000 20SOOO 0 
8 1977 0 50000 294000 0 
9 1978 0 50000 401000 0 

10 1979 0 50000 531000 0 
ll 1979 0 50000 686000 0 
12 1981 0 50000 875000 0 
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All the above cost estimates are expressed in 1970 dollars. In this 
analysis, it is assumed that all costs will increase at an inflation 
rate of 2.5 percent per year. The computer program automatically 
inflates all costs at the appropriate interest rate. In accordance 
with current FAA capital investment analysis policy, a discount 
rate of ten percent is used. 

Information describing the feasible periods of use for each 
alternative must also be specified. For CAT IIIA (ALT 2) service, 
th,e earliest feasible time period in which it can be established 
and used is time period 3 (1973), and the latest feasible time 
period in which it can be established and used is time period 12 
(the last time period in the study period). For the null alternativ~ 
CAT II (ALT 1) ·service, the earliest use period must be set to time 
period 1. If the analyst neglects to do this, the computer program 
automatically sets the earliest use period for ALT 1 equal to time 
period 1. This is necessary to initiate the computer program 
solution process. The latest feasible time period in which CAT II 
(ALT 1) service can be used is time period 12 (1981). 

DRta are input into the computer program in the following form: 

NI = Number of alternatives 

NJ = Number of time periods in the study period 

DIS RATE = Discount rate 

R:\TEINF = Rate of inflation 

OPERCST(l, J) = Operating cost incurred by using alternative I 
during time period J 

PENAJ1.TY(I, J) = Penalty cost incurred by using alternative I 
during time period J 

CHGCOST(K,I) = Capital investment cost of changing over from 
alternative K to alternative I 

LIFECR (I) 

ISTART(I) 

or 

= -1 if a changeover from alternative K to 
alternative I is infeasible 

= Capital recover life of alternative I 

= Earliest time period in which alternative I may 
be feasibly used 
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IENO(I) = Latest time period in which alternative I may be 
feasible used. 

Note that for each alternative, the operating and penalty costs 
must be specified for each and all time periods. In the case where 
the use of an alternative is infeasible during some time periods, 
appropriate costs must still be specified for these time periods, 
Normally, during such infeasible time periods, dummy (i.e., equal 
to zero) operating and penalty costs are used. 

The capital investment costs of changeovers, CHGCOST (I,I), need 
only be input when such a changeover is greater than zero. When 
the continued use of an alternative that has been previously 
established is evaluated, the program considers the situation as 
a changeover from the alternative to itself, ioe,, K=l. In this 
case, the computer program automatically sets the changeover cost 
equal to zero, i.e., CHGCOST (,I)= 0. All remaining costs are 
set equal to -1, the infeasibility indicator. For instance, 
CHGCOST (!,2) = $500,000 is input into the program. CHGCOST (I,I) 
and CHGCOST (2,2) are automatically set equal to zero. The 
remaining capital investment cost, CHGCOST (2,1) is automatically 
set equal to -1. This indicates that a changeover from CAl IliA 
(ALT 2) to CAT II (ALT 1) service is not to be considered by the 
program. 

The computer program is now prepared to conduct the dynamic pro
gramming capital investment analysis. In accordance with the 
dynamic programming process discussed above, the computer program 
proceeds in a sequential manner, obtaining a solution for each time 
period until the last time period is solved. At the end of time 
period 12 (the end of the study period) a cumulative discounted 
total cost solution is obtained for both alternatives. A comparison 
of the optimum solutions for both alternatives indicates that CAT 
IliA (ALT 2) ILS service is the final overall optimum solution, 
because it has a lower cumulative discounted total cost for the 
study period than does CAT II (ALT 1) service. The solution 
sequence shows. that the optimum time to establish the CAT IliA ILS 
is at the beginning of time period 6 (1975). Establishment of CAT 
IliA service at any other feasible time period increases the 
cumulative discounted total costs. 

The computer solution results, based on the relative costs are as 
shown in Table 2. 
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Table 2. Cumulative Discounted Costs of ALT 1 and ALT 2 
(Thousands of 1970 Dollars) 

ALT l ALT 2 

Penalty Cost 1692 172 

Capital Cost 0 407 

Total Cost 1692 579 

The capital costs shown above are the sums of the discounted 
capital recovery and operating costs. 

The benefit-cost ratio for the case of expending additional capital 
to changeover from ALT 1 to ALT 2 is calculated as follows: 

Benefits (Reduction of Penalty Costs)= 1520 

Capital Cost Increment 

Benefit-Cost Ratio 1520 
407 

= 407 

= 3. 72 

The solution sequence for ALT l involves continuously using CAT II 
service from the beginning of 1970 (time period 1) through the end 
of 1981 (time period 12). 

The solution sequence for ALT 2 involves using CAT II service from 
the beginning of 1970 through the end of 1974 (time period 5), 
establishing CAT IliA service at the beginning of 1975 (time period 
6) and using CAT IliA service continuously through the end of 1981. 

The final overall optimum solution, ALT 2, implies that CAT IliA 
service is to be continued beyond the end of the study period. 
This is due to the fact that the usable life, capital recovery life, 
of a CAT IliA ILS established at the beginning of 1975 extends 
beyond the end of the study period. 

C. SENSITIVITY ANALYSIS 

A similar dynamic programming capital investment decision analysis 
is performed for all the twenty-five candidate airports. The 
combined solution program, which includes only seventeen airports, 
is as shown in Table 3. 
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Cumulative 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Table 3. Installation Schedule 

CAT IliA ILS 
Year of 

Establishment 

1973 
1974 
1974 
1975 
1976 
1977 
1978 
1978 
1979 
1979 
1979 
1979 
1979 
1980 
1980 
1981 
1981 

Airport 
Identity 

Cumulative 
Discounted 
Total Cost 
{thousands) 

N.Y. Kennedy (JFK) 628 
Chicago O'Hare (CHI) 590 
Los Angeles {LAX) 599 
Atlanta (ATL) 580 
Seattle {SEA) 505 
San Francisco (SFO) 476 
Boston (BOS) 393 
Baltimore (DAL) 396 
Wash. Dulles (IAD) 350 
Detroit (DTW) 361 
Houston (HOU/IAH) 344 
Philadelphia (PHL) 351 
N. Y. La Guardia (LGA) 346 
New Orleans (MSY) 248 
Newark (EWR) 350 
Dallas/Ft.Worth(DAL/DFR) 213 
Pittsburgh (PIT) 236 

The rema1 m ng light airports are recommended to continue CAT n ILS 
service during the entire study period. 

This conclusion is valid only if the cost forecas~ used are 
accurate. There may be some question as to accuracy of the penalty 
cost estimates. Therefore, a sensitivity analysis was conducted 
in + 25 percent and + 50 percent. The computer program analysis is 
repeated for all twenty-five candidate airports for the four 
adjusted penalty costs. The final combined solutions for all cases 
show the following results in Table 4. 
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Table 4. Combined Results of Sensitivity Analysis 

Penalty Cost 
Adjustment 

Factor 

0.50 
0.75 
1.00 
1.25 
1.50 

Number of CAT IliA ILS 
Established During 

the Study Period 

13 
15 
17 
20 
20 

It is seen that the number of CAT IIIA ILS installed increases as 
the penalty cos~estimates increase (the capital investment and 
operating costs are held fixed in this evaluation). Since the 
penalty cost represent costs that are preventable by the installa
tion of CAT IliA ILS, they are also a measure of the benefits of 
establishing CAT IliA service. Therefore, as the penalty cost 
estimates increase, the measured benefits increase and more CAT 
IliA ILS are introduced into the installati_on program. 

In examining the above program solutions, it appears that three 
basic solution sequences are potentially acceptable. Sensitivity 
analysis is now used in a slightly different manner in order to 
provide a more meaningful analysis of the three potential installa
tion programs. The first installation program, based on the 
solution resulting when the penalty costs were increased by fifty 
percent, involves the installation of twenty CAT IliA ILS during 
the study period. This referred to as program A, PROG A. The 
second installation program, PROG B, based on the solution result
ing when the penalty costs were not adjusted and involves the 
installation of seventeen CAT IliA ILS during the study period. 
The third installation program, PROG C, is based on the solution 
resulting when the penalty costs were decreased by fifty percent and 
involves the installation of thirteen CAT IliA ILS. 

The three installation programs are as shown in Table 5. 
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Cum 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Table 5. Effect of Sensitivity Analysis on 
Installation Schedule 

CAT IliA ILS 
Year of Establishment 

Airport 
Identity 

N.Y. Kennedy (JFK) 
Chicago O'Hare (ORO) 
Los Angeles (LAX) 
Atlanta (ATL) 
Seattle (SEA) 
San Francisco (SFO) 
Boston (BOS) 
Baltimore (BAL) 
Wash. Dulles (lAD) 
Detroit (DTW) 
Houston (HOU/IAH) 
Philadelphia (PHL) 
N.Y. LaGuardia (LGA) 
New Orleans (MSY) 
Newark (EWR) 
Dallas/Ft. Worth (DAL/DFR) 
Pittsburgh (PIT) 
Miami (MIA) 
St. Louis (STL) 
Cleve 1 and (CLE) 

Program 
A 

1972 
1973 
1973 
1974 
1975 
1976 
1977 
1977 
1978 
1978 
1978 
1978 
1978 
1979 
1979 
1980 
1980 
1981 
1981 
1981 

Program 
B 

1973 
1974 
1974 
1975 
1976 
1977 
1978 
1978 
1979 
1979 
1979 
1979 
1979 
1980 
1980 
1981 
1981 

Program 
c 

1975 
1976 
1976 
1977 
1978 
1979 
1980 
1980 
1981 
1981 
1981 
1981 
1981 

It is seen, that as the penalty cost estimates are decreased, the 
number of CAT IliA ILS scheduled installations are not only 
reduced but are also delayed in time. 

Now the cumulative discounted total cost of each of the three 
programs is obtained for the case when the penalty costs are not 
adjusted. Appropriate cost data for each of the programs are 
input into the computer program, and the solution sequence for 
each program is "forced" through the program. A solution 
sequence may be forced through the program by judiciously assign
ing appropriate capital investment costs, CHGCOST (K,I) and 
feasible time periods of use, ISTART(I) and IEND(I). For example, 
a changeover from some ALT K to some ALT I may be forced by 
assigning a positive capital investment cost only to CHGCOST (K,I). 
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All other inter-alternative changeovers to ALT I are set equal to 
-1 by the computer program; i.e., CHGCOST (J,I) = 1, J#K, I. Only 
a changeover from K to I is considered feasible by the computer 
program. A similar procedure is applied to all other changeover 
costs. The time period of the capital investment (changeover) may 
also be forced by manipulating the feasible time period of use. A 
changeover from ALT K to ALT I may be forced in time period J by 
setting IEND(K) = J and !START (I)= J by assigning the changeover 
costs as shown above. 

There are elevan alternatives involved in the formulation of the 
PROG A problem. Each alternative corresponds to the establishment 
of one or a group of CAT IliA ILS facilities at the beginning of a 
time period. ALT I, the null alternative, represents continuing 
the use of CAT II service. At the beginning of time period 3 (1972), 
ALT 2 is forced into the solution sequence. ALT 2, in this case, 
corresponds to the establishment of CAT IliA service at N.Y. 
Kennedy (JFK) airport. ALT 3 corresponds to the establishment of 
CAT IliA service at Chicago O'Hare (ORD) and Los Angeles (ILAX) 
airports at the beginning of time period four (1973) and the 
establishment of CAT IliA service at Kennedy in the previous time 
period, This procedure continues until all time periods, and all 
alternatives, are exhausted. Note that each alternative includes 
the cumulative increase in service provided by its predecessors. 

This process is conducted for all three programs with the penalty 
costs unadjusted. The resulting cumulative discounted costs are as 
shown in Table 6. 

Table 6. Cumulative Discounted Costs of Sensitivity Solutions 
(Thousands of 1970 Dollars) 

PROG A 

PROG B 

PROG C 

Capital 
Cost 

5248 

4031 

2164 

Penalty 
Cost 

2895 

3988 

6676 

Total 
Cost 

8143 

8019 

8840 

The capital costs are the sum of the cumulative discounted capital 
recpvery and operating costs incurred. 

Using the unadjusted penalty costs, PROG B is the overall optimum 
solution because it has the lowest cumulative discounted total 
costs. 
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Program 

PROG A 

PROG B 

PROG C 

It is now desired to evaluate the decision to adopt any one of 
these installation programs if the penalty costs actually vary 
from the estimates. That is, if one of these programs is under
taken, how are the total costs affected if the true penalty costs 
realized in the future differ from the estimated penalty costs 
used in this analysis. 

The discounted costs listed above are the cumulative study period 
costs resulting when the penalty cost estimates are not adjusted. 
These discounted costs are expressed in a common measuring unit, 
1970 dollars. Increasing or decreasing the unadjusted penalty cost 
forecast for each time period is the sa~e as increasing or decreas
ing the equivalent discounted penalty costs. Therefore, in order 
to determine the effect on the study period costs of adjusting the 
penalty costs by some factor, the cumulative discounted penalty cost 
is adjusted by the same factor. For example, to evaluate the effect 
of increasing each penalty cost by 25 percent, the cumulative dis
counted penalty cost is multiplied by 1,25. This method is similar
ly applicable to the capital investment, operating, and total costs. 

This method is used to determine the sensitivity of the three 
installation programs to variations in the penalty costs. The 
results are shown in tabular and graphical form in Tables 7 and 8 
and Figure 2, 

Table 7. Sensitivity of Three Installation Programs to 
Adjusted Penalty Costs 

(Thousands of 1970 Dollars) 

Capital* Penaltl: Cost Ad,j us tment Factor 
Cost .25 .50 .75 1.00 1.25 1.50 I. 75 2,00 

5248 724 1448 2171 2895 3619 4343 5066 5790 

4031 997 1994 2991 3988 4985 5982 6979 7976 

2164 1669 3338 5007 6676 8345 10014 11683 13352 

* Cumulative discounted capital cost is equal to the sum of the cumulative 
discounted capital investment and operating costs. 
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FIGURE 2. 

---- TOTAL COST 

15000 ----CAPITAL COST 

10000 

PROG A 

5000 

PROG B 

PROG C 

0._--~---+---~--4----+--~~--+---~ 

.25 .50 .75 1.00 1.25 1.50 1.75 2.00 

PENALTY COST ADJUSTMENT FACTOR 

SENSITIVITY OF INSTALLATION SCHEDULES TO ADJUSTED 

PENALTY COST 
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Program 

PROG A 

PROG B 

PROG C 

Table 8. Sensitivit~ of Cumulative Discounted Total 
Costs to Adjusted Penalt~ Costs 

(Thousands of 1970 Dollars) 

Penalt~ Cost Ad,j ustment Factor 
.25 .50 .75 LOO 1.25 1.50 L75 2,00 

5972 6696 7419 8143 8867 9591 10314 11038 

5028 6025 7022 8019 9016 10013 11010, 12007 

3833 5502 7171 8840 10509 12178 12847 15516 

The difference between the total cost and capital cost graphs of 
one program is equal to the penalty cost associated with that 
program. 

From Figure 2 it is seen that PROG A is optimum (i.e,, least 
cumulative discounted total cost) if the penalty costs are at 
least fifteen percent higher than the original unadjusted estimate. 
PROG C is optimum if the penalty costs are less than seventy percent 
of the original forecasts, In the immediate range of the original 
unadjusted penalty cost forecasts~ PROG B is optimum. 

The sensitivity analysis is carried one step-further by assignipg 
(arbitrarily) some probability to each adjusted penalty cost. This 
represents the probability of the penalty cost varying from the 
original unadjusted estimate, The expected cumulative discounted 
total cost, based on the assigned probability structure, for each 
installment program may be estimated. 

For example, an arbitrary probability structure may be assigned to 
the penalty cost adjustment factors for the cumulative discounted 
total costs shown above. The resulting expected cumulative dis
counted total costs are estimated as follows and are shown in Table 
9. 

Let: F =Penalty cost adjustment factor 

P(F=f) = Probability that F equals f, ~ P(F=f) = l 

TC(K,F) ; Cumulative discounted total cost incurred by 
program K at penalty cost adjustment factor F 

WTC(K,F) = Weighted cumulative discounted total cost of 
program K at adjustment factor F 
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F 

WTC(K,F)::: TC(K,F) P(F=f) 

ETC(K) = Expected cumulative discounted total cost of program 
K 

::: I WTC(K,F) 

Table 9. Expected Cumulative Discounted Total Costs 

Weighted Total Costs, WTC{K,F) 
P(F=f) PROG A PROG B PROG C 

0.25 .05 298.6 251.4 191.7 
0,50 .15 1004.4 903.8 825.3 
0.75 .25 1854.8 1755.5 1792.8 
1.00 ,25 2036.0 2004.8 2210.0 
1.25 .15 1330.1 1352.4 1576.4 
L50 .15 959.1 1001.3 1217.8 
1. 75 .04 412.6 440.4 553.9 
2.00 .01 110.4 120.1 155.2 

Total 1.00 8006.0 7829.7 8523.1 

ETC(K) 8006.0 7829.7 8523.1 

The expected cumulative discounted cost for PROG B is minimum 
under this probability strueture. Therefore, PROG B 
(seventeen CAT III AILS installations) is optimum. 

The sensitivity analysis may be extended to the capital cost also, 
Increasing the capital costs by ten percent results in a total cost 
graph that is parallel to the original but vertically higher by an 
amount equal to ten percent of the capital cost of the program. 

In terms of the above probability structure, the following results 
are obtained by increasing capital costs by ten percent and are 
shown in Table 10. 
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T~ble 10. Result of Ten Percent Increase in Capital Costs 

ETC(K) 
Ten Percent of Cap. Cost 

Total 

PROG A 

8006.0 
524.8 

8530.8 

PROG B 

7829.7 
403.1 

8232.8 

PROG C 

8523.1 
216.4 

8739.5 

No significant difference in the expected cumulative discounted 
total cost is introduced, relative to the optimum solution 
(PROG B). 

D. ADDITIONAL REMARKS 

Extreme care must be excercised when assigning costs to the 
respective alternatives. When a changeover from one alter
native to another involves replacement of the first alternativ~ 
the time period costs of the new alternative may be indepen
dent of the first alternative. If a changeover represents an 
expansion of one alternative into another alternative, the time 
period costs of the new alternative may include the costs of 
the first alternative. That is, the time period cost may be 
incrementally cumulative. The analyst must be sure that the 
data inputs are appropriate to the particular problem involved. 

It is possible to design the computer program so that the inter
alternative changeover costs are time dependent. This is 
desirable if capital investment costs vary significantly with 
time. However, time dependent changeover costs may require 
extensive ctata input requirements. An individual changeover 
cost may be required for each feasible changeover for each 
time period. 

The program may also be designed to evaluate salvage values. 
However, salvage value effects may be handled by the current 
program. Instead of using the initial capital investment cost 
as input data, the capital investment cost minus the discounted 
worth of the salvage value may be assigned to the appropriate 
changeover costs. 
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APPENDIX A 

CALCULATION OF PENALTY COSTS PREVENTABLE 
BY CATEGORY III A INSTRUMENT LANDING SYSTEM 

The calculati-on of costs due to delays and diversions preventable by 
CAT III A ILS over those preventable by CAT II ILS is based on a 
method developed by the FAA(5). The annual preventable penalty costs 
are calculated for the period, 1972-1981, for twenty-five selected 
airports and are listed in the Tables A-4 to A-28 at the end of this 
section. 

Preventable delays and diversions are those delays and diversions that 
occur when the weather conditions are lower (worse) than CAT II 
weather but not lower than CAT III A weather. The fractions of time 
that each of the twenty-five airports are in the "preventable weather 
disruption conditions" (delays or diversions preventable by CAT III A 
service) are estimated by the FAA(5). These fractions are used in this 
report. 

Since only new generation aircraft are assumed to have CAT III A air
borne equipment, only these aircraft are involved in this analysis. 
The number of new generation aircraft departures and passenger enplane
ments are forecast for each year for each candidate airport. 

Data based on informal contracts with the FAA's Office of Aviation 
Economics, Aviation Forecasts Division (6), are used to develop these 
estimates. This data includes estimates of: 

1. Average seats per aircraft for each new generation aircraft 
type by year are shown in Table A-1. 

2. Direct operating cost for each new generation aircraft tvpe 
are shown in Table A-2 

3. Percentage of enplaned seats on each new generation aircraft 
type of total enplaned airline seats for each airport for 1975 
and 1980 are shown in Table A-3. 
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Table A-I ANNUAL AVEHAGE NUMBER OF SEATS PER AIRCRAFT TYPE 

AIRCRAFT TYPE 
JUMBO JUMBO AIRBUS SST SST 

Year 4-Eng. 3-Eng. 2-Eng. Concorde u.s. 

1971 350 
1972 350 250 
1973 350 250 
1974 360 250 
1975 375 260 115 
1976 375 275 115 
1977 375 275 200 115 
1978 375 300 200 115 
1979 375 300 200 115 280 
1980 375 300 200 115 280 
1981 375 300 200 115 200 

Table A-2 AVERAGE DIRECT OPERATING COST P.ER HOUR (DOC) 
PER AIRCRAFT TYPE 

(1970 Dollars Per Hour) 

AIRCRAFT 
TYPE 

Jumbo 4-Eng 
Jumbo 3-Eng 
Airbus 2-Eng 
SST Concorde 
SST U.S. 

A-2 

DIRECT OPERATING COST 
PER HOUR 

1300 
1000 
700 

1600 
2700 



Table A-3 PERCENT ANNUAL ENPLANED SEATS 
ON NEW GENERATION AIRCRAFT 

OF TOTAL AIRLINE ENPLANED SEATS 

Jumbo Jumbo Airbus SST SST 
Airport Year Total 4-Eng 3-Eng 2.:.Eng Concorde u.s. 

