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EXECUTIVE SUMMARY

This report , prepared by SRI Internat ional  ( formerly Stamford Re-
search Inst i tute) for the Federal Aviation Administration , analyzes the
cost-effectiveness e f fec t s  of imp lementing Electronic Tabular Disp lay
Subsystems (ETABS) in che national en route air traffic control (ATC)
system. ETABS cumulative cost estimates for FY 1977 through 1999 are
compared against those costs associated with the continuation of the
current National Airspace System (NAS) Stage A system through the same
period. The costs analyzed are the 1976 present values of FAA expendi-
tures for staffing, training , engineering and development (E&D), facility
and equipment (F&E), and maintenance; costs relating to delay, accidents,
and the like are not included. Staffing expenditures are the wage costs
for air traffic controller and other Air Traffic Service (AAT) personnel
and Airway Facilitie s Service (AAF) personnel. The current NAS Stage A
system and ETABS system costs are developed and compared for ATC opera-
tions at the 20 domestic air route traffic control centers.

Method of Apnroach

ETABS is an electronic flight data presentation located at en route
sector positions , and is designed to replace the paper flight strips
used currently as part of the NAS Stage A system to maintain aircraft
flight plan information. ETABS would effectively automate aome controller
manual and verbal tasks, and thereby reduce controller workload routinely
required for each aircraft. The reduced workload per aircraft together
with a redistribution of work among sector controller team members would
enable sectors equipped with ETABS to handle more aircraft with fewer
controllers than the same sectors equipped with flight strips.

The number of controllers required for both current NAS Stage A and
ETABS sector operations are the primary influences on the cost comparisons
in the research. The estimation of controller stafFing occupied a major
portion of this research effort. The controller staffing estimates for
the 20 centers included herein are based on refinements to modeling
techniques developed during previous SRI case studies of Los Angeles
Center and Atlanta Center operations. Noncontroller staffing estimates
and cost estimates are hased on data developed by the FAA. These data
include staffing standards and guidelines for other AAT and AAF personnel;
staff wage costs; and E&D, 1~&E, maintenance , and training program costs.

The controller staffing estimation procedure used three computerized
models developed by SRI :

• Relative Capacity Estimating Process (RECEP)

I.
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• Air Traffic Flow (ATF ) network simulation mode l

• Controller Advance Recruitment (CAR) mode l.

RE~EP and ATF are used to estimate controller annual stalling rL-
quirements during the FY 1977 through 1999 study period for the Los
Angeles and the Atlanta Centers. These requirements estimate the mini-
mum number of controllers needed to operate each facility for both h it’

current NAS Stage A and the ETABS systems . The requirements are param-
eterized in terms of staffing growth versus traffic growth fad ers . The
average of the controller requirement parameters obtained for the two
case study sites is used to represent national controller requ irement
parameters for the 20 centers. CAR then is used to estimate actual
controller annual staffing by accounting for advance recruitment and
training needs. To supplement the CAR-derived data, noncontroller AAT
and AAF staffing are calculated using FAA staffing standards and guide-
lines.

RECEP Application

Data collected at the two centers during the previous case studies
are used to construct workload models of sector team task requirements .
Tasks include decision making, air/ground (A/c) voice communications ,
computer data entry and disp lay manual operations , fligh t strip processing
manual operations , and interp hone and direct (face-to-face) voice cotumuni-
cations. These RECEP workload models quantify workload and traffic
capacity relationships for selected sectors under the observed NAS Stage
A operations. Task workload parameters in RECEP models are judgmentally
adjusted to represent ETABS sector operations. The RECEP models obtain
sector traffic capacity estimate s for alternative team manning and sector-
ization strategies for the current NAS Stage A and ETABS systems.

ATF ADplication

The RECEP-defined sector traffic capacity estimates are used in the
ATF network simulation to determine the muttisector tra lfic handling and
delay characteristics associated with both systems. ATF enables exami-
nation of alternative sector configuration strategies (based strictl~’ on
sector splits) and alternative sector manning strategies (based on in-
creasing or decreasing the number of sector team positions when feasible)
in order to estimate the number of day-shift , busy-day controllers needed
in selected multisector regions of the Los Angeles and Atlanta Centers by
each system as traffic is projected to increase. These controller esti-
mates are based on the number of sectors and controllers needed to main-
tain baseline 1976 average aircraft delay , except for those situations
where manning and sectorization constraints restrict staff expansion. In
the latter case , controller staff growth in response to traffic growth
is constrained , and average delays to aircraft increase beyond baseline
levels. The day-shift manning requirements for the two case study sites

S- 2
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are expanded t o  annual contro l icr stalling requirement parameters--by
accounting f or m i d n i g h t and evening sh i t t  , we ek end , i- c lie t , and i innua 1
sick leave needs . From t h i s , t h e  n u t  b u s  1 annua l cen t  rt’ Iti ’ r st at I tug
requirements l e t -  t h e  ~0 dotuest Ic cent e m s  ai~ ’ cii l en  I ated tot spec b i t e
an n u a l  t na l i t  e growl Ii p r o  cc I t  ens

CAR A p p l i c a t i on

The annus  1 s t a t  I t  t ig  requ I cement s tic tine t h e  in in lintuti  nunibti F ci cc i i—
t r o l l  e m s  n eed ed to cpc r a t  e a c t i ve  sec t  c i  p o s i t  Ion s . The c i t r i c  i t t  NAS S ta ge