_Atlanta 1975 12 5 7 0 0 0 
1980 40 10 15 15 0 0 

B6ston 1975 12 5 5 0 2 0 
1980 4\1 12 15 15 2 3 

Chicago 1975 31 15 16 0 0 0 
1980 60 25 20 15 0 0 

Cleveland 1975 10 5 5 0 0 0 
1980 49 10 17 22 0 0 

Dallas/Ft.Worfu 1975 19 10 9 0 0 0 
1980 57 17 20 20 0 0 

Denver 1975 10 5 5 0 0 0 
1980 49 15 15 19 0 0 

Detroit 1975 19 10 9 0 0 0 
1980 52 20 16 16 0 0 

Houston 1975 13 5 8 0 0 0 
1980 40 8 12 20 0 0 

Kansas City 1975 8 3 5 0 0 0 
1980 32 8 12 12 0 0 

Los Angeles 1975 41 25 15 0 1 0 
1980 72 32 25 10 1 4 

Miami 1975 31 14 15 0 2 0 
1980 64 26 22 10 2 4 

Minneapolis 1975 10 5 5 0 0 0 
1980 40 14 18 8 0 0 

New Orleans 1975 12 5 7 0 0 0 
1980 47 12 15 19 0 1 

:'-Jew ark 1975 34 7 27 0 0 0 
1900 62 10 29 23 0 0 

N.Y. Kennedy 1975 44 30 13 0 1 0 
1980 78 45 14 10 2 7 

N.Y. LaGuardia 1975 25 0 25 0 0 0 
1980 50 0 43 15 0 0 

Philadelphia 1975 18 10 8 0 0 0 
1980 49 20 16 10 1 2 

Pittsburgh 1975 13 3 10 0 0 0 
1980 41 10 21 10 0 0 
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Table A-3 PERCENT ANNUAL ENPLANED SEATS 
ON NEW GENERATION AIRCRAFT 

OF TOTAL AIRLINE ENPLANED SEATS 
(Continued) 

Jumbo Jumbo Airbus SST SST 
Airport Year Total 4-Eng 3-Eng 2-Eng Concorde u.s. 

St. Louis 1975 19 12 7 0 0 0 
1980 52 20 15 17 0 0 

San Francisco 1975 31 18 12 0 1 0 
1980 60 30 17 8 3 2 

Seattle 1975 16 10 5 0 1 0 
1980 41 18 10 7 2 4 

D.C. Dulles 1975 20 12 7 0 1 0 
1980 50 25 14 5 2 4 

D.C. National 1975 0 0 0 0 0 0 
1980 25 0 0 25 0 0 

Baltimore 1975 22 10 10 0 2 0 
1980 51 20 15 8 3 5 
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The total number of annual airline passenger enplanements for the 
years 1968, 1971, 1976, and 1981 at the twenty-five candidate airports 
is estimated by the FAA(4). A graphical projection technique (hand
drawn exponential fit) is used to estimate the passenger enplanements 
at each airport for the other years in the forecast period (1972 
through 1981). In a similar manner, the percentage of the total en
planed seats on new generation aircraft (of total airline enplaned 
seats) is estimated for each airport for each year, 

These two statistics are multiplied together to obtain an estimate of 
the total annual number of new generation aircraft passenger enplane-·
ments at each candidate airport. (Note: This calculation assumes that 
the new generation and conventional aircraft have similar load factors. 
Any error introduced by this assumption is considered insignificant in 
relation to accuracy of the estimates used.) 

Using the annual percentage distribution of enplaned seats among the 
new generation aircraft and the annual average number of seats per 
each aircraft type estimates for each airport, the annual weighted 
average number of enplaned seats per new generation aircraft is 
estimated for each airport. In a similar manner, the annual weighted 
average direct operating cost for new generation aircraft is estimated 
at each airport, Due to differences in the mix of aircraft types, the 
weighted average of both the average seats per aircraft and the annual 
direct operating cost per aircraft vary significantly from airport to 
airport. 

An estimate of the annual passenger load factor (percentage of seats 
occupied by passengers per aircraft) for new generation aircraft is 
listed in the tables at the end of this section. The annual weighted 
average number of enplaned passengers per new generation aircraft is 
estimated by multiplying the weighted average number of seats per 
aircraft by the load factor. This calculation is performed for each 
candidate airport for each year in the period 1972 through 1981, 

The total number of annual new generation aircraft departures is 
estimated by dividing the number of enplaned passengers by the weighted 
average number of seats per aircraft. This :ls performed for each 
candidate airport for each year in the period 1972 through 1981. 
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In terms of new generation aircraft activity, the annual number of 
departures and passenger enplanements are pertinent to the method (5) 
used to estimate delay and diversion costs. This method assumes that 
the number of aircraft departures approximates the number of aircraft 
landings, and the number of enplaned passengers approximates the number 
of arriving passengers. The fraction of time (per year) that each air
port is in the "preventable weather disruption condition" is multiplied 
by the above (two) annual activity statistics in order to estimate the 
annual number of aircraft and passengers delayed or diverted. (Note: 
Separate fractions are available for both delays and diversions.) The 
results are shown in the tables at the end of this section. 

According to the method devised in reference (5), the following 
assumptions are used: 

1. A delayed or diverted flight causes subsequent delays to other 
flights. These delays are referred to as secondary effects. 

2. The average time delay assigned to a delayed passenger is 
2.0 hours (including secondary effects). 

3. The average time delay assigned to a diverted passenger is 
4.17 hours (including secondary effects). 

4. The average delay time assigned to a delayed aircraft is 1.25 
hours (including secondary effects). 

5. The average delay time assigned to a diverted aircraft is 0.50 
hours. 

6. For each diverted aircraft, the secondary effects cause an 
average additional cost of $1000, 

Also the value of time to passengers delayed and diverted is assumed to 
be six dollars per hour. 

All costs are expressed in terms of 1970 dollars. 

The appropriate costs are applied to each annual delay and diversion 
estimate in order to obtain the annual delay and diversion costs for 
each airport. These are the penalty costs preventable by replacing 
CAT II service with CAT III AILS service. The results are listed in 
the following Tables A-4 to A-28. 

A-6 



/ Table A-4 ATLANTA ( ATL) 

C A T I I I A it' EAT r1 E R U l S R U ~~ T 1 u 1\l F ACT 0 k S 
FRACTIO~ OF lNE~ GE~J AC/PASS DELAYED =·000b40 
FRACTIO~ OF INEw GEN) AC/PASS UIV~kTED =·001b60 

PRIMARY AND SECONDAkY ~EATrlER DISRUPTION 
AVE PASS DEL~Y TIME lt-!RS_ PER PASS> 
AVE PASS DIVERSION TIME IHRS.PtR PASS) 
AVE AC .DELAY TIME lHRS ~~R AC) 
AVE AC DIVERSION TIME (hRS PE~ AC) 

. - . 

EfFECTS 
= z.oo~ 
= 4.17 
= 1.25 
= .so 

ADDITIONAL DATA (ALL COST UATA IN 1970 DOLLARS) 
PASS TIME COST l$ PER. HOUR PER PASS> = b.OO 
SECONDAPY AC DIVikSIO~ COST I~ PE~ AC) = lUOO.OO 

-- - -
ANNUAL DATA (ALL COSTS IN 1~70 DOLLARS> 

.TOTAL .. Pt:.RCNT . _ ·~E!GHTEO AVE 
ENPL PASS LOAD SEATS DOC 

YEAR . NEIN GtN AC . r~A~ TQf.! PER AC Pt:t? AC 

TOT~L 
UEPMdURES 
NEW GtN AC 

·-·-

1972 HOODOO 60 325 1250 410.J 
.. 

1973 1100000 59 315 1200 591'-j 
·- ·-

1974 1500000 58 305 llSO 8479 

1975 2200000 57 300 1100 
--~- .. -. 

1976 2900000 56 290 1080 17857 
-···--· ·- --- ··-

1977 4100000 55 280 1050 26623 

1978 5600000 54 275 1000 37710 

1979 7400000 270 950' 51712 

1980 9500000 52 265 910 68940 

1981 12000000 51 260 900 ~049~ 



EST I M,ATEU _COS J5 _Of .1vi:Al Ht:.8 CAuSt.D F'LlGHl .. D lSRUPT IONS 
PREVENTABLE WITH CAT IliA lLS, ~EW GENERATION AIRCRAFT 

_ ( ALL C 0 S T S I N 1 9 t 0 0 0 L LARS ) 

ATLANTA <ATU 

NUf'l!t5ER _ _ __ __COST SUBTOTAL _TOTAL 
YEAR DELAYED U!VERTED UELAYED DIVERTED COST COST 

1972 PASS 
.AC 

1973 PASS 
AC 

1974 PASS 
AC 

1975 PASS 
AC 

.. 197.6 PASS 
AC 

_512 
3 

.. . 

704 
4 

960 
6 

1~.+08 

9 

J8,56 
(12 

. 1 ;3-~~L ____ 6144 33226 
11375 - ' 7 46tj_b 

1826 
LO 

. 2490 .. 
l~ 

3652 
... ..22 

-~814. 
30 

b44b 45686 
6 0_0 0 16 0 0 0 .. 

lJ520 62299 
8625 23625 

16896 91372 
12 3.15 . 3 41 0 0 

2227C.__ lc.OA44 
16200 46200. 

. - "" ....... - -
1977 PASS 2b24 6806 31488 170283 

A_c;,_ __ ~ ti ________ 4_5 ___ :__ 2.3(?_2..5._ ... 68625. 

1978 PASS_... 3584 ____ .9f.2§ _______ ~~(L9J3 .. ZJ.~5H~ 
AC 25 63 31250 94500 

\ 

393'70 
16062 

... 

54134 
22000 

.73i:U 9 
32250 

101j267 
46415 

142716 
62400 

201771 
9_2250 

275590 
125'750 

- ---- ··-··~ ----~-----.-· ----~ ~--~-····· ······------- ~---------- ...• - -~---·· ----------- ---~ -- . -
1979 PASS 4736 12284 56832 307341 364172 

_______________ A~ ______ -~-~---------86 ____ ..:_4_\l3J_~_ l2~.8.SQ ___ jgJ2.25 _ 

_ 1_98,_9 eASS. __ -~!B2Q_ .. __ l~LIQ. __ -'-__ 7_-~_9J;~_Q ...... 3.9~559 i. ___ 4t>7Sl9 
- AC 45 115 51187 167325 21~512 · 

··-·--~ - -~ ~----. ··---- -·~·----~-·--- _.,.,. .. ___________ , __ -- ------ ···---- . ··- ·-~~- -- -··· , __ 

1981 PASS 7680 19920 921~9 498390 590550 
__ _. ___ A~ _________ 5_~- . ____ l_5_L ___ .Q~Z.5.Q ____ 2.Hl9..5Jt __________ .2a42.0_Q_ 
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55000 

. ·--

76000 

106000. 

155000 

205000 

294000 

401000 

531000 

666000 

ti75000 



Table A-5 ·BOSTON tBU~ J. 

CAT IliA ~EATriER UISRuPTlON F~CTORS 
FRACTION Of <NEW GEN) ~C/PASS DELAYED =·000120 
FRACTION OF <NEw G[N) AC/PASS DIVE~TED =·000620 

PRIMARY AND StCONUARY WEATHER UISRUPTION EFFECTS 
AVE PASS DELAY TIME CHR~ PER PASS) = 2.00 
AVE PASS Dl~ERSIUN riME CHRS PER PASS) = 4.17 

. AVE AC LJELAY Tli'-'IE (HRS t->ER .. ~C) , = 1.25 
AVE AC D1VEKSION TiME (MRS PER AC) = .~0 

.. 
ADDITIONAL DATA (ALL COST 0ATA IN 1970 DOLLARS) 

PASS TIME COST ($ PER HOUR PER PASS> = b.OO 
SECONDARY AC DIVER~lON COST (~ PEk AC) = 1uOO.OO 

.. 

ANNUAL DATA CALL COSTS IN 1970 UOLLAf.<S) 
TOTAL PE.f-.'CNT WEIGHTED AVE TOTAL 

ENPL PASS LOAU SEATS DOC DtPARfURES 
YEAR NE~'I GEN AC PER 

/ 
NEW AC .. fACTOR AC PE.R AC Gt.N 

1972 300000 60 32S 1250 153d 

1973 500000 59 300 1230 2d2:> 

1974 700000 ':Jb 27':J 1210 438~ 

1975 1300000 '?7 240 1190 95u3 

1976 1900000 56 245 1170 l384d 

1977 2800000 55 245 1150 2077~ 

1978 4000000 54 250 1130 29631) 

1979 5600000 SJ 250 1100 4226'+ 

1980 7~00000 52 255 1090 5882'+ 
. -- ·-- .. 

1981 lOSOOOOO 51 255 1080 l::i073d 
--·-··-- ___ .. _ ···-
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Table A-5 BOSTON (BOS) (Continued)_ . 

. ESTIMATED COST~ Of W~ATH[H CAUSED FLlGHT .. DlSRUPJIONS 
PREVENTABLE WITH LAT IliA lLS• N~W G~NERATION AIRCRAFT 

lALL COST~ IN 191U DOLLARS) 

80S TON (80S) 

NUMB£~ COST SUBTOTAL 
YEAR U[LAY£0 DlVERTEO DELAYED DIVERTEu COST 

1972 PASS 216 186 2592 4654. '7246 
AC 2 1 3125 1625 4750 

.. - -
1973 PASS 3bU 310 4320 7756 12076 

AC J .2 4612 J230 7842 

1974 P~SS. 50 Lf:. - . 439- ... .6048 10859 .lo907 
AC 4 3 6050 4815 10865 

1975 PASS 936 I::S06 11233 20166 31399 
AC . . I 6 . 10412 9570 .. 19982 

1976 PASS .. 1368 - 1118 .. .. 16417 294.74 . 4S891 
AC 10 9 14625 14265 2ti890 

1977 PASS 2016 1736 24193 43435 67628 

·~ .15 13 ·-·-· 21S63 .20475 _4_1!.03.7 

TOTAL 
COST 

12000 

20000 

28000 

51000 

.. 15000 

110000 

1978 PASS 2~80 __ 24~\1 34:>62 .. 62Q;>_O ... _ ____ 96612 . _ l 5_7_0 O_Q" 
AC 22 19 31075 29735 60810 

·- ~- ••a-- ~-~·-

1979 PASS 4U32 3472 48387 86870 13~256 220000 
AC .3L 27_ - -- __ "f-_2625 4.18.5 Q -~--·___8_4.4.7 5 - "'"" ~---- -· 

19&.0_PASS -~~16. .. ---4836--- ___ fli396 .. -~1.2.09.91 ... --- _l6j;S39.3. ----· .304000 
AC 43 37 58587 57165 115752 

\ ---- . --· .. _- --- -----~--·~-- __ ,......._ ----- --- --- ·--~ ------ ~r-

1981 PASS 7560 6510 90725 162881 .253606 412000 
AC .. S'L .. . ____ SL 7_9.65 0 _______ 1_85.!t.O _____ _l5,;s.l.9JL ...... ____ ..... 



_--~~--.Table A-6 CHICAGO. (ORD) 

CAT IliA W~AThER DISRUPTION FACTORS 
fRACTION Of <NEw GENJ AC/PASS DELAYED =·OOOJdO 
FRACTION OF <NEW GEN) AC/PASS DIVERTED =·OOOJ~O 

- .. 
PRIMARY AND SECONUARY W~ATHER DISRUPTION 

A.VE. PASS DELAY T.IME {bR~ .PER PASSJ 
AVE PASS DIVERSIO~ TIME lHRS PER PASS) 
AV.E AC DELAY TlMt:_ Ci-iRS PER AC) 
AVE AC DIVERSION TIM~ (HRS PER AC) 

EfFECTS 
= ~2 • OU .. 
= 4el7 
= 1.25 
= .so 

ADDITIONAL DATA <ALL COST UATA IN 1970 DOLLARS) 
PASS TJMI; COST ($ PER. __ tiOUR PER . .PASS> ... = 6. 00 
SECONDARY AC DIVERSION COST (! PER AC) = 1000.00 

ANNUAL DATA (ALL 
TOTAL 

EI\JPL PASS 
YE.AR NEW_ GEN .AC 

1972 

1973 

1974 

1975 

[976 

1977 

1978 

1979 

1980 

1981 

-
2700000 

-

4200000 

6300000 

8500000 
-· 
11000000 

···-
14400000 

17800000 
" .... ,.. 

21600000 
·-··· 

26400000 

32400000 

COSJS lN 1~70 DOLLARS) 
YERCNT wE.LGHTEO AVE 

LOAD SEATS DOC 
. FACTOR _PfR_AC PER AC 

-- ·---·- -~-~- -----~--

bO 325 1250 
~ --· ·-·- ---···-·- ,, 

59 315 1200 

58 310 1160 
"-· ...... -~. ----
57 305 1120 

-.......-.~.~- -~----'-----

56 305 1060 
. --.. -· ~- ---- .. ---- -- -- -~·-----

55 300 1000 
···------.------·---....-~-- ~---·-·"~ 

54 300 950 

TOTAL 
Dt:PARTURE.S 
Nt:.W I Gt::.N AC . 

-· . -

13846 

22599 

3503':i 

48893 

64403 

i;j7273 
-·-- -·~- .-

109877 
- -·-··-- ~,.,_ ---~-""-"'' --~"" ~-·~- _,.. •W __ _.. ... ..:.--~·-··--· -~-·· . ·-

53 295 900 138152 
. ··--~·--·----. -·---·- -·· 
52 290 870 175066 

51 285 .860 222.910 



1'able .~-6. J;HI.C::-'®JQRD) (C.Pn.ti nue.dJ .... 

ESTlM.ATED ... C.OSlS Of .. W.fATtif.ti .C.A.US£U. fllGI:il.JJlSfhJI:llONS. 
PREVENTABLE WITH CAT IliA lLSt N~W GENERATION AIRCRAfT 

<ALL CQ5LS l.I"J. 19..7.0 DQLLARSL. 
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__ _J.table A-,7- CLEVELAND (CLE)_ 

---- . .,.._ . ~ - -- . - . ~ . . .. - -----
CAT lilA ~EATHER DISRUPTION FACTORS 

FRACTION_ OF <NEv1 GENl Al;/PA~~ DELAYED_ =·000360 __ 
FRACTION OF <NEW GEN) AC/PASb DIVERTED =·000360 

- -. . .. - ---
PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 

AVE PASS DELAY TIME.tHRS _PER PASSl _ 
AVE PASS DIVERSION TlME <HRS PER PASS) 
AVE. AC DELAY llML_( t1RS PER_ ACJ 

_ AVE AC OIVERSION TI~E (rlRS PER AC) 

= 
= 
= 
= 

. -- ···- -~- _, ________ __. ..... -- - .. _______ .., __ ~_. ------- --- ·------- ----------

ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 

2.ou 
4.17 
1.25 

.50 

P~SS Tlfv:E ___ COST _1$ .PER __ l:10UR_PER. PASS} ____ ;:: __ : ____ 6._00 
SECONDARY AC\DIVERSION COST ($PER AC) = 1000.00 

. ··-··•· -~- - ___ ,_ ~ .. ___ --~---------.- -- ------~-------... -- --~- -.-- .. ------· - --- ----~--------- ·-- --------.---
ANNUAL DATA (ALL 

---- __ _ ___ TOTAL 
ENPL PASS 

____ _)~~AR __ N~W-.J'~N _A.C 

1972 200000 

COSTS IN 1970 DOLLARS> 
PERCtiL _____ W_E:H"JHJED._AVE ___________ TOTAL _ . ·- ___ _ 

LOAU SEATS DOC DEPARTURES 
_fACTOR __ P£1i __ A~ _J~t:f:L_AC. _____ Nf:W GEN. AC 

60 325 1250 1026 
~--· ··~-·~·-·•-···• ••-oo•·o ··--·-·-·• '' •• -- --··-- ·-••••- oV- --· -------~.-----------·-·--·---------~··------~ ~---·----.--

1973 300000 59 320 1200 1589 
.. 

- --·-------- ----- ----~----~----- ... ---- . - ···-- -· ... '" ---- -.. -----~ -------- --- - ---·- --~" ------- -----------~--------. ---·~- -----·--- --·-
1974 400000 58 315 1160 2189 

1975 700000 57 310 1120 3962 

1976 900000 56 300 1060 5357 

1977 1300000 55 290 1000 8150 
- -

···---~------~-- .. ___________________ -~- ~-------·---------~--~ ........ --=-----.. ------------
1978 2100000 54 

1979 2900000 . 53 

1980 4000000 52· 
--- ·-·---'--
1981 5000000 51 

280 950 

265 900 

255 870 

·---·-------
250 860 

13889 . 

20648 

3016? 

39216 



______ Table A-7 _CLEVELAND (CLE) (CQntinued) 

ESTlMAtEO.CO::>TS_Of.Wt.AlHE.R CAUSED FLIGHT DISRUPTIONS 
PREVENTABLE WITH CAT lilA ILS, NEW GeNERATION AIRCRAFT 

\A.LL __ CQSTS.IN l'.HO DOLLARS) _____ _ 

CLEVELAND <CLE> 

., -· 
YEAR 

____ _L972. PA_$S 
AC 

1973 PASS 
_____ .......... ·-- AC. 

_____ J974 ... PASS 
AC 

1975 PASS 
--· ____ .. AC 

... ___ NU~18~R ___ COST.. SUBTOTAL 
Dt.LAYED DIVERIED DELAYED DIVERTED COST 

' 

72 .J? _____ j36_~ ---. 1802 2666 
-~-------------· ·--- ---- -~--

1 1 l563 1625 3188 
-··-- - -~-- ------ ---- - --~-----·--··· ·--~---- ------------- - ·-· 

108 10t5 1296 2702 3998 
. -- ___ L ___ 1 .1500 1600 .. .noo 

-- t44. 144 ___ 1728- _3603 ... 53JL 
1 1 1450 1580 3030 

--· --- -~--- ·-· ----. - .. 