A system ’s sectors include the radar (R), data (0), tracker (1), and
assistant (A) positions , while ETABS Sec to rs  i n c  Iudt’ R and D positions.
The ea t Ins tt’tI control 1cr requirement s a lone do not a c c ou n t  (o r  [l ie numbe r
of dove Iopmen’-a 1 con t ro l  l ee s  t h a t  must  he hi red in advance ot  si a I I I  ii~~
requ iretuen t s and mus t  ho trained I u t  o Intl Pt’!. forinance leve l (FrI.)
c o n tr o l Ic rs • The CAR mode l e~~t ins h e  ii the advance recru I tmen 1 01 t h e
developmental con t rollers needed during successive quarters ol aeli s-ear
of t tie study period. The CAR formulation used in liii s anal vs is assume s
a four—year t raining program , dun ug which each d e v e l o p m e n t a l  c o n tr o  l it ’ r
progressIve lv qualifie s for A , 0, V , and R 

~~~ 
i t  ion cpt ’r ~It Ions. Al low—

anct s are made for deve lopinonta I ccii t no [ ( i ’m wash—out s Iron the t r a in  lug
program and normal attrition of FPL controllers. The result lug  c c i t t  i-el l e n

- • 
staffing estimate for a quarter is [lit ’ suni ci contro l 1cr staffing remaining
f rom the previaus quarter and the advance recru l tnwnt needed to meet  t o t  t i m e
s t a f f i ng  r equi rements .  Total annual  s t a f f i n g  is determined by u s i n g  FAA
s tandards  and g u i d e l i n es  to c a l c u l a t e  n o n c o nt r e l l e r  AAT s t al l i n g  requ i re-
ments (which depend in part on the numbe r ci control lers) and AAF s t a f f i n g
requirements (which depend In  pa r t  on t l i t ’ number c t  opt ’ r a t i n g  sec t  cr5)
and adding these staffing estlmat ’$ to those tom controllers.

Re~ylt s

The combined AAT and AAF s t a f f s  projected (o r  the .~ () c e n t  e m s  over
FY 1977-99 for current NAS Stage A con t inuance and base case ETABS de-
p loyment p lans are compared in Figure 1, These projections correspond
to a t r a f f i c  forecast  provided by the FAA.

NAS Stage A S t a f f i ng

Stat 11mg tom the c u r r e n t  NAS Stage A svstt’tu is shcwii to increase I rem
11 ,990 persons (Inc t u d i n g  7 , 468 c o n t r o l l e r s ’  at the end ci the F? 1 7 6  hii se—
line yea i e 20, 784 persons (I 4, 740 cent r o ll v i-s) by (lie end e I F? 1999 .
This growth pattern includes a rapid increase in s t a f f i n g  to 16,000
persons by the start of F? 1983 , a f t e r  which stalling continues to iiwrease
but at a lower growth rate. From FY 1977 through 1982, all centers art’
assumed to expand staffing by adding new sectors or increasing sector
team m a n n i n g  or both. But by F? 1983, some centers reach their sector-
ization and manning limits and cannot further expand stalling although

5- 1
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FIGURE 1 STAFFING ESTIMATES

other centers are able to increase their s t a f f ing .  The tapering off  of
s t a f f i ng  during and a f ter  FY 1983 in Figure 1 indicates the inabi l i ty  of
some centers to respond to traffic growth under current NAS Stage A
system operations due to reaching a limit on the number of sectors that
can be formed.

From the analysis of current NAS Stage A continuance it was esti-
ma ted tha t the number of operating sectors would grow from 660 at the
end of 1976 to a maximum limit of 1,201 at the start of 1992. With the
curren t NAS Stage A system , staf f ing  will  con t inue to grow during and
after 1992 because of increased sector team manning. Such staffing growth
will  be achieved , for examp le , by adding the T con troller to the R , D,
and A con troller team ; the latter team manning strategy typ i f ies baseline
1976 opera tions.
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Base Case ETABS Staffing

The base case ETABS dep loyment assumes that engineering and develop-
• unent of equipment will be comp leted by FY 1980, initial procurement will

occur from FY 1982 to 1985, and operational dep loyment of sector positions
will be half comp leted during FY 1984 and full y imp lemented by the end of
F? 1985. Full ETABS sector operations are assumed thereafter , but with
current NAS Stage A system equipment held as back-up for two years.

RECEP and ATF analysis of ETABS effect on sector workload and manning
revealed that R and D controller traffic handling capacities would in-
crease r e l a t i ve  to their current NAS Stage A system capabilities , and
that the I and A pos i t ions  would  not be required. As a result , fewer
ETABS sectors and fewer controllers per ETABS sector will be needed to
handle a given level of traffic than are required by current NAS Stage A
system sectors. The effect on advance recruitment by these reductions
in sector and sector manning requirements are shown in Figure 1, where
ETABS staffing begins to decrease from 16,102 persons at the start of
FY 1983. In this case, the number of sectors are assumed to decrease ,
but the size of the controller work force would be reduced only through
normal washout and attrition . A transition from 970 current NAS Stage
A system sectors at the start of 1984 to 741 ETABS sectors at the end of
1985 is estimated. The CAR modeling of staffing shows a continual
attrition of the work force until FT 1991 , where traffic growth causes
staffing to inc rease. Staffing growth with ETABS during the 1990s is
based on increasing the number of sectors until the maximum sectorization
limit of 1,201 sectors is reached at the start ~f 1999. ETABS staffing
at end of F? 1999 is 14,128 persons (8,969 controllers).

Costs Comparison

The present values of the estimated cost items associated with current
NAS Stage A continuance and base case ETABS dep loyment are listed in
Table I.. A total cost savings of $433.7 million accumulated during the
F? 1977-99 is attribu ted to the ETABS dep loyment.

The staffing dollars shown in Table I represent wage costs for AAT
controllers (developmental and FPL), other AAT personnel (support and
management), and AAF personne l (technician , support , and management).
Staffing reductions in all three categories are obtained by ETABS im-
plementation , resulting in a combined staffing cost savings of $428.9
million. The controller staff accounts for 77 percent of this savings
and is the major cost factor of the items listed in Table 1.

E&D costs are assigned only to ETABS, since NAS Stage A has been
developed. F&E costs represent equipment procurements needed for addi-
tional NAS Stage A sectors (beyond those in existence during the 1976
baseline year) , and the in i t i a l  procurement lot of 1,000 E TABS sector
consoles in the early to mid 1980s as well as subsequent procurements.
The combined E&D and F&E costs for ETABS deployment are greater than
those for current NAS Stage A continuance , but decrease the cost savings
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Table 1

COMPARISON OF BASE CASE COSTS

Present Value Costs and Savings
(millions of 1976 dollars) 

__________

Cost Item NAS Stage A Costs ETABS Costs Savings

Controller staff $2,361.5 $2,032.8 $328.7

Other AAT s t a f f  636.0 559.9 76.1

AAF staff 554.8 530.7 24.1

E&D costs 0.0 3.0 -3.0

F&E costs 63.1 82.2 - -19.1

Maintenance 230.9 209.0 21.9

Training 17.7 12 .8 4.9

Tot al $3 ,864 .1 $3 ,430.4 $433.7

attributable to STABS by an amount equal to only 5 percent of the staffing
cost savings.

Maintenance costs include those for parts replacement and repair.
STABS maintenance cost savings are due largely to reduced requirements for
telephone key equipment. Training costs represent the establishment of
training courses and related travel requirements , but do not include wage
costs for center personnel (which are accounted for in staffing costs).
Reduced travel costs for fewer new hires account for the ETABS training
cost savings.

The s taf f ing cost savings account for 99 percent of the total cost
savings identified as ETABS benefits. Additional STABS cost savings
would have been quantif ied if aircraft delay had been counted. Because
ETABS sector teams would be able to handle more aircraft per controller
than could current NAS Stage A sectors , the constraining e f fec t s  of
sectorization limitations on staffing growth would defer the build up of

g delays under ETAB S operations .

Sensitivity Analysis

Table 2 summarizes the cost analysis results obtained by varying
sele cted assumptions included in the base case ETABS dep loyment. In all
the cases shown , STABS implementation is shown to achieve cost savings
rela tive to NAS Stage A continuance .

S—6
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Table 2

SENSITIVITY ANALYSES SUMMARY

Present Value Costs and Savings
(millions of 1976 dollars)

NAS Sta ge A E TABS
Sensitivity Analysis Description Costs Costs Savings

Base case $3 ,864. 1 $3 ,430.4 $433.7
107 sector reduction allowed 3,864 .1 3,445.2 418.9
07~ sector reduction allowed 3,864. 1 3,524.1 340.0
D-contr oller  four-year training
schedule 3,864.1 3,441.8 422.3

Three-year deferral of ETABS 3,864.1 3,594.2 269.9

507. decrease in traffic increase 3,380.5 2,938.3 442.2

507. increase in traffic increase 4,169.0 3,738.7 430.3

257, increase in staffing costs 4,752.2 4 ,211.3 540.9

257. increase in E&D and F&E
cos ts 3,864.1 3,451.7 412.4

No controller workload reduction 3,864.1 3,721.2 142.9

Peaked t ra f f ic pro f ile 4 , 181.8 3,701.5 480.3 ‘

The sector reduction sensitivity analyses in Table 2 refer to the
t ransi t ion from the current NAS Stage A system to ETABS sectors during
FY 1984 and 1985. The zero percent sector reduction assumes that no
sector s are eliminated durin g the t r an sition , and that  al l cu rr en t NAS
Stage A system sectors in existance at the start of FY 1984 are conver ted
into ETABS sectors. Also examined is the allowance of an annual 10 per- ‘

cent reduction in the number of sectors during the 2-year NAS Stage A
to STABS transition.

The D-controller training schedule sensitivity analysis in Table 2
refers to the base case assumption that 2 years are required before a
developmental controller is qualified to operate a D position. Th is
assumption corresponds to the current  NAS Stage A t ra ining curr iculum .
The D-controller cost sensitivity results shown in Table 2 assume that a
developmental controller does not qua l i fy  for D-position operations until
the last year of the four-year training program (which is the case for
R-po sit ion qual i f ica tion) .

In the next sensitivity analysis shown in Table 2 (3—year deferral of
ETABS) , ETABS implementation is assumed to be deferred 3 years after the
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F? 1984-85 base case implementation schedule. This deferral reduces the
staffing cost savings realized in the base case ETABS dep loyme nt. How-
ever , cost reductions are still sufficient to effect total cost savings ,
even with the assumption that E&D costs are not delayed or reduced from
their base case estimates. Adjustments shown in Table 2 to the base case
traffic forecast , sta f f i n g wage cos ts, and E&D and F&E costs s imilar ly
demonstrate a cost savings resulting f rom ETABS dep loyment.

Despite the modeling analysis conclusions indicating that work-load
reductions and sector traff ic capa c ity per con troller would inc rease as a
result of ETABS, a cost sensitivity analysis was conducted that assumed
no such gains would be achieved. This assumption severely restricted
STABS operational benefits solely to those associated with the elimination
of the A-position staffing, yet total cost savings were still obtained , as
indicated in Table 2 opposite ‘1 no controller workload reduction ,”

All the previous sensitivity anal ysis cases , including the base case ,
assumed that the traffic peaking profiles characteristic of current traffic
demand would be supressed as traffic is projected to grow. This smoothed
traffic profile is representative of future regulatory or voluntary con-
straints to current scheduling practices. An alternative traffic projec-
t ion p rof i le , which maintains the current peaking characteristics , would
accelerate current NAS Stage A system and base case ETABS staffing, but
would still achieve ETABS cost savings--as shown in the last line of
Table 2.
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I INTRoDuc’rIoN

A. Oblectives and Scope

This report documents SRI Internation al’ s evaluation of the economic
desirability of the further development of an Electronic Tabular Disp l.iv
Subsystem (ETABS) . The eva l uation was performed for the Office of
Av iation Policy, Federa l Av iation Administration (FAA), under Contract
DOT-FATTWA-3911; it was coordinated with the Air Traffic Control (AI’C~
Systems Division , Systems Resea rch and Development Service , FAA.  The
princ ipal objective of this stud y was t he  development of reliabi c pro-
jections of the costs associated with the imp lementation of ETABS at
the  20 Air Route Traffic Control Centers (ARTCCs) in the contcrminous
United States. Comparing thesc costs to the FAA costs projected
through the continued operation of the current Nationa l Airspac e System
(NAS) Stage A en route Air Traffic Control system allowed the de-
termination of the ETABS-related savings. The costs included for com-
parison are the expenditures for controller staffing, other Air Tr,~ffic
Service (AAT) staffing, Airwa y Facilities Service (AA F~ staffing, t’ng i-
neering and development (E&D) facilities and equipment (F&E) , main-
tenance , and t r a i n i n g .  The s tud y pe r iod  for which these costs and
savings were projected is from fiscal year (F?) 1977 through FT 1999 .
inclusive . All expenditures are discounted at a 10 percent rate to
their start of FT 1976 pr esen t wor th val ues to permi t compa r isons w i t h
other recent cost studies.

Separate work areas within this study include :

• Forma l definition and description of the salient operationa l
cha racteristics of both the NAS Stage A system with and without
ETABS .

• Estimation of the basic changes to controller workload and
productivity expected to occur because of ETABS imp lementation .

• Development of the functiona l relationships between controll er
workloa d and productivit y , traffic activity levels , and staffin g
requirement s for the current NAS Stage A system and the ETABS
system.

• Projection of annua l FAA staffing (including advance recruit-
ment) and expenditure levels for the period FY 1977-99, both
for current NAS Stage A system continuance and ETABS system
dep loyment .

• An alysis of the sensitivity of the projections of staffing and
expe n d i t u r e  levels .

_ _  _______ -—-5 - ~~~~~~~~~~~~
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B. Background

‘rhe paper ft ight progress strip Ii.i s been the bas ic m et h o d  of post ir i g
flight data informa t ~ Of l  si  nce~ t h t .’ i nc ept  ion of t h t .’ A i r  ‘Ira f f i  c Cont  rol
sys tem in  the 11) 105. Basic identific ation , time , and locati on— status
in  fo rma t ion about  i n d i v i d u a l f t  i ght s was i nit jail y e n t e re d  mann a liv , th en
up d a t e d  by pe’nci I on t h e se  p a per  f t  ight  s t r i p s .  W i t h  the’ a d v e n t  of
computer ft i ght dat a proces s i n~’, (NAS S t d ge A) , ci oct romecha n I ca l  f l i g h t
stri p printers ,FSP s’~ were’ install ed in  t h e’ A R’CCC s to  m u  ia I Lv prepa re
t’ I i ght progress s t r i p s  for each sector and to d i s t r i b u t e ’ a d d i t i o n a l
f t  ight  dat.i  i n f o r m a t i o n  to  the appropri ate ’ en r ou te  se c t or s  w i t h i n  t h e

ARTCCs . However , t he  c o n t r o l l e r s  - ir e  s t il l  r e q u i re d  to m a n u a l l Y  remove
new and up da ted  paper  f t  igh t  s t r i ps f rom the printers , sepa rate’ them ,
mount them in flight stri p holders , sequence’ them , and up d a t e  t h e i nfor—
mat ion  on them . The modi  I i c a t  ion of outdated fli ght progress  i n f o r m a t i o n
often requires that the  contro llers perform dua l t’ntrv a c t i v i t i e s :
w r i t i n g  the’ u p d a t e d  i n f o r m a t i o n  on the pape r  flight strip and .ilso i n —
p u ttin g it into ih~’ NAS Stage A Cen t ra l Compute r  Comp lex (CCC) t h r o u g h
t h e’ else of d a t a  e n t ry  dev ices , such as  k e y b o a r d s , loc at ed  at  each  sec-
tor. in add i t io n , the input of i n f o rm a t ion change’s into t he  CCC can
cause ’  the up d at e d  i n f o r m a t i o n  to be routed to other control sect or s ,
thereby requiring control let’s at  those sectors to  mann a l i v  u p d a t e ’ thei r
ft ight stri ps . ‘Ch est,’ ,ictjvit ic ’s consume much of the  control ler ’ s time -
and cause ’ work tha t i s  not a l w a y s  p e r c e i v e d  as  b e i n g  d i r e c t l y  .issoc i,i t ed
w i t h  th e ’ a i r  t r , i  f f i c  con t r o l  t a s k  of m a i n t a i n i n g  a i r c r a f t  se’para t ion .

it has  been postulated tha t much of the contro ller workloa d asso—
c i a t e d wIth flight dat~i activit it ’s cou l ci he reduced or e’l itninated through
the imp L e m en t a t  ion of an e l e c t r o n i c  i n  forma t Ion di  splay inter faced wi th
tht.’ ATRCC ‘ 5 CCC . The FAA ’s ETABS p rog r am h a s  been established to in-
v es t  j c~, I t  e th e ’ development  and  deployment of such a sy s t em .  The o b l e c —
t i ve s  of ECAB S ~ire to  i n c r e a s e  c o n t r o l l e r  e f i c i e n c v  and productivit y
b y , i~ elimin ating the manua l h an d l i n g  of paper flight stri ps h s e c t o r
c o n t r ol  l e r s . (2~ e l i m i n a t i n g  the  manua l modi f i c a t  ions and  up dat  tug  of
p ape r  f l i ght s t r i p s  by sec tor  c o n t r ol l e r s , ( 3 )  r educ ing  the  c o n t r o l l e r ’ s
work load of data cut rv to the  ARTCC computer svst em , and ~~ pr oviding
additiona l information at the data ~D) contr o l l er p o s i t i o n  ( f o r  examp le’ ,
Mode C alt ttude data) - “

C. Method of Approach

The ma j or  po r t ion  of t h i s  e f f o r t  e n t a i l e d  the e st itwi t i on ot ’ .l nnu a I
s tat  f i n g  costs for F? 1977 through 1999. Basic cost and schedu le  da ta
f o r  e n g i n e e r i n g  and development , f a c i li t i e s  and equipment , maintenance ,
and t r a i n i n g  were provided  by tht.’ FAA .

The st f f i ug est irn a t ion i s ha Sed on ATC a iia I v 51 s capabi litie s de —
ye I oped by SRI I ntcrna t tona l d u r i n g  twø case s tu d i e s  pre’v iousi v conduct  eel
for the FAA .14* The f irst case study’ addressed en rou te op e ra t  Ions  ,it

*References arc  l i s te d  ,it the end of t h i s  r e p o r t .
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ii OPERAT IONAL OVERVIEW

This section describes and compares the’ salient characteristic s ot
sector control operations f o r  the WAS Stage A s~’stern with and without
ETABS . The’ reader who is familiar with en route Ope rations and ETABS
operationa l effects may proceed to Section III

The description of the WAS Stage A operations without ETABS is b a sed
en p r e v i o u s  observations and data C O l l e c tj O l l  Se S s i o ns  a t  the  Los ,‘ \ i l I ’, e ’ i t ’S

and Atlanta Centers; these efforts were’ part of the two SRI case studies , 2

01 pcl te’f l t i a l  effects of en route ATC automation. The ETABS operationa l
descri p t i o n  i s  an  c s t i m ~.te of how ETABS imp lementation would affect Se ’c-
b r  cont roller act ivities (that is , a Iter current control work chi ,i rac’t e ’i ’ —
istics ) and i s  based in  pa r t  on SRI d i s c u s s i o n s  w i t h  f , t c i  l i ly  c o n t r o l l e r s
c o n c e r n I n g  ETABS f e a s i b i l i t y  as  w e l l  as  on a v a i l a b l e  FAA d o c u m e n t a t i o u l ~~~
More d e t a i l e d  descri ptions are contained in t he  case  s tud y r e por t s . ” 2

parts o f wh i ch ~ire inclu,led in the  a p p e n d i x e s to t h i s  report .

- - 
The f o l l o w i n g  desc r ip t ions  add ress sys tem equi pment , c o n t r o l l e r  r’e-

sponsih il it ies , and mann ing for en route facilities.

A. NAS Stage A Operations

The en route airspace controlled by an ARTCC facil ity is divid ed
i n t o  vo lumes  of a i r s p a c e  ca l l ed  sectors.  Each sector is under the juris-
diction of a controller or team of controllers who maintain radio con-
tact with and r adar  s u r v e i l l a n c e  of aircra ft within the sector. Sectors
are’ confi gured according to a system ~f high , low , and transition (for
a irport arriv -ul s and departures ) routes , and the control operations for
each sector are procedurally st r u c t u r ed and integrated with each other
to facilitate traffic flow and separation assura nce.

Sector teams are grouped into areas , each of which is administered
by a team supervisor . A flow controller and (military) mission coordi-
na tor are r e spons ib le  for t r a f f i c  coord ina t ion  for  the center , while ’  a
dat _ - u systems specialist coordinates computer programming operationa l
support . An assistant chief supervises all traffic control activities .
In addition to these Air Traffic Service personne l (including controllers) ‘

l oca ted  in the control room, a systems engineer (Airway Facilities Ser-
vice ) coordinates maintenance operations . Addi tiona l supervisory, i” t-o- -:
granusing, and maintenance personne l support control room operations .

The respo n s i b i l i t y  for safe  and e f f i c i e n t  control of a ir  t r a f f i c
reside s in the sector control  operat ion , which is the focus of our d is-
cussions In the remainder of t h i s  section . In order to provide an o ver -
v i e w  of the en route’ ATC opera t iona l environment we w i l l  describe , f i r s t ,

_ _ -
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t he o out ro I procedure’s USc’eI to l i l t  s ’gr~ I t o  se -c tor c-out ro 1 r e  5~~ Oil Sib i I I t i s’s
s, -c end , the , N A S St  ~c ge’ A e- q dI  I p i i iehi t  c u d  t h e ’ we v Se’ e’tor cont  r o l l  e ’i’ S u Se  i t
and  t h i r d , a l t o t ’n a tj v e - w ay S  t o  ni_ -t ic a e’o i i t r o i  Se ’ ct s i i ’ .

- En Recite Cent r’~ I I’ roce’elure- s

Although e’,iChl sector team is reSpc)ns ible for a ircra ft within
its a s s i g n e d  ~i i r S p l c o , ,i i r  t r a f f i c  co n t r o l  o p e r a t i o n s  curre’ntl ’s’ de’p&’nd
on a we’ll—d e ’f Iuie ’d .ind hi ghly structured system of ii’lte ’r se’c to r  a n d  j i l t e r —
f .icil it y control procodcic’es t h a t  f a d  l i t _ - u t e’ t h e ’ orde’rlv movement of a i r -
c r a f t  t hreiczg ii a 11111 1 t 1 See ’ tot ’  out ’s ’ I ronmen t - Be ’ tween id 10 iii rig S e c t  01’S .1 ild
f e e l  I i t i e ’s both form_-i l l e t t e r s  of  ,c g r e e ’meflt and inform _ -i l accords spe - ci t’v
th e usua l aircr a ft ~i l titu de s , speeds , headings , end in —t c - ail Se ’p~i r . i t i on S
that shi~~u Id  be’ e stab Ii shed when lur I sd lot i one 1 control eve ’ c’ ~i i re ra f t  is
transferred from one’ Sector team to a n o t he r  , i t  t h~’i r common bound ary ; -

‘

these’ p r o ced u r e s  reinforc e en e’stahl ish~’d svsteni of pre fe r e ri t i_ - i l traff ic
recites .

‘rice ~ nte’rsector agree’me’nt s pr o ’s ’  i d e ’ doris ion—making gui do I i lie ’S

for  s e c tor  c o n t ro l  by d e f i n i n g  t h e  t r a  f f i c  f l o w  s t r a te g i c ’s and mechanisms
by which j c c r i  sdict ion is do le’gated to  i i ldj v  idua I s e c t o r  teams  w i t  bout
t- e’q u i r i n g  e’ x c c ’s s l ve c o O r d i l t a t i o n  l’e’tWe ’t’tl them. For c’x_-i rnp lc ’, a control
t o _ - u r n  a c c e p t  i rig a I rc r a f t  at  i t s  sec t o r  b ound , i  rv  need not he concerned  v i  I i i

- ‘ how t h ~’ p r e c e d i n g  sec t o r  be _ - tm c o n t r o l le d  the  a i rcr ~ f t  , p r o v i d i ng  i t  i s
proper I Y sot up in  a c co r d a n c e ’ w i t h  th e’ i h i t er s c ’c tor  p r o c e d u re  1 _ - i gr e e m en t  -
S e c t o r  d e c i s i o n s  re ’g i r d i n g  which c o n t r o l  t e c h n i q u e s  li’or example ’, ‘s’ e ’ C —

t o r i  r i g ,  . c l  t i t u d e  , or sp~’ 5 ’d r e s t r i c t  ion s)  s hou t d  he used in s t r u c t u r i n g
t r a f f i c  f o r  s e c t o r  t r a n s i t  .iricl  e x i t  a rt,’ in t e r n . i I functio ns of c’_ - icli s e c t o r
teem.  The ’ Sec to r  t t ’_ - im s .i re  e s s e n t ia l l y  au t o n o m o u s  d e c i s i o n — m ak i n g  u n i ts
e l pe ’r at i l l g  u n d e r  lice br a  f f i c  o r gan i z a t i o n  r e q u i r e m e n t s  of  t he  p r o c e d u ra l
agre eni e’n t s ;  s u p e r v i s o rY , c o o r d i n a t i n g ,  and  suppor t  p e r s o n n e l  ar e  not
a c t  ly e ’ in  rou t  inc m i n u t e — b y — m i n u t e  i s s uan c e  of s e c t o r  c o n t r o l  ins t  r u e —
t l e)hiS .

The’ system o ~‘ procedura l igreenionts and preferentia l routes

~irr~inge’s e a c h  sector ’s traffic flow so t h a t  sector control become s some—
wh a t  s t a n d a r d i z e d , re ’su l t i n g  in  a fairly st_ - ch it’ set o f control techni que’s. “

However , flexibi lit y in intersector traffic management can  be i n t r o d u ce d
directl y between adjacent sector teams or facilities ; such coordination
is often n e c e s s~*r v  a s  t r a f f i c  situations or weather change. A sector
team , for examp le , may request another sector team to a d j u s t  s p a c in g s  ‘

between aircraft in order to coordinate aircraft sequences , or one
facilit y ni_-u v request another to constrain traffic overloading situations .
Similarl y , altitude and speed restrictions may he applied or re’moved as

-. situations warrant such changes.

2. En Route Sector Control Operations

The WAS Stage A hardware and software systems capabilities
include :

6
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• Automatic fli ght data processing and forwarding .

• Automatic tracking disp lays with al phanumerics (including
ground speed and Mode C , or p ilot-reported , a ltitudes) .

• Automatic and manua l display fil tering.

• Surveillance data mosoicking.

• Simp lified clearance and coordination procedures.

Th ese system capabi l itie s suppor t the sec tor con tro l l ers wh o
prov ide separa t ion assurance and t r a f f ic f low f ac i l i ta t ion  serv ices to
aircra ft. Controllers maintain minute-by--minute surveillance of aircraft
movements , mak e control dec isions , transmi t clea rances and advisories
to p ilots , communicate with other controllers to coordinate their control
ac tions , and manually maintain computerized and hard-copy paper data
records describing control actions for each flig ht .

To perform these activities with support from the currc’nt NAS
Stage A automation , sector controllers are equipped with air/ground (A/C)
radio and interp hone voice communications , a p lan view display (PVD), a
f l igh t progress board , and comp uter da ta en t ry a nd di sp l a y  devices.

a.  Air/Ground Communications

Control messages that are voice communicated to pilots by
a sector controller over A/C radio include clearances (tha t is , assign- —

ments or approv a ls of spec i f i c  routes, headings , altitude s, and spee’ds),
and information describing proximate traffic , wea ther , navigation equi p- I -

men t opera t ion , and so forth. Direct voice communication provides some
flexibility by allowing a pilot to negotiate with a controller in the
event an ins t ruc tion canno t be read i ly  followed; positive confirmation
of instruc tion comp l iance is a lso  t ransmi tt ed by voice. Since most air-
craft in a sector are on the same radio frequency, the A/C communication
is on a “party line ,” with aircraft crews monitoring each other ’s instruc-
tions and responses. ‘

b. Coordination Communications

Controllers voice communicate with each other by means of
interphone or face to face. Interphone equipment allows intcrsectel r
(including interfacility) voice communication . Any sector team is ac-
cessible by dial code , and communication between adjacent sector teams
is initiated by push button. The interphone system mostly is used to
advise sector teams of the details of irregular traffic Organization and
to negotiate adjustment when nonroutine control procedu res are used.
Deviations from the norma l traffic pattern may be unusua l flight p l a n s
or pilot requests for excursions because of weather or conflict avoidance
maneuvers . Such traffic deviations generally are not problems , hut they
must be coordinated between sector teams to ensure tha t all control pe’r-
sonnel are prepareá to handle the traffic flow without any last-minute’
surprises ,

7
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Controllers of a sector team also coordinate with each
other by means c F direct (face-to-face) voice communications.

c. Plan View Display

The PVD is a cathode ray tube (CRT) tha t presents digitally-
processed radar-derived symbolic and alphanumeric aircraft situation and ‘

fl ight data . A sector controller re’lies on continuous PVD surveillance
as a base to mentally project fli ght trajectories and conduct conflict
searches. His picture of current and future traffic situation s includes
a conceptual overlay of the standard control procedures (including minimum
sepa ration requirements) and prefe rential routes as well as a thorough
knowl edge of aircra ft performance characteristics . The controller men-
tally compares his traffic projections against the traffh, structuring
guidelines specified by the control procedures in order to formulate con—
t rol dec is ions .

A component of the NAS Stage A system digitizes primary
and beacon rada r data received at a remote radar site for transmission
to the Centra l Computer Complex (CCC) located in each center. ‘ Each
rada r target is automatic _ -lil y t ra ck ed and corr ela ted w ith f l i g h t p lan and
identification information. Aircraft track position symbols ar e d i sp layed
on the PVD , and a lp hanumeric flight information is presented in data
blocks adjacent to the PVD posi tion symbols. Also presented on the PVD
are lists of the sector ’s depar tu re , inbound , and holding aircraft ;
sector boundary and route maps , wea ther dat a , and emergency or specia l
alert data .

The al phanume r ic a ir c r a f t  da ta block inf orma tion aids  the
controller ’s awareness of current and pl anned tr a f f ic ~t tua t ions , be com ing
incre asing l y important as sector traffic levels rise . The da ta block
presents aircraft flight iden tity, curren t altitude , and assigned alti—
tude information tha t assist the controller to recall each aircraft ’s
current and planned flight path. This information is particularl y useful
to a controller who must cope with dynamic traffic data . A controller can
concentrate attention on traffic presented in one area of the PVD, while
other da ta  are automaticall y be ing updated without controller assistance. “

The identities of aircraft that will be entering a sector but that are
not yet under the sector team ’s jurisdiction.

A dig ital data file on tracked aircraft is automatically
maintained by the  system , and the computer data processing permits sclec-
t i ve line-projection displays of aircraft p lanned routes and current
vectors. The controller retains responsibility for making and imp le-
menting decisions. Using PVD surveillance and his own mental calculations ,
the controller knows from moment to moment where each aircra ft is , and
where it is going .

8
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d. Flight Progress Board

A sector controller ’s men tal traffic picture-keep ing
process is also supported by the flight progress board. It contains paper
flig ht progress stri ps that describe each aircraft ’s route, altitude and
speed plans , beacon code assignment , and equi pment. This basic informa-
tion supp lements the PVD dat_-i blocks by indicating flight plans and air-
cra f t capab i l ities tha t must be known by the controller.

The flight progress boa rd contains an active flight strip
corresponding to each a i rc ra f t curren t ly under the jurisdiction of the
sec tor team and a “proposal” flight stri p for each aircraft expected to
enter the sector in the near future . Controllers are responsible for
arranging all flight strips according to location (fix postings) , time-
sequencing them in a tabular format , and removing and storing used
fligh t strips. The controllers maintain a handwritten record of traffic
control activities (for examp le , altitude , speed , or head ing rev i si ons ,
intersector control jurisdiction transfers , and radio frequency changes)
on each active strip. The controllers update the proposa l stri ps according
to messages received from other controllers or the CCC .

The fl ight strips currently also serve an important failure-
mode function for surveillance. In the event of a comp lete failure in

‘ the radar data presentation capability, the flight strips are used (in
conjunction with A/C position reports) by the sector team for on-line
flight following . Manua l sector operation requires an increase in the
minimum sepa rations allowable between aircraft.

A sector ’s paper fli ght strips are actuall y produced b y a
f l ight strip pr inter and manual l y del ivered in ind iv i d u a l l y  loaded plas-
.tic holders to the sector controllers. The printer is driven by the CCC ,
which is rece iving manual l y-input and radar-derived aircraft flight data .
Flight strip prin t ing is typ ically activated 15 minutes before the air-
cra ft is expected to enter the sector .

e, Computer Dat_ -i Entry and Display
“ p

In addition to maintaining the fli ght progress board , the’
sector controllers update flight plan data stored in the CCC and perform
control sys tem ac t ions by using da ta en try devices and a CRT disp lay re-
ferred to as the computer readout device (CRD). Each sector position i s
provided with CRD and data entry equipment ; the latter includes an al pha-
numeric keyboard. In addi tion , the radar control position includes
trackball and category/function controls.

Update messages entered into the CCC through the keyboard
are simultaneousl y displayed on a CRD. These messages (for examp le ,
altitude revision) are records of traffic control instructions issued by

- 
- a controller and are manuall y recorded on the flight progress stri ps.

Controller AIG transmissions , therefore , often initiate a series of

9



manua l a ctivit ies by the’ controll ers in order to keep the ATC system data
current -

Maintaining both the’ fligh t progress hoard and CCC data
re’cords entails some dupl je’_-iti on of effort because identical data are
e’nte’red in both systems. However , these operations arc required under
current NAS Stage A ope’rat Ions. Vp dat Lug the  fli ght progress boa rd dat_ - i

C prov ides the sector team with a re’cord of recent control clearances ,
wherea s updating the CCC c l_ - it _ - i base faci I itil te’s c o m p u t e r  radar tracking,
PVD data block presentation , and fl ight pla n /flight strip distribution.
Fli ght p lan up dates entered by one sector team , for t’xamp Ic , are ’ t ran s—
mittod by the CCC for di spl _ - i y on a CR1) of another sector . Cont rol lt ’rs

— of the’ latter sector must read the f l i gh t  pi _ - i n update’ disp layed on the
CR1], and manually copy (h.,ndwrite) the update’ onto a propose I ii ight
stri p. Where such f l i g h t  p lan up da tes occur frequently, c o n s i d e r a b l e
t lint ’ is spent in revising paper f l i ght stri p data .

lot  t’ rsoc t or c o n t r o l  m essag e ’ s the t I nit i_ - itt ’ a n d  con form
con t r o l or isd i ct ion trans fers (hando ffs) between ~id~ .ivent sectors or
po iit t out t r a f f i c  of i n t e r e s t  _ - i  re a iso input through the keyboard/
t t’ac kb ,i I i  devices . C o n t r ol  t r,insmi ssions m t  i .ited by one sector tt ’_ - i it i

for ce’ uiess_-ige symbols or d a t a  blocks onto the’ PVI) of another team; in
this way , handoffs .ire b i t  i,tted and confirmed without ora l communica—
t ions. hioth h a n d o f f s  and poi ntout s are manuall y recorded on the  f l i g ht
progress strips .

I’VD prest’ntat ion controls are a Iso located a~ the sector
p o s i t  ion s  - These inc 1 ude’ range’ coot rol and of f—centering keys to  t o—
o r i e n t  the ov ’ra Ii rad_ -ir display; mode ke’y s to sd ect or inhibit digit i _-~e’d
r a d a r  a l t  I t ude  r e p o r t i n g  and track d a t a  disp lay _ -iltern at i vos ; field select —
ke’ys to _ - _ - .iIust the-’ informationa l content and positiona l orientation of
the al phanumeric data blocks; and a radar history control to se’lect or
inhibit the display of a i rcr _ -i ft trails . These d e v i c e s  are  used by a
sector controller to select the l’Vl) presentation tha t best sat isfic’s h i s
nt’t’ds .

1 . Sector Manning Al te ’rna tlve’s p

The lead member of a I’IAS Stage A en route’ sector team is the
r,id_-tr (R) controll er , who i s  r e s p o n s i b l e  fo r  minute—to—minute decision
making (for sepa ration assurance’ and traffic flow facilitation) , voice
conununicat ions , and dat_ - i maintenance. He’ may be supported b y a cl _ - i t _ - i (D)
control icr , or by a I) control Icr and a tra cker (T) control let . * 1)uring

periods e’t light traffi c’, the R control let’ may man the sector alone and
there’ lore perform all necessary act ivit It’s. However , as traffic In—
creases , the R controller ’s workload restricts h i s  performance ,

*~f~ t r a c k e r p o s i t  ion Is  termed the dat_ -i/rada r (DIR) position at the’ ‘

Los A uge’lt ’s Center.
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necessi ta t ing the a l loca t ion  of some operationa l a c t i v i t i e s  to one or
both of the other team members.

The sector team operation is supported by an ass i s tan t  (A) con-
troller, who reviews, collects , and delivers flight strips to each sector
team. One A controller typically services two sectors.

As a resu lt of a lte rnat ive  ways by which cont rol ler posi t ions
may be act i vated. ! i-  ~ee sector team manning s t rategies  are of interest:
a 1.5-ma n team (R ,~~n t rol le r  and one-half  the services of an A control ler)
a 2.5-man team (R and D controllers and one-half  the services of an A
cont rol ler)  ; and a 3.5—man team (R, D, and T controllers and one-half the
services of an A controller) . The 2.5-man team is currently the most
o f t e n used manning of sectors at the Los Angeles and At lan ta  Centers.

a. 1.5-Man Team

The R controller performs all the sector control operations
necessary for separation assurance and t r a f f i c  flow f a c i l i t a t i o n. These
operations include surveillance , A/G communications , computer data entry
and display, flight strip processing, interphone communications , face-to-
face direct voice coordination , and related decision making . The A con-
troller delivers flight strips to the sector .

Since 1-man sector team operations were not in use at
either the Los Angeles or Atlanta Centers (at least during our field data
collection exercises), we infer that  the broad range of decision making
and manua l ac t iv i ty  make such operation undesirable , even in t ime s of
moderate traffic. The most likely use of 1-man sectors at a center would
be during midnight shift operations where tra ffic activity is low. How-
ever, during such traffic circumstances , combining sectors with 2.5-man 

‘ 
-

ope rat ion may be p referred.

b. 2.5-Man Tea m

The R controller retains full responsibility for surveil-
lance , A/C voice communications , a nd re la ted decision making, but sha res
with the D cont roller the responsibility for computer data entry and dis-
play actions, flight strip processing, and interphone voice coordination .
(Both controllers coordinate with each other by means of face-to-face
direct voice communications.) The sharing of control responsibilities
among sector team positions is somewhat fluid at lower traffic levels ,

- 
- 

but it becomes more stable as activity is intensified to process more
traffic. This stabilization is due to the workload efficiencies gained
by distributing control activities and due to the operating requirement s
and arrangement of the sector equipment .

The R controller who is making decisions and issuing con- - - -

t rol instruct ions must concentrate on survei l lance and A/G communication

11 
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activities ; but he a lso devotes a t tent ion to various activities concerning
computer data processing and flight strip maintenance. The activities
are highly interactive in that one action (for example , altitude instruc-
tion) requires a reaction (for example , CCC and flight strip update) -
Still , the relative importance of the various tasks is readily discernible’;
for safety, traffic control decision making cannot be delayed. It is
important tha t the R controller be able to shift his attention from one
traffic situation to another with minimum delay and distraction . There-
fore, as traffic peaks intensify, the R controller gives as much of the
less time-critical manual work to the D controller as he can. During
peak t r a f f i c  condit ions , the R controller devotes most of his time to
surveillance , A/C communications , current flight strip updating, and PVD
adjustment work, while the D controller absorbs the remaining manual CCC
data base and flight strip maintenance tasks as well as the bulk of the
interphone coordination with other sector controllers . The R controller
may perform some flight data processing work (for example, control juris-
dic tion handoff initiation and acceptance , flight plan updating) on a
time-available basis while the D controller may assist the R controller
in updating active strips as time is available . (It is of interest to
note that , since the D controller is performing the intersector coordina-
tion , he must be familiar with standard control procedures and knowledge-
able of his sector ’s current and planned traffic structures.)

c. 3.5-Man Team

The R controller retains full responsibility for surveil-
lance , A/G voice communications , and related decision making, but off-
loads the bulk of the remaining manual activities and coordination com-
munications to the T and D controllers. The T controller works closely
with the R controller by entering computer data in reaction to R con-
troller instructions to pilots , and assisting in updating active flight
strips. The D controller performs much of the interphone communications
and the less traffic-reactive flight data processing manual operations
(for example, flight plan updating) and manual flight strip processing
(for example , sequencing and removal). We noted at the Atlanta Center
that the T controller is physically located between two adjacent sector
consoles so that he can use both sectors ’ keyboards to manually ini t iat e
and accept handoffs between the two sectors. However, in this so-called
“half-man” operation , his primary function during busy periods is to
directl y support only one of the two R controllers , thus effectively
being integrated into the control operations of one sector team.

B. ETABS Operations
r~

The ETABS is to provide an electronic alphanumeric display of flight
data and a quick—action touch-entry data input device. This equipment
would replace the paper flight strips and flight progress boards , and
some of the keyboa rd data entry devices at sector positions. The ETABS
display data will be updated automatically by the CCC and accessible by

12
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the sector team touch-entry device . ETABS is designed to eliminate
current NAS Stage A system requirement s to s imul t aneous ly  per form re-
dundant computer flig ht data processing and flight strip processing opera-
tions, ETABS is also designed to simp lify computer entry manipulation s
for data updates , handoffs , and pointouts.

1. Sector Control Effects

ETABS affects sector control operations by introducing more
efficient means of processing data by automating current manua l method s,
but would not affect surveillance , decision making (for separation assur-
ance and traffic flow facilitation) , and A/c voice communication require-
m e n t s  as currently conducted. Use of ETABS would affect control work icy
eliminating certain manua l tasks and altering other tasks , which jointl y
would affect sector team manning requirements .

Clearl y, with the remova l of the flight progress board , all
attendant manua l activities associated with flight strip processing would
be eliminated by ETABS. Some current activities (for examp le , fli ght
plans for unexpected aircra ft “pop—ups”) could not be eliminated.
Despite this requi rement , important  reductions in manua l workloa d require-
ments ar c achievable by ETABS. For examp le , the current task of hand-
copying flight plan updates from the CRD onto proposa l flight stri ps
would be performed automaticall y by ETABS. In addition , ETABS would
provide an alert feature to attract the attention of the controller when
there  are flight plan changes or updates. Sequencing, arranging , and
removing of flight data would be automatic. While these tasks may not
seem intricate , they are now being per formed m a n u a l l y and the refore con-
sume controllers ’ time . Elimination of such mechanical tasks would enable ’
the con t r o l l e r s  to spend more t ime with surveillance , decision making ,
and communication functions,

Controller work time required for handoffs and pointouts could
be reduced by ETABS. For examp le , automatic exchanges of flight plan
data between sector tabular disp lays would circumvent the need for the
interphone communications tha t are currently needed to transmit such det i
as part of pointouts. The electronic display of these data could be p

effected more quickly than ora l voice transmissions . We expect that ETAbS
would provide means for checking on the completion of important control
actions (for example , issuance of A/C radio frequency change instruc-
tions), and to warn controllers of the need to carry out such functions
if  they have been overlooked.  These kinds of automatic checks would
facilit ate fully automatic handoff operations .

Earlier reporcs3 ’ 3 have discussed in greater detail the n u a n ce s
of the ETABS effect on sector control  operat ions , usi ng the Los Angele -~

;
and Atlanta Centers as case study subjects. These examinations , which
included analysis of controller workloa d requirements and traffic handling
capabilities , addressed the distribution of work among various sector
team positions. The studies found that , with the elimination of fli ght
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strip processing activities and related data processing efficiencies ,
little gain in traffic handling capability could be achieved by using
both a D and T control ler  to support the R controller , rather than by
using only the D controller. In effect , the D controller with ETABS
could perform the work currently assigned to the T and D controllers
(in the 3.5-i~~n team) with the current NAS Stage A system. Furthermore,
the elimination of flight strips and the reduction of some computer data
entry requirements would also alleviate the R controller ’s work and enable
him to increase his overall traffic handling capabilities.

- - -~ The automatic transfer of flight data and the elimination of
paper flight strips would mean that the A position would no longer be
necessary, provided that the automated system opera ted  wi th  a high
deg ree of r e l i ab i l i t y .  The advent of a dvanced microprocessing technology
is expected to provide continuity of tabular display operation through
redundant software and hardware equipment. Otherwise, if such fault
tolerance are not provtded , an important benefit of automated data
handling could not be reaii-zed, because flight strip printers and A con-
trollers would probably be ne~d~ L~is backups.

-.

2, Controller Team Manning Effects 
‘

~
‘ “ 

-.

\s a result  of the above observa tions concerning ETA~$ opera-
tions, two sector team manning regimes are relevant : a 1-man team (~~ -
cont rol ler) ; and a 2-man team (R and D controllers) . “— ,,,

a. 1-Man Team

The R controller performs all the controller operations
necessary for separation assurance and traffic flow facilitation as
described previousl y for the current NAS Stage A 1.5-man team (except
tha t  f l i ght st r ip delivery and processing are no longer performed).
Computer data entry operations are performed primarily by using touch-
entry devices rather than keyboards,

Also , as in the case of the NAS Stage A 1.5-man team,
the broad range of decision making and manual activities is expected to
make the ETABS 1—man tea m difficult to implement except in light traffic
s i tua t ions.

b. 2-Man Team

The R controller retains full responsibility for surveil-
lance , A/G voice communications, and related decision making , while the
D controller performs computer data entry, display operations , and inter-
phone voice communications. This division of responsibility is analagous
to that described for the current NAS Stage A 2.5-man team.

14



C. Current NAS Stage A versus ETABS Operations

To summar ize  the preceding discussions of this  section , ETABS
affects current NAS Stage A sector operations by:

• Reducing to some degree the R controller task work requirements

• Eliminating the need for A controllers -

• Elimina ting the need for T controllers.

The first item above would increase sector capacity to the extent
by which the R controller could actually experience workload reductions
because of ETABS. Previous studies have found1’2 that the expected
ability of ETABS to increase current sector capacity varies from sector
to sector , and may not be par ticu la r ly  significant in a sector where an
R control ler ’s da ta process ing ac tiv ity is curren tly a minor portion of
his overall workload .

The second item above at first glance would appear to be important
in terms of productivi ty, because the A position need not be manned.
But staffing reductions may not necessarily accrue because the develop-
mental controllers normall y manni ng the A posi tions need to be hired and
trained regardless of A-position requirements. To clarify the effect on
staffing due to A-position elimination , this si tua tion was modeled in
detail , as described subsequent ly in this report.

The third item above is extremely signif ica nt in terms of manpower
reductions because this item asserts that two controllers (that is, R and
D controllers) with ETABS can handle the traffic worked by 3.5 controllers
with the current NAS Stage A. Discounting for the moment the significance
of eliminating the A position (the one-half man), a D controller with
ETABS should negate the need for including a T controller in a sector
team. The T controller in an ETABS environment could not measurabl y off-
load additiona l work from the R controller that has not already been
assigned to the D controller and ETABS . As a result , the T controller
could not increase sector traffic capacity significantly above the
capacity gains attributed to ETABS . In effect , ETABS implementation
replaces the T controllers who otherwise would have been activated at “

higher traffic levels in the current Stage A environment .

F:
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III CONTROLLER STAFFING REQUIREMENTS

This section describes the methodology for estimating controller
minimum staffing requirements for the current NAS Stage A en route
(System 1) and the proposed NAS Stage A with ETABS (System 2) opera-
tions. The methodology determines the minimum number of controllers re-
quired to operate the 20 domestic centers for each year from F? 1977
through 1999. Specificall y, the annua l minimum manpower needed to staff
R, D, T, and A positions , exclusive of supervisory, suppor t , and maintenance
personnel, is studied. These minimum staffing requirements do not include
advance recruitment effects, which would cause the actua l on-board con-
troller staff to be greater than the minimum requirements. Advance re-
cruitment as well as additiona l air traffic service and airway facilities
service staffing are addressed in the next section of the report .

The remainder of this section includes: first , an introductory
review of the methodology for estimating controller requirements; second ,
an analysis of ETABS effects on sector manning; third , an ana lysis  of
ETABS effects on multisector manning ; fourth, an ana lysis of 1976 base-
line staffing requirements; and fifth, a review of traffic forecasts.

A. Controller Requirements Estimating Methodology

The basic estimation procedure is to use the results of the two
previous case studies1’ 2 of staffing requirements for the Los Angeles
and A tlanta Centers to determine, national staffing needs. As part of
each of the case studies, System I and System 2 operations were ana lyzed ,
and staffing growth trends were related to traffic growth trends. For
the purpose of this research , the System 1 and System 2 staffing-versus-
traffic relationships obtained for the two case study sites will be up-
dated. The arithmetic average of the resulting two-site staffing growth
factors will be used to estimate national staffing factors. Staffing
requirement factors will be developed separately for System I and System
2 operations. These national growth factors will be applied to 1976
baseline requirements in order to estimate national annua l staffing re-
quirements corresponding to nationa l traffic growth projections. The
results will enable comparisons between System 1 staffing requirements
and those of System 2.

Each case study includes an analysis of individual sector operations
in which sector control team traffic handling capabilities are related
to sector controller workload limitations . Workload models describing
controller task act ivi t ies under System 1 operations are constructed
using observed data collected on-site by SRI . Workloa d models corre-
sponding to System 2 are made by judgmentally adjusting controller task
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parameters to reflect ETABS operations. The workloa d modeling approach ,
refer red  to as the Rel ati ve Capac ity Estimating Process (RECEP) , enables
us to estimate sector traffic capacities corresponding to alternative
manning stra t~’gie s, and to examine the impact of ETABS on manning and
capacity relationships for individual sectors .

In order to examine manning requ i rements  on a multisector basis ,
the RECEP sector capacity results are used as input into an Air Traffic
Fl ow (ATF) network simulation . ATF is used as part of each case study
to def i ne  rela ti onsh ips be tween manning , capacity, an d de l ay  dur ing the
8—hour day shift of the busy day (37th busiest) for a selected multi-
sector region . The results obtained enable one to estimate the number
of R , D, T, and A positions required to maintain the FY 1976 baseline
level of delay for various levels of postulated traffic growth . Th ese
multisector manning - requirements , which consider alternative sector
manning strategies and sector reconfigurations (that is, sector sp lits) ,
are developed for both System 1 and System 2 operations.

The traffic-d ependent multisector R, D, T, and A position require-
ments are compared against 1976 baseLine manning and traffic situations
in ord er to develop manning factors as a function of traffic. These
latter factors are expanded into facility-wide annua l staffing factors
by ac counting for relief and annua l leave needs , and midn ight , day ,  and
even ing facility-wide sector manning patterns . The resulting staffing
fac tors develop ed f or each case study are avera ged to ob ta in na tional
sta f f ing requ iremen t fac tors for System 1 and System 2 operations . For
use in our subsequent  ana lys is  of a dvance r ec ru i tmen t , the  n a t i o n a l
staffing requirement factors distinguish R , D, T, and A position qualifi-
cations.

The following paragraphs further describe and demonstrate the con-
troller s t a f f i n g  requirement  e s t ima t ion  methodology . Additiona l details
are contained in the appendixe s to this report and in the case study
repor t s. 1’2

B. ETABS Effects on Individua l Sector Mannirtg

The distribution of workloa d among positions within a sector is re-
sponsive to the time-varying traffic processing requirements. As the
number of a ircra f t in a sec tor increases , the correspond ing increa se in
the frequency of R controller decision-making actions generates more
manua l and verbal activity distributed among the appropriate positions .
Each controller ’s abili ty to handle his workload is l imi ted by the t ime
ava ilable. SRI ’s RECEP assessment of traffic constraints associated
wi th a controiler ’s decision-making, manua l , and verba l activities
produces a workload value that corresponds to the traffic capacity of a
sector team.

RECEP models include mathematical representations that relate con-
troller work to sector-specific parameters describing the aircraft flow
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rates and speeds along each route , the sepa ra t ion minima , the intersec-
tion and merging angles between the routes , the numbers of intersection s
and merges, the length of routes, and the number of fli ght levels a t
which c o n f l i c t s  can occur. The mathemat ica l  fo rmula t ions  are structured
to reflect specific sector and traffic characteristics affecting conflict
events. For example , the blocking of more than one altitude by a transi-
t ioning aircra f t , the app lica tion of in-trail separation rules to air-
cra ft on a single route regardless of altitude separation , and the mixing
of aircra ft with different speed capabilities are readily modeled.

The RECEP mode l structure represents controller team task activities
according to three categories:

• Routine workload -j

• Surveillance workloa d

• Potential conflict processing workload.

Routine work tasks include A/G voice communications , manua l data
entry , display operations , flight strip data processing, intersector
interphone voice communications , and in t rasector  d i rec t  ( f a c e - t o - f a c e)
voice communications. Surveillance work is visua l observation of r ada r -
de rived a i r c r a f t  s i tua t ion  data on a PVD . Con f l i c t  process ing work in-
cl udes potential  conf l ic t  recognit ion , assessment , a nd resolution de-
cision making and A/G voice communications.

Using data observations and mathematica l relationships , the routine ,
surveillance , and potent ia l  conf l ic t  processing work is broken down in
RECEP by describing the component

• Task times

• Task frequencies

• Task assignments (team work distribution)

Gi ven as input the minimum task pe rformance t ime s (seconds) , task ‘

f requencies (events per a i r c r a f t ) , and the a l locat ion of work among sec-
tor tea m members , RECEP estimates the aggregate work t ime (man-minutes
of work per hour) experienced by the team or by individua l team members.
The routine , surveillance , a nd confl ic t  processing workloa d requirements
a re formulated as funct ions of t r a f f i c  flow rate and sector t r ans i t  t ime .
The aggregate work times resulting from various rates of traffic flow —

through a sector are compared with an empirically cal ibrated workload
l imit* to obtain sector team capacity es t imates  (aircra ft  per hour) -

*The cal ibrated workloa d l imit of the R control ler , fo r example , is 48
man-minutes of work per hour , which is 80 percent of the 60 man-minut es
a va i l ab le  •
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1. NAS Stage A Sector Modeling

The RECEP mode ls of NAS Stage A baseline system sector team
operations are constructed using field observations and related data
collections at the Los Angeles and Atl anta Centers. ’ 2 These models
represen t  the controll er workloa d requirements (that is , routin e , sur—
veil lanc e , and conflict p r o c e s s i n g)  associated with the baseline manning
characteristics of each sector under analysis , T h e r e f o r e , these mode l s
describe sector t e am t r a f f i c  c a p a c i t ie s  unde r  baseline o p e rat i n g  c o n d i —
t ions concerning sector confi guration s, route geomet cv , and procedura l
rul.-s .

To .il lo~c for baseline system s t a  f f i ng  i n c r ea  St ’S i n  r e sp o n s e  t o
future tra it ic incre ases , the workload structures of the current basel ~ f l t

system RECEP ~odets are adjusted to represent rea l istic sector tean
manning alternat i V e s  for example , expand from 2.5—ma n to 3 . 5 — m a n  t eams)
and resectorizati ons (for examp le , split one sector into two sectors and
pr ovid e add it i ona 1 controllers)

Because the RECEP sector capacity estimates will be used in
ATF analyses of day—shift , bus y—da y operations , only the 2.5—man and
3 .5-man sector team workloa d structures are modeled. The 1.5—man team
o pe r a t i o n s  were not observed in use at the two case stud y sites during

-j  the day shi ft. The 1, 5-man t eam mode l s  a re  ha sod ent  i rd v on forma l on-
s i te  data collection efforts , while the 3.5—man team models are ba sed in
part on informa l on— site observations (made only at the Atlant a Center
where the -r p o s i t i o n  is manned on occasion) and  on controller descri p- —

tions of ~~5—ma n t e a m  work r e s p o n s i b i l i t ie s . The RECEP mode l s  desc r ibe
the spec i fic set o f  task time s, task frequencies , and task work assign — - -

::~, m m t  s t h a t ~-a rv f rom s ec to r  to  s e c t o r  d e p e n d i n g  on whether 2 .5—man  or
- ~— :~ian teams .m re in operat ion.

Modeling sector sp lits is less refined b e c a u s e  r o u te  r e s t  r u c —
turing effe cts on sector workloa d requirements are not known and must he
judgmental lv determined. There fore , a rough approxima t ion i s  obtained
of the workload and capacity relationships associated with the distri hu—
tion of workload among the sectors formed by splitting . A first—orde r
sector splitting mode l developed by SRI~ takes into consideration the r

reallocation of conflict processing work and the additional routine work
introduced by new sector boundaries. This model was used to studs’ los
Angeles Center sector sp lits . In subsequent productivity ana l s i s  work
for the At lanta Center, we have used the Los Angeles Center results as
anal ogies from which we es t  imated the pe rcen t age  increase  in t r a f f i c
capacities resulting from splittin g sectors.

The RECEP models of current NAS Stage A operation s . a l t e r n a t i ve
sector nanning strateg ies , and resectorizations obtain traffic capacity
estimat es for each baseline sector for eac h operating configura t ion .
T h i s  set of RECEP models therefore describes the sector capacity effects
resulting f rom sec to r  personnel changes for the baseline system .

20
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2 .  ETABS Sector Modeling

The same procedure is fo l lowed  as  tha t  for  the  b a s e l i n e  s y s te m
to define RECEP models for ETABS sector operations postul ated under
alternative manning and sectorization op t ions . First , RECEP workload

F requirements are constructed for each sector using a sector ma nning
strategy analogous to the current one . The workloa d requirements ire
cons t ruc t ed  b y a d j u s t i n g  the ba se l i ne  sys tem ’s routine tasks to conform
to an ETAB sector ’s operating characteristics. These adjustments encode
the assumptions made as to how ETABS would be imp lemented in  an opera-
tiona l control environment . Then , as described for the baseline case ,
realistic sector  manning s t r a t e g i e s  and r e s e c t o r i z a t i o n  a 1 t er n ~ t i v es a r e
modeled. The resulting RECEP models obtain sector capacities corre-
spondIng to the alternative sector staffing levels for the ETABS system
under eva luation .

In accordance with the descri ptions of Sy s t em  I a n d  System 2
sector  team ope ra t ions  (g iven  pr ev iousl y in Sections Il-A and li-B of
this report) , only the rou t ine  workloa d components  of the RECEI’ models
need be adju sted to represent  ETABS o p e r a t i o n s .  These  a d j u s t m e n t s l s~~ ime
that surveillance and potentia l conflict processing work t a s k s  w i l l  not
change with ETABS implementation , but that the fli ght s t r i p  pro cessin g,
computer data entry and disp l ay ,  and controller coordination (interphone
and face-to-face direct voice) task components of routine work will he
affected. The routine workload parameters are changed by judgmentallv
adjusting the minimum times and frequencies of those tasks t h i t  we ex-
pec t will be altered by ETABS. For examp le , the modeling a~ jastment
assumes tha t f l i ght s t r ip  processing tasks will be eliminated compl etel y
by ETABS , and no f l ight strip processing workloa d will accrue in our
RECEP models for ETABS. Similarly, the mode l ing adjustment made allowances
for additiona l data entry and display actions required to replace some
f l ight stri p tasks , but these additiona l tasks may be counterbalanced by
other changes to da ta en try req ui remen t s ( fo r  examp le , removal of re-
dunda nt data recording operations) -

The model ing of System 2 sector sp l i t s  is as  d e s c r i b e d  fo r
System 1 sectors; that is , p ropor t iona te  adjustments to sector traffic
capac ities are based on first-order workload modeling of analogous sector p

reconfigurations. Only the 2-man ETABS sector team operation will be
modeled , because 1-man opera tions would not be feasible during the moderate
to hea vy t r a f f i c  s i t u a t i o n s  of the day-shift , busy-day operations .

3. Demonstra t ion of Sector Modeling Results

The sector t r a f f i c  c a p a c i t i e s  of in te res t  are  t hose  t h a t  co r re -
spond to alternative

• Sector manning strategies

• Secto r iza t ion  conf igura t ions  (sector  spl i ts)  .
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Sector Manning

Th( ’ sector manning strateg ies of i n t e r e s t  are as follows:

• System IA--NAS Stage A , 2.5-man team

- R Controller

- 1) Controller

- 1/2 A Con t rol l er

• System 1B--NAS Stage A , 3.5-ma n team

— R Controller

- D Cont ro l l e r
— T Controller

— 1/2 A Controller

• System 2--ETABS , 2-man team

— R Contro ller

— I) Controller.

The app lication of RECEP is demonstrated using one sector
a n a l y z e d  as  part of the Atlanta Center (ZTL) case study. Sector 41
(Norcross) is an arriva l sector handling mostl y descending  a i r c ra f t
t r a n s i t  i on ing  f rom hi gher altitudes to the At l;mnta Termina l a r ea . The
routine workloa d ana l ysis for the R controller for Systems 1A , IB , and
2 are sununarized in Table 3. Derivation of the workload values are
described in Ref . 2, parts of w h i c h  ar e  excerpted into A pp en d i x A of
this report. Descri ptions of the corresponding team workloa d models
are available in Ref. 2. To simp lif y this discussion , we will address
only the R controller workload , which is analogous to team workload
modeling.

With reference to Table 3, the R controller ’s A/C conununi-
cation tasks are assumed to be held constant , regardless of manning F
strategy or ETABS implementation . However , with the change f rom 2 . 5 — m a n .•
to 3.5-man team operations , other portions of the R controller ’s work are
assumed to be off-loaded to the T and D control lers . Thus , reductions
occur in the R controller ’s work time (in terms of man-seconds per air-
c r a f t )  r equ i red  for  computer  data en t ry and d i s p l a y ,  and for  fli ght s t r i p
process ing  tasks. The se r educ t ions  occu r  because  the T con t ro l  i cr  works
ci ose iy  with the R c o n t r o l l e r  to ma in ta  in da ta  records and re t  leves  t h e
R c o n t r ol l e r  workloa d . A 10 pe rcen t  r e d u c t i o n  in the Sector ‘4 1  R con-
trol icr ’ s tota l rout  inc work is achieved by switching f r o m Sys tem 1A
(the cu r ren t  NAS Stage A 2 .5 -man team) to lB (the cur ren t  NAS Stage A
3 .5—ma n team) .

With the imp l e m e n t a t i o n  of ETABS , all fli ght stri p
process ing work is eliminated , while some additiona l computer  da ta  e nt r y
and disp lay tasks are assigned to t h e  D c o n t r o l l e r .  The D control icr is
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c a p a b le  of ., ssuming these tasks because EFABS aut om~i t i call y per forms
certa in time—consuming tasks tha t were manua l under System 1 - Al so ,
reduct ions in certain (ac e—to—face direct voice  c o m m u n i c a t i o n s  a s s o —
d ated with pointouts reduce the R controll er ’s tint spent in sector
coordination. A 22—percent reduction in the Sector 41 R controller ’s
total rout inc work is brought about by switching f r om System lB (the
NAS St age A 2.5—m a n t eam) to  Sy s t e m  2 (the ETABS 2—man— teanO .

The work t a s k  s t r u c t u r e  p o s t u l a t e d  in  t h e  RECEP models
for ETABS is based on somewha t conservative assumptions so .is t o  p r event
b Las I ug the’ results In favor of ETABS - For examp le , certa in d.it a entr y
event s were assumed to require 3 man— seconds  each of manua l work , viii cit
is similar to th e data entry time s u s i n g  the current NAS St.ige A key-
board a ppa r.ttus . However , it is likel y that with the use 01 q u i c k  . i c —
t ion , t o uch e n tr y  devices , data e n t r y  ~ 1 th  ETABS migh t  re q u i r e  o n l y  2
m an— seconds of u~inu a I work per eV ent  -

I n  r ega r d  to sec tor  t r a  {f i c  capacity ana h’s is , the RECEI’
t ’ st Imates of Sect or 31 ’ s t r~i f f i c  c a p a c i t i e s  f o r  s y s t e ms  IA , IS , and 2
setnm~ir L~ed in Table’ -e . in t h e case of Sector 41 , the R controller ’s
wi-irk I oad— — r.i t her  than t h a t  of the sect or team ’ s——wa s found to he I hi-
c i - imi s t ra I ni mig dete cmi nant of tra ffic capacity I or the t h r e e  sy s t e m s  - A
c.lp. c it v g a i n  of  7 percent is att ribut~ d to System lB r e l .it ive to IA ,
and . ‘ t ’ ‘ e r  cent gain is attributed to System 2 re lative ’ to 15.

lab le -~

ATl~~NrA CENTER SECTOR 41 : CAPACITY
AND PRODUCTIVITY COMPA RiSON

— 

1A 
— —  

15 2
— 

L 
NAS S t a g e  A NAS S ta g e  A ETABS

Sector m a n n i n g  (number of men) 2 . 5 l .5 2
C a p a c i t y  (aircraft per hour)  30 ~2 ~4
Productivity ~aircraft per

man) 12 9 17

Whil e t h ese  c a p a c i t y  g a i n s  may not hi- drama t ica l lv large ’ ,
- * a more sl gnif cant effect is achieved In terms of the number of aircr a ft

ila !ld I ed per  man. I f we examine the  aircraft handh i - d per man a t  capacit y ,
. i s  shown In Table 4, we set’ that a 25 per cent loss I n  p r o d u c t i v i t y  is
.issoc iated with System lB relat lye to IA. In this case , the capacit y
inc rease  of the 1 .5-man team versus the 2. 5—ma n team is more than compen-
sated for by the increased m an n i n g .  However , the’ capacity g.i In a ssoc  t a t  i - d
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w i t h  ETABS , together with its concurrent reduced sec to r  m an n i n g  require-
ments , obtains a 90 percent productivity gain relative to the curren t
3.5-ma n NAS Stage A ope ra t i on , or a 42 percen t  p r o d u c t i v i t y  gain r e l a t i v e ’
to the current 2.5-man NAS Stage A operation.

The productivity gains associated with ETABS will he the
basis for benefits attributable to System 2. Recall the se gains are
based on the’ assumption that 2 men with ETABS can o u t — p er t o r m  e)r ,it

lea st match the capabi lit ics of 3.5 men w i t h  the  cur ren t  NAS Stage A.
However , some caution is warranted in this ana l ysis since developmental
controllers cur ren t l y man the  A ~~~~ 

t ion , and such cont rol hers would need
to he hired and trained regardless of whether ETABS e’l lnmlna te’s this
p o s i t i o n . ([‘he analy sis of developmental requirements is Included as
par t  of the  advance ’ recruitment modeling in the ’ nex t  s e c ti on  of t h i s
repor t .)  Whi le  t h i s  a na l y s i s  might show no si gni f l e an t  s t a f f i n g  r e ’du c—
tions resulting from A-position elimination , very i m p o r tan t  ETABS
staffing benefits ore attributable to th~ e l i m i n a t i on of the T con-
troller.

The c a p a c i t y  a nd p r o d u c t i v i t y  r e s u l t s  shown for  Sector 4 1
are  representative of the RECEP analysis technique . These’ results are
not necessaril y the same as would be obtained for other sectors . The
RE CEP models  a re  des igned to represent the uni que operationa l character-
istics of different sectors.

b. Resectorization

Thi s study assume s, as Is the current practic e , th at
sec tor design reconf i gurations will be required as tra ftic jndt - e’ases
(regardless of which system alternative’ is unde r consideration) . Re’—
configuration entails modifying the sector boundary, route , and procedura l
rule structure of a fac i l ity,  and n o r m a l l y  requ i res  sec tor  sp litting and
airspace reallocation to create new sectors. This resectorization adds
new sectors (and the controllers needed) so as to inc re ase capi -mc itv and
thereb y reduce delays as traffic Increases .

The sector splitting approach for defining sectori~~.mt i on
a t  t erna t I yes is based on the one use d d u r i n g  the ’ Los Ange ’ I t ’ s t ent i-’r

I *case study In which a sector split mode l was app lied to r o u g h ly  i - st 1-
mate capacities resulting from reconfiguration s of a low—alt itude ’ .irri v. m l
and a high—alti tude en route—transition se c t o r . The’ ana lysis est imeite ’eI
that splitting the low sector Into two se’ctors would In c r e a se ’  the’ cap.ie’ltv
of the origina l sector airspace’ by 407., and sp litting th e ’ h i g im s ec t o r
would Increase Its airspace capacity by 807.. Using these results for
Los Angeles  Center  sectors , ana l ogous re c ou f i g u r a t  Ions ot the’ A tl ant a

*The sec tor  sp l i t  mode l accoun t s  for  a d d I t i o n a l con t ro l  work In duced by
new sec to r  b o u n d a r i e s .  Handof f , l n t er sect or  c o o r d i n a t i o n , polntout s.
and some’ traffic structuring work are’ .ef feetei-d.a
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Center were judged to increase the airspace capacity of arriva l Sector
41 by 40 percen t, for systems 1A , lB , or 2. Other sectors studied in
this manner were judged to be capable of experiencing capacity increases

- 
‘ 

of 20 to 80 perc ent as a result of splitting. Each sector sp lit assumes
tha t the ma nning r equ i red  to handle  t r a f f i c  through the  o r i g ina l sector
a i r space  would double .

This judgmental approach to mod e l ing  s e c t o r i z a t i o n  is
used because of the uncertainty in predicting future reconfiguration
implementations.