252 252 3024 6305 ~330 
_______ 2li00 .. -· .. 3120 ... ___ .,.._ 592.0 

TOTAL 
COST 

6000 _ 

7000 

8000 

15000 

__ l.9..I6 ... J:)_ASS -~;iZ_~-----·-·-32.4 _________ "_3_888 .... _. 81.0 1. il995 ... ___ 18000 
AC 2 2 2650 3060 

1977 PASS 468 · 468 5616 11710 
-----~---A~ _________ _J _____ ... __ J _______ J_12J) ____ -~5.0.0 

___ 193 1L.e.A.S.S. __ ---~-~-(>~--- _] ;>ft ______ 9 9.I~L ... __ .l8 9.16 
AC 5 5 . 5938 7375 

5710 

17327 -26000 
.J~250_ --

.. 2].989. ·--- 4lOOQ_ 
13312 

1979 PASS 1044 1044 12529 26123 38652 59000 
______ ... £! .• ':!! ....... ______ .§ _______ §. . _ ... _'t.Q.O...O..~_____ll6.0.0. ______ .,.20 6 0 0 __ ..... --- .. --.......... . 

___ l9.ft.O-EAS.S ----·- .J.~~_.o ___ .... .1.~4 Q ___ .:.~1-I~JH .. ......J6 a..Jl. ___ ...... 5 J.Jl J... .. .. a 1 a. o o 
AC 11 11 11962 15785 27747 

1981 PASS 1800 1800 21602 45039 66641 104000 
----·-···-·· .. A.C .... - .. ---l~ ___ __l...5 __ J.Jtt2.S ··- 21.45\L .... _375 .. 75. __ 
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I • 

_ _ . Table .~a-~.DlUJ,AS/EI-..J~OKl'H. _(DALJDFR) 

CAT IliA WEATHER DISRUPTION FACTORS 
FRACTION OF_<NEw ~EN> AC/PASS.DELAYED. =•000~20 
FRACTION OF (NEW GE~> AC/PASS DIVERTED =•000140 

-·-- -
PRIMARY AND SECONDARY wEATHER DISRUPTION 

AVE PASS DELAY TIME (HRS PER PASS) 
AVE PASS DIVERSION TIME (HRS PER PASS) 
AVE_ ~C. DELAY TlME_lHRS PER ACJ. 
AVE AC DIVERSION Tl~E lHRS PER ACJ 

EfFECTS 
= 2_. QO 
= 4.17 
= 1.2.5 
= .so 

----. ~ - - . - -- ~-· . ···-· . 

ADDITI~NAL DATA CALL COST DATA IN 1970 DOLLARS) 
PASS Tl~E_COST l~ __ PER HOUR_PER_~ASS) 
SECONDARY AC DIVERSION COST ($ PER AC) = 

t>.OO 
1000.00 

~ ·- -·-- - . 
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) 

TOTAL 
Et'-JPL PASS 

PERCNJ __ WE.lGtHED AVE . TOTAL 
DEPARTURES 
nJt..W GEN AC 

LOAD S~ATS DOC 
__ '(EAR. NEw GEN. A(; __ _ FACTOR PER.AC P£R AC. 

~., . ., ' 

1972 500000 60 32!:> 1250 256'+ 

1973 900000 59 320 1210 4767 

1974 1300000 58 315 1170 711:, 
__ ,. . -- ~ ~----~-_,.,.,..,."-• -· ---· --

1975 1900000 '::>7 310 1130 10753 

1976 2600000 56 300 1070 15470 
- . -

1977 3700000 55 290 1020 23197 
... 

1978 5000000 54 2tjQ 970 33069 
--- "' --

1979 7000000 53 275 950 48027 
-

1980 9300000 920 o623'i 
- .. 

1981 12300000 51 265 910 91010 

A-15 
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_ Table A-.8 .. DALLAS/Fl. _WORTH (DAL/DFil) (~C!.n~i_nued) ... 

ESTIMATED COSTs/of WEATHER CAllSEQ FLIGI-iLDlSRUPTIONS .. 
PREVENTABLE WITh CAT lilA ILS, NEW GENERATION AIRCRAFT 

.. tALL COSJS .1N.l9"l0 DOLLARS). ... .. __ .... 

DALLAS I FT.wORTH <DAL/DfR) 

.. NUI"!bE.R.. . COST. .SUBTOTAL. TOTAL 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

1.972 PASS 
AC 

1973 PASS 
AC. 

1974 PASS 
AC 

... 

1975 PASS 
AC 

1976 PASS 
AC 

1977 PASS 
... -~.C . 

197.8 PASS 
AC 

1979 PASS 
__ .. AC 

110. 
1 

198 
.2 

2$9 
2 

'+18 
3 

S72 
4 

-~----- --~-

814 

--~ ---~ 

···- ... 11.\.tO_ .. 

8 

U ....... 13.20.... 17.52 . __ ... 3072. .. 6000 
1 1563 1625 3188 

126 
L 

ld2 
1 

·----

266 
. __ 2 

.. 36'-t ..... 
3 

2376 3154 5530 10000 
30.25 . .1.605. ~ ...... 4.63.0. 

.. 3433.. . .. 455.5 ________ }988 ............. 1200.(1 
2925 1585 4510 

5017 6657 11674 19000 
.42.:11 ____ .... 3.1.3.1L __________ l367 

0..865 ______ ..9.110 _____ ~_9.7.5. .. _____ ... 2.6 o o o_ 
5350 4605 9955 

518 9770 12965 22734 36000 
......... 4 ..... _ ...... 7650 ______ Q.Q~O ____ U69.L__ _________ _ 

··- 7 .01L ...... _l.32!LZ .. _ _il_52.0 ~-~·-· --~3.!JI22..:. _____ 4B.QO.<L... 
5 9700 7425 17125 

1540 980 18483 24528 43010 66000 
_ .. 11 ~- _____ 1. __ J..3..0.62 __ ... 1 ..... o ..... 3 2._.5....__-s-2 3 ........ 38.1.------··---·-·-· 

.19.6.0 PASS_____ _.2Q.~fl. _ ~.1302.. __ ._2....'t.S.5fL_.......J.2..5.fU.~--.5lJ .. ~L. ___ .a9.QQ(L_ 
AC 15 10 17250 14600 31850 

1981 PASS 2706 1723 32477 43098 75576 118000 
_ .. . ... _A_C_ . ____ 2_l _______ l.;, ____ _?_J_a8 .Hi9..1.5. _ . 42 8 0 2.--.. -~---
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_:I'IPle A-.9 DENVER (DEN) 

- - -

CAT IliA wEATHER DISRUPTION FACTORS 
... FRACTION OF __ (Nf.W.GErH .. AC/PA$5 DELAYED._ := .• 000120 ...... 

FRACTION OF (NEW GEN) AC/PASS DIVERTED =•000100 
• - - > ~-

PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECTS 
......... ~IJE PASS. DELA.L J lME (hRS _PER PASS}. _ ..... . 

AVE PASS DIVERSION TIME (HRS PER PASS) = 
..... AVE AC D£LAY .. llME JtikS_J?ER .ACL ..... -· ___ _ 

AVE AC DIVERSION TIME (HRS PER AC) = 

2.00 
4.17 
.1 •. 2!:i . 

.so 
- ~ ... -- - ~---~--- -·-' ~- ...... ~--- ---· -- ---"·-· --· ~ -

ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS) 
PASS _Tlt-1£ COSI l~ PER .. HOU.R _PER .. RASS). ____ =~ ··- _ .6.0.0 __ 
SECONDARY AC OIV£RSION COST ($ PER AC) = 1vOO.OO 

.. --·,...·--·-- - -~---- --·----.. ·--· ~-~-----~-- .. ---·------~---~-----·-·- ·--~....-..-. ------·---~- >«•·~--- -~ 

ANNUAL DATA (ALL COSTS' lt-:J 1970 DOLLARS) 
. TQV\1.. ~.RCNL~ W_llGKTED . .AVE. ____ IQTf\!. _ ...... 

ENPL PASS LOAD SEATS DOC OEPARTUR£S 
YE_8_R ___ NEW G_t;.f::LAG ___ [AC_lOfL .. P~R_l\~ ____ EER. AC. __ _NEW __ _G_E]i.,A.C~ 

1972 100000 60 

1973 200000 59 

300000 58 

1975 600000 57 

1977 1600000 55 

325 

320 

315 

310 

290 

1250 

1200 

1160 

1120 

1040 

513 

1059 

1642 

3396 

10031 
---~ ,, __ ,. _______ __..._,,. __ , ________________ "" __ ~ .. ~~-----·-..o.-··~ ..... -··---~-.....-.--

1978 2300000 54 ' 280 1000 15212 

------------·----~- ----·-----·-·--- ---~--------------··· ·-----
1979 3300000 .53 270 960 23061 

' . -·--·~,._,.,__ --·-·---·--~-.. ·---------·-----... ·---- """·----~ ..... ----~ 

1980 4500000 52 265 91 32656 

1981 6200000 51 260 00 46757 



Table A-9 DENVER (DEN) (Continued) 

_ .. ESJ.l.MAtED .. COSTS_ Of WE~Il::!ER CAUS£D .. F.LlG.HI .... O.l.SJWPTlONS ·
PREVENTABLE WITH CAT IliA ILSt NEW GENERATION AIRCRAFT 

_ _________ (ALL.COS'LS IN. 19?0 .. D .. OLLI!\R5J ... ·-·-···--·· .. --~----·--·-··············-

DENVER (DEN) 

------· . NVM.6£J-i. ____ · ---···- _____ COSI ______ ... SUBlOJ AL --· ... IO.T AL _ 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

·-·---.. -·-·-·-- ..... ~-----------
1973 PASS 24 20 288 501 788 4000 

......... AC .. ____________ l _______ L~-. _.l.~QQ ______ l6.Q0. ___________ 3_l_OJ) ----~ 

1..91.'t ... .P~SS .... _______ :3P. ... ___ ~_JJL ____ 4.3_Z_.~----~.75.l _____ l...l8_3.____ 0.00 
AC 1 l. 1450 1580 3030 

1975 PASS 72 v 60 864 1502 2365 5000 
.................. A.C_. ____________ ..l..._ _____ l_ ___ :._ ___ lAOJL .... ___ l56D_ ___ _..2 ..... 9"""6Jl ________ , __ _ 

... l9lf? .• PASS .. _____ 12 0 ... , _____ 10. 0 .. ·---~---L 4_3_9 ______ .2.5o.J ____ ..J..2~2-.. -7JUHL 
AC 1 1 1350 1540 2890 

·----------------
1977 PASS 192 160 · 2303 4005 . 

· . A c;. ... :. -___ __ z ______ ,_1... ____ z.9_oJt~ .. --152 o . 
6308 
.~120 

10000 

_ .l9I~ .. PASs ___ _?_Iq ___ ~-·-- .. --~0 . __ J;H_Q ____ ~]SJ ____ ~Q.QI. __ . ___ l.5.QDJl 
AC 2 2 2500 3000 5500 

1979 PASS 396 330 4750 8260 13010 21000 
---· ...... ___ 1 · ~c; __ .. ___ 3 .. ___ --·- ___ _J·-·-·--·-JJ:?JJo __ ~ __ e.oAO.. _____ ~---·--

ll2o!t. _ _uz~l .... -.. - za.nruL 
5820 10370 

---~----- .. -...--~---""'-----------~ .. ·--....-- -- _ ... ______ ..,.._ _____ . 
1981 PASS 744 620 8924 15519 24443 38000 

___ __&~_., ____ § _____ ~-----&:1.5JL........ 1250 14QO.O _________ .. 
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~--J table -A-10 DETROIT CDT .• W.l~- ·----

CAT lilA WEATHER DISRUPTION fACTORS 
. ____ .F" R A C_I lOl-l ... 0 f._ ..1NE .. W ... .G.E.N.L_..A~.E.AS.5_..DllA Y E 0 _:...Jl..0.0..~4JL __ 

FRACTION OF lNEW GEN> AC/PASS DIVERTED =·000S60 

PRIMARY AND SECONDARY WEATHER DISRUPTION EffECTS 
. --··~·- .A.IJ.E. .. .P..A.S.5__QELA.~L.LlM.E._1HR.S __ p£ R....E.AS.s.L _______ =----____2.. ao._ 

AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17 
·-- ..... _.AV.E.. .. AC_DfLAJ'. __ U_ME ( HRS....EEELACL__ __::;_ ____ _1 .... 25_: 

AVE AC DIVERSION TIME (HRS PER AC) = .SO 

ADDITIONAL DATA CALL COST DATA IN 1970 DOLLARS) 
______ P.l\5.S. ... T1ME..J;OSI._L$__pER HOUR..PER __ pASSJ ___ : . 6a..OJL.. 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) 
____________ I.QIAL. ___ ...PER CNL__!J_E_lil_l:il.Ell_AY E . J_Q!A.L ___ _ 

ENPL PASS LOAD SEATS DOC DEPARTURES 
_'(.~A.R-... -N~_W ___ G_E.N .. ..8.~ __ _f_/iCJ.QR._E_EB_~PfR AC ·--~GEN AC 

1972 400000 60 325 1250 2051 

1973 600000 59 320 1210 3178 
··-- - -·~· 

1974 900000 58 315 1170 4926' 

1975 1300000 57 310 1130 '1357 

1976 1900000 56 305 1100 11124 
- -~···----------

1977 2700000 55 300 1170 16364 
--------

1978 3500000 r54 295 1040' 21971 

1979 4600000 53 290 1000 29928 

- - -
1980 6100000 52 280 960 41896 

-
1981 8000000 51 275 950 57041 
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Table A-10 IETROIT (OTW) (Continued) 

_ __EsfHiAl£11_CQSJ.S-OL.WEAII:i.E.fL..c.AUS.ElL.£ll1iHI ..DlS.RU.P.I.l.ONS ______ ., 
PREVENTABLE WITH CAT IliA lLSt NEW GENERATION AIRCRAFT 

--~ ____________ tALL ... .C .. QSI.S .. IN J.9JJL JJ.OLLAR£L .. '". __ :_ _________________ ·--·· 

DETROIT <DTW) 

___________ ... --~-- ~---NUM6E.£L... _ .. _______ .COSL____ SUELl.O.IAL ___ JfrlAL .. 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

------------------------------··--· 
__ t9I~ ... P.AS .. S ... _. ___ ?_~§ ____ Z_?_~ __ -__1!5.~-. -~J>_Q~------.§.1.9~----.1?.0.0.0. 

AC 2 · 2 3125 3250 637~ 

---·------
1973 PASS 324 336. 3888 8406 12294 19000 

----'---· .... _ .. AC .. _____ ;.._.:,._ ____ 2_"----___ . '---'---.J.Q2.5. _____ 3210 ___ :._ ___ .. __ g_2.35 _______ .... 

.... l.9.1!f .. PASS __ , __ ~a6 _______ 50 .. 4.:........ __ ..c.,5a3J_._lZ6.Q2-.~,_J.J)-.9:_42. ____ "2.8DOO 
AC 3 · 3 4387 4755 9142 

----------------- ··----··· --------------- ··--····----- ........ _,,.,,, .. 
1975 PASS 70 728 8425 18213 26638 40000 

________ AC. ______ . ___ 4 ____________ 5_ __ __5.65.0 ... ___ 7825 ..... - ..... .L34l5 ............ __ ........ ~-

_l9]..6.....PASS --- _ .... 1.0.2(:) __ . ....:ll6.~------.J..Z.J.l.3 ___ 2.6..6Lct _____ __3~ 932___ ... ___ 5.ao . .o 0 
AC 6 .7 8250 10850 19100 

1977 PASS 1458 1512 17498 37827 55325 84000 
_____ --~~- ....... _. ____ 27·~------.+JJL ___ J_::;u .. 6 ~__lSas o .. _______ z~o l2. __ -···-·----~--

J..9.!.JL£A.~~---J I:!.~.Q ____ J.~fi9.-~-~.9Jt2. __ ... 4 9JJ~--___ lliJ.e_ .... J .. OLo . .o.o_ 
AC 12 13 15600 19760 35360 

·----·--------·---,-----·---·· ---------
1979 PASS 2484. 2576 29811 64446 94258 141000 

.. AC __ .:-.1~7 __ _..1..._7_. _ _..2.1.2_5'"""Q.._______..2....._55..Q_,._Q __ 4;~~.J..SQ -'-----

_1..9§0 eMi.S_ JZ94 __ .....3!f:..lfL._J..<iS.J2_ _ _.8~~--....-l-2't.2.9B: 1 aaooo __ 
AC 23 24 27600 35520 63120 

1981 PASS 432 4480 51845· 112081 163926 248000 
____ ______A_t_~----.Y-.3 ..... 1 ___ .32._ __ ...J.t)JU.2 ____ 47200 _ij_'.t.OJ....,2 _____ _ 
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CAT IliA WEATHER OISRUPTION fACTORS 
__ _fRACJlON_Of:.._1NEW..~GE.hl..~Md'...EAS~S. OEt A'!EQ __ :;::.. 0 OOd20 

FRACTION Of (NEW GEN) AC/PASS DIVERTED =•001300 
~-------····· -- ----··· -·····--·---------··------· ·------PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECTS 
_ ~-AV.E.J?...AS..S._QE.LA.'t' . ..J.JME U:iRS EEH PASS I ·-··----2.a..O..O __ 

AVE PASS DIVERSION TIME (HRS PER PASSJ = 4.17 
_ _., --~--'lE. _A_c_~_o~_LAL..Ul1L< u H..u.R~s~p_.,E&J.lR>--C:IA.3oe.C.L.) ....._ ___ ...;;:=;____ ___ ~l_•_Z.~----

AVE AC DIVERSION TIME (HRS PER AC) = .5b 
~~-'00·¥~---- ............. -- _______________ .,._..,. ___ _ 

ADDIT~ONAL DATA CALL COST DATA IN 1970 DOLLARS) 
_____ P.ASS....JntL_C.0.5I ($·PER HOu.R_2ER PASSL ___ _;:___ ___ .6a..O.O __ _ 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00. 
·---~-- ·-------------------- ·------···-··----·-

---------· 
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) 

--~---- ...... _I..Q IAL..__..Pf.RCJ:J...L.._\tE.rutrrElLA.\1.-E __ __ro_IAL... . . _ 
ENPL PASS LOAD S~ATS DOC DEPARTURES 

.....Y.E.AR __ HEW .. JiE.tLA~TQR PER AC P-E.B._.AC NEW GflL.Ac..__ 

-------·---·--
1972 200000 60 325 1250 1026 

1973 30000 59 310 1200 1640 
---··- --- ·--- ..... ---------·····----·-----------··-----~-
1974 400000 58 300 1150 2299 

1975 600000 57 295 1090 3568 

1976 800000 56 290 1050 492b 
··----------------· .. -·---···--

197T 1200000 55 280 

-~---"·----------------------· 
1978 1600000 

-~----·-·--· 

1979 

1980 

1981 

2200000 . 

2800000 

3600000 

54 275 

53 260 

52 250 

51 245 

1000 

950 

7792 

10774 

900. 15965 
--· -----~-

850 2153d 

830 28812 
----·-·------~-----
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TABLE A-ll HOUSTON (HOU/IAH) (Continued) 
--------------·----·-------------

-~-£.SllHAIED._.COSTS_QL JtEA!Hf..R_CAUS£D...£UG.tH .....Ol.SRUEI.LrutS ____ _ 
PREVENTABLE WITH CAT IliA ILSt NEW GENERATION AIRCRAFT 

____ __tALL CQS .. lS .. l.tLl9 .. LQJlOLLA.RSJ ... --------------· --·-·--· 

HOUSTON (HOU/IAH) 

___________________ NUM.B.f..ft_ _____________ Cj)_s.I..___ ____ __5_U_BTO_IAL __ JQ.T AL~. 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

1973 PASS 246 390 2952 9757 12709 21000 
_____ A1; .. ____ 2'----- _3 ______ 3 . .U.O.O -~4..8.0JL __________ 7. 8_0J)_ ________________ _ 

__ l_2l~ __ PAS_s__ __ 3~_e ___ sz.o J9.3_6._~~J.O.l.O ... H>.9g...6 _____ 2_5JHlQ___ 
AC 2 3 2875 4725 7600 

-------
1975 PASS 492 780 5904 19514 25418 370<»0 

AC 3 ..5._ __ ~_087 7725 _ ___ll8.1..2.._ 

.J.9~6....P.ASS. ~ _656 10~0 .L6.12 26.Jl.l!L 33_8U_ s1o . .o..o__ 
AC 5 7 6563 10675 17237 

------·- -
50837 1 1977 PASS 984 1560 11808 39029 76000 

AC 7 11 8750 1~---~250 

..J. 9.1JL.P.AS.S.. 131~ 2060 lS1!t!t ...520.38 67~82 , ..... 9.2..QQ.ll_ 
AC 9 14 10687 20650 31337 

1979 PASS 1804 2860 21648 71552 93200 139000 
A~ 14 21 15750 30450 46200 

1260 I?AS5_ 222.6. .36.4.0 27552 21067 llfi612 178000 . -
AC 18 28 19125 39900 59025 

-
1981 PASS 2952 4680 35424 117086 152510 231000 

~------~!:1-__ JB '2!t200 SJIIO 7~670 
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CAT IliA ~EATHER OISRUPTIO~ FACTORS 
'FRACTION .. O[ __ (NEw .1'.ENL-ACIPASS .D£LA'l£D.~- :::; .• 000.421L .. 
FRACTION Of (NEW GEN) AC/PASS DIVERTED =·000d80 

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 
A.VE .PASS D.ElA Y __ TIME ___ (JtH5 _Pf:R_P..ASSL _____ =: _______ 2. 0.0 
AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17 

..... AVE .. AC .D£LA't'_IlME tHBS_ __ p_ER__AC1 __________ ::: _______ J .2.5 
.AVE AC DIVERSION TIME (HRS PER AC) = .50 

- ·-··· ------ --- --~ ---·-··--- ~ .. --------.. ---·· -------- --------- ·--
ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS) 

____ .... PASS.~.Il.ML_CQSI.t$ .... P£R .. J:IOUR_PER .. :PASS_l__ __ ;: _____ 6_ .. 00 ... _. 
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