C. ETABS Effects on Multisector Manning

The computerized ATF network simulation model enables one to assess
the capacity and productivity relationships for selectee ’ multisector
opera tion s. Given as input data the sectorization structure , route net-
work des ign , aircra ft routing cha racteristics , and the traffic capacity
corresponding to specific ma nning strateg ies for each sector , the ATF
s imula tion model loads tr a f f ic onto the rou te ne twork and processes the
traffic from sector to sector until capacity overloa d becomes inuninent.
ATF then delays aircraft along routes upstream of the congested sectors
to prevent overloading. This process propagates delays through the sec-
tors to the stud y area bounda r ies. ATF traces the’ propagation of traffic
congestion and delays through the route network over time and calculates
aircraft average delay statistics .

ATF is used to estimate the aircraft delay experienced during the
busy-day day shift (8 hours) in a specific operationa l environment for a
range of traffic-loading projections. The multisector environment is
defined by spec i f ying the rou te structur e and con trol opera tion , NAS
Stage A systems lA or lB or ETABS system 2. The control operation is
represented by the RECEP-based sector capacities determined for  the
particular sector manning strategy and sector sp lit configuration under
study. Recalling the manning strategy and sectorization configurat ion
determine the molt isector manning level for  the opera t ion being modeled .
The ATF delay therefore makes possible an assessment of the capability
of a l te rna t ive mann ing levels to handle  increas ing levels of traffic.

For our purpose of comparing system I and system 2 operations ,
manning and t r a f f i c  levels  correspond ing to a common lev el of s e rv i ce
will be determined. T h i s  common level of service is  assumed to he the
average a i r c r a f t  delay experienced during 1976 baseline ope ra t ions . in
e f f e c t , the number of R , D , T , and A pos i t i ons  required to m a i n t a i n
baseline delay  as t r a f f i c  increases  w ill be est ima ted for system I and
system 2. Tha t is , the add it iona l manning and resectorization needed
to cons t r a in  delay will be modeled. As will he shown , alterations to
this mann ing  e s t i m a t i o n  procedure will he made in those cases where
additional manpower can no longer be assigned to effectivel y l i mi t del ay
a t  hi gher t r a f f i c  p ro jec t ion  levels .
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The app lication of ATF is illustrated by using the 9—sector
study a rea of the Atlanta Center shown in part in Figure 2.

1. Multisector Mode l Structure

The A tlanta Center airspace for the 1976 base period includes
4 1 sec tors , of which the nine sectors under study control primarily air-
l ine arr iva l , depar ture , and overflying traffic north of the Atlanta
a i r p o r t .

The pr imary  arriva l and departure air traffic routings within
the A t lan ta Cen te r ar e confi gured in a rad ial  pa ttern (four arriva l and
four depar ture corr idors) wi th the A t l a n t a  a i rpo r t  as the focus .  The
study area be ing model ed by ATF include s the two arrival corridors from
the northeast and northwest and the northbound departure corridor . Por-
tions of the route network are included in Figure 2, but ATF actuall y
models a more comp lex sys tem of route segment s throug h the three-
dimensiona l airspace.

a . Sector  C a p a c i t y  Es t imates

Systems 1A , lB , and 2 are differentiated in ATF by u sing
the RECEP-derived sector capac i t i es  appropr i a t e  to each system. The
ATF mode l cons t r a in s  t r a f f i c  f low , by imposing delays , to ensure t h a t
t r a f f i c  f low thr oug h ea ch sector at  some ins tan t  in t ime does not ex-
ceed that sector ’s predetermined c a p a c i t y .  The r ep re sen t a t i ve  sector
c a p a c i t i e s  for each system are shown in Table  5 for the 1976 sector~ z ’t i i -j n
c o n f i g u r a t i o n .  These capaci t ies were obta ined as par t  of the A t lan ta
Center case study. 2

To analyze sector  splitting, ATF is used to simulate three
postulated sector configura ti ons for the mui ti sector area :

• Con figura tion I: the current 9-sector arrangement (Figure 2).

• Con figuration 2: 13 sectors (current 9 sectors , with Sec tors
39 , 40 , 41 , and 42 each sp lit in to  two) .

• Configuration 3: 18 sectors (original 9 sectors each split
in to  two) .

Reconfiguration is estimated to increase the a i r space
capac i t i e s  as fo l lows:  the a i r space  capac i ty  of departure Sector 38 by
40 percent  (which is the same as the capac i ty  of arrival Sector 41) ;
the c a p a c i t i e s  of t r a n s i t i o n  Sectors 37 , 39 , 42 , and 43 by 60 percent ;
and those of high , en route  Sectors 36 and 44 by 80 percent . The capac i ty
of arriva l Sector 40 is estimated to increase by 20 percent (rather than
40 percent)  because of a i r space  l imitations. These relat ionships are
used in the ATF mode l to approximate the sector airspace capacities
associa ted wi th the pos tula ted  sector sp lits of configurations 2 and 3. t
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Table S

ESTIMATED SECTOR TRAFFIC CAPACITIES : ATLANTA
CENTER , CONFIGURATION 1 (9 SECTORS)

T r a f f i c  Capac ity
__________________ 

(aircraft per hour) 
________________

IA lB 2
Sector NAS Stage A NAS Stage A ETABS
Number (2.5 men/sector) (3.5 men/sector) (2 men/sector)

36 42 44 47
37 38 42 45
38 50 55 66
39 45 50 55
40 33 35 40
41 30 32 34
42 37 40 43
43 42 45 49
44 40 43 45

b.  T r a f f i c  Demand

Traffic demand pa tterns modeled by ATF are based on
Atlanta Center flight strip records for a single day shift during
December 1975 (when the traffic volume matched that reported for the
FY 1976 busy day*). These data enabled a reconstruction of the routes
flown by app roximate time of day for the 486 aircra f t  (10 percent mili-
tary) entering the study area during the 8-hour study period.

The exact a r r iva l times at the stud y area boundary were
not known; so, for modeling , the arrivals were assumed to be randomly
distributed over successive 20-minute periods. For parametric analysis,
this demand was scaled proportionately to provide traffic data at higher
demand levels. Scaling was based on successive 10-percent increments of
civil tra ffic; the number of military aircraft was not increased.

The scaling process used during the Atlanta Center case
study to project increased traffic demand assumed that the current
t r a f f i c  peaking phenomenon would character ize  future  demand . Therefore ,

*The sampled t r a f f i c  level was found to be roughly comparable to the FY
1975 busy-da y t r a f f i c  reported for the 9 sectors. A check of the
F? 1976 busy-day tra ffic reported for the Atlanta Center found that no
significant tra ffic increase had occurred. (An increase of less than
one percent in day-sh i f t  a i r c r a f t  handled is indicated.)

29



r 
- -  __ _ _ _ _ _ _ __ _ _ _ _ _ _

traffic was scaled into successive 20-minute periods in direct propor-
tion to the current distribution of traffic. While such a “peaked”
traffic profile migh t occur , this demand pat tern represen ts one poss ible
outcome . Another outcome could be a “smoothed” traffic profile in which
loca l traffic peaks are constrained by vol un tary  schedul ing or by regu-
latory practices. Such smoothing would redistribute traffic demand over
the 8-hour stud y per iod (by wa shing out loca l peaks a nd f il l ing  in
tr a f f i c  demand va l l eys)  , but would not reduce the total traffic demand
during the 8 hours.

In regard to ATF delay ana lysis , the peaked t r a f f i c  dema nd
would generate greater aircraft delay than would the smoothed traffic at
the identical tota l 8-hour demand level. Therefore , as traffic projec-
t ion increases are modeled , lower manning levels would be needed to con-
strain delay for the smoothed traffic than for the peaked traffic scaling.
As a resu l t, the smoothed traffic scaling would enable the existing NAS
Stage A (system 1) to constrain delays further into the future than
would  the peaked t r a f f i c  s ca l i ng .  In the i n t e r e s t  of c o n d u c t i n g  a con-
serva tive a nal ysis of ETABS (system 2) impacts , the smoothed traffic
scal ing is used a s the base cas e f or demons tra t ing con tro l le r  ma nn ing
requirements. The effect of peaked traffic scaling is assessed as part
of a sens itiv ity ana lysis in Section VI of this report.

2. ATF Model Resul ts

a. Current Operations

The ATF estimate of the baseline level of delay is ob-
tam ed by model ing the 1976 manning and sectorization situation for the
A t lan ta Cen ter study area . These operations during the day shift are a
mixture of 2.5-man (system IA) and 3.5-ma n (system IB) sector manning
strateg ies in which one T controller supports , as needed , either the
Sector 42 or Sector 44 R and D controller team , while another T con-
troller supports either the Sector 36 or Sector 37 team. Therefore ,
during the day shif t , 9 R pos it ions , 11 D and T pos it ions , and 4.5 A
posi t ions are manned , resulting in a total of 24.5 positions , as shown
in Table 6. In regard to the one-half A position , the contro l l e r  is p

also deliver ing fl ight strips to a sector not included in the study
area . This assignment is possible because the study area includes posi-
tions of more than one forma l area of specialty . The “extra” one-half
A position is assumed to be servicing two sectors , both of which are in
a single area of specialty, but only one of which is the study area .

ATF modeling for the baseline 9-sector configuration and
manning under the baseline traffic loading of 486 aircra ft per 8-hour
sh i f t  resulted in an average delay of 0.03 minutes per a i r c r a f t .  This
ATF-determined delay level represents the common level of service at
which a l t e rna t ive  systems operations wi l l  be compared. The mul t i sec to r
t r a f f i c  capaci ty is de fined to be the area t r a f f i c  loading tha t  generates
in the ATF model an average aircraft delay of 0.03 minutes over the 8-
hour shift .
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Table 6

BASELINE OPERATION : ATLANTA CENTER
(NA S Stage A--lA and 1B)

Controller Manning Traffic Loading
Number of (number of persons) (number of aircraft
Sectors R D and T A Total per 8-hour shift)

9 9 11 4.5 24.5 486

Note: ATF delay = 0.03 minutes/aircraft per day shift .

b. Alternative Systems Operations

ATF is used to separately model systems IA , IB , and 2 for
increasing levels of projected day shift traffic. Delay results for
each system corresponding to the smoothed t r a f f i c  scaling are shown in
Figures 3, 4, and 5 for the 9-, 13-, and 18-sector configurationS . The
baseline level of delay is shown as the horizontal curve on each figure.

; O3O~~ I 

I/ I  

I I I I

,
,
,

~/I 
I

E o.2o — 9 13 SECTORS 18

0.1

486 600 700 800 900 1000 1100 1200 1300 1400 ~SOO 1 (’OO
STUDY AREA TRAFFIC — aircraft per 8-hour s hif t

SA - ~‘839 2

FIGURE 3 AVERA GE DELAY . ATLANTA CENTER , SYSTEM 1A , SMOOTHED TRAFFIC
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FIGURE 4 AVERAGE DELAY . ATLANTA CENTER , SYSTEM ~B, SMOOTHED TRAFFIC
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486 600 700 800 900 1000 1100 1200 1300 1400 1 500 6~ O
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FI GU R E  5 AVERAG E DE LAY , ATLA NTA CENT E R . SYSTEM 2, SMOOTH ED TRAFF IC
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The stud y area capacities corresponding to the baseline
level of delay for each configuration are obtained by inspection from
these graphs. Multi scctor capacity is defined by the i n t e r s e c t i o n  of a
delay curve with the horizontal baseline delay curve ; this capacity is
the maximum traffic handled at baseline delay. The resulting capacities
are listed in Table 7 along with the corresponding sectorization and
mann ing  c i r c u m s t a n c e s .

Table 7

ESTIMATED MULTISECTO R CAPACITY AND MANNING :
ATLA NTA CENTER , SMOOTHED TRAFFIC

Number of Controllers
D

Number o f T r a f f i c T r a f f ic and
System Sectors Capacity* Factor~ R T A Total

lA , NAS Stage A 9 ~+8O 099 9 9 4.5 22.5
(2.5 men/sector) 13 665 1 ,37 13 13 6.5 32.5

18 880 1.81 18 18 9 45

IB , NAS Stage A 9 510 1.05 9 18 4.5 31.5
(3.5 men/sector) 13 805 1.66 13 26 6.5 45.5

18 900 1.85 18 36 9 63

1 ETABS 9 710 1. 46 9 9 0 18
(2 men/sector) 13 885 1.82 13 13 0 26 , 

-

18 1100 2 .26 18 18 0 36

*
TrJffic capacity is the number of a i r c r a f t  hand led  at current (1976)
level of delay during the 8-hour study period.

15
The traffic factor is the ratio of traffic capacity to the 1976 traf-

• f i c  base of 486 aircra ft/8-hour shift.

With reference to the statistics shown for  sy stem IA in
Table  7, the 13-sector configuration is capable of handlinç at baseline
de lay  a 37 percent  inc rease over the base l ine  t r a f f i c  of 486 a i r c r a f t
per 8-hour sh i f t . Each sector under System lÀ operations is assigned
one R controller , one D controller and one-half an A controller , re-
su l t ing in 32 .5 positions for the 13 sectors. Similar relationships
bet ween sec to r i zat ion , t r a f f i c  capac i ty ,  a n d the number of R , D. T, and
A controller positions are shown in Table 7 for each configuration and
system . The data  in  Table  7 are d iagran ~n a t i c a l ly  r epresented In Figure b.
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3. Manning  R e q u i r e m e n t s  E s t i m a t e s

a .  A t l a n t a  C e n t e r  M a n n i n g  R e q u i r e m e n t s

In order to compare system I and system 2 operations ,
the  c o n t r o l l e r  manning  r e q u i r e m e n t s  for  sys tem 1 o p e r a t i o n s  a re  deve loped
b y c o n s o l i d a t i n g  in an opt imum manner  the  a l t e r n a t i v e  manning strategies
of sys tem IA ( 2 . 5  c o n t r o l l e r/ s e c t o r)  and sys tem lB ( 3 . 5  c o n t r o ll e r/
sector)  . To f a c i l i t a t e  the  c o n s o l i d a t i o n , the  ma nning  r e q u i r e m e n t s  of
the cur ren t  average d e l a y  shown in F igure  6 are  t r a n s f o rm e d  i n t o  those
shown in Figure 7.

— In the case of systems IA and lB . a transition from the
current 3.5 men in two of the origina l 9 sectors to 2.5 men in 10
sectors is assumed to accompany the  i n i t i a l r e s e c t o r i n g  from nine  to ten
sectors .  In s p e c t i o n  of Fi gure 6 reveals that switching comp letel y to
2.5-man operations as sectors  are s p l i t  r equ i r e s  a s m a l l e r  t o t a l  number
of con trol positions than a mixture of 2.5-man and 3.5-man operations .

Success ive  sector  sp l i t s  are  then assumed to occur u n t i l
the origina l 9 sectors are configured into 18, each manned at the 2.5-
man level. The 18-sector arrangement represents the maximum number of
sectors  as sumed to be c o n f i g u r a b l e  in the stud y area . Di scus s ions  w i t h
A t l a n t a  Center  personnel  i n d i c a t e d  tha t each of the  or ig ina l 9 sectors
cou ld be sp lit , but tha t airspace limitations would preclude further
resectorization. We assume there will be a transition to 3.5-man opera-
tions when this 18-sector l imi t  is reached . However , a p r a c t i c a l  diffi-
culty needs to be considered , a s fo l low s.

The t r a n s i t i o n  to 18 sectors  w i t h  3.5 men per sec tor  at
the ba se l i ne  leve l of d e l a y  is shown b y the  nea r ve r t i ca l do t t ed  curve
in Fi gure 7. This sharp increase in staffing needs is accompanied by a
negli g ible  increase  in t r a f f i c  h a n d l i n g  c a p a b i l i t y .  This  manning
s t ra tegy  is unrealistic and i n d i c a t i v e  of low marg ina l p r o d u c t i v i t y  re-
turns . Therefore , we assume tha t a practical manning limi t for main-
tam ing baseline average delay will be reached at the 45-controller
manning level (corresponding to a traffic factor of 1.81). More gradua l
manning increases (with increased delay) are extrapolated beyond the p

1.81 traffic factor (dashed line in Figure 7) until the maximum staffing
l imit  of 63 con t ro l l e r  pos i t i ons  is reached a t  the 2. —~5 t r a f f i c  f ac to r .
The 63 con tro l l e r  l im it correspond s to the max imum bound on sec tor izat ion
(18 sectors a t  3.5 men per sector)

To suunn arize , the above manning  s t r a t e g y  enables  system I
operations to maintain the baseline leve l of delay until the 1.81 traffic
fac tor , beyond which addi tiona l delay is experienced even though manning
increases . In compa rison to system 1, the ETABS system 2 operation is
shown to be able to maintain baseline delay until maximum sectorization
is achieved at the 2.26 traffic factor with 36 controllers (18 sectors
a t 2 men per sec tor) . Once the maximum sec toriza ti on and manning limits
for each system are reached (that is , 63 men for sys tem 1 and 36 for
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system 2) ,  fu rther increases in t r a f f i c  demand must be constra ined , or
achieved with greater delay, or both.

Figure 7 shows that system 2 can be maintained at the
basel ine 9-sector configuration with 18 position s as the traffic grows
from the 1.0 to the 1.46 factor . During this period , the 2-man ETABS
sector operations would operate with less than the baseline level of
a verage de lay .

Figu re 7 a lso show s the i n t e r p o l a t i o n  of in termedia te
sector configurations (shown as dots) between the ATF modeled 9-sector ,
13-sector , and 18—sector configurations. The traffic factors corre-
sponding to each sectorization configuration , along with knowledge of
the sector manning strategy, permits calculation of the associated number
of R, D and T, and A controllers. The resulting relationshi ps between
t r a f f ic and manning requirem en ts for sys tems 1 and 2 are tabulated in
Table 8 for selec ted traffic factors. The manning versus traffic factors
in Tabl e 8 appl y to the Atlanta Center on a facility-wide basis , not just

Tabl e 8

— . ATLANTA CENTER GROWTH FACTOR ESTIMATES: SMOOTHED TRAFFICp.

T r a f f i c  Sector S t a f f i n g _Fac tor *. 
-

System Fa tor* Factor* R D and T A

1. NAS Stage A 1. ’) 1.0 1.0 1.0 1.0
1. 2 1.24 1.24 1.02 1.24
1.4 1,48 1.48 1.21 1.48
1.6 1.73 1.73 1.42 1.73
1.8 2.0 2.0 1.64 2.0
2. 0 2 .0 2.0 2.09 2 .0
2 .2 2 .0 2.0 2.64 2 .0
2 .4  2 .0 2 .0  3.18 2.0

�2.4 5 2.0 2.0 3.27 2.0

2. ETABS 1.0 1.0 1.0 0.82 0
1,2  1.0 1.0 0.82 0
1.4 1.0 1.0 0.82 0
1.6 1.18 1.18 0.96 0
1.8 1.42 1.42 1.16 0
2.0 1.67 1.67 1.36 0
2 . 2  1.92 1.92 1.57 0

�2.26 2.0 2.0 1.64 0

*1976 base.
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t o  the stud y area . This app lication assumes that facility—wide sectoriza—
t ion , manning , and traffic growth will be d i s t r i b u t e d  in d i r e c t  p ropor t ion
to that of the study area .

b. Los Angeles Center Manning Requirements

An a n a ly s i s  i d e n t i c a l  to t h a t  de sc r i bed  fo r  tho  A t l a n t a
C e n ter  was carried out for  the  m u l t is e c t o r  s tud y area  of the Los Angeles
C e n t e r .  The r e s u l t s  for the  smoothed t r a f f i c  s c a l i n g  are shown in
Figure 8. The corresponding facility-wide manning requirements are
tabulated in Table 9 for selected traffic factors; supporting data are
included in Appendix B.

Th e anal ysis of the Los Angeles Center operations varies
from that documented as p ar t  of the  prev iou s case stud y repor t ,1 because
r e s ect o r i za t i on  has been carried out at the Los Angeles facility since
the case stud y Was conduc t ed .  Th e 1976 basel ine stud y area configuration
is 11 sectorS , as opposed to 10 sectors used in the case s tud y .  However ,
the maximum sectorization limit has not changed , and is still at  the 18—
sector upper hound (based on d i scuss ions  w i t h  Los Ange les  C e n t e r  per-
sonne l held during the case s tudy)  . The minimum study area confi guration
is 9 sectors , as used in the case  stud y. Other differences between the
results of this research and that of the origina l case study are due to
the  use of an upda ted  ve r s ion  of the  ATF model and the use of compute r ized
pe. ked and smoothed traffic scaling routines.

Figure 8 shows that mann ing  requirements for system I can
he minimi zed by carrying out a transition from the baseline il-sector
oper.Itions to 3.5-man operations be fore resectorization is conducted .

~Ri’c.i 11 that the At lanta Center ana l y s i s , unlike the Los Angeles Center
•Ina[vsis , assumed a full resectorization b~ fore conducting manning
st r at  Lg v t r an s i t i o n s . )  The manning transi ti on to 11 sectors with 3.5 men

comp leted a t  the 1,13 traffic factor. No further manning and sector—
i . .i t ion adjustments arc a ssumed to be pra et ica I to ma inta in c u r r e n t  d e l a y ,
and a l i n ea r ext r a p o l a t i o n  is used to project sector sp litting effects
accompanied  b y in cr eased  d e l a y s .  The maximum s e c t o r i z a t i o n  hound of 18
sec to r s  w i t h  63 p o s i t i o n s  is reached at the 1.44 t r a  f f i c  f a c t o r  b y sys-
tem 1.

System 2 r e se c t o r i z a t i o n s  reach  the maximum bound of 18
sectors w i t h  36 p o s i t i o n s  at the 1.5  t r a f f i c  f a c t o r .  T h i s  m a n n i n g  main-
La i n s  the base [i nc  leve l of de lay u n t i l  the 1 .5 t r a f f i c  fa c t o r  i s  reached .

c. N a t i o n a l  Manning  Requ i rements

R , D and  T , and A c o n t r o l l e r  minimum manning requirements
for  the  20 domestic  cen te r s  are o b t a i n e d  b y a r i t h m e t i c a l l y  averag ing the
mann ing  versus  t r a f f i c  r e l a t i o n s h i p s  o b t a i n e d  for  t he  A t l a n t a  C e n t e r  and
the Los Ange les  C e n t e r  s tud ie s . These ea s e  s tud y s t a t i s t i c s  are  used
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Table  9

LOS ANGELES CENTER GROWTH FACTOR ESTIMATES: SMOOTHED TRAFFIC

Traffic Sector Staffing_Fac tor*
System Factor* Factor* R D and T A

1. NAS Stage A 1.0 1.0 1.0 1.0 1.0
1.2 1.14 1.14 2 . 2 7  1.14
1.4 1.55 1.55 3.09 1.55
1.6 1.64 1.64 3.27 1,64
1.8 1.64 1.64 3.27 1.64
2.0 1.64 1.64 3.27 1.64
2 . 2  1.64 1.64 3 .27  1.64
2.4 1.64 1.64 3.26 1.64

�2.45 1.64 1. 64 3 .27 1.64

2. ETABS 1.0 0.82 0.82 0.82 0
1.2 0 .89 0.89 0.89 0
1.4 1.0 1 0  1.0 1.0
1.6 1.64 1.64 1.64 0
1.8 1.64 1.64 1.64 0
2.0 1.64 1. 64 1.64 0
2 . 2  1.64 1.64 1.64 0

�2.26 1.64 1. 64 1.64 0

*
1976 base.

bec au se they are consistent and are ass umed to be represen ta t ive of the
other centers , and because no other comparable data for R , D and T, and
A position requirements are available.

The nationa l controller requirements for the smoothed
traffic scaling assumption (based on averages of Tables 8 and 9 data)
are tabulated in Table 10, The comparable statistics for the peaked —~

traffic scaling assumption are tabulated in Table 11. - S

.
-

With reference to the sector factor shown in Tables 10
and 11, the upper bound on nat iona l sec tor iza t ion  show s a maximum in-
crease of 82 percent in the number of sectors relative to the 1976 base-
line number. This 1.82 sector growth factor is an average of the 2.0
upper sector bound assumed for A t l a n t a  and the 1.64 bound assumed for
Los Angeles.
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Table 10

20-CENTER GROWTH FACTOR ESTIMATES: SMOOTHED TRAFFIC

Traffic Sector Staffing_Factor*
System Factort Factort Rt D and Tt At

1 . NAS Stage A 1.0 1.0 1.0 1.0 1.0
1.2 1.19 1.19 1.65 1.19
1.4 1.52 1.52 2.15 1.52
1.6 1.69 1.69 2.35 1.69
1.8 1.82 1.82 2.46 1.82
2.0 1.82 1. 82 2.68 1.82
2.2 1.82 1.82 2.95 1.82
2.4 1.82 1.82 3.22 1.82

~ 2.45 L82 1.82 3.27 1.82

2 . ETABS 1.0 0.91 0.91 0 .82  0
1.2 0 .95  0 .95 0.86 0
1.4 1.0 1.0 0.91 0
1.6 1.41 1.41 1.30 0
1.8 1.53 1.53 1.40 0
2.0 1.66 1.66 1.50 0
2.2 1.78 1. 78 1.61 0

�2. 26 1.82 1.82 1.64 0

*The indicated s t a f f i n g  f a c t o r  is the average of A t l a n t a  and Los
Angeles Centers ’ factor estimates.

base .

D. Baseline Staffing

The staffing factors in Tables 10 and 11 will be used in Section p

- , IV of this report to expand ba seline staffing into nationa l requirements
corresponding to forecasts of t r a f f i c  through 1999. The der iva t ion  of
the 1976 basel ine number of R , D and T , and A con t ro l l e r s  for the 20
domestic centers is described in the fol lowing paragr aphs .

1. R Control ler  Baseline Manning

An FAA manuscript of staffing at the 20 centers during 1976
includes actua l on-board staffing and calculated staffing requirements.
Calculated staffing is based on manning requirement s stipulated by FAA
en route staffing standards .8 The reported staffing statistics describe
the number of full y qualified controllers (referred to as full performance

41
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Table 11

20-C ENTER GROWTH FACTOR ESTIMATES : PEA KE D TRAFFIC

T r a f f i c  Sector  S t a f f i n g_Factor*
System Factor t Factor~ R~ D and Tt A t

I .  NAS Stage A 1.0 1.0 1.0 1.0 1.0
1.1 1.11 1.11 1.43 1.11
1.2 1.31 1.31 1.77 1.31
1.3 1.54 1.54 2.09 1.54
1.4 1.77 1.77 2.41 1 .77
1.5 1.8 2 1.82 2 .59 1.82
1.6 1.82 1.82 2 .82 1.82
1.7 1.82 1.82 3.05 1.82

�1.80 1.82 1.82 3 .27  1.82

2. ETABS 1.0 0.91 0.91 0.82 0
1.1 0.93 0.93 0.84 0
1.2 0.96 0.96 0.87 0
1.3 0.98 0.98 0.89 0
1.4 1.07 1.07 0 .97  0

-‘ - 1.5 1.49 1.49 1.37 0
1.6 1.61 1.61 1.47 0
1.7 1.81 1.81 1.63 0

�1.7 l 1.82 1.82 1.64 0

*The indica ted  s t a f f i n g  f a c t o r  is the average of A t l a n t a  and Los
Angeles  Centers ’ f ac to r  e s t i m a t e s .

-4-

1976 ba se .

level or FPL controllers) as well as controllers who are tra ining to
become FPL controllers (referred to as developmental controllers) . How-
ever , the sta f f ing sta tistics do no t dist ingu i sh between R , D and T , and
A posi t ion requ iremen ts. For the purpose of this research , an estimate
of the individual  position manning requireme nts was made using the
sector-by-sector , hour-by-hour actua l on-board manning data repor ted7
for  the 1976 busy day for  each of the 20 facilities .

An analysi s of 1976 busy-day sector utilization and R-position
manning is summa r ized in Table 12 . A total of 660 sectors were repor ted
to be in opera t ion , while an additiona l 11 sectors were not active (tha t
is , did not handle traffic and were not manned). To estimate R-position
requirements , the number of hours tha t  sectors were manned dur ing  each
8-hour s h i f t  were s tudied.  This  s tudy  took in to  account the possible
effects of staggered shift assignments (for examp le , starting different
controller teams at successive one-hour increments , such as at 7:00,
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Table  12

ESTIMATED R-POSITION SHIFT MANNING REQUIREMENTS
20 Centers , 1976 Busy Day

Number of Manned K Positions
Required* by 8-Hour Shift

Number of __________ (ma~n-sh i ft s)
Ac t ive  Midn i ght s Day s Evening* Tota l

Center  Sectors t Sh i f t  Sh i f t  S h i f t  Busy Day

Kansas City, ZKC 29 9 29 28 66
Washington , ZDC 35 8 35 35 78
New York , ZN? 45 20 45 45 110
Chicago, ZAU 38 10 38 38 85
Indianapol i s, ZID 35 11 35 35 81
Minneapol is , ZMP 28 12 28 27 67
Cleveland , ZOB 45 19 45 45 109
Boston , ZBW 29 15 29 29 73
Sea t t l e , ZSE 17 6 17 15 38
Denver, ZDV 29 13 29 29 71
Sal t  Lake C i t y ,  ZLC 21 10 21 21 52
Jacksonville , ZJX 36 10 36 35 81
Miami , ZMA 27 8 27 27 62
Memphis , ZME 34 14 34 32 77
A t l a n t a , ZTL 40 ii 40 39 90
Albuque rque , ZAB 33 6 33 26 65
Fort Worth , ZFW 41 11 41 41 93
Houston , ZHU 37 12 37 37 86
Los Angeles , ZLA 35 12 35 34 81 - -

Oakland , ZOA 26 13 26 26 65

Tota l ~60 230 660 644 1, 534

*The R-posi t ion es t imates  are based on 1976 sector manning for the 37th
busiest day by center , as reported in R e f .  7.
tAc tive sectors are those sectors that were reported to handle traffic

on the 1976 busy day; 11 additiona l sectors reportedly ha ndled no
t r a f f i c  on the busy day, and are  not included in th i s  t a b l e .

*The indicated numbe r of ma nn ed R posi t ions is the number of sectors
reporting an actual on-board staff ~0 .5  men per 8-hour shift during
the midnight or evening sh i f t s .

~The indicated number of manned R posit ions is the total  number of
active sectors during the day s h i f t .
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8:00 , and 9:00 a.m.) and considered the need to maintain ~i con t ro l l e r
on board for 8 hours once he or she is assi gned to duty.

The procedure used to es t ima te  base l ine  K controller require-
ments is demonstrated with the aid of Figure 9, which show s the ac tual
on-board manning (exclusive of A positions) reported for two hypo the t ical
sectors. During the midnight shift , Sector 1 is not in operation during
the f i r s t  4 hours bu t is mann ed at two pos it ions dur ing  the remaining 4
hours .  One of the two pos i t ions  must  be an R posit ion . Therefore, one
R controller would need to be assigned to du ty during the 8-hour midnight
shif t , although onl y 4 hours of his  or her time are a c t u a l l y  requi red
at Sector 1. Similarly, both the day and evening shifts for Sector 1
would ea ch require one K cont ro l le r  on duty a l though the sector is not
continuously manned during the evening shift . Sector 1 therefore requires
that  three R-controller shifts be manned during the busy day.

Sec tor 2 manning exemp lif ies a situation in which two R
controller shifts (rather than three shifts) would be required during
the busy day. In this case , a controller team is assumed to begin its
day shift during the last hour (7:00 a .m.) of the nomina l midnight shift ;
an evening shift begins 8 hours later. Such offsetting of shift start
t imes is conunon a t cen ters exper ienc ing ear ly  mor ning tr a f f ic “rushes.”

Since the precise manning and shift scheduling strategies
a c t u a l l y used at each center  are not known , the fol low ing ru le of thumb
is used to approximate  K cont ro l ler  requirements :  one R control ler
sh i f t  must be manned for any  sector r epor t ing  an ac tua l on-board s t a f f
of at least 0.5 controllers during a shift . For examp le , Sec tor 2 in
Figure 9 shows a staff of 0 . 2 5  controllers per shift during the midnight
shi f t  ( tha t  is , 2 cont ro l le rs  per 8-hour s h i f t) , and , accord ing to the
above rule of thumb , K con t ro l l e r  midnig ht shif t manning wou ld no t be
required because of the offset shift . This rule was app lied to the
actua l on-board busy-day manning reported for each sector for each
facility in order to obta in the R controller shift manning requirements
in Table 12.

Table 12 shows tha t at least 1,534 R controllers are needed to
man sectors for the 1976 busy day at the 20 centers .  Of the tota l number
of R controllers , 15 percent are required for midnight shift operations ,
while the remainder are almost evenly split between day shift (43 per-
cent) and evening shift (42 percent) operat ions.  The low midnight s h i f t  - - 

-

requirements are indica tive of light traffic activity, during which
selected groups of two or more sectors typ i ca l ly  are combined in to  one
sector (according to current f a c i l i t y  pract ices) .

2. D and T C o n t r o l l e r  Base l ine  Mann~~ g

U s i n g  the 1976 bu sy-day actua l on-board manning reported for
each o f the 20 centers , the number of t o t a l  cont ro l le r -hours  (exclus ive
of A control lers)  and the number of K con t ro l le r -hours  spen t in manning
all sectors on the busy days were tabulated. The number of K controller-
hours is equa l to the number of hours each sector was manned by at  least
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one controller . The total controller-hours is equa l to the sum of the
number of controllers manning each sector during each hour of operation ;
this is summarized in the FAA staffing report.7 The total number of
cont ro l l e r -hours  ( tha t  is , K and D and T control ler -hours)  was found to
be 23,030, and the number of K con t ro l l e r -hours  for  the 20 busy days was
found to be 11,698. The corresponding ratio of D and T controllers to R
con t ro l l e r s  is 1.97 , which is equiva lent  to 0 .97 D and T con t ro l l e r s  for
each R con t ro l l e r .  The nationa l requirements for D and T controllers
for the 1976 busy days are calcula ted by mul t ip lying the na tiona l K
controller requirements (1,534 men) by 0.97, wh ich gives 1,488 con tro l le rs ,
as shown in Table  13.

Table  13

MANNING AND STAFFING REQUIREMENTS ESTIMATES , 20 CENTERS , 1976

Minimum Number of C o n t r o l l e r s
Required by Position

Number of (exclusive of advanced
Ac t ive 

_______ 
tra ining needs) 

______

Requirement Category 
-__

Sectors R D and T A Tota l

1976 busy-day ( d a y - s h i f t )  
* * 

- 
-

manning 660 600 640 330 1, 630

1976 busy-day manning 660* 1,534* l,488~ 767~ 3,789
1976 annua l staffing 660* 2,3S6~ 2,286~ l ,178~ 5,820

* *Estimated from Ref. 7, as shown in Table 12.
•t

D and T c o n t r o l l e r  manning  = 0 .97  x R controller manning .

controller manning = 0.5 x K con t ro l l e r  manning .

~Annua l sta f f i n g  = 1.536 x busy -da y manning, where 1.536 = 1.6 annua l
and sick leave fac tor  x 0.96 average weekend adjustment factor.

3. A C o n t r o l l e r  Base l ine  Manning

Observat ions b y SRI Internat iona l at the Los Angeles and
Atlanta Centers found that one A controller typically services two sec-
tors (or, equivalently, two R positions) . Therefore , the A-controller
nationa l requirements are calculated by multiplying the R-controller
requirements (1 , 534 men) by 0.5 , which gives 767 A controllers as shown
in Table 13.
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4. Base l ine  Annual  S t a f f i n g

The data  c a l c u l a t e d  above for  b u s y - d a y  mann ing  r equ i remen t s
assumes tha t each con tro l l e r  is on duty for 8 hours . The FAA staffing
standards  a l l ow this min imum mann ing to be increased by 20 percen t to
al low for  con tro l le r  rel ief unless  “excess capacity ” prov ides su f f i c i e n t
relief time . The excess capacity accounts for the time controllers are
kept on duty (because of the 8-hour shift rule) , althoug h the ir servi ces
may not be needed for each hour of the shift (because of off-peak hourly
tr a f f ic loadi ngs) . A stud y of the 1976 busy-day  reports found that ex-
ces s capac i ty dominated the manning situation. Hence , the 20-perc ent
relief manning allowance is not used. As a result , the busy-day manning
requirements are as shown in Table 13 under the assumption that excess
capac ity is sufficient for controller relief allowances .

To c a l c u l a t e  annua l  sector s t a f f i n g  r equ i remen t s , the s t a f f i n g
standa rds a l l o w  a 60-percent increase  in the busy-day manning to account
for  the 7 -day  workweek p lus annua l and s ick leave . A stud y of the 1976
busy-da y reports~ found that the average weekend adjustment factor of
96 percent for the 20 centers allowed for a decrease in staffing needs;
this decrease accounts for the reduction in traffic activity and manning
needs occurr ing  during the  weekends.  Na t iona l  a nnual  cont ro l le r  s t a f f i n g
requirements  are c a l c u l a t e d  by m u l t i p l y i n g  busy-day manning require-
ment s by the 1.60 staffing adjustment factor and by the 0.96 weekend
adjustment factor as shown in Table 13. This  c a l c u l a t i o n  gives a t o t a l
requ irement for 5,820 controll er s in 1976 , of which 41 percent are R
c o n t r o l l e r s , 39 percent  at ~ D and T con tro l lers , and 20 percen t are A
controllers. These estimates represent the minimum number of controllers
required to op era te the ac tive sec tors, and do not inc lude  a l lowances  

- 
-

for advance training needs.

The baseline controller requirement s are compared to the actua l
on-board s t a f f  in Table  14. The actua l staffing is reported” accordi ng - r
to the number of FPL and developmental controllers on board at the 20
centers  for  the 1976 baseline year. Table 14 compares the on-board
5, 131 FPL s t a f f  members against the K controller requirement s, and the
on-board 2,337 deve lopmen tals  agains t the D con trol ler , A controller ,
and advance recruitment requirements (the latter will be estimated in the
nex t sect ions of th is repor t) . A total of 7 , 468 c o n t r o l l e r s  are a c t u a l l y
on board , which is 1 ,648 more than the estimated ‘5,820 requirement .
The d i f f e r e n c e  between requi rement  and on-board s t a f f  is due to the cx-
clusion of advanced recruitment estimates in the data given in Table 14.

E.  T r a f f i c  Forecas t

T r a f f i c  foreca sts for FY 1977—99 were provided by the FAA9 and are
l i s ted  in Table  15. T r a f f i c  es t imates  for the 20 domestic centers are
obtaiaed by subtracting the nondomestic annua l traffic forecast from the
total annua l traffic forecast . Traffic factors for each fiscal year
from 1977 throug h 1997 are ca l cu l a t ed  r e l a t ive  to the 1976 baseline year.
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Table  14

20-CENTER 1976 CONTROLLER STAFFING

Con troller Actua l On-Board
Req uirement Es t ima tes Con tr o l l e r s

(number of persons) (number of persons)

Con t ro l l e r  type
R 2 ,356 5,131 (FPL)
D 2 ,286
A 1,178

- (deve lopment al )
Advance recruitment --

Total 5,820 7.468

Table 15

TRAFFIC FORECAST ESTIMATE , 20 CENTERS

Thousands of Aircraft Handled*
Domes t ic

T r a f f i c  Fac to r
Fisca l Year Nationa l Nondomestic~ Domes t ic~ (Fl 1976 base)

1976 23 ,923 1,057 22 ,866 1.0

1977 2 5 , 70 6 1, 192 24 ,514 1.07
1978 26 , 710 1 ,236 25 ,474 1 .11
1979 2 7 ,728 1 ,285 26 ,443 1.16

1980 28 ,936 1,338 27 ,598 1.21
1981 30 ,735 1,4 13 29 , 332 1.28
1982 32 ,153 1 ,484 30 ,669 1.33
1983 32 ,963 1,529 31 ,334 1.37
1984 33 , 927 1 , 580 31, 347 1.41

1985 35 ,066 1 ,636 33,430 1.46
1986 36 ,290 1,695 34 ,595 1.51
1987 37 ,752 1,766 35 ,986 1.57
1988 39 , 161 1, 820 37 , 341 1.63
1989 40 , 580 1 , 879 38 , 701 1.69
1990 42 ,038 1, 937 40 , 101 1.75
1991 43 , 540 1, 999 4 1 , 541 1.82
1992 45 ,083 2 , 061 33 , 022 1.88 P

1993 46 , 67 1 1, 123 44 , 548 1.95
1994 48 , 299 2 , 188 46 , 111 2 .02
1995 49 ,973 2 ,253  47 , 720 2.09
1996 51 ,669 2 , 322  49 , 347 2 .16
1997 53 , 4 10 2 , 389 51 , 021 2.23
1998 55 170 2 3S7  52 713 2.31
1999 56 , 971 2 , 527 54 , 444 2 .38

Dat ,i  source :  R ef .  ~
tA i r c r a ft  handled , non do mestic , are t r . ,f f j c  e s t i m a t e s  for the Alaskan
region (Anchor age AR TCC) , Pacif ic region (Honolulu , Guam ARTCC5) , Balbo a
ARFCC , a n d Sa n J uan  ARTCC .

~A i rc ra f t  handled , 20 domestic cen t t - r s , equals the (a i r c ra f t  handled ,
nat ion.~ I) minus (a ire r i  f t  hand led , nondome at Ic)

Source : FAA
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IV PROJECTIONS OF NATIONWIDE EN ROUTE STAFFING LEVELS

Previous research 1 3
’1° has indicated that one of the most signifi-

cant potential benefits associated with the introduction of an Electronic
Tab u la r  Disp lay  Subsystem is the reduction of the staffing levels relative
to the s t a ff i n g  l eve l s  tha t would occur  w i t h o u t  t h i s  technology . For
this reason , a significant portion of the a n a l y s e s  has been devoted to
the deve lopmen t  of p r o j e c t i o n s  of the nationa l staffing levels for the
stud y period of FY 1977-99. This section describes the methods and as-
sumptions used to develop these projections and compares the projection
of sta f f i ng levels for the current NAS Stage A system to tha t of a nomi-
n a l l y d e f i n e d  ETAB S imp lementa t ion  scenar io .  This “base  case ” imp lementa-
t ion scenar io  is based on the a s s u m p t i o n  t h a t  E TAB S w i l l  be 50 pe rcen t
dep loyed by the  end of 1984 and 100 pe rcen t  dep loyed by the end of 1985.
The e f f e c t s  of changes to the base case imp lementa t ion  scenario , such as
a d e f e r r a l of ETABS dep loyment , were also examined during this project
and are  d e t a i l e d  in a l a t e r  sec t ion .

The existing 20 domes ti c en route cen ters are ac tua l l y manned by two
d i s t i n c t  s t a f f  o rgan iza t i ons;  Air  T r a f f i c  Service ( AAT) s t a f f  and Airway
Facili ties Service (AAF) staff. Each staff organization has its own
opera tiona l responsibilities and mana gement structure. In addition , there
also exist significant variations of job skills and categories between
the two staff organizations. The Air Traffic Service staff operates the
ATC system, wh ile the Airway F a c i l i t i e s  Service staff maintains the ATC
equ ipmen t .  Because of the d i s s imi l i t ude  between AAT and AAF personnel
requirements , separa te staffing projections have been made for each of
these two o r g a n i z a t i o n s .

A. Base Case ETABS Implementation Scenario

This section will compare the projected staffing levels associa ted
wi th two system imp lementation scenarios. The first of these two imple-
menta tion scenarios is the “do noth ing’t scenario and is based upon the
assumptions tha t neither ETABS nor any other controller work-load -reducing
technology will be introduced before the year 2000, and tha t ATC opera-
t ions wi l l  no t cha nge sign if ican tly during this period . The second im-
plemen tation scenario is a nominally defined base case development and
dep loyment of ETABS. In this scenar io  ETAB S eng ineer ing and development
takes p lace dur ing  F? 1978-80 period and the i n it i a l  procurement  of E TAB S
equipment occurs from FY 1982 to 1985. Operationa l dep loyment of ETAB S
is assumed to require two years and it will be 50 percent imp lemented by
the end of 1984 and 100 percen t implemen ted dur ing 1985. In the base
case imp lementa t ion  scenar io  i t  is assumed tha t there are no cons t r a in t s
to reduc ing  the number of en route  sectors  if con t ro l l e r  work load  is 
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reduced . However , it is assumed that the s iz e  of the c o n t r o l l e r  work
force can onl y he r educed t h r o u g h norma l w a s h o u t  and a t t r i t i o n . The
con t r o ll e r  r e q u i rem e n t s  f o r  bot h the c u r ren t  NAS Stage A sys t em and the
base case ETABS dep loyment  a re  demons t r a ted  for  the smoothed t r a f f i c
p ro j ec t i ons  described in the previous section .

B. Air Traffic Service Staffing Projections

Apart from the air traffic controllers , the en route AAT staff is
also composed of other personnel who support contro l operations. The
other AAT staff includes management , supervisory , training , administra-
tive , and clerica l personnel. In the  previous sec t ion , r ela t i o n s h i p s
between tra f f i c  a c t i v i t y  and c o n t r o l l e r  s t a f f i n g  r e qu i rements  hav e  been
developed . However , the s t a f f i n g  requ i rements  for  the o the r  AAT s t a f f
are not di r ect ly r e la ted  to t r a f f i c  a c t i v i t y . The re fo re , different tech-
niques were used to project the s t a f f i n g  levels  fo r  AAT c o n t r o l l e r s  and
the other MT staff members.

1. Air Traffic Controllers

The a i r  traffic staffing requirements described in Section 111 —

of this report relate the need fo r  co n t ro l l e r s a t three different levels
of qualification (R, 0 and T, and A positions) to traffic activity levels.
These r e l a t i o n s h ips we re used in c o n j u n c t i o n  w i t h  a f o recas t  of t r a f f i c
a c t i v i t y  to es t i mate  the c o n t r o l l e r  s t a f f i n g  and ATC sector  r e q u i r e m e n t s
for  each year  during the FY 1977—99 pe riod . these ’ e s t i m a te s  for  the cur-
rent  NAS Stage A system continuance and for the basic ETABS dep loyment
are shown in Table 16. These estimates include onl y those controllers
who routinel y man contro l positions; they do not include those control—
lers a s s i gn ed p r i m a r i l y to a d m i n i s t r a t i v e  or t r a i n i n g  r e s p o n s i b i l i t i e s .

a.  Con t r o l l e r  Adv ance  R e ’cr u i  tinent (CAR ) Model

The rap id ins t a l l a t i o n  of new ATC t e chno logy  can reduce
con t ro l l e r  s t a f f i n g  r equ i r emen t s .  However , in t h i s  s tudy  c o n t r o l l e r  r

sta f f  r educ t ions  are  assumed to be accomp l ished through norma l a t t r i t i o n
a nd washout  and m o d i f i c a t i o n  of the  r e c r u i t m e n t  ra te- . In a d d i t i o n , the
con t r o l l e r  t r a i n i n g  and q u a l i f i c a t i o n  processes  a l so  a f f e c t  the a c t u a l
s t a f f i n g  l eve l s  and mu sL be accounte d  f o r .  At any g iven t ime , t he con-
t rol ler  s t a f f  is composed of f u l l  pe r fo rmanc e  level  (F 1~L) c o n t r o ll e r s
as we ll as deve lopmenta l  c o n t r o l l e rs .  r u e  d eve lopmen ta l  c o n t r o l l e r s
range from those who a re  not q u a l i f i e d  to ope ra te  any p o s i t i o n s  to those ’
who are  q u a l i f i e d  to work A p o s i t i o ns , I) ~nd T pos i t ion s , a nd ev en some
R positions. It is t h e r e f o r e  not a pp r o p r i a t e  to cons ider  the e s t ima te s
of annual controller staffing requirements as projections of controller
s t a f f i n g  levels , b ecause  t hese requ i rements  do not accoun t  for  the con—
troller training process , norma l washout and attrition , and the factors
const’taining manpower reduction.
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In order to develop staffing projections that are sensi-
t ive to these f a c t o r s , the Con t ro l l e r  Advance Recru i tment (CAR ) model
was developed . This model is used to determine the nationa l ann ual re-
cruitment need s for the en route ATC system.

Model Structure--The CAR model was designed to meet the
particular information and ana lysis needs of this stud y ,  whi ch call for
distinguishing the staffing need s of current NAS Stage A and ETABS opera-
tions. For this reason its structure in some respects is different from
tha t of the FAA ’s Advance Recruitment Model.8 The latter model is de-
signed for  curren t sys tem opera ting requiremen ts , but is not app l icable
to ETABS operations.

The CAR model is a de terministic model tha t calculates
the number of new con t ro l l e r s  tha t should be hired a t  some “present” time
in order to adequately meet future controller requirements. This problem
of de termining how many controller trainees to hire at a given time is ,
in many respects , similar to an inventory problem , and the structure of
the CAR model is similar to that of a deterministic inventory model.

In an inven tory model , the rate of ordering new stock is
usually the primary means of controlling the inventory level over time .
A simp le model of this process could be constructed as:

Inven tory a t = inventory  a t  beginning of period
end of period

+ stock ordered d u r i n g  per iod

- fulfilled demand for stock during period .

The amount of stock ordered during a time period is generall y determined
so as to main ta in an inventory level tha t allows the demand for a product
to be met. In an ana logous fashion , new controllers are hired at a rate
tha t is s u f f i c i e n t  to ensure  tha t there are enough controllers to operate
the ATC system in a safe , expedi tious , and efficient manner. A simple
model of this process is the same as the inventory model:

Required number of con- = number of controllers at
trollers at end of period beginning of period

+ number of controllers hired
dur ing per iod

- number of con t ro l l e r s  who
have quit , retired , been reas-
signed to noncon t ro l l e r  d ut i e s ,
or the like , during period .

If we can make reasonable es t imates  of the va lues  of the th ree  v a r i a b l e s
other than the number of controllers hired , this variable can he easil y
found .
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The simple model described above does not account  for
many impor tant factors . One of the most important of these factors is
the t r a in ing  de lay  between the time the new con t ro l l e r s  are h i red  and
the time tha t they become qualified to operate various control positions.
(In the inven tory problem th is  t ime de lay  can be cons idered to be analo-
gous to the interval between the time when a product is ordered and when
it is ac tua l l y de l ivered .)  The number of control lers  to be hired at  any
one time should be re la ted  therefore  not to present  manpower needs , but
ra ther  to the manpower requi rements  tha t wil l  occ ur af ter the con troll er
t r a in ing  period . For th i s  reason the CAR model is time-based so tha t all
manpower s t a tus  informat ion  is up dated  on a q u a r t e r l y  bas is .

Another f a c t o r  tha t must be accounted for  when de termin ing
cont ro l le r  h i r ing needs is the f ac t  t h a t  a con t ro l le r  progresses throug h
various levels of q u a l i f i c at i o n s  before  becoming a f ull y qualified con-
troller. At these lower levels of qualification the controller can oper-
ate some of the positions within his area of specialty and is productive
(recall tha t not all control positions must be manned by f ully qualified
con t ro l l e r s ) . For examp le , a developmental controller is typicall y capa-
ble of manning all of his area ’s A positions within his first year of
training, some D posi tions af ter two year s of tr a in ing ,  a l l  D positions
and some R posit ions a f t e r  about  three years  of tra in ing ,  and a l l  posi-
tions after four years of training. In order to account  for  these dif-
ferences , the CAR model bases recruitment decisions on future R, D and T,

r- -‘.
• and A posi t ion sta f f i n g  requiremen ts , rather than total controller re-

quirements alone . The three conditions that must be satisfied by the
h i r ing  ra te  are:

H �R  - C  (1)
t t+r t+r

H �R  + D  - C ’ (2)
t t+d t+d t+d

H
~ 

� R
+ 

+ D + + A + 
- C ”

+ (3)

where:

H = number of new control lers  tha t should be h i red a t
n the beginning of Quar ter  n (H n 

� 0) .

R , D , A = number of con trol lers  qua l i f i ed  to man R , D and 1,n n n and A positions , respectively, tha t are requireda 
a t  the beginning of Quar te r  n.

C , C ’ , C ” = number of cont ro l le rs  qua l i f i ed  to man R , D and T ,n n n and A positions , respectively, that would be avail-
able at the beginning of Quarter n if no new con-
trollers were hired during the present quarter.
The number of available controllers for any position
includes all currently qualified controllers as well
as those hired w i t h i n  the respective t r a in ing  period s
in the f u ture .

53

L1~~~~~~~~~~~~ . _



- ‘ — — :
~~ .~~.~~: 

— - -~~~~ —--~~~~~ ‘.=- ‘4. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a — - - -

r , d , a = number of quarters of training required for a new
controller to become qualified to work respectively
at R , D and f , and A posi tions .

Note tha t these three conditions are formulated in a progressive manner.
This is because controllers become progressivel y qua l i f i ed  to op era te a t
more con trol positions without losing their capability to man positions
tha t r equire a lesser degree of qualification. Thus an A position can
be manned by an FPL who also can man D , T, or R posi tions.

The number of new con t ro l l e r s  tha t  should be hi red at  the
beginning of any year should be the minimum number required to satisfy
these three conditions. This value can be obtained by solving all three
inequalities and selecting the largest value of Ht. The condition tha t
results in the largest value of Ht is the constraining condition. In
this model , the implementation of ETABS would have the effect of elimi-
nat ing the condi tion represen ted by Eq. (3) because staffing the require-
ments for the A posi tions are reduced to zero . If this has been the
constraining condition , the relaxation of the constraint will result in
the reduction of controller recruitment needs.

The CAR model structure also accounts for other major
factors that influence controller hiring rates. Among these are the
curren t makeup of the con trol ler  work f orce , the controller training
cycle , fu ture con trol ler  requiremen ts , washout and attrition rates ,
availabili ty rates , and controller qualification levels. Each of these
fac tors is b r i e f l y described below .

Makeup of the Controller Work Force--The CAR model requires 
- - 

-~

input of the initial conditions regarding the makeup of the controller
work force. This input includes the number of en route controllers who
are a t  various qua r t e r s  of t r a i n ing .  The CAR model is i n i t i a t e d  w i t h  the
makeup of the actua l on-board developmental and FPL controller work force
for  the 20 centers at the end of FY 1976. The number of developmental
controllers (totaling 2,337 persons) in each quar ter of tra in ing were
supp lied by the FAA and are shown in Table 17; also shown is the count
of FPL cont ro l le rs .  The da ta  shown in the table correspond to the con- ‘.
t ro l le r  s t a t i s t i c s  reported previous ly in Table 14.

Air Traffic Controller Training Cycle-—A major reason for t
develop ing the CAR model was to s p e c i f i c a l ly account  for  the t r a i n i n g
time required a t  d i f f e r e n t  stages of a deve lopmenta l ’ s progress ion  to
becoming an FPL. Using i n f o r m a t i o n  from an FAA t r a i n i n g  p lan ,” a
gene ral ized 13-phase en route t ra in ing schedule was i d e n t i f i e d . This
schedule , based on a 4 -yea r  t r a in ing  cycle , is shown in Table 18. Since
the CAR model progresses incrementall y throug h time on a quarter-b y-
quar te r basis , t he t ra in ing time requirements also were t r ans l a t ed  into
th i s  form and are shown in Table 19.
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Table 17

BASELINE CONTROLLER STAFF

Number of
Quar ter  Ac tua l  On-board

in Contro l le rs  a t  End
Training of FY 1976

1 269 developmentals
• 2 108 developmentals

3 229 developmentals
4 68 developmentals
5 222 developmentals
6 71 developmen ta ls
7 184 developrnentals
8 35 developmentals
9 354 developmentals
10 127 developmen tals
11 294 developmen tals
12 71 developmentals
13 130 developme n tal.s
14 44 developmentals
15 109 developmentals
16 22 developmentals

� 17 5,131 FFLs

Future  Controller Requirements-—The future controller re-
quiremen ts essen tia l ly drive the CAR model in tha t they determine the
hir ing decision in the present quarter. The model structure differenti-
ates between A-man, D-man (and T-man) , and R-man position requirements
and accounts for the fact that even during the 4-year training cycle the
developmen tal controller does man certain control posi tions and is pro-
ductive (tha t is , not all pos it ions mus t be manned by an FPL.). At each
discre te quarterly interva l the model determines how many controllers
qualified to man a given position type , such as R posi tion , wi l l  be
available at a certain time in the future. These projections of contro l-
ler availabili ty account for the progression of developmental controllers
to higher qualification levels , washout rates , attrition rates , and
availabili ty rates. The number of controllers available to man a given
type of position is then compared to the number of controllers required
for tha t position. If a shortage of controllers is projected to occur ,
the model ca lcula tes  the number of controllers that should be hired 4
years (16 quarters) in advance to alleviate that shortage, after account-
ing for controller washout during training. The future controller
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Table 18

ATC EN ROUTE SPECIALI ST TRAINING PROGRAM

Traini ng Cumu l a t ive
Du ra t ion  Time T ime

Phase (wks/hrs )  (hours) (weeks)

In i t i al 1 2/80 80 2
t ra in ing 2 6/240 240 8

3 8/320 320 16
4 2/80 80 18
5 6/240 24O~ 24
6 6/240 240 30

A qual i f ied  7 51/2 ,040 15 81
8 10/400 24O~ 91
9 5/ 200 120 96

D qualif ied 10 8.320 24O~ 104
11 26/1 ,040 240.~. 130
12 26/1 ,040 120 156

R qual i f ied  13 52/ 2 ,080 240~ 208

* C
Based on 6 sectors.

t B d  on 2 sectors.

Ba sed on 4 sectors.

requirements are initiall y determined on an annua l basis but are con-
verted to quar ter ly  requirements wi th in  the model b y a simp le in terpola-  p

tion process.

Control ler  Qualif icat ion Levels--During the 4-year train-
ing cycle , a developmental control ler  gradual ly  becomes qualified to work
under only general supervision at certain positions within a specific area .
A developmental controller either is qualified to operate a given posi-
tion , or he is not. The CAR model therefore describes a controller ’s
qualification level as a 0-1 step function for each of the three princ ipal
position categories: (I) A controller , (2) D and T controller , and (3)
R controller. The qualific ation levels during the training cycle , for
each of these position categories , are shown in Table 20.
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Table 20

CONTROLLER QUALIFICATION LEVELS

Quar t e r
in Posi t ion Category

Training — __________ —

Cycle A D a n d T  R

1 0 0 0
2 0 0 0
3 0 0 0
4 1 0 0
5 1 0 0
6 1 0 0
7 1 0 0
8 1 0 0
9 1 1 0

10 1 1 0
11 1 1 0
12 1 1 0
13 1 1 1
14 1 1 1
15 1 1 1
16 1 1 1

.4

Note: 0 indicates controller is not
yet qualified at this position
ca tegory .

I indica tes controller is quali-
fied at this position category .

1~

Cont ro l le r  Ava i l ab i l i ty  Rates--During the 4-year  t ra in ing
cycle the percentage of time that is devoted to training will noc always
be 100 percen t, thus allowing the developmental controller some time to
perform produc tive work , provided tha t he is qualified to operate a posi-
tion . In the CAR model we have defined controller availability as the
p roportion of time tha t a control ler  is not engaged in t ra in ing .  Since
controller vacation , sick leave , and other unproductive time is accounted
for in determining controller staffing requirements , they are not in-
cluded in the determination of controller availability . The controller
availabili ty rates per quarter during the 4-year training cycle are shown
in Table 19. In order to determine the potential work contribution of
developmental controllers during a particular quarter of tra ining, the
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CAR model multip lies the availability rate for that quarter by the quali-
f i c a t i o n  level for the various work assignments. This product is then
multiplied by the number of controllers staffed in that particular
quar ter of t rain ing to ob ta in  the numb er of cont ro l le rs  ava i l a b l e  f or
operationa l duty (exclusive of training program needs).

Washout Rates--A washout rate is the rate at which de-
velopmen tal controllers exit from the training program before comp letion.
In the CAR model a constan t wash out ra te is associa ted wi th each of the
16 quarters of the training cycle . As an examp le of the use of these
ra tes , suppose tha t , on a na t i onal  basis , 200 deve lopmental controllers
had jus t comp leted three quarters of training and tha t the washout rate
for the fourth quar ter was 1.2 percent. In this case 3 controllers
would wash out during the fourth quarter of training, while 197 would
success fu l l y have comp leted the first year of the training cycle. l’he 

- -1
washou t rates tha t were used in the anal yses were f urn ished to us  by
the FAA and are lis ted in Table 19.

Attrition Rate—-The attrition rate is the average rate
per quar te r  a t  which FPLs leave the controller work force. This action
may occur because of retirements , promotions or transfers to noncontrol-
ler type jobs within the agency , leav ing the agency, or similar actions.
Again , the  a t t r i t i o n  rate used in the analyses (1.23 percent per quarter
as shown in Table 19) was determined by the FAA from an examina tion of
historical data. The use of a constant attrition rate presupposes that
controller at trition will not dramaticall y change during the stud y period .
Change s to the controller retirement p lan , d isabi l ity p lan , or o ther
change can , of course , cause this rate to vary . However , cons ider ing
the d i rec t ion  tha t  such changes w i l l  p robab ly  take , the use of a cons tan t
at trition rate based on historical data is probably a reasonabl y conserva-
tive approach.

b. Pro jections of Air Traffic Controller Hiring and Staffing

The CAR model was used to project the air traffic con-
troller staff tha t would be associa ted  w i t h  the  c u r r e n t  ATC system as
well  as the basic  E TABS imp lemen ta t i on  scenario. These projections are
grap h ica l l y disp layed in F igure  10. The tota l controller requirements
are also shown in this figure . The CAR model actuall y uses three posi-
tion staffing requirements in the formulation of a hiring decision.
These requiremen ts are (1) the required number of controllers qualified ‘

to man R posi tions , (2) the required number of controllers qualified to
man R pos itions or 0 and T posi tions , and (3) the required number of
con trollers qualified to man R posi t ions , D and T pos it ions , or A posi-
t ions.  The cumula t ive  n a t u r e  of these requirements is due to the fact
tha t  contro l pos i t ions  can be manned b y c o n t r o l l e rs  who are  q u a l i f i e d
a t  a h ighe r  level ( f o r  example , an A pos i t ion  can be manned by an R-man , ;—
a 0-ma n , or an A-man) . The requirement  shown in Figure 10 is t i te t o t a l
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controller requirement. For the current NAS Stage A system the total
controller s t a f f  is projected to rap idly increase (at an average rate
of about 750 con t ro l l e r s  per year) to a controller staff of about 11 ,000
at the beg inning of FY 1983. From then the increase is projected to
continue at a much more moderate rate of about 225 controllers per year.
The tapering of this curve is due to the fact tha t individual ARTCCs
have reached their maximum sectorization and staffing levels. Notice
tha t this projection has the same general shape as the projection of
total controller requirements. The difference between these two curves
(usuall y between 750 to 1,500 controllers at any given time) is due to
the training requirements (that is , some controllers are not even quali-
fied as A-men and the partiall y qual ified developmental controllers are
not 100 per cent available) .

The s t a f f i n g  projection for the base case ETABS imp lementa-
tion scenario is significantl y different from that of the current system
for  the period beyond the end of FY 1982. This projection is based on
the assumption tha t the actua l hiring of new controllers will be reduced
in advance of ETABS implementation in anticipation of reduced controller
staffing requirements. In fact , in this imp lementation scenario no new
controllers have to be hired from the second quarter of FY 1983 until
the third quar ter of FY 1990 , as ind ica ted in Fi gure Il. Beginning in
FY 1983 the size of the total en route controller work force is projected
to rapidl y decrease from abo ut 11,000 persons to abo ut 8,000 persons in
FY 1990. This sharp decrease is solely due to controller attrition and
developmental washout. The ETABS staffing decrease precedes the require-
men ts decrease by one year because of the removal of A-controller train-
ing requi rements .  The CAR ana lysis found that A-position manning will
be the critical advance recruitment parameter during the mid-l980s for
the current NAS Stage A system. Recall the A-position qualification , 

-

time is one year (Table 20), and remova l of A-position requirements by
ETABS enables an early reduction in hiring . The difference between the
ETABS staffing and requirements projections for FY 1983 through FY 1990
is due no t onl y to training requirements but also to a surplus of con-
trollers.

In comparing the controller staffing projection of the
current NAS Stage A system to tha t of ETABS, ETABS shows the potential
for a significan t reduction of the projected controller staff. The con-
troller s ta f f , including advance recruitment , proj ec ted for  the c u r r e n t
system at the end of 1999 is 14,740 controllers (3,252 developmentals ,
11,488 FPLs). In contrast , the base case ETABS implerentation scenario
is projec ted to have only 8,969 controllers at the end of 1999 (1,600
developmen tals , 7,369 FPLs). Over the entire stud y period , the current
NAS Stage A system is projected to require 274,000 controller man-years
of effort (73,000 developmental man-years , 201 ,000 FPL maa-years). For
the same period , the base case ETABS implementation scenario would re-
quire only 205 ,000 controller man-years (43,000 developmen tal man-years ,
162 ,000 FPL man-years).
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The projected savings of 69 ,000 controller man-years over
the s tud y period must be viewed with some caution due to some of the as-
sumptions on which the base case ETABS implementation scenario is based .
One of the assump tions tha t may be viewed with some skepticism is that
there is no constraint on the rate of reduction of the number of en route
sectors. As shown in Figure 12, the base case ETABS imp lemen ta tion
scenario reduces the number of en route sectors by almo st 25 percen t
over the initial two-year ETABS deployment period . A sector reduction
of this magnitude over a 2-year period may not be practical nor desir-
able due to the amount of effort involved in resectorization , changes
in proc edures , charting, sof tware adap ta tion , and the like. According ly,
th is  f a c t o r  is included in the s ens i t i v i ty  anal ysis presented in Section
VI.

2. Administrative Management and Operational Support Staff

The projections of MT administrative management and operations
support staff , which are shown in Figure 13 , are based exclusively on the
app lica tion of the FAA ’s Air  Tra f f i c Con trol Sta f f i n g  Standard System.8
The staffing standards were used to develop projections of the number of
persons in each of the following job categories:

Team supervisor
Facility chief
Depu ty chief
Secretary (chief/deputy chief)
Ass i s t an t  chief
Data systems officer
Fli ght  da ta  monitor
Card punch opera tor - - 

-

Data  systems specia l is t
Mili tary liaison o f f i ce r
Mili tary lia ison specialist
Evalua tion and proficiency development officer
Personnel management specialist
Administrative and/or personnel assistant
Management specialist ass i s t an t
Flow control ler
Evalua t ion  and prof ic iency  development special is t  ( EPDS)
Area o f f i c e r  - t
Area specialist
Ca rtographer
Teletype supervisor
Teletype opera tor
Cle rk

No projec tion was made for the job category of Area Coordina tor , since
this is a nonstandard requirement.

In the case of the team supervisor job category, the staffing 
- -  - -

standard requirement is based on the peak shift position ma-nMng 
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requirements. In this case the annual controller staffing requirements
developed by the CAR mod el were us ed af ter be ing mul tipl ied by a day-
s ’h i ft  manning  factor based on Table 13 data . Table 13 shows that 28
percen t of the R position as well as the 0 and T positions ’ annual staffing
requirements are needed for day-shift manning. Our projections of the
s t a f f  required to fill numerous other MT positions are based on the
number of en rou te cen ter s. For examp le , the number of facility chiefs
and dep uty chi efs  are cl earl y related to the number of centers. For
those job categories  re la ted  to the number of centers , 20 cen te r s  a re
assumed to ex ist throug h the stud y period . The projection of evaluation
and p r o f i c iency development specialist staff was related to the projected
annua l controller requirements developed by the CAR model.

C. Airway Facilities Service Staff

The en route Airways Facilities Service (AAF) staff is responsible
for the ma in t enance  of the FAA equipment installed in the  ARTCCs. The
p r o j e c t i o n s  of AAF ’ s s t a f f i n g  are based entirel y on FM-derived estimates
of staffing requirements. Staffing for additiona l sectors was derived j
from current AAF ARTCC emp loyment , as reported by the FM Offic e of Per-
sonnel and T ra in ing  (APT) . ETAB S r e su l t ed  in staffing reductions for
both existing sectors and additional sectors. These reductions were
estimated by subtracting staffing requ i rements of ETABS from the ~~qu i re-

4 ments of tha t portion of the existing system being rep laced by ETABS .
Estimates of staffing requirements for tha t portion of the current sy s -
tern to be rep laced by ETABS were calc ulated by extrapolating reported
actual maintenance hours expended on this equipment at the  Cleveland
ARTCC . This calculated staffing was slightl y lower than  an independent
est imate based on the AAF staffing standard . The ana lysis used the lower • 

-
‘-

figure obtained from the Cleveland extrapolation . E TAB S staffing requ i re-
men ts were calculated from the reliability and maintainability specifica-
tions and from comparisons with existing equipment.

The projections of future AAF staffing levels include the job cate-
gories shown in Table 21. The average  numb er  of existing positions per
center is also shown in this table. On the average , each additional NAS
Stage A sector will require 0.1 assistant system engineer and 1.0 t- [e c- p

tronics technician. Each additiona l ETABS sector will requ i re 0.1 assis-
tan t system engineer and 0.9 electronics technician.

As can be seen , the AAF nationa l staffing level is , to a large do-
gree , dete rmined  by the number of domestic ARTCCs in operation. Since
we have assumed tha t there  w i l l  be a cons tan t  20 domest ic  en route con- •

ters in opera tion dur ing  the stud y per i od , most of these posi t ions a l so
r will remain constant throughout the stud y period . The only AAF job

categories whose staffing requirements will change are the assistant
system engineer and the electronic technician job categories , which  ar e
d i rec t l y rela ted to the quantity of equipment units (that is , sectors)
required and are thus indirectl y rela ted to traffic activity.
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Table 21

ESTIMATED AAF STAFFING

Average Number of
Job Catego ry Pe rsons per Cente r

Secto r manager 1
Ass i s t an t  secto r manager I
System engi nee r 5
Ass is tant  system enginee r 5
Cr ew chief 10
Systems performance o f f i c e r  - - - - - - I

P ro f i c i ency development and eva luat ion  o f f i c e r  I - — --

• Envi ronmenta l support supervisor 1
Sys te m performance specialist  5
Elect ronics technician 59
E nvironmental  support t echn ic ian  10
Logistic spec ia l i s t/ c l e rk  2
Plant  ma in ta iner 7 -1 /2
Trainee electronics technician 3
Computer operato r 6
Secretary I
Cle rk /s tenographer / typis t/ card  punch operator 1-1/2
Administ ra t ive o f f i c e r/ a s s is t a n t  1

Total 121

Sour ce: FAA

The pro jec t ions  of AAF s t a f f i n g  for  the current  system and for  the
basic ETAB S imp lementat ion scenario are shown in Figure  14.

The pr imary reason the E TAB S dep loyment reduces AAF staff require-
ments is the reduction of the number of additiona l sectors. A secondary
cause of this reduction is the smaller average number of electronics
technicians required to ma in ta in  each ETAB S sector .  The reason for this
reduced electronic technician s t a f f i n g  requirement is the e l imina t ion  of C

the mechan ica l st r ip pr in te r s th a t hav e expe r ienced a n exceptional ly
hi gh f a i l u r e  ra te .  This secondary reduction in s t a f f i n g  does not occur
u n t i l  two years a f t e r  ETAB S has been f u l l y deployed . - 

-
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D. Total S t a f f i n g  Pro lect ions

The annual numbers of controllers , other AAT , and AAF staff are
listed in Tables 22 and 23 for current NAS Stage A continuance and base
case ETAB S deployment. These data summarize the analyses and results
discussed previousl y in this section .

H
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Table 22

20-CENTER STAFFING ESTIMATES FOR CURRENT NAS STAGE A CONTINUANCE

Number of Persons at Year End

C o n t r o l l e r  S t a f f  O the r
F i sca l  MT AAF

Yea r Developmental  FPL Sub to t a l  S t a f f  S t a f f  Tota l

* * * 
-3. $

1976 2 , 337 5 , 131 7 ,468 2 , 102 1, 420 11 , 990
1977 2,329 5 ,177 7 ,506 2 ,138 2 ,423 12 ,067
1978 2 ,245 5 ,710 7 ,955 2,232 2 ,451 12,638

- l~ 79 2 ,808 5 ,888 8 ,696 2,279 2,486 13 ,461
1980 3 ,4 23  6,174 9 ,597 2 , 349 2,526 14 ,472
1981 3,283 6,197 10 ,480 2 ,4 13 2 ,609 15 ,502
1982 4 ,335 6 ,574 10 ,909 2 ,5 12 2 ,681 16 ,102

• 1983 3,921 7 ,192 11 ,113 2,597 2 ,717 16 ,427
1984 3 ,407 7 ,948 11 ,355 2,636 2,759 1

6
,750

1985 2,922 8,683 11 ,b05 2 ,684 2 ,740 17 ,079
1986 2 ,918 9,030 11 ,948 2 ,714 2,820 17 ,482
1987 3 ,095 4,184 12 ,27~ 2,7 5 2  2 ,858 17 ,889
1988 3 ,131 9, 3 73 12 ,514 2 ,783 2,891 18,188
1989 ~,12 3 9,584 12 ,707 2 ,822 2 ,919 18,448
199 0 3 , 069 9,85’ L 2 , 92b  2 ,835 2 ,~~-’,7 18 , 718
1991 2,994 10,122 13 ,11 6 2,869 2 ,971 [8,956
1992 2,951 10 , 321 1 3 ,2’2 2,900 2 ,971 [9,L— ~ 3
1993 2 , 981 10 , .S~ 1 3 , - ’bS 2,91b 2,971 19 ,352
[993 3 ,036 1O ,t~~-4 13 ,700 2,93~ 2 ,971 19,610
1995 3 ,127 10,819 13 ,946 2,963 2,9,1 19,880
19% 3 , 238 10 ,946 14 , 184 2 , 987 2 , 971 20 , 142

3 ,33 1 [1 ,107 1-. ,-~38 3 ,0 11 2 , 9 7 1  20 , 420
1998 3,399 11 ,289 1-4 ,688 3 ,041 7 ,’~7 1 20 ,700 p

1999 3 ,25 2 11 ,388 [4,140 3 ,07~ 2,971 20,783

* -I

Ac tua l on-board 1976 basel Ine controller staff reported by FAA .

Calcula ted required 1976 baseline support staff reported by FAA .

~Estimated required 1976 baseline maintenance staff calculated by CAR
model.
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Table 23

20-CENTER STAFFING ESTIMATES FOR BASE CASE ETAB S DEPLOYMENT

Number  of Persons a t  Year  End

C o n t r o l l e r  S t a f f  Other
Fiscal AAT AAF
Year Developmental FPL Subtotal Staff Staff Total

* * * t $
1976 2,337 5,131 7 ,468 2 ,102 2 ,420 11 ,990
1977 2, 329 5 ,177 7 , 506 2 , 118 2 , - e 2 3  12 ,067
1978 2,245 5 ,710 7 ,955 2,232 2 ,351 12 ,bl$
1979 2 ,808 5,888 8,696 2 ,279 2 , -~$0 I 3 , -~~ [
1980 3 , 32 1  6,174 9,597 2 , 349 2,52b 13 ,472
198 1 -~ , 2 $ 3  6 , 197 10 ,480 2 , -~[ 1 2 ,609 15 ,502
1982 3 , 3 3 5  1 , 5 1 - 4  [0,909 2 ,51 1 2 ,681 16,102
1983 3 , 167 7 , 192 l0 ,~~5’4 2 , ’ 9  ~ , 71 7  15 , 8 7 3