·---------------- ------------- -------------------------

ANNUAL DATA <ALL COSTS iN 1970 DOLLARS) 
_____ 

1 
_____ I.QJJU .. ____ J?E.RClJ.L __ ~_f_l.GHIED . ..AY:f___ TOTAL ··----

ENPL PASS LOAD SEATS DOC DEPARTURES 
__ )'E.;_AR ___ t:!f\V ___ §EN __ A_C; __ f}\~IQ.R_t:ElL AC _EER...Ac_,._ . .N~W...§.fJ•LP& __ _ 

1972 10000 

1973 200000 

1974 200000 

1975 00000 

1976• 400000 

60 325 

59 315 

58 305 

57 295 

·---------·----
1250 

1200 

1150 

1090 

513 

1076 

1131 

1784 
-~-'---- ------·---
56 290 1070 2463 

------------------------------. -----·---·--------------
1977 

1978 

500000 

700000 

55 

54 

285 1050 3190 

280 1030 4630 
------------------------ ______________________ .. ______ _ 

1979 1000000 

1980 1300000 

1981 1800000 

53 275 1020 6861 

52 

51 

A-23 

265 

260 

910 9434 

900 13575 
------------



tABLE A-12- KANSAS CITY (MKC/MCI) (Continued) 

_ESI.l.MA1E!LCOSJS,_Q£ · Wf AIH£.fL.CA.USEO EL~G.t:iL . ..OlSRUPT IONS .h _____ __ 

PREVENTABLE WITH CAT lilA ILSt NEW GENERATION AIRCRAFT 
_________________ tALL_.~QSls.__.lfi..ll1JLJ20.LU.RSL. __ . _________ -_________________ . -······ .... __ 

KANSAS CITY (MKC/MCI) 

________________________ N_UM.fiE.H _____ ...C_Q_5_T ____________ SUBT_OI AL .. __ TOTAL __ 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

__ lCZI2.._P.8S.S _____ ,.._,.!..4-.2 __ -lo/8.~8 ___ 5_0!f _______ 2.2.0L ______ .21.0 .. 5. ________ Jl.QQ.O .. _ 
- AC 1 1 1563 1625 3188 

-·-------· --·--------------·----··-----
1973 PASS 84 176 1008 4403 5411 9000 

____,A..,..C'---__ L __ ---4..1 ___ lsiw ___ l_&oo ________ ;u_a_a _______________ _ 

_1..2 I~_E_A£S __ __a_4 ___ u_{2,._ _ _.l ....... O.OlL .. __ ~QJ_. _____ 5_4l.l ______________ 8.0Jl_Q ___ __ 
AC 1 1 1438 1575 J012 

1975 PASS 
________ AC 

- --- . -----------------·--··-·--------------.... -- --
126 264 1511 6605 8116 13000 

...... 1 _____ __2 ____ l3_6.2_ . 309_()___ _____ 4.4.52 .... -·---·----------

·----------··------ ·----- -------
1977 PASS 210 440 · 2519 11009 13527 21000 

____ A_-'-='C'----'--- 2 ____ ;i ___ 2fl_2_5_ ___ 45.I5 12JlQ ____________ _ 

_l_9._lfLJ~.li~.-~s _. ---='~9..:..4 ___ QJ._..6_.....,._ .. J.5Zf> ____ _l5 . .UZ .. _____ l.i:i_2.Ja_ _____ 29.0_QO_ ·-·-
AC 2 5 2575 7575 10150 

1979 PASS 
__ AI;. 

420 
3 

880 
7 

5038 
_3825 

6542 
4550 

----..~-----

22017 27055 
10570 14395 

---Z.a6.22. 3~111 
13095 17645 

41000 
----·-

5.3..0illL __ 

------------------~-'---- --· 
1981 PASS 756 1584 9068 39631 
-----A~----1L ____ l.2._ ___ _fti5.o_ __ ..l_L4.0D._ .... 

A-24 

48698 
24150 

73000 



·- --c-••·----~--
/CAT IliA WEATHER DISRUPTION FACTORS 

___ f.RACa~O.bLJ)f___l.N.E.lLJiENl_ACJ'_p_AS_S __ D.f.LAY.EO = •.1l.O.o..ti6L 
FRACTION OF <NEW GEN) AC/PASS DIVERTED =•006234 

PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECTs· 
_ .. A~f-. EASS Q~~J. I ME ~ HRS_EER PASS) = 2 •.OJL 

AVE PASS DIVERSION TIME <HRS PER PASS) = 4.17 
-~~,~--_AV~~-~__Q_[LA_Lll.M_f_it:t.H~ = 1,_2_L 

AVE AC DIVERSION TIME <HRS PER AC> = .SO 

. A'oDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS> 
____ _EAS.S_ TIME COSI {$ P.EB HOUR PEB PASS) = ~_.JHL 

SECONDARY AC DIVERSION COST ($ PER'AC) = 1000.00 

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS) 
IQI~L eEBCtU WEIGttiED A~E IQIAL 

ENPL PASS LOAD SEATS DOC DEPART-URES 
___ YfA!L...::.NE.W .. _G..E.tL..A.C · EACIQB EEB AC EEB AC ~EW Gf;N....~ 

1972 2800000 60 325 1250 14359 

1973 4400000 59 320 1230 23305 
--- -

1974 6200000 58 315- 1210 33935 

1975 8200,000 57 310 1190 46406 

1976 10400000 56 310 . 1190 59908 

1977 13300000 55 310 - 1190 78006 
------·- -

~OS 1978 16500000 . 54 1180 100182 
( 

1979 19400000 53 300 1170 122013 

1980 22600000 52 300 1170 144872 

1981 261.00000 51 300 1170 170588 ' 



TABLE A-13 LOS ANGELIS {LAX). {Continued) 
_""' ... --.. ~· ....... --...... --.---~ ... -...---~-· ... ~~---- ·~-- --·----- ···~ .- -...- ...... ---·"''"--'''~"'""'·-·- ..... ·· 

_f.Sl.I.M.AIEQ_{;.QS_lS_Qf_ _itE.A.J..tt.Ea-.C.~USEIL..fU GtiJ _ _Dl.SR.U.P I.l.OtiS .. _ 
PREVENTABLE WITH CAT IliA lLSt NEw GENERATION AIRCRAFT 

___________ ...JAL.L -~QS.I.S.JN~ J.9._7_Q_Q.QLURSJ ... ------·- _· __ 

-··----· ··--···------·--·---------··----------·-···-----·-·--·-----
LOS ANGELES <LAX) 

------ _....___ __ 
~----·----. _' __ tiW1_fiE.R __ . ________ ____c_o.s.r__ S!JB.l.O.IAL. TQIAL.. 

YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

_19~_a__PASS. _ _.,l85=6 __ ,.:::6~SS"-. --'Z.lli6 193J:t~ __ J§9.S.l. ... ____ 9.l..<Ul.O._ 
AC 10 4 15Q25 6500 22125 

·-~--------------------··-··...;__----'----
1973 PASS 2916 1029 34990 25747 60737 95000 

______ 
7 
__ AC ___ ~·---··e, __ _.zAQ.o_o..___ ___ <if2.2.0 _______ _3_'tZ._<tf! __________ :·-·-

_l_9.73t.Y..AS ...... S -~4 l~0_9_.:J.4.5.Q. ____ 4..2.JO~L--J.Q2.8.1L... __ ~5S!t_~:__uJ.oJUl_ 
. AC 23 8 34781 12840 47627 

1975 PASS 5434 
31 . 

1918 
l l 

65208 47983 113192 177000 
't611 2 --115~------....63.652 _________ ~ ··-· 

. 
..J.21.6_f?_AS.S~___.._6=-8 9 2 . .2.~..3.2 •.. ___ .82..1..0.3___ 6 085L __ l!:t:~.56 0.---2-2 7 _Q..Q.O __ 

AC 40 1~ 59500 23925 83425 
-
8814 3111 105765 77827 183591 291000 1977 PASS 

AC 5 2,____ __ 1_9._-..J.l.~:.K.Q _ _,.;3Jl.3.0.5_.--...l.O.l.6.55: __ _ 

l976_E}I..S.S ' 1093~-· _ __3_65_2_.lJ.l2.1..Z.. __ .!t25.5:2 _____ 2.2..7~6L ___ _.lflSJUl..O._ 
AC 67 24 98825 38160 136985 

1979 PASS 
..fAC 

_1.260 EASS, 
I AC 

1981 PASS 
AC 

12856 
81' 

. 1!'!977 
96 

. 17296 
114 

4537 
29 

---5.2.8..6 . 
34 

6104 
40 

154274 113521 267795 
. ll8't62_ __ __!t5965 164427 

119J2L .. I322!tl... Jll261 
140400 53890 194290 

207554 152727 360281 
1667~5 63~QQ ~;.WlZ~ 

A-26 

-
432000 

- .....5.0.bll.OJL 

590000 



CAT IliA WEATHER DISRUPTION FACTORS 
___ _ERA.C~J lON__Of ___ .iN[J,.L ...G.ENl..._A.C.L.EAS.S___DELA.Y£0 ___ =~•-ClO.D-.~16..._.0~-

FRACTION OF <NEW GEN) AC/PASS DIVERTED =·000120 

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 
__ /!.JI. E __ P/iS.S___QE.LA'i_llML.tHB..S ... £.ERY .AS.S.L __ _:. ______ 2..Jl.O_ 

AVE PASS DIVERSION TIME <HRS PER PASS> = 4.17 
__ _AV..f...__Ac___o_fLA.Y I I ME iliRS...J?.fJLACl _____ ~----:::;___ ____ _1_..2..5__ 

AVE AC DIVERSION TIME <HRS PER AC) = .50 

ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 
_ _p_ASS liME COSI.~---P.£R .. tiOUR...F.ER PASSJ__ _ __;;: b.oo 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

------------- ·---------- ----·-----------------------~-------------
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) 

________ ~.: _____ I 0 I.Ah __________ f?_f.RJ;:J~I--W..EJ.i)H T E 0 .A.V. .... E _____ T_._,O""T'-':A:'-"'L..__ 
ENPL PASS LOAD SE~S DOC DEPARTURES 

~-8R._____f':!_E W GE N A.~AC I.Q_R_p_~~- _.._P.-Ec.R -'A"'"'C..__~N=E:...uW'--"'-G=EN...._.A=C,.___ 

-·~·-~ . ....__.--·· 

1972 1300000 60 325 1250 6666 
/ 

-- -
1973 2000000 59 305 1230 11114 

-----------
1974 2700000 58 290 1210 16052 ______ ... 
1975 3600000 57 '275 1190 22967 

------
1976 4700000 56 275 . 1190 30519 

---------- ---------------
1977 5800000 55 280 1185 37662 

··-·-------
1978 7400000 54 280 1185 48942 

----· 
1979 9300000 53 285 1180 61569 

··---------~----~---------

l980 11300000 52 285 1180 76248 
--~·----

1981 13700000 51 285 1180 - 94255 

- A-27-



TABLE A-14 MIAMI (MIA) (Continued) 
---------· --- ·---------------

__ ESJ..I.MAIEJL..C.Q_SIS._Qf WEAIHER CAUSED- £.LluH.I-D.lSRUI?J.lDr:.J..S_ 
PREVENTABLE WITH CAl IliA ILS• NEW GENERATION AIRCRAFT 

____ _,(..:...:A.-.LL COS IS _ __IJ'i_l._9.J 0 DOLLARS.~-> ------------

---------------- ----------·-
MIAMI (MIA) 

--·--------J...-
___ _ _______ --------'---~ ill1.8E.R ___________ ____.c_Q£1 _______ _s_u 6 IOJ.L!Acu.L~_....._I QIAL __ 

YEAR DELAYED DIVERTED DELAYED.DIVERTED COST COST 

____ 191.~. P~SS ______ ?_Q~L _____ _l __ ~_6 _ _,2.,_,4_'t_§ ______ -J9_0 ~--____ 6.J 9_~'-· --.. J l (l_Q__Q __ _ 

AC 2 1 3125 1625 4750 
----

1973 PASS 320 240 3839 6006 9845 16000 
______________ .AC. -----------'----·--· _ ..._2 --""'30]5 ___ . ..J231L ___ __ .6..3.Q5__ _______ _ 

_ __ l_2L4. ... ~ASS _______ 4.J_2. ________ 3.2A_ _____ .5.1.8.J ___ 8.1 OtL __ -.~..1 J2.9. ....... 1 _......._ .... 2-lDJl.Q __ 
AC 3 / 2 4537 3210 7747 

--------
1975 PASS 576 432 6911 10810 17721_ 28000 

--- ___ _Ac__ _______ 't_ _____ 3_ ____ 595.fl_ __ 4285----------1-07...3.5_. _______ _ 
/ 

_ _1_97{> p ftS.5_ __ .12 .. ? ________ 5._6_4 9023 ---lJt.ll .3__ 2.Jl3.6.__ 31000 
AC 5 4 7438 6380 13817 

·----------------~~·---· -
1977 PASS 928 696 11134 17416 28551 47000 

_t\C ___ 7 -______ .2_ __ tQ.J69 7962 183_3_1 

1978 PA_SS _ _j_t§.~---888 14?_Q.Q_ __ 2 2...2.2J_ 364?1 5800Q 
AC 8 6 11850 9555 21405 

1979 PASS 1488 1116 17854 27926 45780 73000 
AC 10 8 1475Q.. ___ l2720 2WJl 

l98Q P~.S.S 18Q8 __l._J5_L 21!223 JJ9.3..2. 55625 21000 
AC 13 10 19-175 .15900 35075 

1981 PASS 2192 1644 26300 41139 6.7439 110000 
AC l6 _1_2._ 2JQ..()jj 12080 42680 

A-28 



_____ TABLE ~15 MINNEIPQLl.SLS.T .. _J~AUL_()!Sp)_ __ 

/ 
·--·---·-·--·~---- _____ :, ___ _ 

·CAT IliA WEATHER 'DISRUPTION FACTORS 
_ ___ERA.C_I I ON Of___lN.E~ GEN) ACI..P..AS.S DE! A'(£0 ___ :::....0 0 0160 

FRACTION Of <NEW GEN> AC/PASS DIVERTED =•000220 
·------··-·--·- -----"-"--· -----·--------

PRIMARY AND SECONDARY WEATHER DISRUPTION EffECTS 
----~.LP. ASS DEL A L I I ME lt:iu..R s~p_.E...LR~P..~:.A,.....S,.....Si..L>---~==----""2_..Uj0Ui-0 

AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17 
_ ___,..o,AV.E...AC __ .Q.E.L.ALIU1.L.JJ:l ESS P EfLA.CL = 1 • ~ 

AVE AC DIVERSION TIME (HRS PER AC) = .so 
---·- --------

ADDIT19NAL DATA <ALL COST DATA lN 1970 DOLLARS) 
_ __._PASS TIME <;OS_L_l$ ..P...ER_tiQU_EL.e.EJLE.AS.Sl = · 6.00 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 
--------· ---- -------

ANNUAL DATA (ALL COSTS 1N 1970 DOLLARS) 
·----.\-----1J1IA 1.. J~EH.C.N..:I___..W.U&l:HED....-.A.\lE_ TOTAL 

ENPL PASS LOAD SEATS DOC DEPARTURES 
__ _1f.A R ~.ErUitl:L.AC..: ... £~Cli>R.._p£RJ..C._EE.E_AC,_NE.W.._Gf_N. _ _Ak_ 

-~------ -----.. --~---"-~.-..-.v....-.---· 
1972 200000 60 325 1250 1026 

1973 300000 59 320 1200 1589 
-·-----·-- ---------

\1974 400000 58 315 1160 2189 
- ··--------

1975 500000 57 310 1120 2830 
·-------- ... _, ____ 

1976. 800000 56 310 1100 4608 
·---··---- -----·-----·----

1977 1200000 55 305 1080 7154 
-----------1978 1800000 54 300 1060 lllll 

---···- -
1979 2500000 53 295 1020 15990 

---------..~--

1980 3300000 52 290 1000 21883 
-------

1981 4200000 51 285 990 28896 



TABlE A-15. MINNEAPOLIS/ST: PAUL (MSP) (Continued) -----,··--... -~ .. ,- ---... ----·-~·,..··---------

ESIH1.AIE.D.J;.QSTS Of WEATHER CA.USED FLIGHT DISRUPTIONS-_ 
PREVENTABLE WITH CAT lilA lLS, NEW GENERATION AIRCRAFT 

tALL COSTS· JN.; 1970 DOLLARS) -

--·----------
' 

----~----· ..... __________ __liUM.6.ER COST. SUBTOTAL . TOTAL 
YEAR DELAYED DIVERTED DELAYf():···Oi;VE~TED ; COST COST 

·----~·-'-" . ., ___ """" ..... --·-~-~--------~ 

_1 ~IZ ... ~~ss ______ 32 4!+ 384 
AC 1 1 1563 

:·t!~~{~~t~\~-;~:·::.: 
1101 ·.·· .. • . ··.1485 5QOO 

' 1625 -Jl88 

1973 PASS 48 66 576 ·1651 2228 5000 
__ _p._c 1 1 1500 l60Q 310Q 

_1974 EASS 64 88 769 22Q2 . 297Q 
AC 1. 1 .1450 1580,' '•3030 

1975 PASS 80 110 961 2752 3713 7000 
-----___ .. AC 1 1400 1560 2960 

_J..9~f2..J~AS.S .. 128 176 15J7 4 3 594'0 1 0 _ _.:.::...::::_ _ _..~c.;._-......... """""-...-=4=o ..... '""'._,_._,._._r;..J_, ..... _:.....-_ _..._..oJlo __ 
AC 1 2 1375 3100 4475 

-----~-----------~--

·264~': 1977 PASS 192 2306 
__________ ...,..... ______________ ------

6605 8911 15000 
···----------·--1!-,.C ___ 2 z. 2700 -~----~~~~~---~J~0~8~0-----~5.~----------

_ _j_9.I!L.RP.=S-=S __ , ...:::2=8=8 __ _,.,3'-"9-¥6_· ----:ol'-l!t-=5,¥8 __ ·~2:...~9:..~o~0~8--_.l...,.,3:..~J~o . .w.6 ---· ..... 2 ..... l.w.O -0 0-
AC 2 3 2650 45~0 7240 

;....._ _____________________________ _ 
1979 PASS 400 550 4803 13761 18564 28000 

_ _,A~C,.____ __ ....:z:~ ,_____ 4 3825 ~:.u00L::41:.Jo00r...___,...---.c9~6t.w:6a~..5 -----

.2340__ 181 6~L--~2..:;t4 .... 5.w.;04~--M-37.M)D ... -. 
5000 7500 12500 

1981 PASS 672 924 8069 23118 31187 "48000 
--~.;..;._.:.:.A C=- ----~------7,__ __ 6:...1.....::8"--"'B ___ 1 0465 16652. 

A-30 



CAT IliA WEATHER DISRUPTION FACTORS 
_.£RACT ION Qf___i.Nf~ ~EN> A!d.£AS.£_JLE.LA.Y.EQ_-=..,Jl.O.o.t!2.....,0.,____ 

FRACTION Of (NEW GEN> AC/~ASS DIVERTED =·000700 
------------·---------·---· PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECTS ~ 
---~.f_EAS_S_QEL.AY......Il.MLJtiRS.__pEEL~ P.AS.s.L = _.Z..JlO __ 

AVE PASS DIVERSION TIME CHRS PER PASS> = 4.17 · 
_ ___o.AV..E._AC__L!.ELA_L_Lll::iE._lliRS__!?.fR___A.,.,C.of-) ----==-__ ___.l,....u..2 ...... S_ 

. AVE AC DIVERSION TIME CHRS PER AC) - .so 

ADDITIONAL DATA CALL COST DATA IN 1970 DOLLARS) 
PASS TIME COST < $ PER HOUR PEFL.BASSl--==__,_---.w6.a..eliLlOO~ 
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS) 
TOTAL PERCNT Wf lGHIEO AVE __ _IJU.AL...:..._ ___ _ 

ENPL PASS LOAD SEATS DOC DEPARTURES 
YEAR N~W GEN AC ·fACTOR PER AC PER ~~~w_~_ac__ 

1972 

1973 

1974 

1975 

100000 

200000 

300000 

500000 

60 

58 

57 

325 1250 513 

315 1200 l076 
-,.-------· 

305 1150 1696 

300 1100 2924 

1976 700000 56 295 1070 4237 
---~--------------------

1977 1200000 55 290 1040 7524 

\1978 1700000 54 . 280 1000 11243 

----------------------------------------------1979 

1980 

1981 

2300000 . 53 270 960 16073 . 