[ 98 -4  2 , 135 7 ,9 ,$ 10 , 0 8 3  2 ,6 36 2 ,~~75 I -~ I1~

~ 29 8 ,t $  ‘~ ,~‘1 2 2 , 305 2, 3~ 5 1 • , 382
1986 124 9 ,030 9 , 154 1 ,978 1, 539 1 l ,~~’[
1987 0 8 , 113 3 , 71 3 2 , 026 2 , h2 ’~ 1 3 , l h M
1988 0 8,291 8 ,292 1 ,089 .‘,592 12 , 9 7 1
[989 0 1 ,892 7 ,892 2 ,130 2,616 12 ,618
1990 306 7 ,510 7 ,818 2,1- .- . 2 ,6,0 [1 ,602
1991 941 7 ,148 8,089 .‘,157 ‘ ,t~~’$ 12 , ’I 1-.
[‘492 1 , 510 6 ,801 8 , 311 2 , 177 2 ,~~~- ’. I 3 , [8 3
199 3 2 ,035 6 , 37 1 8 , 507 2 , 198 2,724 1 3 , ,2~
[994 2 , 293 6 , 4 19 8 , 7 1 3  2 , 2 19 2 , 51  1 3 , 685
1995 2 , 2 6 3 6 ,661 8,924 1,240 1,781 1 3 ,~ -.S
1996 2 , 135 6 ,859 8 ,994 2 , 2 5 1  1, 808 1. , 0~~ - 

C

1997 1,941 8 ,024 8 ,965 1,2 74  2 ,83 1 [-4 ,076
1998 1,767 7 ,193 8,961 2 , 2~ 3 2 , 85 1 1-. , 1ob
1999 1 ,600 7,369 8,969 2,308 .‘,851 1-4 .118

*Actua l on-boa rd 1976 baseline con t ro l l e r  s t a f f  reported by FAA .
-p
Calculated required 1976 baseline support s ta f f  repor ted by FAA .

~Esti tnated required 1976 baseline maintenance s ta f f  ca lcu la ted b y CAR
model.
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V A}IALYSIS OF BASE CASE ETABS COSTS A}~D SAVINGS

This section documents the examination of the costs associated with
the base case ETABS implementation scenario as well as the costs associated
with the continuance of the current ATC system throughout the study period.
In this analysis , the major elements of FAA expenditure s were projected
for both the current NAS Stage A system and ETABS. These cost elements
included :

. FAA sta ff ing costs

• FAA engineering and development costs

• FAA f ac i l i t i e s  and equipment costs

• FAA maintenance costs

• FAA training costs.

The FAA ’s annua l expenditures during the FY 1977-99 period are pro-
jected for the NAS Stage A system with and without ETABS. For both situa-
tions , these projections were originally made in terms of 1976 constant
dolla rs and assumed that neither system had any residua l value at the end
of the anal ysis period . The present value (start of FY 1976) of the
projected annua l expenditures associated with each cost element was then
computed , assuming end-of-year lump sum expenditures . In accordance with
U .S. Office of Management and Bud get policy for federal government en- •

gineer ing economy studies , a 10-percent discount rate was used . The
proj ected discounted cash flow s for the current ATC system and the basic
ETABS implementation scenario were then used to determine the potenti al
cost savings associated with ETABS.

The economic anal ysis did not investigate certain other economic
and social factors and consequences that may be associated with the opera-
tion of either the current NAS Stage A system or ETABS. These included p

factors , such as airc raft delay, safety, and the like , whose analyse s
are beyond the scope of this projec t. However , our ana lyses have indi-
cated that , at worst , the introduction of ETABS will have a neutral
effect on the factors of delay and safety, and most probabl y will have
a significantly positive effect .

A. FAA Staffing Costs

Staffing costs , the major expenditure associated with either system ,
account for over 90 percent of the total costs for each system. Consider-
ing the staffing projections detailed in Section IV, it is not surprising
that controller costs are the principa l element of the staffing costs .
The determination of the controller costs used the controller staffing

73 
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project ions and FAA-supp lied informat ion  about the average annual  wage
cost for developmental ($16 ,800 per year) and FPL ($31 ,900 per year)
controllers. Using the se f igures , the estimates of the controller
sta f fing dis counted costs for the current system wil l  be $2 ,362 mi l l ion
dol la rs whe reas the ETABS cont rol ler sta ff ing costs ar e estimated to be
$2 ,033 mil l ion dol lars. The discounted cost savings during the stud y
period due to ETABS is therefore estimated to be $329 million dollar s.

The annual staffing cost for MT staff, other than controllers, is
shown in Table 24. These cost figures were provided by the FAA and
include benefits and premium pay.~ For the NAS Stage A system, the
administrative management and operational support costs during the
FY 1977-99 period are projec ted to be 636 million discounted dollars.
The analogous cost for  the basic ETABS implementation scenario is pro-
jected to be 560 million discounted dollars . The savings through FY 1999
due to the implementation of ETABS is estimated to be 76 million discounted
dol la rs .

The final element of the projections of staffing costs is the AAF
staff. The annual average cost, including benefits and premium pay, for
each of the AAF job categories is shown in Table 25. The AAF s t a f f i ng
cost for the current system over the FY 1977—99 period is projected to
be 555 million discounted dollars. For ETABS, the costs are projected
to be 531 million discounted dollars. The savings due to ETABS is there-
fore estimated to be 24 million discounted dollars.

The study period di scounted staffing costs for both systems are
summarized in Tables 26 and 27.

B. !M Engineering and Development (E&D) Costs

The estimated engineering and development costs associated with
ETABS are shown in Table 28. These cost estimates include contract
costs, FAA Washington in-house costs , and FAA NAFEC in-house costs for
the pro curemen t, test , and evaluation of an ETABS engineering model at
NAFEC . There are no comparable E&D costs for the current system.

p

C. Fac ilities and Equipment (F&E) Costs

The F&E cost estimates for the basic ~~ABS imp lementation scenario
are based on an initial purchase of 1,000 sector units. Of these , 50
will be distributed between NAFEC and the FAA academy , 80 will be used

*It should be noted that in 1977 the average annual cost for a full per-
formance level controller , deputy chief, assistant chief, evaluation and
proficiency development officer, data systems officer, data systems
specialist, area officer, and team supervisor would be somewhat higher
than that used in the cost analysis because of the higher GS grade levels
being put into effect at the busier ARTCCs .
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Table 24

AIR TRAFFIC SERVICE STAFFING COSTS
(En Route)

Average Annual
Wage Cost*

Title ($)

Team supervisor $36,900
Facility chief 41,400
Deputy chief 36,900
Secre tary to chief 11,400
Assistant chief 36,900
Data system officer 36,900
Flight data monitor 14,400
Card punch operator 8,500
Data system specialist 31,200
Military liaison officer 36,900
Military liaison specialist 31,200
Evaluation and proficiency development officer 36,900
Personnel management specialist 20 ,900
Administrative assistant 14,100
Personnel management specialist assistant 14,100
Flow controller 36,900
Evaluation and proficiency development specialist 31,200
Area officer 36,900
Area specialist 31,200
Cartographer 14,100
Supervisory te le typis t  13,300 p

Teletypist 11,600
Clerk 10,200 t

*Annual costs include salary , benefits, and premium pay.
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Table 25

AI~ 4AY FACILITIES SERVICE STAFFING COSTS
(En Route)

Average Annua l
Wage Costs*

Title ($)

Sector manager $40,140
Assistant sector manager 35,160
System engineer 36,900
Assistant system engineer 33,120
Crew chief 32,170
Systems performance officer 29,750
Proficiency development and evaluation officer 30,620
Environmenta l support supervisor 25,020
System performance specialist 30,560
Electronics technician 26,050
Environmenta l support technician 20,610
Logistic specialist/clerk 14,610
Plant maintainer 16,470
Trainee electronics technician 12,280
Computer operator 17,770
Secretary 12,310
Clerk/stenographer/typist/card punch operator 9,950 •,
Administrative officer/assistant 13,550 p

*Annua l costs include salary, benefits, and premium pay.
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Table 28

ENGINEERING AND DEV E LOPMEN T COST ESTIMATES

Cost Present Value Costs
(thousands (thousands of

Fiscal Year of dollars) 1976 dollars)

1978 $1,890 $1,420
1979 1,450 990
1980 900 559

Total $4,240 $2,969

Source: SRDS, FAA

as spares at ARTCC facilities , 20 will be used at center supervisory
positions , 80 will be used for DYSIN training activities , and the remain-
ing 770 units will be used at operational sectors. The cost of the
initial purchase is spread over 4 years, from FY 1982 to Fl 1985. The
F&E expenditures required for this initial purchase are shown in Table 29.
These cost estimates account for hardware procurement , software procure-
ment , site preparation , installation , and testing of the first 1,000 ETABS
sector units . Beyond the initial procurement for 1,000 sectors, the pro-
curement and installation costs for each additiona l sector with ETABS

Table 29

ETABS INITIAL F&E COSTS
(1,000 Sector Units)

p

Cost Present Value Costs
(thousands (thousands of

Fiscal Year of dollars) 1976 dollars)

1982 $ 7 , 250 $ 3, 720
1983 8,250 3,349
1984 10,250 4,347
1985 10,250 3,952

Tota l $36,000 $15,368

Source: SRDS and AAF, FAA
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are $207,300.* These Costs for each additional current NAS Stage A
system sector (including an A position) are $239, lOO .~

The total F&E costs during the study period are related to the
projected growth rate of en route sectors for both the current system
and the base case ETABS imp lementation scenario. The procurement and
installation of additional NAS Stage A sectors for the current system
will cost $63 million during the study period . The tota l F&E costs for
the ba se case STABS deployment is projected to be $82 million .

D. FAA Maintenance Costs

Table 30 details FAA estimates of the annual maintenance and opera-
tions costs for an additiona l sector using the current NAS Stage A system
and f o r  an additiona l sector using ETABS. The annua l maintenance and
operations costs (exclusive of wage costs) for an ETABS sector will be
lower than for an existing sector , primaril y because of reduced require-
ments for telep hone key equi pment . (Cost savings due to reduced mainte-
nance staffing requirements have been previously discussed .) Telephone
key equipment reductions result from the elimination of the A position.
At present , some centers use one A-position telephone equipment set per

Table 30

SECTOR MAINTENANCE AND OPERATIONS COSTS

Co st per Sector
($) t

Cost Eleme nt NAS Stage A t ETABS

Spa re par ts  and supplies  $ 7,617 $ 7 , 617
Key equipment (TELCO) 10,476 8,730 ‘.
Leased lines 9,952 9,952
Electric power 500 650
Administrative telephone 500 500
Janitorial service 1,000 1,000

Total $30,045 $28,449

t
Derived from data obtained from AAF and Regional Offices,
FAA

*Costs derived by SRDS from data supplied by ARD , AAF , and AAT .
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sector while other centers use one A-position telephone equipment set
for every two sectors, A conservative reduction in key equipment costs
of one-sixth the NAS Stage A costs is estimated for ETABS. Table 30
figures show that ETABS has an annual cost advantage of $1,600 per sector.
However, the base case implementation plan has assumed that ETABS does
not reduce the sector maintenance costs until two years after the transi-
tion to ETABS has been completed . Until this time both the flight strip
printers and the ETABS disp lays must be maintained in operationa l readi-
ness. Using the FAA cost estimates , the tota l maintenance and operations
costs during the study period for the current system will be 231 million
discounted dollars . For the base case ETABS implementation scenario the
costs would be 209 million discounted dollars , a savings of 22 million
discounted dollars .

E. FAA Training Costs

It is expected that the implementation of ETABS will affect the
training costs for both AAT and AAF personnel .

1. AAT Training Costs*

The following paragraphs give the estimated costs associated
with training AAT personnel , as used in the ana lyses. These cost esti-
mates were developed by SRDS, based on data supplied by APT and AAT.

a~ Estimated Cost of Providing an ETABS
ATC Training Course

The estimated cost for training an FAA Academy instructor
on ETABS and for subsequent course development by the FAA Academy instruc-
tors is $9,186. Included in this estimate Bre the costs for tuition ,
materials , FAA Academy instructor/course developer and clerical salaries ,
travel, and per diem .

b. Estimated Cost of ETABS ATC Operational Training
for Controllers on Board During the Transition
Period

The estimated cost of providing ETABS ATC operationa l
training to en route controllers on board during the transition period
from paper flight strips to ETABS is $18,188. The training would be
accomplished by having FAA Academy instructors trave l to each of the
20 centers to conduct two 16-hour courses of training. (Approximately

*
Source: SRDS, FAA.
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40 per sonne I could be Ira m e d  at each center . ) These t r a i n e d  pcr soi l lw 1
Id then conduct  th~ c on r for the rema in I t ig AW~CC fac tilt y

personae I using Ic sson p t a n s  prov  [tied by the FAA Academy . TIt i s method
of t r a i n i n g ,  p r e v i ou s  lv  used by t ho FAA , does not rcqu i &-e a larg e’ cost
o u t l a y , since moat  o t  the t ra in t u g  S Co n dL i e t e d  by f a c i l i t y  i n s t r u c t o rs
a l r e a d y on s i te . I n c l u d e d  in t h i s  t~s ti m a t e~ ($18 , 188) nrc t h e  c o s t s
fo r  FAA Academy j u s t  ruc b r  sa Li r jes , t r a v e l  , and per d i em .

c . Es I t sin I ed Cost o t l’rov [d i  n.~ an ETAB S Data  S_y st e m
S p e c ia l i st  (DSS) T r a i n i ng  Course

The est  [mated cost  I or FAA Aca demy I u s t r u c  to r training
on ETABS so ft w ar e  and f o r  subsequent  cour so dove ! opnleut  by the FAA Acad emy
In st  F i i c t o r s  is $4~~, t)77~ Inc lu ded  in th i s eat  that o are cost  s [or t i i  I l i e u
inn to r is E s , FAA Academ y In st  rue to n eon n so d~ v~ I opt F and c I o u  i on 1 L i n t  os ,
t r a v e l , and per d iem .

~l . Es t  [m at ed  Cost of  ETA 1IS 055 T r a i n i ng  [or 055
F Sonne ’ I on Board Dii n i  n~ th e ’  Tra t i s  it! on Pet- I ~id

The c St inn ted cos t  o I providing ETABS set  twa re training
to DSS personne l on board d u r i n g  the  e r an s i l i on  per iod froni pa pe r [1 i g lit
s t r i p s  to ETABS is $114 , b 2 5 . T h i s  t r a i n i n g  would be accomp l i shed  by
h a v i n g  DSS pe r sonne l  at the ART CC S and a t  NAFEC t r av e l  to the FAA Academy
t o n  a 100—hour t r a i n i n g  cours e . Inc l uded in t h i s  o s t i w u t e  ($114 , u ? ’ )  ar e
cos ts  fo r  FAA Academy i n s t r u c to r  and c i  or i o n  1 Sn i n n  es , s t u d e n t  t r a ve l ,
and per diem . $

e. Estimated Cost ol  i nj t i ~~l C o n t r ol l e r  T r a i n i ng

In oddi t ion to t i le  ETAB S t r a i n i ng  tha t  would be r eq u i r e d
for  AAT pe r sonne l  on board d u r i n g  the ransi t ton period from paper f l i g h t
s t r i ps to ETABS , the re  are  t r a i n i ng  c ost s  nsseci~ ted with the required
[n i t  [al training for new litres at the’ FAA Academy .  T h e  FAA ’ s T e chu i e i i  I
‘rra in Lag Br anc Ii (APT— 310) e s t i mat e d  t h a t  l i t t l e  on no add I t I ona 1 t r ai n ing  “

cos t s  wou ld  be i n c u r r e d  f o r  an ETABS i n i t i a l  training cour se  compared to
the present knit Lii t r a i n i n g  course . This  is  due to the fact that in itt a
ETABS t r a i n i n g  W OU Ed r ep l ace  the I n i t i a l  t m t h i n g  for  the c u r r en t  sy s tem
w i t h o u t  a ma jo r  modi h ea t  ion ot  tilt’ training schedule . There t o r t ’ , these
initia l training costs were not inc tud~d in the a n a ly s e s  u n d e r  the assump-
t ion tha t  these cos t s  r e m a i n  c o n s t a n t  irrespective of the ATC system
design. However , the student travel and per diem costs associated with
FAA Academy training were estimated at $2,400 per new litre . The totnl
initial training costs would thus be reduced if the number  o t  new h i re s
is reduced .
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2 . A ir w a y s  F a c i l i t i e s  T r a i n i ng  Cos t s

The cost estimates for AAT training are categorized as course’
development  c o s t s , i n i t i a l  r e t r a i n i n g  costs , and attrition and refresher
t r a i n i n g  cos ts . The e s t i m a t es  ot AAF t r ~~in in g  costs used in develop ing
our coat  projections for training are shoWil be l ow. These’ cost estimates
at e based on i n f o r m a t i o n  obtained f rom the  FAA.

a . Cost of ETABS AAF Training Course Development

The C o st  of deve lop ing courses for  i n i t i a l  r e t r a i n i n g ,
a t t r i t i o n  t r a i n i n g ,  and re fr e s h e r  t r a i n i n g  is  e s t i m a t e d  at  $100 , 000 .
Inc luded  in t h i s  e st i m a t e  a re  cos t s  of FAA Academy s t a f f  s a l ar i e s , t r a v e l ,
and per d1015.

b. Co St of  Initial ETABS Retrainthg f o r  AAF Per sontiel

AAF personnel are now maintaining the present system . The
cost of re t r a i n i n g  t e c h n i c i a n s  work ing  in  the present system is estimated
at  $72 5 , 100 , i n c l u d i n g  a l l  t r a i n i n g  f a c i l i t y  costs  p lus  s tuden t  t r ave l
and per diem ,

For the purpo se  ot  our  ama lyses , the costs  given Lu para-
g r a p hs a and b above yore  combined and t h e  e x p e n d i t u r e s  a l l o c a te d  to th ree
fiscal years as follows :

ETABS One—Time Course Development
F i s c a l  and I n i t i a l  T r a i n i n g  Costs
Year ($)

198 1 $ 72 , 500
1984 376 , 300
1985 176,300

c . Cost of A t t r i t i o n  T r a i n i ng

Train ing of personne l rep lacing those lost by promotion ,
re ti rement , relocati on , and s e p a r a t i o n  is estimated to Cost $84 per year
per sec tor for the current system and $175 per yea r per sector for the
ETABS system. These costs inc l ude all training facility costs plus student
travel and per diem ,

p

d. Cost of Refresher Training for AAF Personnel

Maintenance of skill levels may require refresher training *

each four to five years. The cost of this training is estimated at $51
per year per sector for ETABS, Lnc [uding al l trainIng facility c o s t s  p itis
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student travel and per diem. This cost may not actually be incurred
because forma l (academy) refresher training programs are not now in
existence. However, to be conservative the cost was included in the
analysis.

3. Prolections of FAA Training Expenditures

Using the estimates of the AAT and AAF training, costs projec-
tions of FM expenditures for training during the study period were
developed . These are projected to be $17,715,000 for the current NAS
Stage A system and $12,773,000 for the ETAB S base case implementation
scenario.

F. Summary of ETABS and NAS Stage A System Costs
and Savings

The estimates of the total present value costs for the NAS Stage A
system and base case ETABS du r ing  the stud y period are shown in Table  31 .
If the present system is continued throughout the study period , it is
projected that  the to ta l  FAA costs  w i l l  exceed 3. 8 b i l l i o n  d i scoun ted
dollars . The development and dep loyment of ETABS in accordance with the
base case imp lementat ion scenario is pro jec ted  to reduce FAA costs by
434 million discounted dollars.

Table 31

COSTS COMPARISONS: BASE CASE

Present Value Costs and Savings
(thousands of 1976 dollars)

Current NAS Stage A ETABS Dep loy- 
p

Cost Item Continuance Costs meet Costs Savings

Controllers $2,361,544 $2,032,817 $328,727
Other AAT staff 636,023 559,902 76,121
AAF staff 554,767 530,680 24,087 $

E&D costs 0 2,969 -2 ,969
F&E costs 63,136 82,255 -19,119
Maintenance 230,903 209,024 21,879
Training 17,715 12,77 3 4 ,942

Tota l $3,864,088 $3,430,420 $433,668
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y r  S E N S i T I V I T Y  ANALYSES OF COS’i’S AND SAVIN G S

Sect  ions IV and V of t h is repor t  documented our  p r oj ec t  tons  of t h e ’
s t a f f  tag  and c o s t s  associ , i  ted w i t h  t h e  c u r ren t  NAS St  ago A sy s t e m  and
the base’ C a s e ’ ETA BS imp l ement  i t Ion scenario for the ’ FY l~~7 7 — ~~Q pe r iod .
These’ sect  ions at  so documented the major as sumpt ions m.ide in  the ’ .i u i . i l  Vs 0$
at these’ two systems . In these an a l y s e s , some’ such : issumpt ion h a d  t o  he
made because’ o t h •  man y  u n c e r t a i n t i e s  out a i t  e’d in dove  lop ing  pro loot Ions
of t h e ’ fu  lu r e  ATC ope’ra t lanai envi ronmt’n t . iii is  sec t  ion exam I ne’s the
sons i t  Lv i  t V ~~ t h e  r e su l t s  at  t he  base cas ’ an a l  ~‘ses to change’s in t hose
assumpt  tons . The’ ma in object tvcs of these s e n s i t i v i ty  an a l vs  os .ire t o
el~~t ermine th e’ rota t [Vt’ impor tan ce  of t ho se  assump t  ions in the .in i ! yse’s
and to assess  t h ~’ extent to which cht.utges in these assumptions can :11—
f~’ct the’ r e s u l t s .  The’ examinat ion  of s e n s i t i v i ty  used t h e ’ an a ly s e s  re-
por ted  in  Sect  ions IV and V. These an a ly s e s  show t h a t  t he  dev elopment
and de ’p lovmen t of ETABS accord ing  to a base case  imp l eme’n t a t  ion s cena r io
wou lii resei l t in a s I gail I cant cost. s av tags to the’ FAA comp .i rod t o  t he ’
on rr e’n t sy s t e’m. The s en s i t i v i ty  •ma I vscs documented to t h i s  sec t Ion were
p or f on ~te ’d by v a ry i n g  one factor or as sumpt ion  of t h i s  base’ case while’
ho l d lag constant .il I of the other basic factors or assump t ions . Recal I
th ,i  t the’ ba se  case as Susi e’s the smoothed traffic protect ion prof U e.

A. Transition to ETABS Se’ctorization

Th e’ b a se’ ca se’ . in al ys is assumes t h at  th e ’ number  of oper.ut tonal sec to r s
can be’ reduced at  t h e ’ same r a t e ’ as t he’ $ Oc tor requ I remon t S a r e’ reduced
thro u gh the  de’plovme’nt of ETABS. It was o r i g i n a l!  v fe ’l t t h at  t h i s  was
a rca list t o  . issumpt ton for f u t u r e’ p1 ann tug  purposes  and t hat  i t  would
a ls o  s impl i fy  t h e  an a l y s i s  e f f o r t s . However , in the’ b as ic  ETABS 1mp h’—
mont.it ton scenar io  the  number of en route’ sectors is reduced by over
200 sectors  d u rin g  the  i n i t ia l  2 -y ea r  ETABS dep loyment per iod . The ef-
f e c t s  of c o n s t r a i n i n g  the  r at e  of sec tor  r e d u c t i o n  are  examined In t h e  ‘

even t such a l ar g e ’ reduc t  ton , almost  25 percen t , Is not p r a c t i ca l  or
des iral’lo within a 1— year period .

1. Te’n-pcrcent Sector Reduction Allowed

This nnalys is examined the’ ~~f f e ’ct on cost and staffing pro Icc-
t ions of allowing the number of sectors to be reduced by no more’ t h a n
tO percent per year. This maximum 10-percent reduction in sectors  was
allowed o n ly  during the 2-year deployment period and only  for those
sectors where ETABS was being installed during the year. For example ,
during the first years of ETABS deploymen t if 500 of 1000 NAS Stage A
sectors were converted to FTABS , the  m i n i m u m  number of sectors required
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would  h~’ 950 1 t hat  is , 500 NAS Stage  A sectors plus 500 ~ (1.00 - 0. 10’)
or 450 ETABS sectors). The p ro j ec t i on  of sector  growth and d e c l i n e
under  t h i s  assumpt ion is shown in Figure 15 . The breakdown of the ’ costs
and savings  assoc ia ted  w i t h  t h i s  t r an s it i o n  f rom cu r r en t  NAS S tage  A
sectors  to ETABS sectors is shown in Table 32. N o t i c e  t hat  the  s t a f f i n g
cos t s  f o r  a i r  t r a f f i c  c o n t r o l l e r s  is the Same in t h i s  s i t uat i o n  is f o r
the’ base case . This  occurs because the reduc t ion  in sec tors  is s t i l l
more rap id than  the  reduct ion  in con t ro l le r s  through a t t r i t i o n , t h u s  no
add i t i ona l  control lers  beyond those h i red  in the base case ar e  needed in
th is  scenar io .

Tab l e  32

COSTS CO~~ ARISONS : 10 PERCENT SECTOR REDUCTION

Presen t  V a lue  Costs and Savings
(thousands of 1976 dollars ’)

CurrentCost Item ETABS
NAS Stage A

Deployment SavingsContinuance
CostsCosts

Controllers $2,361,544 $2,032,817 $328,727
Other  AAT s t a f f  636 , 023 565 , 601 70 , 422
AAF s ta f f  554 , 767 534 , 444 20,323
E&D cos ts 0 2,969 -2,969
F&E costs 63,136 83,669 -20,533
Maintenance 230,903 212,900 18,003
Tra in in g 17 , 715 12 ,822 4 , 893

Total  $3,864 , 088 $3, 445 , 2 2 2 $418 , 866

2. No Sector Reduction Allowed

An even more conservative projection of sector reduction is
based on the assumption that the number of sectors cannot be reduced
from an existing level. Thus, as shown in Figure 15, during and after
the implementation of ETABS the number of sectors remains constant until
rising traffic forces the addition of new sectors in the same pattern as
in the base case. The breakdown of the costs and savings for this transi-
t ion scenario are shown in Table 33. In this scenario the controller
staffing costs are significantly higher than in the base case and the
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s a v i n g s  re’, of course , h e ’S s - This happens becau se’ ( l i e ’ numbe’ r o I se’ e’ t o  rs
does not decrease’ .i t lii ght e’r e- .i t e’ t h a n  th. ’ re’eiuct t~~it of th ’ cant  roll e’r
~4~~rk  f o r c e’ th rough  at  t r i  t ion . l’hus , in order  to st  ~it f these’ sectors ,
more’ new contro l l e ’t’~ h ay 1’ to he’ hi reel than in th 1’ base c-iso . Far the ’
ent ire ’ st  eid v pe r iod , th e’ ba se ’ ~‘ . is  e h l’:\hlS s vs t e’ifl i s  pro jo c  t ed to re’qti ire

i)12 can t roller m a n —  vo.i  is o 1 ol t ort wIt t i e ’ the’ z e r o — p e r c e n t  see’ tar
re’duc t ion sc e n a r i o  w i l t  r e’qu i r e  I ll , ~O con t ~~ l i e ’ r man — ve ’ . i i s  of w o r k .

l’a h l e ’ I

Cc~S I S t ’t *tPARlS ~ N S :  F R O — P E R C E N I’ SECTOR REI ) UC r IoN

P r e s e n t  V alue ~‘os t s  and Sav i n g s
( t h o u san d s  01 ~~~~~ d o l l  ar s ’l

(u r r e ’nt - -(ost i t e m  , , I l A P S
N\s St  ie~e A -Dep lo~ine’n t Say C( an t  in u a n c e ’

t, o st s

Con t r o l ler s  S2 , 3~~l , ”i’~ , 0QS ,~~~~ ~~~~~~~~
O t h er  AX!’ s t a f f  (~it ’ , O 2 l  S7fl, 244 ~5, ~7e)

AAF s t a f f  ‘Y~3, ‘ t ’7 “ 18, t 5l l~~, U t~
E&D c’ O S t S  0 2,Qb’~ -2 ,9t~’)
F&F cos t s  t t~3, I ~~(‘ 8~~, 007 — 2 2 , S ’ t
Ma tnt e’naflce’ I 2 1 0 , ek~ 1 11 7, 2-~ 1 1 , ~‘~t’
l’r i i n i n g  17 , 715 l l ~~~~8

T o t a l  SI ,8t~ e ,i,~88 $3, ~2 -i , 05I ~

In t h i s  s cen a r i o ,  . il l  of the’ a t h t e ’r cost e ie’m c u t s  ar e ’ a lso higher
than  in the b ase  c ,t so , thus  showing  t h a t  change  in t h e ’ number ot sec— 

p

t O t s  has a ezre ’. tt  I n f l u e n c e ’ On oosts and s a v i n g s .

B. Mod if icat ion of D—m .in i r a  in tug Schedu l e

One of the primary .issumpt ions of th e’ base C iSc’ m a t  V S e ’S was t h at
the’ con t ro 11 e’r t ri in I ng s ch ~d~i 1’  fo r  F ~Ah ;S ~~~ 1 ci re~t l.m in  t h1’ s .mi ’ i s  f~ r

4 the present NAS St age A s vs t 0111. h l O w e ’Ve’ C- , r ’ce’n t d e s  cc i  ss  b it s w i t  It FAA
Pt’ rsanne’ 1 have’ Indica ted t h a t  ETABS ape rat ions may re’qu ir e’ the ’ same’ 1 e’ve’l
of quail f ica t ion for hot  hi the’ P posit ion anti the’ R posit ton , A l  thou gh
previous inves t  I g i  t ion of the  f u n c tio n s  intl respans Lb it  i t  l o s  ot t h e ’ F l A I l S
O posit  ion did not rev” i 1 such an ,;del it (on ,iI training . ; i iel  qu a I i t I e• .’ t tan
requiremen t, its ef f e e ’ t on the  c ost s  .mnel s . iv i  ngs . 1 5 5 0 0  i t t  eel w i t h  I l A P S
is examined . This  5 e’fl5 i t  iv  i t  v anal vs is i s  ston e’s th t it , cin c h ’  t iii F l A P S

88



!uI
~ 

- —- —---- 

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

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____

environmen t, the training t ime required to first qualif y to work at at
leas t one D position would he the same as for an R position . This quali-
fication occurs , at the earlies t, three years after a developmental con-
troller begins training (as shown in Table 20), although the full training
cycle is four years. The effect of this assumption on projected costs
and sav ings  d u r i n g  the  s tu dy period was not very substantial (Table 34).
There was onl y an 11 million discounted dollar difference between the
projection of cos ts and savings . This small difference is primaril y due
to the large number of crontrollers who are already radar qualified at
the t ime of ETABS imp lementation .

Tab le  34

COSTS COMPARISONS : MODIFIED TRAINING SCHEDUL E FOR ETABS D-MAN

Presen t Va lue  Costs and Savings
(thousands of 1976 d o l l a r s)

Cost I tem Curren t ETABS
NAS Stage A

Deploymen t Savings
Con t inuance CostsCosts

Controllers $2,361,544 $2,051,773 $309,771
Other AAT staff 636,023 551,932 84,091
AAF s t a f f  554 , 767 530 , 680 24 ,087
E&D costs 0 2 , 969 -2 ,969
F&E costs 63,136 82,255 —19 ,119
M a i n t e n a n c e  230 , 903 209 ,024 21 , 879
T r a i n i n g  17 , 715 13, 121 4 , 594

Total $3,864,088 $3,441,754 $422,334

C . Three-year  De fe r r a l  of ETABS Purchase  and I n s t a l l a tion

The time required for the developmen t, testing, and imp l e m e n t a tio n
of new technology is often one of the most uncertain factors. Deploy-
men t can be delayed by such factors as material shortages , development
problems, unavailability of capital investment funds , or a delay in
finalizing the go-ahead decision. Because of this potential for delay,
it seems appropriate to examine how sensitive the results of the analyses
are to a slippage in the ETABS purchase and installation schedule. This
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ease anaIv .~.d how a t—ve ar d e f e r r a l of t h e ’ i n i t i a l  purchase and i n s t a l l i—
tio n of ETABS would affect the projections of system costs and savings .
In the  t n t e’res t of .i c o n s e r v a t i v e  anal vs is of FTABS COS tS , t he ’ in it i ii
d e ve l o p m e n t  c ost s  were no t  deferred in this analysis so t h a t  d i s c o u n t i n g
effect s would not  reduce  ETABS F&E presen t v a l u e s .  The r e s u l t s  of t h i s
i n v e s t i ga t i o n  ar e ’ shown in T a b l e  35 .

T a b l e  35

COSTS COMPARISONS: 3-YEA R ETABS DEFERRA L

P r e s en t  V a l u e  Cos ts  and Sav ings
(thousands of 1976 d o l l i r s )

Current
Cost Item ETABS

NAS Stage A Dep loym ent Sa v i n g sC o n t i n u a n c e  -

Cos t s(os ts

C o n t r o l l e r s  $2 , 361 , 544 $2 , 144 , 369 $217 , 175
O t h e r  AAT s t a f f  636 , 02 1  585 , 631 50 , 392
AAF s t a f f  554 , 767 541,700 13 ,067
E&D cos t s  0 2 , 969 -2 , 969
F&E costs t 1 , l I~ 86 , l l 8  — 2 2 , 982
Ma intenance 230 , 903 219 , 425 11 , 478
T r a i n i n g  17 ,715 14 ,014 3,701

Total $3 ,864 ,088 $3 ,594 ,226 $269 ,862

0 . T r a f f i c  F o r e c a s t s

The development of con troller and sec to r  r equ i r emen t s  for each year
during the stud y per iod was based on the traffic activity forecas t for
that year . For t h i s  reason , the sensitivity of the base case projections
of cos ts  and savings  to v a r i a t i o n s  in the traffic forecasts was examined .
Table 36 details the cost and savings projections for the case where
traffic activit y grows at  only 50 percen t of the forecast values . Table
37 shows how these projections would be affected if the traffic growth
is 50 percent greater than forecast . Notice that such va r i a t i ons  in
traffic activity can significantl y affect the costs or expenditures as-
soc iated with both the current NAS Stage A system continuance as well as
ETABS dep loyment . Despite the large variation in costs , however, the
sav ings  projected for ETABS exhibit little change over these levels of
t r a f f i c  a c t i v i t y.
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Table 36

COSTS COMPARISONS: TRAFFIC DECREASES 50 PERCENT

Present Value Costs and Savings
(thousands of 1976 dollars)

CurrentCost Item ETABS
NAS Stage A Deploymen t SavingsCont inuance Cos ts

Costs

Controllers $2,016,508 $1,702,411 $314,097
Other AAT staff 588,267 518,715 69,552
AAF s t a f f  524 , 201 495 , 361 28 , 840
E&~ costs 0 2,969 -2,969
F&E costs 39,449 39,087 362
Maintenance 199 ,599 172 ,095 27 ,504
Training 12,485 7 ,711 4,774

Total $3,380,509 $2 ,938,349 $442 ,160

Table 37 I -~
1~~COSTS COMPARISONS : TRAFFIC INCREASES 50 PERCENT

Present Value Costs and Savings
(thousands of 1976 dollars)

I.
Curren tCost Item ETABS

NAS Stage A Deployment Savings -
~Continuance Costs

Costs

Controllers $2,585 ,818 $2 ,230,099 $355 ,719

AAF sta f f  571 ,510 555 ,837 15,673
Other AAT staff 667,294 588,934 78,360

E&D costs 0 2,969 -2,969
F&E costs 75 ,541 110, 299 -34 ,758
Maintenance  248 ,051 235 ,077 12 , 974
Training 20,814 15,550 5,264

Tot~’1 $4,169,028 $3,738,765 $430,263
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The gain in savings due to ETABS is g rea te r  w i t h  the 50 percen t
reduction in traffic growth than with the 50 percen t increase. These
results are due in part to the effect on F&E costs of the traffic growth
variations. Under the 50 percen t reduced growth assumption , F&E savings
are greater than baseline savings because the acquisitions of additional
sectors are deferred , and fewer NAS Stage A type sectors need be rep laced
by ETABS. By delaying F&E expenditures for more ETABS sectors, their
present value cost equivalent is reduced by the discounting calculations .
Under the 50 ç-ercent increased growth assumption, ETABS sector acquisi-
tions are accelerated , and ETABS F&E costs are increased relative to the
base case deployment.

E. Staffing Salary Costs

The projected staffing costs can be affected by variations in the
staffing salary costs. Table 38 shows the effect of a 25-percen t increase
in the staffing salary costs for both AAT and AAF personnel. The effect
of wage reductions was not examined because the reductions are considered
unlikel y.

Table 38

COSTS COMPARISONS : 25-PERCENT INCREASE IN STAFFING COSTS

Present Value Costs and Savings
(thousands of 1976 dollars)

Current
Cost Item ETABSNAS Stage A

Deployment Savings
Continuance CostsCosts

p

Cont ro l l e r s  $2 , 951, 930 $2 , 541 , 021 $410 , 909
Other AAT staff 795,029 699,878 95,151
AAF staff 693,459 663,350 30,109
E&D costs 0 2,969 —2 ,969
F&E costs 63,136 82,255 -19,119
Maintenance 230,903 209,024 21,879
Training 17,715 12 ,77 3 4,942

Total $4,752,172 $4,211,2 7 0 $540,902
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F. E&D and F&E Costs

The sensitivity of the base case results to changes in E&D and F&E
costs was also examined . This is a particularly important analysis of
sensitivity because of the difficulties associated with develop ing ac-
curate E&D and F&E cost estimates of a subsystem that has been only
functionally defined . A breakdown of the costs and savings associated
with a 25 percent increase in ETABS E6J~ and F&E costs is shown in Table
39.

Table 39

COSTS COMPARISONS: 25-PERCENT E&D , F&E COSTS

Present  Value  Costs and Savings
(thousands of 1976 dollars)

Cos t Item Current  ETABS
NAS Stage A Deployment Savings
Continuance CostsCosts

Controllers $2,361,544 $2,032,817 $328 ,727
Other AAT staff 636,023 559,902 76,121
AAF staff 554,767 530,680 24,087
E&D costs 0 3,711 -3,711
F&E costs 63,136 102,819 -39,683
Maintenance 230,903 209,024 21,879
Training 17,71,5 12,77 3 4,942

Total $3,864,088 $3,451,726 $412,362

I.

A summary of the costs and savings for different percentage increases
in E&D and F&E costs is shown in Table 40. ‘
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Table  40

SUMMARY OF ETABS E&D AND F&E COST SENSITIVITY ANALYSIS

Present Value Costs and Savings
ETABS E&D and F&E (thousands of 1976 dollars)

Cost Increase
ETABS Cost Savings

25 percent $3,451,72 6 $412,362
50 percent 3,473,032 391,056
75 percen t 3,494,338 369,750
100 percent 3,515,644 348,444

C, No Controller Workload Reducticn

In the base case analyses , cost savings associated with ETABS were
primarily related to the reduction of controller workload and the elim i-
nation of the A position. ETABS reduction of the amount of controller
workload for a given level of traffic activity increased the traffic
handling capabilities of the individual controllers and sectors , thereby
reducing or forestalling the need for new sectors and controllers . The
elimination of the need for A positions enables the R and D controllers
who have been manning these positions to work at the positions that are
more commensurate with their qualifications , thereby increasing the ef- 

S

fective number of qualified R and D controllers,

In order to assess the degree to which the base case projections
of ETABS costs and savings is influenced by controller workload reduc-
tion, this sensitivity analysis assumed that ETABS does not reduce con-
troller workload at all . Using this assumption , both ETABS and the
curren t WAS Stage A system would have the same requirements for R con-
trollers , D (and equivalent) controllers , and en route sectors. The
only difference between the two systems would be the elimination of the
A position for ETABS. This situation can be considered as a worst case ‘