···---------------··---·---
3200000 52 260 930 23669 

4300000 51 255 920 33064 



TABLE A-16 NEW ORLEANS (MSY) (Continued) ---
ESIIMATED COSlS Of WEAIHEB-~SEU-ELlGHI QlSRUEI~-

PREVENTABLE WITH CAT IliA lLS, NEW GENERATION AIRCRAfT 
~..LL.J;D.SI.S_ .. lJ:LlllQ QOI L ARSl_____. _______ _ 

--·-------
NEW ORLEANS <MSY) 

---·--~----------· 

_____ .._:.____,_.... ___ NUMBER ___ __tO..s..L__ SU6lQIAI..,__J.Q.I.AL 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

]0 744 17~2 2496 ~~ 
1 1563 . 1625 3188 

1973 PASS 124 140 1488 3503 4991 8000 
AC ~1~--~~~~--~ls~o~o~--~~6~o~o~--~J~l~o~o~------~ 

_l.2.1:!+_P8SS · 186 21 o 22J2 5255 1!t87 ·'' · l~.Q.Jl_ 
AC 2 2 2815 3150 ·6025 

---- - ·--------------------~------~--~-----~--------1975 PASS 310 350 3720 8758 12478 20000 
_._ ___ ..AC 2 3 _ _2150 - A650 7400 

J..9 1 ~ , e A.S.s... __ ...:..;43~4.:._ __ .;_4;;L_t9~.. 5'2 o_e_ _ _.l ... 2w.2...-!6 ..... 2 __ _.1,_._7 ':Low..~.:...._..:.,.__zlo..l6ioi.Jo ...... o .... o~ 
AC 3 ~ 4012 4605 8617 

1977 PASS 744 840 8927 21020 29947 46000 
A C 5 6 6.-.L~ !L!O OIL-_.:z..9...a...l ~o..:2 O!IL.---""-1.=!:56~ot.~2"'-JOL--____ _ 

1918 PASS 1054 1190 12647 297l8 42426 63QQO 
AC 7 8 8750 12000 20750 

1979 PASS· 1426 161Q 17111 40288 57399 
___.. ___ .. A c; 1 o ____ ......r.,.l2"--_ ..... l-"2.Y.O ~ooiL__............~.lJ..1.L.l:~;~;6Q.,___--"2L91.LJ6wOo~.-____ _ 

19 8 o PASS _ 19 84 -'.Z.:t!t.Y.O ___ JOoZ->lJ~80!L!6L---;,..il-:2~~ O~~,u.J~_ ...... 7~9!!-"8r.w6""-o _ __..l ..... 2....,Z.v...O OwO"'--
AC 15 17 17437 24905 4Z342 

1981 PASS 2666 3010 31990. 153~2 107312 161000 
AC 21 24 ~.l"'-S0"--__..3L>O!S:M.O::L4..._Q __ .-S....,9..._19....,0..__ __ • _t -· 



TABLE A-17 NEWARK (EWR) 

"-··--~·--·-~~· ···- .... ~·· ··-- -... -~ ...• __ __:_. ________ ------~~---------------·------
CAT IliA WEATHER DISRUPTION FACTORS 

__ [RACJTQN Of_. tNfr . ..G.Etl..l__ACLY_AS5._DELAYED __ _::_.j)j}_Q_~.o._ 
FRACTION OF <NEW GEN) AC/PASS DIVERTED =·000200 

PRIMARY AND SECONDARY wEATHER DISRUPTION EffECTS 
_______ A_Vf ___ P_AS.5__Qll_AY I I ME JJ:if<_5_p_E£LEASS > ... 2.._QQ_ 

AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17 
-----~Y.L_AC _.Q_ELA_Y_llME ( HRS.J~.ER. ACL.) ____ ..;;:=:;.___ _ ___L_z_L__ 

AVE. AC DIVERSION TIME (HRS PER AC) = .SO 
-----··--·-··--·-··-------------~----- ----
ADDITI~NAL DATA <ALL COST DATA IN 1970 DOLLARS) 

_____ EAS5__Ili1E__.CQ5_l_C$ .. .J?£.1:LI:illUR PER PAs S.L __ _;: __ _b_JJlll__ 
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

----~-----·-------- . ,.---·-· 
ANNUAL DATA (ALL COSTS IN 1970 DOLLARS) 

__ ---'T~OIAL __ · .E.ERCNT WE I GHTED AVE 
ENPL PASS LOAD SEATS DOC 

_ _yJ:AR NEW ~EN AC ___EAC.I.QR _ ___e_~JLAJ; PER AC 

-------------·· 
1972 700000 60 325 1250 

1973 1200000 59 310 1180 
---

1974 1800000 58 295 1110 

1975 2400000 57 280 1050 
-

1976 3200000 56 275 1020 

1977 4100000 55 270 990 

1978 5000000 54 265 960 
-------·· 

1979 6100000 53 265 920 
--· -

1980 .7200000 52 260 890 

1981 8300000 51 260 880 

__ .IQli\.L __ 

DEPARTURES 
tiEW GEN AC : 

3590 

6561 

10520 

15038 

20779 

27609 

34941 

43432 

53254 

6259'+ 



TABLE A-17 NEWARK (EWR) (Continued) 
----------------------- ------· 

ESTIM_ATED COSJs_Qf WEATHER CAUSED FLIGHT DISRUEll_QNS._ 
PREVENTABLE WITH CAT IliA ILS• NEW GENERATION AIRCRAFT 

-------' <"--'-A_,_._LL COS IS I N_l_9 7 Q DOLL AR5_L ___ _ 

-----~----------· 

NEWARK <EWR) 

-----------------------
NUM 1::3ER COS L _______ S_IJtU.O.I~L _ _l_Q_lAJ.. __ 

YEAR- DELAYED DIVERTED DELAYED DIVERTED COST COST 
----------------·------------ ---------------

36~ __ _.1'""'4u.0 __ _:~.3_Q.9 __ .J5.0.JL ____ ]_8l_o__ ___ __ LlilllO._. 
2 1 3125 1625 4750 

1973 PASS 624 240 7489 6003 13492 23000 
_ _8L_ ___ ____;4'------'2,__ __ .59JLQ __ :U""-8_,._0 -----'9'-"0'-"'8'-"0 . ·---------

_ j_9 7 4_P _AS¥-S __ 9 3 6 _ __,3=6'--"'-0 __ l.l.U.4 ______ 9_0Jl_5 _ ___2_Q.2J..B ______ J..J..!UlQ __ 
AC 6 3 8325 4665 12990 

--------------------'-- ------------------------------·--------
1975 PASS 

_________ AC 
1248 

8 

1977 PASS 2132 
--------'-A_,_,C'-----~~ 

480 14978 12006 26984 4~000 
_,..3.__ _ _...1 ..... 051Hl. ____ 4SI5 ____ l_~_Q15 ___________ _ 

820 
6 

---··--· --------
25588 20510 46098 74000 
18562 82.I_Q_ __ 215.J-2 __ _ 

__..1-"-9 ..... 7~8 _,P...:.A~S~S<-----=-2.::;..6 0"'-0"'---_ ..... 1~0 QQ _ ___ll, 0 5 _QjU~ ____ 5_f?.Z_l.6. 
AC 19 7 22800 10360 33160 

1979 PASS 3172 1220 38070 30516 68586 108000 
AC -.2.3 9 '-------'----2:w.:64:x..S.Ll0"--·-l...,;""'H'-=4....,0._-__ ....,_3-'9--5 9-L-0..___, 

1260 eASS 31~5 -·· l~ft.J) ---=4=4._..9,_35 3 Q.Ql..8 ___ ..rul.95.3.... __ _._l.28Jl0Jl._ 

AC 28 11 ~1150 15895· 47045 
-----· 

1981 PASS 4317 1660 51800 41521 93321 148000 
------!:!~--~~--~-----'3"'-!6~3JLQ. _ __l_§_7_2..Q_ 55 02JL_-,--AC 33 13 
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TABLE~A-18- NEW YORK KENNEDY (JFK) 

CAT IliA WEATHER DISRUPTION FACTORS 
~f ... .RA.k.T.iQH_Of:...J .. N.E!'LGEN 1 81;./Y~ELA,'l.ED = • OO.O.ftS .. Q __ _ 

FRACTION OF (NEW GEN) AC/PASS DIVERTED =•000540 
·-----·-·-·- ______ .....;_, _____________ ·~--

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 
___ AY.E __ p~.s_s._o.t:.L.A:t TIME <ttiiS PER eAS.S.L · - 2.0JL 

AVE PASS DIVERSION TIME (HRS PER PASS) = 4.17 
AYE AC_.Of~.Ll.lt1E CHR.S PER AC1 . __ 1.25_. 
AVE AC DIVERSION TIME (HRS PER AC> = .50 

ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 
____ PASS I I ME COSI ( $ PER HOUR PER. 12AS.:l.SL1 __ ...:==----..J..i6•..a•..~.LO.u.O_ 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

------··----------· 
ANNUAL DATA <ALL COSTS JN 197D DOLLARS) 

_____________ I.Ql~~L----EEBQil __ W_flJlli..I.EJl..AY- E I OI.8.L...... ____ . 
ENPL PASS LOAD SEATS DOC DEPARTURES 

_.YEAR_Nf.W_G..t:Jy_A~ .. J-A.CJ..OIL---PfR..AC .. _E.fR...A~..w__G_fJLAC_ 

----------~---.. -·- ---·----·--... ----~-
1972 2400000 60 325 1250 12308 

____ .. ..._~--~·--··--~ -·¥··--·--.....: ............ --.-- ---~~-~---

1973 4000000 59 320 1230 21186 
·---- --------~-------.--·~·-~---·-----~...- -----------------

1974 5800000 58 315 1220 31746 
--·-"···~'"'""~----- -·---~~~--- ........ ···------

1975 8000000 57 315 1210 44556 
-~·· --·- ~- ---....-.--...... ~·~~------... .... -. --~"'-~·-.. -----

1976 10500000 
. 

56 310 1220 60484 
----_.....;.._, 

1977 13300000 55 3 0 1240 78006 

--·--·--------.. ·---· 
1978 16500000 54 305 1260 100182 

·---- .. ·-··--.. ·~ -- ---
1979 20000000 53 305 1280 123724 

._. ______ ,.. ____ ..,..""'_ -·-------· 
1980 25400000 52 300 1290 162821 

1981 26200000 1 300 1300 171242 



TABLE A-18 NEW YORK KENNEDY (JFK) (Continued) 

__ ..ESI.I.M.AT.£1J_{;QSTS_Q.f_...\ILEAIJ.iE..I:L_CALlSE O • ..f.L I GHl 0 I SHUf..llON$_ __ _ 
PREVENTABLE WITH CAT IliA ILS, NEW GENERATION AIRCRAFT 

_______________ ...J._8LL ... ~.IS .. ...lli._l2].Q_DOI I ARS) __ -__ _ 

.--.-------· __ .... ________ .,..... __ _ 
' 

------------ NUMBER COST ______ ..Sll.BIQTAL ....... ..IOTAL 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST , 

------------- __ _.;_ ____ __,---~--

1973 PASS 3520 2160 42239 54039 96279 145000 
________________ A_c_ _..._19.._ ___ ...._.1 2.____ .... 29212 l.9.3a.o _____ c_ 4859.2. ___ --~------

- ~t'i7.AY..ASS ______ .5 .. l Q"-'4~___,.3 ... l . .J.2---'--___,.f>.l2..4.l __ -~18.35 L ________ U't.6Jl4 ___ ....2J..l.Q.QO_ 
AC 28 18 42700 28980 /71680 

975 PASS 7040 4320 84478 108079 192557 293000 
______ AC _____ ~a.._ 25 _____iUl5.fi.Q __ 4Jll25 ... ____ _i0 .. 0Ji25 _________ _ 

_ l.9J.ft.J?..A.SS..... _____ 9..2.!t . .o__ 5670 _llJlB.1JL .. ..l!tl 853 ......25.2.13L... 388.Q.Q..Q__ 
AC 54 · 33 82350 53130 135480 

----------------~---------- --------------------
1977 PASS . 11704 7181 140445 179681 320126 497000 

_____________ A~----·-- 6~----if..>~~:J __ l_QJ2.95JJ.._..9.2.6.f~Jl __ __u.§.b_u...__ ____ _ 

J:3 9 o 9 .1L4.2lL_...zaa.2U.. ___ -l.9..Ll't!L _ _ ..6_2.1 a o a ~ 

55 140175 89650 229825 
~ ----·---·-----....... -,..-~ .. ·~-~----------

1979 PASS . 17600 10799 211196 270197 481393 766000 
____ ___AC ___ --.l_Q_9 _________ fii .. ___ LI!t!t..OJL._1J).4:9 a ..... a ..... a...___ .... za ..... 4 ...... z...,.a ..... o,___ _______ ~-

1 98 Q. _ e.~.s..s.:.__z._z 3 5_2 _.ll112 ~Q.~alL-J.~..J.lS_Q_. . f> l1~.2-...........J9.f.HHUtO .. __ 
AC 144 88 232200 144760 376960 ____ ......._ ________________ .__ --------

1981 PASS 23056 14147 276667 353958! 630625 1029000 
---· . _ _A_C ____ ~ __ l5.J __ ----2.L._a~:!iJ1.5~-l~5.!L----.li~~a ..... z .... s __ 
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' 
TABLE A-19- NE' .~9~-~!<;i!J.AJ!~IA __ !_~GA>. _____ _ 

CAT IliA WEATHER DISRUPTION F~CTORS 
-~-------t::RAC.J.l Q~L Of_{.NE ~L.GENL.A_CLEAS.S llELAY£0 __ :;:_ • .() 0.0.4.2fL_. 

FRACTION OF <NEW GEN> AC/PASS DIVERTED =·000200 

PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 
----~_VE __ f?.AS.S. .. QE_l~_y __ :I_lME_lljJiS_PER.P.~SSl ___________ ~----------------2•.QQ __ 

AVE PASS DIVERSION TIME <HRS PER PASS) = 4.17 
- --~-- ~V.E ___ AC __ Ofl~Y._lU1.E _iliB.S _.PE.R _ _t~~ >___ -~--------=----------- _ .. l .•. 2.~----

AVE AC DIVERSION TIME <HRS PER AC) = .50 

ADDITIONAL DATA <ALL COST OATA IN 1970 DOLLARS) 
... PASS __ T.li:1t __ CQSL . .L~ .. PE.R_tiOUR P.EfLPASSL ____ ::: ______ f> .Jl.Q_ 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS> 
______________________ IQ T AL ______ _P. ERCt-LT ______ W£1 GHJ:.E.D .. A'i..E _______ T_QL8.L ______ _ 

ENPL PASS LOAD SEATS DOC DEPARTURES 
...Y~J:\J? _. ~~W .0~.K.AC ___ .fACIOfL_e.f:.fl . .AC __ P....EB_.AC._--.Nt;..W. .. G.t:.J~L_AC_ . 

--~·~------·"---... -·-·------·-· --~------... --------- .. -----------~----
1972 800000 60 "260 1000 51_28 

__ ... __________ .. _, _________ ----- ~----·-----

1973 1200000 59 260 1000 7823 
------·-----~--~----"'------.,·-·-~--------- -

1974 1800000 58 260 1000 11936 
---~---~-------

1975 2500000 57 260 1000 16869 

------· 
1976 3400000 56 260 1000 23352 

------
1977 4500000 55 260 975 31469 

1978 5700000 54 265 950 39832 

1979 7600000 53 265 925 54112 

-----1980 9800000 52 265 900 "71~18' 

1981 12500000 51 265 890 92490 
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TABLE A-19 NEW YORK LAGUARDIA (LGA) (Continued) ~ 
_,._ ···~ ~·-- <>. ·---- --- .. ·-~---·· ------ .... ~ ... --."-~---------.,---------~-~-·-- 'l:---~---· -·--.- .... ' ····--- ·--

__ EST 1M A TEQ_COS JS_Qf_..JIIE.AIJ:1E.!L..CAUS£D_£L lGHl .. DlSJ:WPI~lONS _____ _ 
PREVENTABLE WITH CAT IliA ILS• NEW GENERATION AIRCRAFT 

..... ---·· ALL. C .. OSIS.. .. UL.l.9..}J) __ OOLLA~.SJ. -------------- ---····--. ..--·-·--·-

NEW YORK LAGUARDIA (LGA) 

YEAR 

.1.2J2.P~SS 
AC 

-~--- ___ J~HJMB.E.R ____ ~----- _---·--~-COST ___ . ______ S_U.BlOTAL ... _ .... TOTAL 
DELAYED DIVE~TED DELAYED DIVERTED CUST COST 

6 _______ l.§ o~-------~9J.2 _ ·-- _'!_o o ... tj03.? _______ l_SQ!HJ 
3 2 J750 3000 6750 

------- - ------- .. -
1973 PASS 504 240 6048 6005 12053 20000 

_ .1:\C:.__ 4 _z __ ~~-~_Q_QQ _____ .JOOQ ________ 80.00.~-~----- ___ , __ · __ 

__ !_2 7~LEA.SS _____ ~ ___ l5 p_ .:. .. _____ ;3_~Q ___ ,_ ... _ 9. o _ _i~ _ .......... _')_Q_ QI ____ .. _J,JLO 79_~-~--c .~lOO.O..Q .• 
. AC 6. J 7500 4500 ·12000 

1975 PASS 1050 500 12600 12510 110 41000 
------·- ___ . ..A_c______ ..... ..,.,________ -·--=t------.. -· .. lOO..OJL_.. __ 6.0 O.O.... _____ H>D .. OO... ,. ___ --~- --~·---" 

·----------·--~--·------
1977 PASS 1890 900 22680 22518 45198 73000 

-----·---------~k-----··--. .. .. l~ .. -----·- _L ______ l .. Z QQ.2. ___ J Q412 ________ .2....7 ~1.5 ________________ _ 
' 

_1_9 "UL..P.A.S.S....-. ....Z.. 3 't.L_l_l.'tJL._...£e I~JL.-.... ~J;t$ 2:3. .. --· !:!Ia.~l-- -··- . ..S..9.0J>_O __ 
AC 17 8 20187 11800 31987 

1979 PASS 
.. AC 

3192 1520 38304 38030 76334 119000 
-----l2..J ____ ....__l...._l _..-2.25_2.4 ____ _l_Q.;_Ow8.,...7....__ .. ~_8....._1 _____ .. _____ _ 

1981 ~ASS 5250 2500 63000 62550 125550 .196000 
___ AC --------=3:...;.9_..__ ___ l_~ _ ____..4...,3JJH _____ ...2.1!!-.5.S __ _l~.2-· --·--
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Ti\134E A-20, ~_HILADELPHIA (PHL) 

~ - - ---··---------

CAT IliA wEATHER OI~RUPTION FACTORS 
FRAC_TlON OF J.NE.w GE.I'il_ AC/PASS DELAYED =·OOO_'+_oQ __ _ 
FRACTION OF (NE~ GEN) AC/PASS DIVERTED =·000700 

-~ - .. ~ -·· ·- ~-· -~·--· ., . 
PRIMARY AND SECONUARY ~EATHER DISRUPTION EFFECTS 

AVE. P A S 5 0 E LAY. _ T I ME__ < H R 5 _p £ R .PASS J __ _ _ = _____ _ 2 • 0 0 
AVE PASS DIVERSION TIME CHRS PER PASS) = 4.17 

·~AVE. AC DELA L llr-1£ ... lHRS PER ACL = 1.~5 
AVE AC DIVERSION TIME CHRS PER AC) = .so 

ADDITIONAL DATA CALL COST DATA IN 1970 DOLLARS> 
PASS. JJML_C_QSI .l$ PER HOUR PEfL.E.ASSl ___ = 6. 00 . 
SECONDARY- AC DIVERSION COST ($ PER AC) = 1000.00 

ANNUAL DATA (ALL COSTS IN 1970 DOLLARS> 
~------ ___ HllAL,____ .PERCNT ______ .W_ElJ,?H.IElLJWE _ ___ TOTl!IL. 

ENPL PASS LOAD SEATS DOC D~PARTURES 
__ yE_~B_ ____ NEW_JiE.N.f:\G __ f.AQ.OJ:LJ.tJLA.C.._e.ER..AC_...N_t..W __ G_t;.N .AC_ 

1972 400000 60 325 1250 2051 

1973 '600000 59 320 1210 317d 
---- ~----·-- - --"-~--~-····--·--. _..._,... _________ ._._ .. , ... ~.------~~-- -------· ...... -·- ...... . 

1974 800000 58 315 1270 4379 

1975 1100000 S7 315 1140 6120 

1976 1500000 56 310 1130 8641 

2200000 55 305 1130 13115 

1978 3000000 54 300 1120 18519 

1979 4000000 53 290 1120 26025 

1980 5100000 52 285 1110 

1981 6500000 51 280 1110 45518 



"TABLE A-20 PHILADELPHIA (PHL) (Continued) 

___ .ESilMA IED_C_O!iJ_5_Qf_-.-W£AI.b£J::s..J~J\US£D £LIGHT UlSBUPTIONS 
PREVENTABLE wiTrl CAT IliA ILS, NEW GENERATION AiRCRAfT 

_ _ __ __tt\LL_CQSTS_lli._t91Q_ O.QLLARSJ. ___________ _ 

.. -

PHILADELPHIA (PHU 

N.UMt;IER COST . SUBTOTAL .JOT AL 
YEAR DELAYED OIVtRTEU UELAY£0 UIVERTED COST COST 

1972 _PASS 
AC 

184 
! 

- 2~08_ 
1563 

7006 
3250 

9~1~ ____ l~OOO -· 

1973 PASS 
AC 

_ 1974 PASS __ 
AC 

-

--·-

276 
.2. 

368. 
3 

420 
.3 

---· 560 
4 

4813 

3312 10509 13822 
_ J o 2.5_ ___ .ABlS._ __ __ ___ Ja4o.. _ _ 

-- __ 44L1 _____ _14Q1J. _ ...... 1.8429_ . 
4762 6540 11302 

"------ - -- -···- . -- - ----~ ---- ~--·-•« ... - ··--· _________ .. __ - ---~ ··-~~-- ------- ----- ···---·-- • 

22000 

3.000.0 

1975 PASS 506 770 6073 19267 2~340 37000 
- --·- - AC. -------·-- 5. --- . .42.75 ______ ..1B5Q ________ l2l25 ..... 

_ .19J_6 .F?ASS .. ___ ~2lL. _____ l_O~Q_____ _ 828.L ___ 2.f:I.274.----~555 _____ ..5J.O.OO .. __ 
AC 4 7 565U 10955 16605 

I -..... --~--~-~~-~---------~------·,..• -- ~~---------_...._ .... *~'-·----_,__, ___________ , ___ ~ 
1977 PASS 1012 1540 i2146 38535 50680 76000 

A~~- ____ -~-----~ _ JJt ______ 98tU ___ _j 5.€l5JL_·~--_2_~5.37 

__ j_9} 8 _ P ~$]}_ ---~-1 . .!8 o --=2 LQJl. __ J95.Q_~---- .S.~S!rl'. ... ~----~9 .. 102._ _ __1 O.z.a..OJL 
AC 9 13 12600 20280 32880 

----- -~---- ·--~-·-·---·-·--· -----~···---·----·---------·----

1979 PASS 1840 2800 22083 70063 92146 139000 
. _ _12 ______ 19 __l6.a()_Q_ ____ a_6.40 .. . 4b44(L ____ , ____ , ___ , __ 

__ l26_Q_ £ASS. .. ....2J.~~--_3_5LQ __ .2J:.US.o ___ aczJ.JJl _ _......1..._17 ~_n ____ _ll9.11QO ..... 
AC 16 25 22200 38875 61075 

1981 PASS 2990 4550 35885 113852 149737 229000 
A c . ··--· _____ 2l~ ____ 3.2.._----2..21.3.1 _____ .4.cuno _______ 7_fJB9..1 _______ ~-~ 
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CAT IliA ~EATHER DISRUPTIO~ FACTORS 
·~ .. __ :F RA CJ. I OJL Of._( NEw GEJ'-! L .... ACLEAS S .. D£LA Y£0_. :..-..O.DJl.':t.O L ... 