~~~
scenario, since the only ETABS benefit assumed is the elimination of the
need to man A positions . Even under this conservative assumption , the
implementation of ETABS is projected to save the FAA nearly $143 million
during the stud y period (see Table 41).
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Table 41

COSTS COMPARISONS : A-MAN REDUCTION ONLY

Present Value Costs and Savings
(thousands of 1976 dollars)

Current
Cost Item ETABSNAS Stage A

Continuance Deployment Savings
Costs

Costs

Controllers $2,361,544 $2 ,231,679 $129,865
— 

Other AAT staff 636,023 602,298 33,725
AAF staff 554,767 548,081 6,686
E&D costs 0 2,969 -2,969
F&E costs 63,136 92,334 -29,198
Maintenance 230,903 227,199 3,704
Training 17,715 16,634 1,081

Total $3,864,088 $3,721,199 $142,894

H. Peaked Traffic Demand Profile

The base case analysis and all of the preceeding sensitivity analyses
have assumed that the forecast growth in traffic will result in a smoother
traffic demand pattern . That is, as the traffic level increases a dis-
proportionate amount of the increased demand will occur during the nonpeak
hours, thereby reducing severe fluctuations in the demand level over the
day. This smoothed distribution of the increased traffic demand over the
8-hour study period does not reduce the total traffic demand .