FRACTION OF CNEW GEN> AC/PASS DIVERTED =•000400 

PRIMARY AND SECONDARY wEATHER DISRUPTION EFFECTS 
•• q .. ___ A_vE .. I:.A.SS .. Df.:LA.L Jl~E._ttiRS __ PER. PAS.S.L --~---~- 2 .. 0_0_ 

AVE PASS DIVERSION TIME CHRS PER PASS) = 4.17 
. __ ---~_V_f, __ .}>.C:. .. .PEI..,A_Y_ tIM~ _ U185_£_t:fL.~C 1-~~---·-- -==--~- _l..t2~. 

AVE AC DIVERSION TIME CHRS PER AC) = .SO 

ADDITIONAL DATA CALL COST DATA IN 1970 DOLLARS) 
... ___ PASS __ T~t1.E .. COST _($ .. ..E£R..JiOURJ?£R.£AS.SL-.= ..........o..___uo_ 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

ANNUAL DATA CALL COSTS IN 1Y70 DOLLARS) 
-------- ____ JQ.IA.t,.., _______ E.t.FCKT. ___ w_E[§JUE.q_AVL _ _IQIB.L~---···-

. ENPL PASS LOAD SEATS DOC · DEPARTURES 
.. YEAR ____ NEW .... {?EN. .. A.C. _.f_8CI.OJi .... .P.ERJ\C __ P.ER. A.C ____ Nf.:.ltl. .. G~N ..... AC ... 

1972 300000 60 325 1250 1538 

1973 500000 59 310 1180 2734 

1974 700000 58 295 1110 4091 

1975 57 280 1050 6266 
··-·· .. ,_, ______ ------·· -- ........ --------·---- --·----------·--· ---,---------
1976' 1300000 56 280 1030 8291 

1978 2700000 54 280 990 17857 
------

1979 3000000 53 280 970 20216 

1980 4000000 52 280 950 27473 
' ---------------------------------

1981 5200000 51 280 940 3ti415 
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-- ..... ····----- --------- ___ :c-----TABI..E-..A,...21----f1TTSBDRGH ..!Pll.L!Co.n.t.inue.dl-----

---- .. .ES I..l.MAI.ED_.C_QS.T..S._Q£ M1 EAT t!Ef.i .. CAUSE.ll...EL~.GJ.:ii [ll SRU.P llO.NS __ 
'PREVENTABLE WITH CAT IliA ILS• NEW GENERATI~N AIRCRAFT 

----------- ___ iA.lL .. C..QSJ..S. __ lN .. ..l.9..70 ... D..D.LLARSL. ___________ _ 

PITTSBURGH <PIT) 
----------·----·------·--· ------ -------------·---

' 

------·--------· ___ Jiut18.f...fL. _________ ____c_o.SL ______ s_UBJJHAL._~QI.AL__ 
YEAR DELAYED DIVERTED DELAYED DIVERTED · COST COST 

AC 
120 

1 
_J.z.L ___ lJ:t~{L ______ JllO .. J ___ 4~4 .3._ ___ .... Jl.O.O !L .. 

1 1563 1625 3188 
/ 

..... --.-.-..-----.. -·~---.................. , ...... ,_,.... __ ··-·---·~-·.------"'-·-
1973 PASS 200 200 2400 5004 7405 14000 

---------·- __ A_C ______________ ~ ___ 2..._ ___ 2'i5.0 _____ 3_L8JL ___ .....hl_3..o_ ___ · _. -· ____ _ 

.. l.9..Jfl{). ___ _.l6J)JtQ_ 
/. 5885' 

1975 PASS 400 0 4800 10009 14809 · 23000 
______________ 1\G________ .... 3 ______ .3_ _______ ....3.9_3.8__ __ 4.5.1..,_5 __ .:J;.5J.2.. ______ _ 

·---------
1977 PASS 720 720 8641 '18016 2b656 40000 

--.. ---------·Ac_ _______ ~- _ ___..s ....... __ (1313 __ zszs 138Jc.L7..,.. ______ _ 

.. .1.93-fLP MS.S ... ___ j_O 8 O:..--l...:Q.u.tl....,.Q ___ lZ9 .. 91. 21 0 2 J_ __ J.9.9J34.__ ___ .P.2..0Jl.L 
AC 8 8 9900 11960 21860 

1979 PASS 1200 12 0 14401 30026 44427 69000 
---·---·· .. AC. .. ________ .. 9. ___________ <t,_J..Q2.12.... __ l3 36 5 • 2':.t.2.IL. ______ _ 

. '\ 

__ l.9..6J1_EAS.S.~-- _J~-~--Ul.Q Q _19 2 o l A.OJ13,5__. ...5.2.2JJL..._~a9..00JL. 
AC 11 11 13062 16225 29287 

-·-·---------- ------------------
1981 PASS 2080 2080 24962 52045 . 77007 "117000 

..... -·-·--·~-.. --.A C:: ______ .. ___ l_S __ · ·""'15=-· ___ _ll_Q_2_~ __ .aao..5J) __ ,..__J '?.fl..~ 
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CAT. IliA WEATHER DISRUPTION FACTORS 
_ _ERA~.JJJlli.....Of <NEw GEN l -A.C/J>-ASS_D..ELAX.ED_~O!l'-.Z.D_. 

FRACTION OF <NEW GEN) AC/PASS DIVERTED =•000320 
. ' 

.. ,·----·-·-··--·---·--· _., ___ . ______ , ____ ,____ .,. ____ _ 
PRIMARY AND SECONDARY WEATHER DISRUPTION EFFECTS 

_J_V_E._PASS QEL.Al:: TIME <HRS PER EA,""S...c.S.~-.) _ __,.. .. 2.![9. 
AVE PASS DIVERSION TIME <HRS PER PASS) = 4.17 

. __ A.Y..E....M;.J!.fJ..AL...llM E < H R S i' .. EJL.8£.L. ha2_ 
AVE AC DIVERSION TIME (H~S PER AC) = .SO 

-------· 
ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 

PASS ~I~E ~QSI ($ PER HOUR PEH, PASS) = ~~ 
SECON6ARY AC DIVERSION COST ($ P~R AC) = · 1000.00 

-----ANNUAL DATA (ALL COSTS IN 1970 DOLLARS> 
______ J,_,O"'-T'-!.A,...L.___ I? EHC NT WE U2.t:ii E 0 AVE __ _I.QIAI..__ ___ _ 

ENPL PASS LOAD SEATS . DOC DEPARTURES 
YEAR NEW GEN AC fACTOR PEU..&__fER AC NEW GEN AC 

-------1972 300000 60 325 1250 1531:S 

-·---·----·-··-·---· ·------1973 500000 59 325 1230 2608 
.... -_,.......,.. -·----..,..-

1974 800000 58 325 1190 4244 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1100000 

1600000 

2200000 

2900000 

4000000 

5200000 

6700000 

57 

56 

55 

54 

53 

' 52 

51 

325 

315 

305 

. 295 

285 

275 

270 

1160 5938 

1120 9070 

1080 13115 

1040 18205 

1000 26481 

950 36364 

940 48656 



TABLE A-22 ST. LOUIS (STL) (Continued) 
--..... -~-··--~·-.. .,.._.,_, ___ .......,_ •.•. _ ' -- • --····--- .. ·-·--~-----~ ___ ,...,...... ___ ... _" ··-···-~ ...... __ ..,.,, ___ .,.__ .•.• _<>··-"·. . ' -··~""-· '' 

. EST I I~AIED ... C..Q.S.IS .. Of ... ..W.EAU:t.EJ::L .CAUSEU . .f.L LG.I:::IL.D..LSRUP..llONS __ , 
PREVENTABLE WITH CAT IliA ILSt NEW GENERATION AIRCRAFT 

--·----· ---~-.LA.LL. __ <;.o~_LS. _llL.l.9.I . .ILJ2QLLAH S.L _ ... ···------· . --

ST LOUIS <STL> 

·--·---~Nl)hHf_R" _ ·---.. ~ __ ....... ~OST .. 5U810TAL ..... TOTAL 
YEAR DELAY~D DIVERTED DELAYED DIVERTED COST COST 

. 60JH>. 

----- -------· ·'-----~. ------
1973 PASS 110 160 1320 4002 5322 8000 

-------··------A~~---·-1..- ___ .. ~ .. L ....... __ J.5_3L ...... -.1.6 L5 ... _ ···-·-""' 152 

... l2.1~-P.A.S.S ______ ~ll_6 _________ 2~ ..... c • .2..11.2__ . o4.0.3. ······- ..... 8515_ .......... 13.0 0.0 ... . 
AC 1 2 1487 3190 4677 

--···-·· ·----·-·-----------.--.. ······-·-·····-- ·-· ...... ·-- ·---------· ..... 
1975 PASS 352 2904 8804 11708 18000 

---- _____ /1C. ___ ..... 2 ___ ....,.2 ___ ~---2...9.0..Q ____ Jl.6..0_ ... 60.60. ...... 

J32f?. ··~RAS .S..-~- -~52·--· _llz_ _____ .. 4.iZ.2fL ____ l.28JJ6. __ ~ __ Ll 0 3 Q ____ ---.--2.5 . .0 0 0 ..... 
AC 2 3 2800 4680 1480 

·---~ .. ----------·---------~· 
1977 PASS 484 704 5808 11608 234 6 35000 

_______ Af; ________ ' 3 -.,..--. ....2~-·.'±Q.5.9 ______ LZJJ.L ___ _l_l1~ ....._ ........ ------·-· 

_1978 PA.:~~-~-2..~=8 __ ......;9._.2~~-----l.f?5(>. ___ ~~-Z.l1 .. ------·~-Qe_6.l_ _______ .... ~..S.tHlQ_ 
. AC 4 6 5200 9120 14320 

PASS 880 1280 10559 32015 42575 64000 
AC __ .§ ____ cz_ ___ 75_1HL __ L15Jl.0.. __ ~_2.l0.0!L_~--------

J..9..8.Q eA.s..s___ 1144 _____ tP_6..J.... __ ,t3..12.J __ 4l.62.o ____ .s~J4L _____ JUo..n.D .. 
AC 8 12 9500 17700 21200 

1981 PASS 1474 2143 17687 53626 71313 108000 
___ _!L_ ___ tl ________ l_.¥6 _ _; . ...1.29 .. 2.5.. __ ... 2.J5.2 .. Q ___ . ---~-. ..J..~4.45. ___ ~,---'~··-·-· 
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CAT I I IA v:EATHER DISRUPT I ON FACTORS 
IRACTION.Of J~JE..w .GI:.fJl AC/PASS _.DEU\YED_. ::;_.000~20. 
FRACTION Of INEW GEN) ~C/PASS DIVERTED =•000~00 

. ~ ~- . ' ... - ---·- ~- - ..... 
PRIMARY AND SECONDARY wEATHER DISRUPTION EFFECTS 

AVE PASS DE.LA_'L.T IME .. ~{t!RS.YER.PASSL _____ =---- .. 
AVE PASS DIVERSION TIME CHRS PER PASS> = 

.. AVE .AC DELAY . .T IM.E.. tHRS . .PER_fl _ . ----· __ 
AVE AC DIVERSION TIME lHRS PER AC) = 

ADDITIONAL DATA (ALL COST DATA IN 1970 DOLLARS> 

2 •. 00 ... 
4.17 
1.2.5 ... 
.so 

PASS..THA,E. ... COSI. .L$ __ PER.__HOUR_Pf.I:L.EASSJ ___ ::_. 6.00 
SECONDARY AC DIVERSION COST ($ PER ACl = 1000.00 

~·- -·······~~---···~··-- ...--···~ 

ANNUAL DATA CALL COSTS IN 1970 DOLLARS~ 
. I01 1\L .. ~ .. J?ERCl'll _____ .. W.ElGHlED. AVE....... IQI~L 

ENPL PASS LOAU SEATS DOC D~PARTURES 

__ )'E 1\R_ NE.W _ _IiE.I'L.A~- £ACJ.O.R .... Pt:R.AC ___ PER. AC. Nt.)L.G~N.. AC 

1972 1500000 60 ' 1250 7692 

1973 2300000 59 315 1230 12376 
--~-· - ··-

1974 3300000 Sb 305 1210 1865::> 
.. ... _.- -· -#·-- - .... -· 

1975 4400000 57 300 1190 ~5731 

---·-·-•--w• 

1976 5700000 56 300 1190 33929 

1977 7100000 55 300 1190 43030 
... ----·· ---

1978 8800000 54 300 1190 ::,4321 
.. 

1979 10900000 S3 295 1200 6971S 

1980 13100000 52 29S 1200 ti539d 

1981 15400000 Sl 295 1200 102360 
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TABLE A-23 SAN FRANCISCO (SFO) (Continued) 

SAN FRANCISCO ( SFO) 

YEAR 

1972 PASS. 
-~C 

1973 PASS 
AC 

1974 PASS 
AC 

1975 PASS 
AC 

1976 . PASS 
AC 

1977 PASS 
AC 

l97S PASS 
AC 

1979 PASS 
AC. 

.198_0 PASS 
AC 

1981 PASS 
AC_ 

. J\l.UHdt)~ ...... . COST .S.UBlO.lAL ___ TOTAL. 
DELAYED UlVERlED OELAYEO DIVERTED COST COST 

78P ____ 3._QO. 9J.59 ____ JS.O;L __ 
4 2 6250 3250 

1196 
____ ] 

. 1716 
10 

2ctH3 
.l tt .... 

2~64 .. 
lb 

.b6(J 
4 

ll.4U ... 35566 .. _2~51.9 ... 
7 26775 11165 

6864 .. 
'1500 

2o.OOO. 

41000 

5900.0 

80000 

_ bl+ O.b5. . . .LCl2!lQO_ . 
37940 

3b~2 !420 44301 35524 79825 128000 
- 23 ':i. ·- .J4.2J.Z __ .14355. _______ 4J.i5.bl ... ___________ _ 

45J6 __ l'loO :2:t.~_UJ3 _ .. 4~031) ~--····- 9~$._9_36_ ________ lb.OJl.OJl_ 
29 11 43137 17545 60682 

5666 2l~U 68012 54537 122549 200000 
37 l'+ _ .5550..0 _ 21:!40.0 ___ L1:1JlQ ____ ~---------

.. 6812 
4:, 

8uu7 
-- ;::, 4 

2o.2.u .. d.l 73..9 ____ 655A-!t 
16 67500 2b800 

-1~_l2.8 J._ __ .. 2.4fl0.0Jl.._ 
96300 

~6090 77052 173142 288000 
JH.OJ)O .... _ 3.360.0....... ll460it ___ -------
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,_- " --- ·----·--·--~·y··· -------------- ----· ------· ···-------- --. , --~----~---
CAT IliA wEATHER DISRUPTION FACTORS 
. FRACT.LON. _O[ _ _iNE_It GENL.}lC/EASS Qf.LA YEO __ . ::;_. OQO;.l4JL..... 

FRACTION OF (NEW GEN) AC/PASS DIVERTED =•000121 
---- ------ ~. . . --~· -·-- ---- ····- -----~- -....-~---·- ... -~ .......... ~-------- -~---·-··- ·----.-- ....... -----------. 

PRIMARY AND SECONDARY wEATHER DISRUPTION EffECTS 
... AV L PAS.S _ D ELA.'t .ll~L.lliRS . .-e.EiLeASS l ::._ ____ .z. 0 Q __ 

AVE PASS DIVERSION TIME <HRS PER PASS) = 4.17 
.. _ ..... A.V.£ .. AC .. DEl A t _Ll.ML_lt!RS_£f.R __ A C.L-----~----- -==--·-- _ .1 ... 2.5.. __ _ 

AVE AC DIVERSION TIME <HRS PER AC) = .50 

ADD TIONAL DATA <All COST DATA IN 1970 DOLLARS) 
-~ ---· .PASS ... T.l1.1L.C05L __ Cli. .PER~!lUR ... PER...E.AS:SJ._-=....._ _ ... b .. O.tL .... 

SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

··------·--~------ .. ----~------ -
ANNUAL DATA (All COSTS IN 1970 DOLLARS) 

------- _LQIAL ______ e.lR.CNT -_WE I G..trrE..D __ A.'lL ____ tQJ...8..L_. _________ _ 
ENPL PASS LOAD SEATS DOC DEPARTURES 

__ .):E~JL.~.EW G.f:N .. l~-~---E8JaO.R._P.f.R AC EER AC NE...W G .. tJ:L_A.c__ 

1972 200000 . "60 325 1250 1020 

1973 300000 59 320 1210 1589 

1974 400000 58 315 1180 2189 

1975 500000 57 315 1150 2785 

1976 . 700000 56 305 1110 4098 
--- ----~---------------··----~---- ·····---- ··--··-·----

1977 1000000 55 300 1070 6061 
.... .._ ________ .., ____ 

---~·-----.... -~.--
1978 1300000 54 295 1030 8161 

--------------- --~----------"·-------~-

1979 1700000 53 285 980 11255 
. .,_.,_._. ___ .........., __ 

1980 2200000 $2 275 940 15385 

------~----

1981 2900000 51 270 930 21060 
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TABLE A-24, OAKLAND (OAK) (Continued) 
-··----~-:_-________ --~····---.. --...-.--.-......-- "'' -------------------·-----------

_ESllMAIE.D._.C_QS.IS......OL.J&LAIHER C..AUSE.IL . .ELIG..H.L...D.ISRU.fi1QN.5.__ 
PREVENTABLE WITH CAT IliA ILS, NEW GENERATION AIRCRAFT 

---·- __________ JA.LL .CJlSLS.JN._l9..IQ__J)_O..LLARS.L____ " 

OAKLAND <OAK) 

--·--------·------------~-\.l..!.-'-"'.....,~'------·--- ----------_CQ.S.L. ______ :_ __ SUt:U . .D.IAL...._I.OTAL 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

·----·--·--
197~ PASS 102 36 1224 906 2130 5000 

... _______ _AC______ L _______ __1 __ ... ... lS.lZ --·---····1.6-05_ ... ~ __ ...J.lll. ___ ...... _· __ 

__ L9_7~_.P.ASS~------· .l.3L. __ !:J:.a. _ __16.3.2 ________ l2oa ... _______ .2.B4.0 ____ -...... --.6.0.0..0. 
AC 1 1 1475 1590 3065 

1975 PASS 170 60 2040 15)0 3551 7000 
---------·-·--···A.C.. ___________ L .... _.._1 -----1AJB __ -··· ... ls, ...... z...J.s __ -~Jcnz_ ___________ _:_ 

J.91.Q.....P..AS.5_ ______ 2_la... ____ as_ ______ __z.a5.6 __ ~--2l.li.L. .... ·--·---~21.1~---......9.0.00. 
AC 2 1 2775 . 1555 4330 

w•--------- ·--
1977 PASS 34U 121 . 080 3021 7101 1300 

__________ f!c _____ ___4 ______ _j 40J.2 ___ l5..3.5.__ ___ _s.s~.z--~----

1 9 PASS 578 205 6937 5135 1~072 20000 
------- ..o.A~C ___ 4__ 2 49 0..fL .. ____ .2..9~ zaao.._ ___ _ 

J 98LP ~..S S. __ ~_;_L~(t ______ 2J~ .. tL--.-~7...7 __ ~6lt.5 ____ . 1 ~62.2.______2..Qj)j}.fl 
AC • 6 - 2 7050 2940 9990 

-----~ ----~---~--··--------- ->----------·---------------·--·---·----
1981 PASS 350 11833 8760 20593 34000 
--.. ------A .. c;.. ....... 8 _............;,._.J, __ .............,.........,..J!9 3 O_Q ___:;'.tM,.;3LJ.9:.,.1!.5 ___ ...... 1~3...,..6 9~5..___ __ ., __ ----- -.--
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_j T A!'LE A::.25 SEATTLE_ ( SE_A.;.,..> __ 

-·-·---
CAT.IIIA WEATHER DISRUPTION FACTORS 

_-JFL-IR;l.l;. ACI I ON Qf---iliEJIL GEN l AC/PASS. DE! AYED =. op 1 340 
FRACTION OF <NEW GEN) AC/PASS DIVERTED =·002861 . . 

PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECtS 
__ _AVE PASS QELAY TIME <HR5_EER PASS) = 2.0~ 

, AVE PASS DIVERSION TIME <HRS PER PASS) = 4.17 
AVE AC DELAY TIME <HRS PEB AC> = 1.25 
AVE AC DIVERSION TIME <H~S PER AC) = .SO 

ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 
PASS liME COST ($ PER HOUR PER P-ASSl = 6.00 
SECONDARY AC DIVERSION COST ($ P~R AC) = 1000.00 

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS) 
T 0 I AL PER CNJ itJ E I GHT ED --"'A...x.V.~...E ____ !._,.O....,I'""A;u..l_ __ .. 