In this sensitivity analysis we examined the effect of the traffic
demand pattern on the analysis results by using a peaked traffic pattern
where the forecast traffic increases are scaled in direct proportion to
the current distribution of traffic. In this analysis all other factors
were held constant (that is, the same as in the base case analysis). The
projected costs and savings for this scenario are shown in Table 42. The
peaked traffic distribution requires more sectors and more controllers
to handle a given traffic level than would a smoothed traffic distribu-

r -- tion .
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Table 42

COSTS COMPARISONS : PEAKED TRAFFIC DEMAND PROFILE

Present Value Costs and Savings
(thousands of 1976 dollars)

CurrentCost Item ETABSNAS Stage A
. Deploymen t SavingsContinuance CostsCosts

Controllers $2,598,050 $2,221,949 $376 ,101
Other AAT s t a f f  668 , 645 584 , 184 84,461
AAP staf f  571,188 553,496 17,692
E6~ cos ts 0 2 ,969 -2,969

I ) F&E costs 75,287 91,184 -15,837
Maintenance  247 , 696 232 , 706 14, 990
Training 20 ,980 15,089 5 , 891

Total $4,181,846 $3,701,517 $480,329

I. Summa ry of the Sens i t i v i ty  Analyses

A summary of the sens i t iv i ty  analyses is tabtrlated in Table 43. An
evaluation of these sensitivity analyses shows that the savings due to
ETABS is most  highly a f f ec t ei l  by the assumption that ETABS will not re-
duce controller workload requirements . However , even in this wors t case
scenario the projected savings due to the development and use of ETABS
is nearly 143 million discounted dollars . This projected savings is
nearl y 4 percent of the NAS Stage A costs projected for the s tud y period
and should justify the continued development of ETABS. 

- p

Projected savings are also sensitive to the assumption that the num-
ber of en route sectors cannot be reduced during or after ETABS deploy-
ment.  Even using this conservat ive  assumption , however , ETABS is pro -
jected to save more than $340 million , or nearly 9 percent of the projected
current NAS Stage A continuance costs .

A 25-percent increase in staffing costs also significantly influences
the projected savings, increasing projected savings by almost 25 percent
over the base case. The savings of over $540 million are more than 11
percent of the projected costs for current WAS Stage A system continuance.
While a corresponding decrease in staffing costs would probably reduce
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the projected base case savings , i t  is u n l i k e l y  t ha t  such a decrease w i l l
- l occur. On the other hand , staffing costs have already been increased

since these analyses were performed .

The projected savings associa ted  wi th  ETARS is also s i g n i f i c a n t ly
affected by the deployment schedule. As shown in Table 43, a 3-year
deferral of ETABS implementation would reduce the projected savings to
less than $270 million , nearly a 40-percent decrease.

The remaining sensitivity analyses have shown little change from
the base case savings projection . When considering the results of the
entire analyses it is eviden t t ha t  the ETABS concept has a significan t
potential for decreasing FAA costs during the FY 1977-99 period .

p
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Appendix A

ROUTIN E WORKLOA D MODELIN G

This appendix i l l u s t r a t e s  RECEP-based routine workload modeling ,
using as examp les the team model fo rmulat ions  for current  WAS Stage A
system 1A (2 .5-man team ) and E TABS system 2 (2-man team) . Routine work-
load modeling, as well  as potent ia l  conf l ic t  processing and surveillance
workload mode l ing ,  is described at length in Refs.  1 through 4. Those
reports address both team and R-control ler-only models for 2-man , 2.5-man ,
and 3.5-man sector operations. The material  in this  appendix is excerpted
from the Atlanta Center case study report ,2 and is intended to be a brief
introduction to workload modeling.

The RECEP routine work-load formulations are based on observed data
describing routine task execution times and task frequencies. Since ETABS
effects are modeled by adjusting task execution times, the following para-
graphs describe the methodology used to enumerate tasks and task times.

1. System IA (NAS Stage A) Routine Events

Routine control events carried out by the R and D controllers of the
WAS Stage A 2.5-man sector team operation are listed in Table A-i. The
events are categorized according to five functions : A/G communications,
FDP/RDP operations, flight strip operations, interphone communications,
and direct voice communications. The control jurisdiction transfer is
the collection of control events required to hand off an aircraft from
one sector to another. Traffic structuring refers to the procedural-
based, decision-making process of guiding aircraft through a sector. Pilot
requests result in real-time flight modifications , adding work. Pointouts
are actions required by a sector team to retain control of aircraft briefly
in or near another ’s airspace. General intersector coordination includes
those informational transfers that are performed to keep cognizant of multi-
sector traffic movement, but are not part of handoff, traffic structuring,
pilot request, or pointout activities. General system operation refers to
the remaining activities not included in the above catagories, activities
such as equipment operation and flight data maintenance.

Each control event in Table A-i is described in terms of the minimum
performance times required to execute A/G communication, FDPIRDP* data

operations refer to flight data processing/radar data processing
operations which is the terminology used in the previous study reports
to describe computer data entry and display tasks.
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Tab ts - A- i

R-D TEAM ROUtINE EVENT M IN I MUM PERFOR MANCE TItlE ESTIMATES,
2.5-stAN socmg 0PERArI0N~ S~ SThM IA-- HAS STAGE A BASE

M i n i mum
M inimum Task Performanc e T1me * Even t

(man—second per ta sk) Per f or—
nan ce  Time

Routine Co ntr o l Event Descripti on Fli ght Inter- Direct (man—
A/~ FDP /RDP Strip p hone Vo ics- seconds

Even t Basic Event and Co,mnussi- Oper- Pro- Cominuni’ Communi ; per
Functi on Supplementa l Event cati on at ion ce ssing cation cation event)

Con trol Kandof f accepta sice -‘ 2 1 -- -. 3
jur isdi c t i~S I Flig h t data up date - -  3 — —  - -  - -  3
transfer IlCt er sector coordi nation - -  - -  -- 7 6 13

New t l i ght stri p preparation - -  -‘ 10 — -  — -  10
Ilan l o f f  initiation-automatic - —  -‘ 1 - -  --

Manual initiation-si lent — -  3 -- — -  -. 3
In tersect or coordination - -  -‘ -- 7 6 13

Traff ic I n i t i a l  pilot call-in 4 — —  1 — —  — -  5
structuring Fligh t data altitude insert - -  3 1 — -  - -  4

Al titude instruction 4 — -  2 -‘ - -  6
Fl ight data altitude amendment ‘- 3 — -  - -  -‘ 3
In ters ector coordination — —  — —  — -  5 6 11

Heading instruction 5 — —  2 — —  — —

Fl ight data amendment -- 10 - -  -‘ - -  10
Interse ctor coordination - -  - -  -‘ 5 6 11

Speed ins truc tion 5 — —  2 -- -- 7
Intersector coordina tion — ‘  - —  — -  5 6 11

Alti meter s tr ing instruction 3 — —  I -‘ — —  4
Run way assignment instruction 3 — —  — -  - -  “ 3
P ilot a l titude report 5 — —  2 -‘ - -  7

Flight data altitude insert —— 3 —— —— -- 3
Pil ot heading report 5 -— 2 —— —— 7 (
Pilot speed report 5 -— - -  — —  7 ‘
T r a f f ic adv i s or y 4 — —  — —  — —  — —  4
transpo nder code assignment 4 — -  - -  - -  -‘ 4

Flight dat j code amendment - -  3 2 -- - -  S
Miscellaneous A /C coordination S -- -- -- -- 5
Freq uenc y change instruction 4 — -  1 - —  - —  5

In tersector coordination ‘- -— — -  4 6 10

Pilo t Altitude revision 6 - —  2 -- -- 8 - 
-

request Flight data al titude amendment -- 3 -- —- -- 3
intersec cor coordination — -  -- -‘ 5 6 11

Route /heading revision 8 — -  2 - -  --  10
Fligh t data route amendment -- 10 - -  -- -‘ 10
in tersector coordination -- —— ‘- 6 8 14

Speed revision 6 —- 2 -- -— 8
Clearance delivery 20 3 2 -- - -  25
MisceLlaneous p iiot reques t 8 -- -- -‘ -- 8

p

Pointou t Pointout acceptance - —  - -  —- 7 8 iS
Data block suppression -— 3 —— —- , — —  3 —

Poin tout initiation -- 3 2 7 8 20 1 —
General Control instruction approval -‘ - -  -- 5 6 Il ,~
intersec tor Planning advisory - -  - -  -—  5 6 11
coord ination Aircraft status advisory -- —- -— 5 6 11

Con trol Jurisdiction advisory -- -- -- 6 6 12
Clearance delivery —— —- 2 20 6 28

Fligh t data up date -- 3 -. -- .- 3

General Fligh t data estimate update -- 1 3 -- -- 4
system Data block/leade r line offset —- 2 -- -- -- 2
operation Data b lock  forcing/removal -. 3 -- -- -- 3

Miscellaneous data service - —  3 - —  - -  .‘ 3
F l i g h t  st r i p sequencing/removal — —  -- 2 - -  - -  2
Equi pmen t adjustment - -  3 -- -‘ -- 3

*Task performance time estimate, are based on data collected at the Los An geles Center.

Inditated value is double the measured direct voice commun ication t ime duration.
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en t r y  and d i sp lay opera t ions , f l i g h t  s t r i p p r o c e s s i n g,  in t e r p hone coninuni-
ca t ion , and d i rec t  ( f a c e - t o - f a c e )  voice communicat ion tasks .  The i n d i v i d u a l
task performance t imes in Table A-I  are s topwatch measurements  of min imum
execut ion  t ime s observed d u r i n g  the case stud ies . ’’~

The bas ic  even t s  of Table A-I  are the per formance  i tems n eces sa ry  fo r
event  execu t ion ; supp lementa l  events  are performed on ly  when r equ i r ed .  For
examp le , under the con t ro l  j u r i s d i c t i o n  t r a n s f e r  f u n c t i o n , the basic hand-
o f f  accep tance  event is performed s i l e n t ly  and requi res  2 man-seconds  of
FDPJRDP keyb oard or t r a c k b al l  manual  opera t ion  to a f f e c t  the h a r a d o f f  and
I man-second of f l i g h t  s t r i p manual  mark ing  to record i t s  oc c u r r en c e . Iii
some cases , supp lementa l  FDP keypunch  opera t ions  are necessary  to inpu t
a d d i t i o n a l  f l i g h t da ta .  For ins tance , a sector team rece iv ing  an a i r c r a f t
taking off from a non-AR t’S 111-equi pped t e rmina l  control  f a c i l i t y  would
i n p u t  an a i r p o r t  depar tu re  message to up date  the FDP data  f i l e .  This
l a t t e r  a c t i o n , which  r e q u i r e s  3 man-seconds , i s  an a d d i t i o n a l  a c t i v i ty ,
b r i n g i n g  the t o t a l  time to 6 man-seconds of sector teamwork  fo r  these
a c t i v i t i e s .  A supp lementa l  in ter sec to r  coordination accompany ing the
basic s i l e n t  h a n d o f f  t y p i c a l l y require s a 7-second in te rphone  communi-
c a t i on  and 3-second oral  message re lay  or c o n s u l t a t i o n  be tween the R and
D c o n t r o l l e r s .  Since the oral  consu l ta t i on  s imul t aneousl y consume s 3
seconds of both con t ro l l e r s’ t ime , th i s  d i rec t  voice communicat ion requi res
6 man-seconds of sector team work , which is shown in Table A-I .  On rare
occasions , an unexpec ted  a i r c r a f t  “pop-up ” requires  manual  prepara t ion  of
a new paper f l i g h t  s t r i p, which consumes an add i t i ona l  10 man-seconds .

The basic handof f  i n i t i a t i o n  event is au tomat ica l ly performe d by the
NAS Stage A computer  system when an a i r c r a f t  arrives at some p rede f ined
loca t ion  (preset  by program parameters )  at or near sector boundaries , and
requires only 1 man-second of flight strip manual marking by a controller .
The supp lemental 3 man-second manual initiation occurs when a controller
prefers to hand off the aircraft at some location other than that specified
by the automatic handoff parameters.

All traffic structuring and pilot request basic events are initiated
by an AJG communication and generally include some form of flight strip
marking. The performance time of each A/G communication task, which en-
tails negotiation and confirmation between pilot and controller , is mea-
sured from the beginning transmission to the ending transmission for both
parties and include s time devoted to decision making . Similarly, inter-
phone and direct voice communication includes both decision-making and
transmission time.

Flight strip marking is of two types: confirmation or recoitling of
a specific event by means of a written check mark or circle on the flight
strip, which takes 1 man-second , and data updating, writing numeric speed ,
altitude , heading, or beacon code revision on the flight strip, which
takes 2 man—seconds . In cases where altitude clearances do not conform
to current flight p lans , the FDP fli ght data file is amended by manua l ke~’-
board entry. FDP operations of this kind typ ically consume 3 man-seconds ,
but more elaborate entries , such as route data amendment , take longer.
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A l t h o u g h  these manua l  task  desc r i p t i o n s  are c h a r a c t e r i s t i c , two ex-
c ep t i o n s  are  no t ed  under  the gene ra l  sys tem o p e r a t i o n  f u n c t i o n .  The
[l i g h t  da ta  e s t i m a t e  up date  event  r e q u i r e s  the  D c o n t r o l l e r  to accep t , b y
means of a 1-second manual button-pushing operation , the FDP computer-
g en e r a t e d  flight data message s on his computer readout device (CRD), and
to coI~\’ the disp layed lnfor~iiation ( f o r  examp le , a i r c r a f t  expec ted  a r r i v a l
t ime , a i r p o r t  d e p a r t u r e  t i m e , a l t i t u d e , or beacon code revisions); it
take s at l eas t  3 secon d s to h a n d — c o p y  these data  onto  proposal  f l i ght
str i ps. The 2-second fl ig ~it stri p sequencing/removal event re fers to the
o n - h u e  manual arranging and o r d e r i n g  of s t r i ps.

Data describing the f r e q u e n cy  of occurrence of each basic and supp I~-
m e n t a l  even t  were c o l l e c t e d  for  se lec ted  sec tors  d u r i n g  each case s t u dy .
These d a t a , which vary f rom sec tor  to sector , are t a b u l a t e d 1 ‘

~~ in  te rms
of the tiumber of event  occu r rences  per a i r c r a f t  per hou r .

2.  Sy s tem 2 (ErAB S) R ou t i n e  Even t s

Use of ETABS would affect R and D c o n t r o lle r  work by a l t e r i n g  the
task performance t imes shown in  Tab le  A — 2 .  (Sy s t em IA task t ime s are
i n d i c a t e d  in parentheses if they are a f f e c t e d  by ETABS . ’) For example ,
the FDP computer  sy s t e m  is c a p a b l e  of r e c o gn i z i n g  h a n d o f f  i n i t i a t i o n  and
accep tance  even t s  and a u t o m a t i c al ly  i n d i c a t i n g  t h e i r  oc c u r r e n c e  on a
t a b u l a r  d i s p lay  of f l i g ht  da t a  for each a i r c r a f t .  T h i s  c ap a b i l i ty  e l i m i -
n a t e s  the i—man—second manual recording oii flight s t r i ps of t h a n d o f f
e v e n t .  However , p repara t ion  of new f l i gh t  f i l e s  [or unexpec t ed  a i r c ra f t
pop-ups must s t i l l  be pe r fo rmed  ( o b t a i n e d  f rom Tab le  A-I  by t r a n s f o r m i n g
the associated 10-man-second flight s t r i p p roces s ing  i n to  an FDP o p e rat i o n
of equal t ime dur at i on ~~. S i l e n t  h a n d of t  i n i t i a t i o n  cou ld  be t n a nu a l l
performed by a I —man -second b u t t o n  push ing  o p e rat i o n  on the a i r c r a f t ’ s
e l e c t r o n i c  f l i g h t  d a t a  t a b u l a t i o n , r a the r  than the cu r r en t  3-man-second
FDP/RDP o p e r a t i o n .

For t r a f f i c  s t r u c t u r i n g  and p ilot request events , the R con t r o l l er ’s
f l i ght strip processing tasks become a D-controller FDP operations. Event
record ing tasks (that is , record ing the occ u rrence of p ilot call-in ,
altimeter setting, or frequency change instruction) are assumed to he
accomp lished by simp le direct entry devices on the tabular disp lay ; they
would not take longer than the current (flight strip) performance times

~ f 1 man-second each. Since current FDP data entries require 3 man-
seconds to perform the necessary  key board o p e r a t i o n s , this value is assumed
to appl y to da ta en try opera tions u sing the tabu la r  d isp lay. Therefore ,
imp lemen tat ion of the tabular  disp lay would actually increase data entry
opera ti ons by I man-second compared to those operations currentl y re-
qu ir ing  f l igh t stri p en tries (which take 2 man-seconds) . The 3-man seconds
data entry time may be a pessimistic estimate if one considers the possi-
b ilitv of designing improved man-machine interaction devices as part of
the tabular disp lay,  bu t it is nevertheless adopted for lack of more
precise data. The FDP operations required for accepting hand ot f s
could also give a visual signal (for example , bl inking  light) frnm the
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r . ,b l e  A - 2

k-I) T EAM korrlsi iiviN r MINIM UM PERFORMANCE TIME EST iMATES,
2 - M A N  SECTOR OPERA T ION , SYSTEM 2 - - E T A R S

M i l l  mum Task Pert rnlanc e r l f l IC * Mi n 11101cr

,c secc n ccdc , per t a s k )  P e r I , r —
5 ance 31 ci,

R t  L O C  c l - l i t  r - (  Event tiescript i i i  Flig ht Inter— Direct (man—
A L -  FL)P/ RD P Strip phone Voice

Event b.l~~ic Event Coo smun i-  Oper- P c -  Communi- Commun i- per
and Supp lem enta l Event cat ion ation c e s si n g  c a t i o n  c .t i e n~ e v e n t )

Contr~’l Iluccdl -t I acceptance — —  2 0 (1) — —  — —  2 (3)
ju r i v i i tion Flc ~~i t  date up date - —  3 — —  — —  — —  3
t ranster lnt er g~ c tl-r ,-rlI i Ici ,tion —— —— —— 7 6 13

N ew t i i g h t  s t r i p p r e p a r a t i o n  — —  10 (0) 0 ( 10) — —  — —  10
Hand oti in itiation——a utomat ic —— —— 0 ( 1) — —  — —  0 ( 1)

~I.cccua l i nitiat Io n—— s i l ent — —  1 (3) — —  — —  — —  1 (3)
- L u t e  ri -e l tor c,-ord inat ion — —  — —  — —  7 6 13

— tr alile Init i a l pil o t call — l ,c 3 1 (0) 0 (1) —— — —  5
str ucturing Flight data altitude insert — —  3 0 (1) — —  — —  3 (-.)

A l t i t u d e  cccotriie t i , -r1 -, 3 (0) 0 ( 2 )  — —  — —  7 (6)
F l i ght data altitu de amend-

c t  — —  0 (3) — —  — —  — —  0 (3)
In t er s e c i r c o r d i n a t i o n  — —  — —  — —  5 6 11

H e a d i n g  i n s t r u c t i o n  S 3 (0) 0 (2) — —  — —  8 (7)
F l i g h t  data amendment -- 10 -— -- -- 10
i nt e r se c t o r  c o o r d i n a t i o n  -— -— —— S b I I

Speed instr u ction 5 3 (0) 0 (2) — —  — —  8 (7)
Intersector coordinati on -— — —  — —  5 6 11

Alti meter setting instruction 3 1 (0) 0 (1) — —  — —

Runway a s s i g n m e n t  i n s t r u c t i o n  3 -— — —  - —  3
Fib S altitude repo’~t 5 3 (0) 0 (2)  —— —— 8 (7)

Flig ht djta altitude insert — -  0 (3) — —  — —  — —  0 (3)
P i l o t  h e a d i n g  report 5 3 (0) 0 (2) —— —— S (7 )
P i lot  speed report 5 3 (0) 0 (2)  — —  — — —  8 (7)
Trat t i 1 advi sory 3 -- — —  - —  - -  -.

Tran sponder code assignment 4 - -  - —  - —  — —

Fli g ht data code amendment -- 3 0 (2) -- -— 3 (5)
Miscellan eous A/C coordination 5 — —  — .  — —  — —  5
Frequency change instruction 4 1 (0) 0 (1) —- ——

Inter-ee tor coordination -- -- —- 4 6 10

Pil ot Altitud e revision 6 3 (0) 0 (2) —— —— 9 (8)

reques t F l i ght data altitude amend-
ment — —  0 (3) — —  — —  — —  0 (3)

Icite rsecror coordination —— — —  — —  5 6 Il
Roc t e /h~ adi ng revi si ru 8 3 (0) 0 (2) — —  — —  11 (10)

Flig ht data route amendm ent — —  10 — —  — —  — —  10
In t er s e c t o r  c oo r d i n a t i o n  —— —— —— 6 8 14

Speed revision 6 3 (0) 0 (2) — —  — —  9 (8)
Cleara nce delivery 20 3 0 (2) —- —— 23  (25)
M i s c e l l a neous p ilot request 8 -- —— - —  — -  8 p

Poin tout Pointout acceptance —— 3 (0) —— 0 ( 7 )  0 (8) 3 (15) —
Data bl ock suppre ssi on —— 3 —— —— —— 3

Pointout in it i~~t i c ~ — —  3 0 (2) 0 < 7 )  0 (8) 3 (20)

General Control instruction approval - —  - - -— 5 6 I I
inters ector Planning advisory —— —— —— 5 6 I I
coordinat ion A ircraft status advisor y — —  — —  — -  5 I I

Control jur Isdicti on advisory —— —— -— 6 6 12
Cl earance deliver y -— —- 0 (2) 20 6 26 (28)

P l i gh t data update — —  3 — -  -- -- 3

General Flight data estimate upda te —— 1 0 (3) —— —- 1 ( m )

syste m Data bUic k , leader line off,et —— 2 —— —— —— 2
operation Data b l~~ckIt’rcing/recsoval -— 3 —— -— -- 3 -

Mi,cellaneou~ da ta service —— 3 — — -- -— 3

Flight strip aequencing- reccoval -- -- 0 (2) —- —— 0 (2)
Equipment adjustment —— 3 -- — . -— 3

* Revised Sv -utem IA performance times are indicated in parentheses .

Ind icated value is double the measured direct voice communication time duration .
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aircraft ’s flight data tabulation , which could be negated by pushing a
button on issuance of the radio frequency change. We assume that a
1-man-second manual button push would replace the current 1-man-second
flight strip marking associated with a frequency change instruction.

Although FDP/RDP key board pointout currently forces a data block
display onto the recipient sector ’s PVD, no similar means is available
to silently accept the pointout. The receiving sector has no flight
strip on the aircraft in question , and verba l intersector communications
are used to transmit needed flight data as well as to confirm pointout
recognition. This data transferral could be effected by simultaneously
forcing pertinent flight data onto the receiving sector tabular display
when pointout initiation is performed , thus negating the need for the
interphone and associated intrasector voice consultations. As shown in
Table A-2, acceptance of the pointout is assumed to be conducted by means
of an FDP/RDP operation taking 3 man-seconds.

Important reductions in general system operation work associated
with D-controller operations are attributed to the tabular display’s
potential for eliminating much of the manual flight data estimate update
and flight strip sequencing/removal activities. The FDP computer system
could automatically transfer flight data updates to the tabular display.
The only action required by the D controller would be to acknowledge
receipt of the update message--a single action currently taking I man-
second for button pushing. A computer-driven tabular display would be
capable also of automatically sequencing and removing the flight data
presentations, thus eliminating the manua l flight strip arranging opera-
tions currently conducted by the D controller.

Two minor system modifications are meant to eliminate certain activi-
ties performed by the R controller to adjust the PVD. These are an
automatic data block/leader line offset, and a revised automatic data
block forcing/remova l. These refinements are peripheral to ETABS design,
but are assumed to be implemented in conjunction with the tabular display.
Their inclusion in the routine workload model of ETABS does not measurably
affect sector capacity and productivity.3

The intent of the automatic data block/leader line offset is to
eliminate the RDP-related manual keyboard operations performed to reduce
PVD clutter caused by overlapping alphanumeric data presentations. The
automatic offset feature is estimated to reduce by half the frequency of 

2occurrence of the manual data block/leader line offset event in Table A-2.

At present, radar target data block displays are automatically re-
moved from the PVD according to parameters set for the NAS Stage A system.
These parameters specify the time after handoff acceptance at which data
blocks are removed from the handoff initiator ’s PVD. In many cases, the
controller initiating handoff would prefer to retain the data block
display for a longer time even though an aircraft is no longer under his
jurisdictiot1 (for example, so as to be able to distinguish a sector ’s
outgoing from incoming aircraft), and he forces the data block display
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back onto his PVD by means of manual  RDP keyboard operations. A parameter
setting sen si t ive to the dat a b lock di sp lay retention requirements of in-
dividual  sectors would e l iminate  the frequency of the manual  data block

. 
forc ing/removal event in Table A-2 .2

3. Routine Workload Weightings

The routine control event data provide a mechanism for estimating
the team routine workload associated wi th  a sector f l i g h t .  Ca lc u l a t e d
workload weightings for each event are obtained by multip lying event
performance times by appropriate event frequencies . The resulting team
(R and D controllers) routine workload weightings by selected sectors
for the Atlanta Center are summarized in Tables At -3, A-4 , and A-S for
systems IA , lB , and 2 , respectively. The team workload weight ings  and
the R—controller (in parentheses) workload weightings are included in
these tables . These data were obtained as part of the At lan ta  Center
case study.2

5’

p
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Appendix B

MULTISECTOR MODELING DATA

Supporting data for the multisector modeling are given in Tables 8-1through B—5 , based on the case studies performed at the Atlanta and LosAngeles facilities.
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Table B-3

ATLA NTA CENTER GROWTH FACTOR ESTIMATES: PEA KE D TRAFFIC

Traffic Sector Staffing_Factors*
System Factor* Factor* R D and T A

1,, NAS A 1,0 1.0 1.0 1.0 1.0

Li 1.22 1.22 1.0 1.22

1.2 1.44 1.44 1,18 1.44

1.3 1.67 1.67 1.36 1.67

1.4 1.89 1.89 1,55 1.89

1.5 2.0 2.0 1.91 2.0

L6 2.0 2,0 2,36 2.0

1.7 2.0 2.0 2,82 2.0 —

�I,80 2.0 2.0 3,27 2.0

2, ETABS 1.0 1.0 1.0 0.82 0

1.1 1.0 1.0 0,82 0

1.2 1.0 1.0 0.82 0

1.3 1.0 1.0 0,82 0

1.4 1.14 1.14 0.93 0

1,5 1.33 1.33 1.09 0

1.6 1.58 1.58 1,30 0

1.7 1.97 1.97 1.61 0

�1.71 2.0 2.0 L64 0

*1976 base.-
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Table B-5

LOS ANGELES CENTER GROWT H FACTOR ESTIMATES: PEAKE D TRAFFIC

Traffic Sector Staffing_Factor*
System Factor* Factor* R D and T A

1, NAS A 1.0 1.0 1.0 1.0 1.0

1.1 1.0 1.0 1.86 1.0

1,2 1.18 1, 18 2.36 1.18
1,3 1.41 1.41 2.82 1.41

1.4 1.64 1.64 3 .27  1.64

1.5 1.64 1.64 3.27 1.64

1.6 1.64 1.64 3.27 1.64
1.7 1.64 1.64 3.27 1.64

�1.80 1.64 1.64 3.27 1.64

2 , ETABS 1.0 0.82 0.82 0.82 0

1.1 0.86 0.86 0.86 0
1.2 0.91 0.91 0.91 0

1.3 0 .95 0 .95 0 .95 0

1.4 1.0 1.0 1.0 0

1.5 1.64 1.64 1.64 0

1.6 1.64 1.64 1.64 0

1.7 1.64 1.64 1.64 0

�1.71 1.64 1.64 1.64 0 -‘

* 
4

1976 base.
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