ENPL PASS LOAD SEATS DOC DEPARTURES 
~EN._AC FACTOR PE.Ii. AC PER AC NEW GEN AC 

1972 200000 60 325 1225 1026 

1973 300000 59 315 1230 1614 

.1974 600000 58 305 1235 3392 

1975 800000 57 295 1240 4758 

1976 1200000 56 290 1245 7389 

1977 1500000 55 290 1250 9404 

1978 2000000 54 . 285 1255 12995 

1979 2600000 . 53 285 1260 17213 

1980 3400000 . 52 275 1260 23776 

1981 4700000 51 270 1260 34132 
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TABLE A-25 SEATTLE (SEA) (Continued) -..,.------------···----· ------· -----··· 
_ __f..S.I.lll.AIED__c.oS.J..S.._QL WE AIHFR _CAUSED.-L.Ll.Gl:U D I SI1.LJPILQN.S_ .. __ _ 
PREVENTABLE ·WITH CAT IliA ILSt NEW GENERATION AiRCRAFT 

__ __,<..oA..,_J.._L--'C.O.SJ.S __ IN 19"lQ 001 I ARSl -·- ___ .. 

.. --·-----.------ -----·--·-----------·--·----
SEATTLE <SEAl 

----------.. --------~~-~-UM_tif..R ____________ _c_o_s L ____ . _____ _5_U6..I.Q TAL _ _lQ_lAL .... 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

....1.2l? . .P~SS ____ 268_ 572 3~16 1~~8 1l~ __ .....a5Jl.oJl ... 
AC 2 3 3063 4837 7900 

-------
1973 PASS 402 858 4824 21476 2tl301 39000 . 

________ .A c_, 3 _____ s_· ___ 4612 60..~ 12687 
-----~· 

_1_9 7 4-c ... P ..8.SS 8 o~ _ ____J_JJ 1 9649 ~?...9.5.J... ~f~Q2 
:'" ZQ.O_o_o__ 

AC 5 10 7719 16175 23894 
-·------ --

.. ______ 
1975 PASS 1072 2289 12865 57270 70135 ''104000 

.AL 1 14 10850 22680 _3)53JL 

_197~ e A ss _____ J§_f2.§ _____ ....... ~3...J. 19298 8520~ __l_~J lS~Q.QQ.._ 
AC 10 22. '15562 35695 51257 

--<--~·---------·--· ------·-·-- ·---·---·-
1977 PASS 2010 4292 24122 107382 131504 196000 

AC _____ ___ld_ 27 20313 43.8.1.5__ 64lJl1. 

197JLE_M~S 2680 57Z2. 3Z163 ·.14J1I6 'l15JJ9 265QOJL. 
AC 18 38 282-37 61845 90082 

1979 PASS 3484 7439 41812 186128 227940 347000 
AC 24 50 37800 81500 119300 

..ll..e~ss ~2S6 ~26 5~(211 2~3322 22~01b !tblOOO 
AC 32 69 50400 112470 162870 

1981 PASS 6299 13448 75583 336463 412046 644000 
AC 46 98 124SO 1521~0 23,120 
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'------------ _ __.-:::__:_TMIE_~~26~WABHINGT9N DULLES HAIH 

CAT IliA wEATHER DISRUPTION fACTORS 
--~--C_T_l_QJ~L.Qf._ __ {J~Ew GEN > AC/PASS DEl AYED =. 001220 

FRACTION Of (NEW GENl AC/PASS DIVERTED =·001040 

---------------
PRIMARY AND SECONDARY WEATHER DISRUPTION EffECTS 

__ A)LE_ .P~.S.5_J2t.L &Y_il ME < t!RS...E.EfLEAS..w.S .~..-> ---==:.,__ _ ___.2....., • ...,0..__..0 
AVE PASS DIVERSION TIME <HRS PER"PASS) = 4.17 

_A_v.f..._A C_J)f.LAY __ I.lME < HRS ... f?ER._A.C_L _____ =-=-_ ____.1_. ..... 2..-.5_ 
AVE AC DIVERSION TIME <HRS PER AC) = .so 

---------- -------------
ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 

__ ..£ASS TIME ...C.OSJ ___ L':!i..._EER HOUR PFR PASSl = 6.00 
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00. 

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS> 
TQT AI.. PEB.CNI WEIGHIED AVE TOIAL 

ENPL PASS LOAD St.ATS DOC DEPARTURES 
YEAR NEW GEN AC .FACTQR PE!:L1\_£_f..t:R AC NEW GEN AC 

"----.. 

1972 200000 60 325 1250 1026 

1973 300000 59 315 1160 1614 
·---- --

1974 400000 58 305 1080 2261 

-------------
1975 600000 57 295 1000 3568 

1976 900000 56 295 1050 5448 
-

1977 1200000 55 295 1100 7396 

1978 1700000 54 295 1160 10672 

1979 2400000 53 295 1220 15350 

1980 3300000 52 295 1280 21512 

1981 4200000 51 295 1300 27916 
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TABLE A-26 WASHINGTON DULLES (lAD) (Continued) 

ESTIMATED COSIS OE Wt ATHER CAUSED ELIGJ::I.I DISRUf.IlONS 
PREVENTABLE WITH CAT IliA ILSt NEW GENERATION AIRCRAfT 

------J __ ALL COSTS IN 1970 DOLLAR.SJ __________ _ 

---------------------·--------· WASHINGTON DULLES <lAD> 

./ 

NUt1BEB ~.QSI SUfHOIAL IOIAl 
YEAR DELAYED DIVERTED DELAYED DIVERTED COST COST 

197~£lASS 244 2Q8 2928 5ZD4 §.1;}_2._ ·l5.!l.OJL. 
AC 2 2 3125 3250 6375 

1973 PASS 366 312' 4392 7806 12198 18000 
_________ AC 2 2 2.9..0Jl _ __J 1 c 0 60.6JL ____ . ___ 

__l .21JtJ..A£S ~§~ ~1~ ~856 l0!:t06 1626A__--Z.S..O.OJL.... 
AC 3 3 4050 4620 8670 

---___ __...,...._._ 

1975 PASS 732 624 8784 15612 24396 37000 
_____ AC __ !t 6250 60QO 12250 

J.21..~.s..s_____l 0 98 236 .J...ll16 2J!tl6 Jf!52!:t 55000 
AC 7 6 9188 9150 18337 

·--· 
1977 PASS 1464 1248 17568 31224 48792 75000 

AC' 10 8 13150 12400 26150 

_ _t9 1 e .. fl..s.s. Z074 1728 _ _z~t;H.i8 44.2J!L __ fdl.ZL_l 0800 o 
AC 14 12 20300 18960 39260 

-
1979 PASS 2928 2496 35136 62449 97584 152000 

_ _A C. 19 l.fL_ __ __2.8_.2L5_.__257 c 0 54735 

198Q e~s...s. __ . 40 zo ___ J..4.3.c ___ ~Ji.ll2.. asacl 13!:tl1..2 2lSOOO 
AC 27 23 4-3200 37720 80920 

1981 PASS 5124 4368 61488 109285 170773 277000 
.---A.C~. J5_ Jll Sfli:lLS.._ !+2500 106315 
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---·------------------ ·------··---------
CAT IliA wEATHER DISRUPTION FACTORS 

·---- FRAUJ Qfi _ _Qf_tNE.\'L .. GEJil.~/PAS S....Df.LA.t£Q_~ 0 0 0 340 
FRACTION OF <NEW GENJ AC/PASS DIVERTED =·000~20 

PRIMARY AND SECONDARY WEATHER DISRUPTION EfFECTS 
__ _AJJf__p~_s_s- .Q~LAX_lL":1.f.__J HK;, Pt.R EASS) = 2 • 0 0 

AVE PASS DIVERSION TIME <HRS PER PASS) = 4e17 
____ A.V_E_.8.CJLI;LI:L'LLlME __ (HRSLEH ... A£_1_________ -· 1, ~-

AVE AC DIVERSION TIME CHRS PER AC) = .50 

----- -----------
ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS> 

.;.... .... ......E.A.SS__T_ly.J.L_CQ.ST....ilYE~ HOUR eER PASS l .= __ ____Q.~~.JUl_ 
SECONDARY AC DIVERSION COST ($ PER AC) = 1000.00 

-------------------

ANNUAL DATA <ALL COSTS IN 1970 DOLLARS) 
-~- _____ IQ .. :LAL. _ __pf.:R.CJ.~H W .. U..<iHIED AVE JOIAL ------·- .. 

ENPL PASS LOAD SEATS )DOC DEPARTURES 
__ _yt:_AR__~E.W__j_;_EN___,;_c __ :£8.CI.Ol:L._P.f fLAC.._PER A~--'it.N_Ac___ 

-
1972 0 60 200 700 0 

-------
1973 0 59 200 700 0 

·----- .... -"--·---
1974 0 58 200 700 0 

-----1975 0 57 200 700· 0 

1976 . 0 .56 21)0 700 0 
- .. ~ ... ----

1977 0 55' 200 700 ~ 

1978 500000 54 200 700 4630 
.. 

1979 1400000 53 200 700 l320d 
" --·---

1980 2300000 52 200 700 22115 

1981 3000000 51 200 700 294'12 



TABLE A-€7 WASHINGTON NATIONAL (DCA) (Continued) . 

ESTIHAIED COSTS OE lAifAIHFR CAUSED El IGHT !)IS£WPIIONS 
PREVENTABLE W1TH CAT IliA ILSt NEW GENERATION AIRCRAfT 

<ALL COSTS IN 1970 DOllARS) . 

WASHINGTON NAT·IONAL <DCA) 

NUMBER CO..s.:L SUBIOII:\L IO.IAL._. 
YEAR DELAYED DIVERTED DELAYED DIVERTED ;COST COST 

0 0 0 0 0 
0 0 0 0 

1973 PASS 0 0 0 0 0 0 
-------~c o 0 .... _L 

..J.9.1.S.~S __ ...Q Q ·-
Q __ 0 0 a 

AC 0 0 0 0 0 

1 PASS 0 0 0 0 0 0 
-- __ .Ac __________ .Jl._ 0 -~---(L ____ _o_, 0 -----·-

_L9.L6-R.AS.5_ _________ .Q _____ .JL_ _____ j) _____ :.o_ ___ _ 
lL-----~D~-
0 AC 0 0 0 0 ________ ..,. ___ .. __ ,_ 

----~·····----·~---.. --~-·~·------------~-
1977 PASS 0 0 - 0 0 0 0 

1918 .E.AS.S.. l1Q.. ll!l __ __2._0~JL 2752 ____ !:1:122 _ __ __91l..OJ) _ 

AC 2 2 1750 2700 44~0 

PASS 476 308 5712 7706 13418 22000 
AC 5 3 4375 4050 ~425 ............... 

1260 
'\. 

EAS£...._ 1~2 5Jto .. _ 23t1~ 12.6.6D. ·2zo~~ -.36.0.0...0.... ___ 
AC 8 5 7000 6750 13750 

1981 PASS 1020 12240 16513 28753 •47000 
AC 10 7 81_~Q 99:50 1§200 



~--~~~J-! T;;;.:AB=LE A-28 BALTIMORE (BAL) 

·CAT IliA \tJEATHER DISRUPTION fACTORS 
--~EBuAC!lON Of <NEw G£Nl ACLP-ASS DElAYED =.000960 

fRACTION Of <NEW GEN> AC/PASS DIVERTED =·001400 

PRIMARY AND SECONDARY WEATHER DISRUPTION 
~VE PASS DElAY TIME <HRS PER eASS) 

AVE PASS DIVERSION TIME <HRS PER PASS) 
_ ___AVE AC DElAY TIME CHRS PER ACl 

AVE AC DIVERSION TIME <HRS PER AC) 

-·----EffECTS 
= z.oo 
= 4.17 = 1.25 
= .so 

ADDITIONAL DATA <ALL COST DATA IN 1970 DOLLARS) 
_ _EASS TIME COST ($ PFR HO!lR PER PASS) = 6.00 

SECONDARY AC DIVERSION COSJ ($ PER AC) = 1000.00 

ANNUAL DATA <ALL COSTS IN 1970 DOLLAR~) 
ICTAl ~ERCNT WEIGHTED AVE TOTAL 

ENPL PASS LOAD SEATS DOC DEPARTURES 
___:t_.E_A_R_bf~lli.. . ...,.8,_,C ..... __,_f..u.A ..... C...._T 0""-'R._,___.P ...... E .. · .. R......,.A,....C.___._P .... E ..... R--""-A C...___.N~E ..... W.___..G .... ~ ..... N ......... A.-C_ 

-----'--...,...-------------------·-·--1972 200000. 60 325 1250 1026 

1973 300000 59 305 1130 1667 

1974 500000 SB 265 1010 3025 ___ .. __ _ 
1975 800000 57 265 890 5296 

---- ·----~-----..,..------'-·--'----'--
1976 

1977 

1978 

1979 

1980 

1981 

) 

1200000 

1700000 

2400000 

3200000 

56 

55 

54 

53 

265 96,0 8086 
·--~·-----------

265 1030 11664 

265 1110 16771 

270 1190 22362 
·----· .. ---------·--··--- .. --------·- ·-·- ----.. ··--------

4100000 52 270 1270 29202 . 

5200000 51 270 1300 37763 
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· TABLE A-28 BALTI&I)RE (BAL.) (Continued) 

ESIH!AIED CO:SIS OE WEAIHFR CAUSED FLI.Gti..L DlSRUeiiQ~.s...._ 
PREVENTABLE WITH CAT IliA ILS• NEW GENERATION AIRCRAFT 

(AIL CQSTS IN 197b DQILARS) 

BALTIMORE CBAL) . 
-----------~--------

,.__....,_,.. _____ __.__...!.N~Uu..;t1UJ;6.~a.ERu.....- ··-. ______ C.O.SI ______ SJJ.t3IO.lAL .... -J.Q.I.AL_ 
YEAR DELAYED DI~ERTEO-DELAYEO DIVERTED COST COST _________ .. ___ _ 
• 1972 PASS 132 

AC 1 

1973 PASS 198 420 2376 10507 12883 20000 
.A.G_ ._ ............ ...__ ___ ~3 __ .2.825 469.5 ___ , __ ___L521.L. _______ _ 

...... 1.9..il._P..A£S · JJQ ~--.ll:!.:l.e..l!L----17_!1.!0..lii,Q ___ J9..6J) _____ l]5.12. .. 2l~1..2__ _ _!_~J2000 
. 10050 AC 2 s· 2525 7525 

1975 PASS 1120 6335. 28019 34354 5 000 
.AL._ '4 :L..----lL __ ,,__ 445 0 1 156.0 .. __ _Ltl.OJJL.--.,-----

1977 PASS 1122 2380 1 59540 73003 109000 
A.C 8 ---~1.....,7'--- l.QJ.QJL..._ . .2.5.15.5 __ _J§_Q55_ ______ _ 

1978 f?ASS .. 1584 I . 3J.fuL_-J_9Jl.9.2_ ... _~~s.r_...l o3Q2J --.121ooo 
AC 12 24 16650 37320 53970 

·~-------------------~ 1979 PASS 2112 4~79 25342 112076 137418 211000 
8C 15 32 . 22312 51040 73352 

l2fW e A.s..s ___ ....21Jl.t:> _ _.S"-'7 ..3~_3.2_4il.9 14359J __ . 176.0.w6-~...Z_~2;....~,1....c5:.u.O.u..D o~.~...-_ 
. AC 20 41 . 31750 . 67035 98785 
-----· ---·-··· -·--------

1981 PASS 3432 7279 41181 182123 223304 351000 ' 
AC 25 _____ ·5.3. ... ;· 4Qb25_~1A5JL_......l.2.8015 
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APPENDIX B 

COMPUTER PROGRAM: 
DYNAMIC PROGRAMMING CAPITAL INVESTMENT 

DECISION ANALYSIS 

The computer program is listed at the end of this section as Table B-1. 
The input data requirements are described in part IV of this report. 
Any method of efficiently entering data into the appropriate arrays 
(matrices) may be used. However, for those inexperienced with writing 
computer programs, a method is described to read in data cards. This 
method is applicable to the program listed at the end of this section. 

Before entering data, the following array dimensioning requirements 
must be met. These are accomplished by adjusting the appropriate array 
subscripts in the DIMENSION statement (first statement in this computer 
program). 

Let: The array subscripts are equal to: 

NI = Number of alternatives 

NJ = Number of time periods 

NJ2 = Number of time periods multiplied by two 

8 = eight 

The minimum values of the array subscripts in the DIMENSION statement 
must be: 

DIMENSION INSTART (NI), IEND(NI), 

OPERCST(NI,NJ), PENALTY(NI,NJ), 

CHGCOST(NI,NI), LIFECR(NI), 

PATHCST(NI,NJ), LINKLAB(NI,NJ), 

CAPINV(NJ2), CRCOST(NJ2), 

IOPTLAB(NJ2), CRFACT(NI), 

RITLE(B), ID(NI,8) 
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The computer program listed is set for twenty alternatives (NI=20) and 
twenty time periods (NJ=20). This is applicable to any dynamic pro
gramming problem involving less than twenty time periods. For greatest 
programming efficiency, the subscripts should be set to their minimum 
acceptable value. (Note: The above DIMENSION statement requires a 
character punch in column six of the computer card as shown in the 
listing.) 

For the suggested data input method, the following data cards must be 
used (please refer to the data card listing as shown in Figure B-1. 

Card 1: This is the title card for the problem. Any alphnumeric 
characters may be punched in any colunm. This card may be 
left blank, but it must be present. FORMAT (8Al0). 

Card 2: Number of alternatives (NI). Punch the interger value of NI 
in the first ten columns, (l-10), right adjusted (see listing). 
FORMAT ( IlO). 

Card 3: Number of time periods (NJ). Punch the integer value of NJ in 
the first ten columns, 0-10), right adjusted (see listing). 
FORMAT (I 10). 

Card 4: Discount rate (DISTRATE). Punch the decimal fraction value of 
DISRATE in the first ten columns (1-10); the decimal point is 
in column 6 (see listing). FORMAT (F 10.4). 

Card 5: Rate of inflation (RATEINF). Punch the decimal fraction value 
of RATEINF in the first ten columns (l-10); The decimal 
point is in columns (see listing). FORMAT F 10.4. 

Card 6: This card contains the following information for alternative 
I: The alternative identification number (i), the first 
feasible time period of use (!START (I)), the last feasible 
time period of use (!END (!), and the capital recovery life 
(LIFECR (I)), The interger values are punched, right adjusted, 
as follows: I in the first ten columns (1-10), INSTART (!) in 
the second ten columns (11-20), !END (!) in the third ten 
columns (21-30) and LIFECR(I) in the fourth ten columns (31-40). 

Card 7: This card describes alternative I. Any alphanumeric characters 
may be punched in any column. This card may be left bland, but 
it must be present. J:t'UH.MAT(8Al0). 
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Card (Set) 8: Penalty costs of alternative I for all periods J (PENALTY 
(I,J), J=l, NJ). Starting with the first time period, 
five penalty costs are punched on each card in order of 
increasing time period J until all PENALTY (I,J) values 
of PENALTY (I,J) are punched, right adjusted, in sucessive 
sets of fifteen columns. The first five columns are not 
read and any characters may be punched. The first 
PENALTY (I,J) value is punched in the next fifteen 
columns (21-35), and so on until five PENALTY (I,J) 
values are on the card. The decimal points are in 
columns 20, 35, 50, 65 and 80. This procedure is repeated 
until all PENALTY (I,J) values are punched. FORMAT 
(5X, 5Fl5.0). 

Card (Set) 9: Operating costs of alternative I for all time periods J 
(OPERCST (I,J), J=l, NJ). The same procedure is used 
for the OPERCST (I,J) data values as is described above 
for the PENALTY (I,J). 

Card 6, Card 7, Card (Set) 8 and Card (Set) 9 is repeated for each 
alternative until the data values for each and all alter
natives are punched. 

Card 10: This card describes the number of cards (NCARDS) in the 
next card set, Care (Set) 11. The intger value of 
NCARDS is punched, right adjusted, in the first ten 
columns (1-10). FORMAT (IlO). 

Card (Set) 11: This set contains information describing NCARDS number of 
capital investment costs (CHGCOST(K,I)). The integer 
value of K is punched, right adjusted, in the next ten 
columns (11-20). The real (non-integer) decimal value 
of CHGCOST (K,I) is punched right adjusted, in the next 
thirty columns; the decimal point is in column 50. This 
procedure is repeated until all NCARDS values of CHGCOST 
(K,I) are punched. FORMAT (2Il0, F30.0). 

The computer reads this data, performs the dynamic programming analysis, 
and prints out the results. The computer then attempts to read a new 
set of similar data for the next problem. If no such data cards are 
available, the computer program stops. 
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Note that in addition to the input arrays described in part IV of this 
report, two additional arrays are required. These are: 

TITLE (8) = Alphanumeric title of the problem analyzed 

or 

blank characters 

ID (I, 8) = Alphanumeric description of alternative I 

or 
= blank characters 

The computer prints the follwoing sets of information: 

(!) A list of the capital recovery and inflation factors used in 
the calculations. 

(2) A list of the input data adjusted for inflation. 

(3) A trace of the solution sequences that represent the sub
solutions for each time period. 

(4) A presentation of the final solution sequence for each 
alternative. 
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FIGURE B-1 DATA CARDS 

COl-UMN NUMB!:~ 

6 10 so 65 80 

c;.:i CARD 1 lLS CAT I II A ROGRAM NALY IS Al ANTA (All) I 
c..n CARD 2 

CARD 3 
CARD 4 
CARD 5 
CARD 6 l 1 1 
CARD 7 TERNATE 1 AlLAN A (AT lLS CAl I IlA 
CARD 1 PC o. o. 55000. 76000 106000. 
(Set) 8 1 PC 155000. ~ 5000. 294000. 401000. 531000. 

1 PC 686000. 8 5000. 
CARD 1 oc o. o. u. o. o. 
(Set) 9 1 oc o. o. u. o. o. 

1 oc o. o. 
CARD 6 3 1 1 
CARD 7 LTE.RNATE 2 AlLAN A (A TL> lLS CAT I IlA 
CARD 2 PC 0. o. o. o. o. 
(Set) 8 2 PC o. o. v. o. o. 

2 PC o. o. 
CARD 2 oc o. u. 50000. ~oooo. 50000. 
(Set) 9 2 oc ':JOOOO. ·ouoo. :,ooou. 50000. 50000. 

2 oc 50000. ouoo. 
CARD 10 l 
CARD ll 1 2 ':>00000. 



TABLE B-1 COMPUTER .PROGRAM 

C INPUT SYSltM UATA **************************************************** 
CONTINUE 

~ READ IN ALPHANUMERIC TITLE 
READ 4, CTITLECK>•K=1t8) 

4 FORMAT< 8All) ) 
C CHECK FOR ENU OF PROGRAM CNO MORE DATA) 
C NOTE. ECF tEND Of FILE) IS VALID FUR CDC 6~00 COMPUTE~S ONLY CDC 

1 f ( E Of , 5 > 1 0 0 0 , S CDC 
5 CONTINUE 

C REAU IN NO.OFALTERNATEs, NO. OF TIME PE~lOOS• 
C DISCOUNT RATE• RATE OF INFLATIO~ 

READ Dt Nl• NJ• OISRATE, RATEINF 
6 FORMAT< 110,;, 110t/t Fl0.4t/• F10.4 ) 

C l~ITIALIZE INPUT DATA ARRAYS 
DO 8 1=1,~1 

lSTARTCU= 0 
lEND(!): 0 
LIFECRCU= 0 
lJO 7 J=1,NJ 

PENALTYCl,J): 0.0 
OPERCSTCI,J)= 0.0 

7 CONTINUI:. 
H CONTINUE 

Do 9 r<.=1·NI 
UQ 9 I=l,Nl 

CHGCOST!Ktl)= -1.0 
If< K.EU.l J CHGCOST(K,I): 0.0 

9 CONTINUE 
DO 10 KK=htl 

TlTLI:CKK>= lH 
DO 1 0 K = 1 , 1\f l 

lO{KtKK): 1H 
l 0 CONTINUE 

C READ IN DATA FOR EACH AND ALL ALTERNATES 
00 15 L=1tNI 

C RE.AD IN ALTERNATE 10 NO. (I) AND 
C EARLIEST STA~TING TIMEt LATEST USE TIMEt 
C CAPITAL RECOVERY LIFE FOR ALTERNATE 1 

READ 1lt J, ISTART<l>• IENDCJ), LIFECRCl) 
11 FORMAT( 4110 ) 

C READ IN ALPHANUMERIC DESCRIPTION FOR ALTERNATE I 
READ 12• (10CitJ)tJ=1tb) 

12 FORMAT< 8Al0 ) 
C READ IN All PENALTY AND OPERATING COSTS FOR ALTERNATE 

READ 13• (PENAL TYI ltJ) ,J=ltNJ) 
REAC 13t .toPERCSTCI.JhJ=l,NJ) 

13 ~OR~ATC SXt 5f15.0 ) 
1 S CONTINUE 

C ~EAD I~ FEASIBLE CHANbEOVtR COSTS 
READ 1 7, l'iCAKUS 

17 fORMilT< 110 ) 
IFC NCAROS .EQ. 0.) GO TO 20 
READ ldt(K, lt CHGCUSTCKtl> , L=l,NCARDS) 

lH FORMAT( 2110, F30.0 ) 
20 CONTINUE 

B-6 



TABLE B-1 COMPUTER PROGRAM (Continued) 

C DYNAMIC PROGRAMMING • MINIMUM COST- PRESE~T WORTH SOLUTION~~ooooooooo 

C INITIALIZE SYSTEM PARAMETERS 
50 CONTINUE 

C SET MIN COST TEST CONSTANT. TESTNUM= VERY LARGE POSITIVE VALUE 
TESTNUM= 10.0°0 300 
00 53 J=1•NJ 

IOPTLAi:HJ>= 0 
DO 53 1=1•NI 

PAThCST<ltJ)= 0.0 
LINKLAB<I,J>= 0 

53 CONTINUE 
P~INT 55 

55 FORMAT( lH1 ) 

C SET SYSTEM PARAMETERS fOR FIRST TIME PERIOD (J=1> 
C NOTE. ALTERNATE ONE ( 1=1) 1S INITIAL SYSTEM STATE 
C ALT ONE<I=l> MUST BE OPERATING AT START OF STUUY PERIOD 

!START(}): 1 
MAX.CRL= 0 
J= 1 
K= l 

C DETERMINE DISCOUNl AND INFLATION FACTORS AND PRINT FACTORS 
DISFACT=l./((1.+DISRATE)oOJ) 
FACTINF= 1.0 
PRINT 56t J, DISfACT, _J, FACT!Nf 

56 fORMAT(lHOt 2XtoDJSCOUNT FACTOR o, l3t o:~, Fl0.7t 
1 lOX., *INFLATION fACTOR o, I3t o:o, f10.7 

C DETERMINE CUMMULATIVE DISCOUNT fACTOR 
NT= NJ 
CUMDISF= (((}.+DISRATE)OoNT>-1.)/(DISRATEo((l.+OISRATE>o~NT>> 

PRINT 66tJtCUMDISf 
00 59 l=ltNI 

C DETERMINE CAPITAL RECOVERY fACTOR fOR ALTERNATE<!> 
CRFACT(I)= <DISRATE/(((l.+DISRATE>ooLifECR(l))-1.> )+DISRATE 
PRINT 57, It CRFACT<I> 

57 FORMAT ( lHOt 2Xt *CAPITAL RECOVERY fACTOk fOR AL TERNATE*• l3t 
1 ~ =*• fl0.7 ) 

C CHECK CHANGEOVER FEASI~ILTY 
IF< ISTARTli>.GT.l ) GO TO 59 
If( CHGCOSTCKti).EQ.-1.0 )GO TO 59 

C DETERMINE PERIODIC CAPilAL RECOVERY COST lEND OF PERIOD> 
CRTEMP= CHGCOST<Kti)O CRfACT<I> 

C DETERMINE PRESENT WORTH COST AND SEQUENCE LABEL 
PATHCST(ItJ)= CUMDISFoCRTEMP 

1 +((0PERCST(J,J)+PENALTYlltJ)) 0 DISFACT> 
LINKLAB<ltJ>= 1 

59 CONTINUE 
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TABLE B-1 COMPUTER PROGRAM (Continued) 

C PERFORM DYNAMIC PATH ANALYSIS FOR ••• 
C TIME PERIODC2J THRU TIME PERIOD(NJ), J=2tNJ 
C ALTERNATE(}) ThRU ALTERNATE<Nl)t 1= ltNl 

DO 90 J=2tNJ 
C DETERMINE DISCOUNT AND INfLATION FACTORS ANU PRINT FACTORS 

DISFCTl= DISFACT 

c 

1 

66 

(; 

c 

c 

c 

c 
c 

DISFACT=l.O/CCl.O+OISRATE>~~J) 
FACTINF= Cl.O+RATEINF)~~(J-1) 
PRINT ~6, Jt DISFACTt Jt FACTINF 
DETERMINE CUMMULATIVE DISCOUNT fACTOR 

NT= NJ-J+l 
CUMOISf= ((Cl.+DISRATE)~*NT>-1•)/(DISRATE*C(l.+DISRATEJ 

~*NT>> 
PRINT 66,J,CuMDISF 
fORMAT(lHOt2Xt*CUMMALATIVE DISCOUNT fACTOR*ti3t*=*tfl0.7) 

DO 80 I=ltNI 
ADJUST OPERATING AND PENALTY COSTS FOR INFLATION 
OPERCSTCitJJ= OPERCSTCitJ) * FACTINF 
PENALTYCltJJ= PENALTYCitJ) ~ FACTINF 
CHECK TIME LIMITATIONS ON ALTERNATECIJ 
IF (J.LT.ISTARTCJ)) GO TO 80 
IF (J.GT.IENDCIJJ GO TO &0 
INITIALIZE OPTIMUM COST SEARCH 

PATHCSTC ItJ ) = TESTNUM 
SEARCH FOR OPTIMUMCMINl COST CK TO IJ fROM OPT. ALTERNATECKJ 

AT TIM~(J-1) TO ALTERNATE(!) AT TIME(JJ 
00 70 K=ltNI 

CHECK LINK FEASIBILITIES fOR CHANGE fROM ALT K TO ALT I 
AT TIME(J) 
IF ( CHGCOSTCKtl).EQ.-1.0 ) GO TO 70 
If < J.LE.ISTARTCKJ l GO TO 70 
If ( J•GT • (JENi)(K) + U ) GO TO 70 
IF ( J.EQ.lSTARTCIJ .AND. K.EQ.I ) GO TO 70 

C ADJUST CHANGEOVER COST FOR INFLATION 
C DETERMIN PERIODIC CAPITAL RECOVERY COSTS 

CRTEMP= CHGCOSTCKtlJ* FACTINf * CRFACT(I) 
C DETERMINE PRESENT wORTH CuMM. COST Of <I TO K ) AT TIMECJ) 

PWCOST= PATHCSTCK,J-1) + DISFCTl*CUMOISF*CRTEMP 
1 +DISfACT*(OPERCSTCitJ)+PENALTY(ltJ)) 

C If LINK(K,IJ COST IS MINIMUM• ADJUST SYSTEM PARAMETERS 
If < PWCOST.GT.PATHCST(I,J) ) GO TO 10 
PATHCSTCI,JJ= PWCOST 
L INKLAB (l,J) = K 

70 CONTINUE 
80 CONTINUE 
90 CONTINUE 
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TABLE B-1 COMPUTER PROGRAM (Continued) 

C PRINT INPUT DATA (SYSTEM DESCRIPTION)********************************* 
PRINT DESCRIPTION OF SYSTEM ALTERNATES 
PRINT 27tCTlTLECK)tK=1•8)t CCIUCltLltL=lt8>tl=ltNl) 

27 FO~MAT C1Hl t 8A10t///1(1H0t8Al0) ) 
29 PRINT 30t NitNJtDISRATEtRATEINF 
30 FORMAT< 1H1t 5Xt *SYSTEM DESCRIPTION CINPUT DATAl*t//11• 

1 6Xt*NUM8ER Of ALTERNATIVES=*• l4tllt 
1 6Xt*NUMBER Of TIME PERIODS=*• l4t//t 
1 6Xt*DISCOUNT CINTEREST) RATE=*• F6.4t II• 
1 6X 9 *INFLATION RATE=*• F6.4t /Ill ) 

PRINT 31t ( It ISTARTCl)t IENOCI)t LlfECR<llt J=ltNI ) 
31 FORMATC 1HSt l9Xt *TIME PtRIOD*t 6Xt *CAPITAL*• It 

1 23Xt *LIMITS*• 7Xt *RECOVERY*• /• 
1 6Xt *ALTERNATE*tSXt*START END*• 7Xt *LIFE•• //t 
1 ( 6Xt 1St 9Xt 13t 4Xt 13t 8Xt 13 t II ) ) 

C PRINT CHANGEOVER COST DATA IN GROUPS OF NP ALT~RNATES PER PAGE 
NP= 10 
NPMAX= NI 
DO 39 NP1=1tNPMAXtNP 

NP2= NP1+NP-1 
IFC NP2.GT.NPMAX ) NP2= NPMAX 
PRINT 32t CI ti=NPltNP2 ) 

32 fO~MATClHlt*INTER-ALTERNATE INITIAL CHANGEO~ER COST*• 
1 * (UNDISCOUNTEDtUNINFLATED,UNRECOVER£0) •• OR.•*• 
1 /tl8Xt *CHANGEOVER INFEASIBILITY INOICATORC•l)*tllt 
1 lHO, *fROM•, It 1Xt*ALTERNATE*t 40Xt *TO ALTfRNATE*t/ 
1 2Xt *NO.*t /t 
1 3Xt *+*t 2Xt ClOC10Xtl3))1/) 

00 36 K=1tNl 
PRINT 34t Kt ( CHGCOSTCKtl)t l=NPltNP2 

34 FORMATC lHOt I3t 2Xt ClOClXtF12.0)) ) 
36 CONTINUE 
31:1 CONTINUE 

C PRINT OPERATING AND PENALTY COSTS IN GROUPS OF 
C NP TIME PERIODS PER PAGE 

NP= 10 
NPMAX= NJ 
DO 49 NP1=ltNPMAXtNP 

NP2= NPl+NP-1 
If( NP2.GT.NPMAX l NP2=NPMAX 
PRINT 42t ( Jt J=NP1tNP2 ) 

42 FORMATClH1t*ALTERNATE OPERATING COST COC) PER TIME PERIOD*• 
1 1Xt *CUNDISCOUNTEDtiNfLATEDl*• It 
1 1Xt l3Xt *PENALTY COST CPC) PER TIME PERIOD*t 
I lXt *CUNDISCOUNTEDtiNfLATEDl*t /It 
1 1HOt*ALTERNATE*t 40Xt *TIME PERIOD*t/t 
1 lXt*NO•*•It 
1 2Xt *+*t 3Xt Cl0C10X,l3))/l ) 

DO 46 I=ltNI 
PRINT 44, It ( OPERCST<ItJ), J=NPltNP2) 

44 FORMAT( lHOt 12t 1Xt *OC*t (10(1XtF12.0)l 
PRINT 45t ( PENALTYCitJ)t J=NPltNP2 l 

45 FORMAT( 1HSt 3Xt *PC*t Cl00XtF12.0)) ) 
46 CONTINUE 
49 CONTINUE 
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TABLE B-1 COMPUTER PROGRAM (Continued) 

C PRINT SUB-SOLUTION RESULTS ******************************************~ 

C PPINT FEASIBLE SUB-SOLUTION RESULTS 
C PRINT RESULTS IN GROUPS Of JPRINT TIME PERIODS PER PAGE 
C NOTE. JPRINT.LE.S 

JPRINT= 5 
Jl=l 
J2= JPRINT 
IP( J2.GT.NJ ) J2=NJ 

110 PRINT 1llt C JtJ=JltJ2J 
111 FORMAT< 1Hlt SX, *SUBSOLUTION RESULTS•••*• 

1 3Xt*CDISCOUNTED CUMMULATIVE ALTERNATE COSTJ*t 
1 lXt *FROM*t 
1 * <OPTIMUM ALTERNATE IN PREVIOUS TIME PERIOOJo, 
1 //1/t 2Xt *ALTERNATE*• 40X, *TIME PERIOD*• lit 
1 4Xt ( 5<22Xti3J ) ) 

DO 115 I= ltNl 
C CHECK FOR ELIMINATED ALTERNATE <SENSITIVITY ANALYSIS) 

IF< ISTARTCIJ.GT.NJ ) GO TO 115 
PRINT 114• ltCPATHCST (J,JJtLINKLABCltJl• J=Jl•J2J 

114 FORMAT( lHOt l4t 3Xt C 5C3XtF14.0t1Xt*FHOM*tl3 ) ) 
115 CONTINUE 

C CHECK AND/OR UPDATE PRINT CONTROLS 
IFc J2.EQ.NJ J GO TO 120 
Jl= Jl+JPRINT 
J2= J2+JPRINT 
IF( J2.GT.NJ ) J2=NJ 
GO TO 110 
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TABLE B-1 COMPUTER PROGRAM (Continued) 

C PRINT FINAL SOLUTION SEQUENCES ****************************************; 
120 CONTINUE 

C INITIALIZE CONSTANTS AND VA~IABLES 
OPTPWC= TESTNUM 
IOPTALT= 9'1<-J 
NJMAX= 2*NJ 

C DETERMINE AND PRINT OPTIMUMIFINAL) SEQUtNCE fOR ALTERNATE I 
1.10 149 l=ltNI 
PRINT 122• It ClDCitLltL=lt8) 

122 FORMAl(lHlt*flNAL OPTIMUM SEQUENCE FOR••••*• 
1 *ALTERNATE* 13, //t lAt 8Al0t //, 
l. 24Xt *BEGINNING-*• l1Xt *END*t4Xt*OF*t4Xt*PERIOD*t 
l 4Xt *UNDISCOUNTED*• 4Xt *COSTS*t 
1 BXt *END OF PERIOD DISCOUNTED COSTS*• I• 
1 24Xt *OF PERIOD*• I 
1 2Xt *TIME*t 4Xt *OPTIMUM*• 4Xt *UNDISCOUNTED*t 3Xt 
1 * CAPITAL*• 6Xt *OPERATING*• 8Xt*PENALTY*t 
1 7Xt *TOiAl~, lOXt *TOTAL~• 8Xt ~CUMM0L~tiVE*t /t 
1 lX• *PERIOD*• 2Xt *ALTERNATE*• lXt *CAPITAL OUTLAY* 
l ' 3Xt *RECOVERY COST*• !lXt *COST*tllXt *COST*• 
1 4Xt *PERIOD COST*• 4Xt *PERIOD COST*• llXt *COST*,/} 

CLEAR STORAGE SPACE 
DO 124 J=ltNJMAX 

CAPINV(J): 0.0 
CRCOST(J): 0.0 

124 CONTINUE 
COSTOT= 0.0 
CUMC!-1 = 0.0 
CUMOC = 0.0 
CUMPEN= 0.0 
CUMTOT= 0.0 
CPwCR = 0.0 
CPWOC = 0.0 
CPWPEN = 0.0 
CPwTOT= 0.0 

C TRACE AND STORE ~bLUTION ~EQUENCE LABEL~CALT I FINAL SEQUENCE) 
lOPTLABCNJ)= I 
K2= IOPTLABCNJ) 
00 126 JJ=2tNJ 

J= NJ+l-JJ 
IOPTLAB(J)= LINKLABCK2tJ+l) 
K2= IOPTLAI:HJ) - . 

126 CONTINUE 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

131 

133 

135 

137 

1 
13/i 
13Y 

TABLE B-1 COMPUTER PROGRAM (Continued) 

FOLLOW SEQUENCE LABlL TRACE 
Kl=1 
IF ( J.EQ.1 ) GO TO 131 
Kl= IOPTLABCJ•U 
K2= IOPTLAB(J) 
CHECK FOR NO CAPITAL INVESTMENT AT TIME J 
IFC Kt.EQ.K2 ) GO TO 137 
DETERMINE CAPITAL INVESTMENT AT TIME J CAPINV(J) 
CAPINV(J):: CHGCOSTtK1tK2) 
IFC J.Ea.I ) GO TO 133 
ADJUST FOR INFLATION 
CAPINV(J):: CAPINV(J)*((1.0+RATEINF>**CJ-l)) 
DETERMINE CAPITAL RECOVERY COST Of CAPINV(J) 
CRTEMP = CAPINV(J)*CRfACT(K2> 
DETERMINE PERIODIC CAPITAL RECOVERY LOSTS 
NJJ= J+LIFECRCK2l-l 
CHECK FOR STORAGE AkRAY OVERFLOW 
If( NJJ.GT.NJMAX) NJJ= NJMAX 
DO 135 JJ::J,NJJ 

CRCOST(JJ):: CRCOSTtJJ)+CRTEMP 
CONTINUE 
DETERMINE PERIODIC TOTAL COST 
COSTOT = OPERCSTCK2•J)+PENALTYCK2tJ)+CRC0ST(J) 
DETERMiNE CUMMULATIVE COSTS 
CUMTOT= CUMTOT+COSTOT 
CUMCR= CUMCR+CRCOST(J) 
CUMOC= CUMOC+OPERCSTCK2tJ) 
CUMPEN= CUMPEN+PENALTYtK2tJ) 
DETERMINE DISCOUNTEO(PRESENT WORTH)COSTS 
OISFACT = 1.0/((l.O+DISRATE>**J) 
PWCOST= COSTOT * DISFACT 
CPWTOT= CPWTOT+PWCOST 
CPWCR = CPWCR +( CRCOST(J) * DISFACT ) 
CPWOC = CPwOC +( OPERCSTtK2,J) * DISFACT 
CPWPEN= CPWPEN+ (PENALTYtK2,J) * DISfACT ) 
CHECK FOR PREMATURE END OF LIFE AND PROVIDE -0.0 SIGNAL 
If( J.GT.IEND<I> .AND. CAPINV(J).EQ.O.O ) CAPINV(J)=-0.0 
PRINT SEQUENCE COST INfORMATION FOR PERIOD J tALT I SEQ.) 
PRINT l38t J, K2t CAPINV(J), CRCOST(J}, UPERCSTtK2tJ)t 

PENALTYtK2tJ), COSTOTt PWCOSTt CPwTOT 
FORt-IAT(lHQ, lXt I3t 7Xt l3t 3Xt lXt f l4.0dXt6tlXtfl4.0) ) 

CONTINUE 
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c 

c 

c 

c 

c 

143 

144 

145 
1 
1 
1 

TABLE B-1 COMPUTER PROGRAM (Continued) 

DETE~MINE OPTIMUM SEQUENCE 
If( CPWTOT.LE.OPTPWC ) IOPTALT=I 
OPTP~C= CPWTOT 
PRINT CUMMULATIVE COST INFORMATION FOR ALT.I SEQUENCE 
PRINT 143• CUMCRt CUMOCt CUMPEN, CUMTOT 
FORMAT(lHOt/ t lX• *CUMMULATIVE COSTS*• 16Xt 4(1Xtfl4.0) ) 
PRINT 144, CPWCRt CPWOC, CPWPENt CPWTOT 
FORMAT«lHO, *CUMMULATIVE DISCOUNTED COSTS*• 5Xt 4(1Xtf14.0) 
DETERMINE AND PRINT BENEFIT COST INFORMATION 
CPWCAP= CPWCR + CPWOC 
PRINT 145• CPWCAP , CPWPEN 
FORMAT(lHOt/ , lXt *BENEFIT COST INFOR~ATION fOR STUDY PERIOD* 

•*•••*• SX , *CUMMULATIVE DISCOUNTED CAPITAL COSTS =*• 
FlS.o, I , SOXt 
*CUMMULATJVE DISCOUNTED PENALTY COSTS =*• Fl5.0 ) 

14~ CONTINUE 
PRINT IDENTITY Of OPTIMUM SEQUENCE 
P~INT 192, IOPTALTt (IO(lOPTALTtl)•L=ltB) 

142 FORMAT( lHlt ll/////11/t lOXt *ALTERNATE *•13t * 
1 //// lOXt 8Al0 ) 

RECYCLE PROGRAM (READ IN DATA FOR NEW PROBLEM) 
GO TO 1 

1000 STOP 
ENu 

B-13 

IS OPTIMUM*t 
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