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c. I 

NOTICE: The project that is the subject of th is repor t 
was approved by the Governing Board of the National 
Research Counc il , whose member s are dr awn from the 
counc ils of the National Academy of Sc iences , the 
National Academy of Eng ineer ing , and the Institute of 
Medic ine . The member s of the committee respons ible for 
the r epor t were chosen for their spec ial competence& and 
with regard for appropr iate balance. 

This repor t has been r ev iewed by a group other than 
the author s accord ing to procedures approved by a Repor t 
Review Committee consisting of members of the National 
Academy of Sc iences , the National Academy of Eng ineer ing , 
and the Institute of Medic ine . 

The Nat ional Research Counc il was establ ished by the 
National Academy of Sc iences in 1916 to assoc iate the 
broad commun ity of sc ience and technology with the 
Academy ' s  purposes of fur ther ing knowledge and of 
advis ing the federal government .  The Council operates in 
accordance with general pol icies determined by the 
Academy under the author ity of its congress ional charter 
of 1863 , wh ich establishes the Academy as a pr ivate , 
nonprof i t ,  self-govern ing membersh ip corporation . The 

·Council has become the pr inc ipal operat ing agency of both 
the Nat ional Academy of Sc iences and the National Academy 
of Eng ineer ing in the conduct of the ir serv ices to the 
gover nment ,  the publ ic , and the sc ient ific and 
eng ineer ing communities . I t  is admin istered jointly by 
both Academies and the Institute of Med ic ine . The 
National Academy of Eng ineer ing and the Inst itute of 
Medic ine were establ ished in 1964 and 1970 , respectively , 
under the char ter of the Nat ional Academy of Sc iences . 

Availabl�, from 
National Ocean ic and Atmospher ic Administration 
Office of Char ting and Geodetic Serv ices 
Rockv ille , MD 20852 
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EXECUTIVE SUMMARY 

The evolv ing f ields of cartogr aphy and other mapp ing 
sc iences (hereafter refer red to as car tography) ar e 
hav ing an impact on the chart ing activit ies of the Off ice 
of Chart ing and Geodet ic Serv ices (C&GS) , the Nat ional 
Ocean Service (NOS) , and the Nat ional Ocean ic and 
Atmospher ic Admin istrat ion (NOAA) .  Chang ing user 
requirements, the emergence of new car tograph ic products , 
such as electronic maps and char ts and d ig ital data 
f iles, and advancements in automated data process ing are 
affect ing the agency ' s  tradit ional chart ing funct ions and 
are plac ing a strain , caused by uncertaint ies , on its 
organizat ion and management . Technolog ical advances ar e 
affect ing the des ign , development , and use of charts and 
chart products , and the prognos is is for act ive 
cont inuation of th is trend . 

Th is r epor t is the r esult of a r ev iew and analys is of 
the C&GS aeronaut ical and naut ical chart ing operat ions by 
the Committee on Cartogr aphy in the National Research 
Council ' s  Commiss ion on Phys ical Sc iences , Mathematics , 
and Resources for the purpose of ass ist ing C&GS in 
determin ing its future d irect ion . The recommendat ions 
cover a wide r ange of top ics on which C&GS can focus its 
attention . Most of the recommendat ions call for manage­
ment act ions and are not spec i f ic ,  detailed comments on 
spec i f ic , potent ial problems . 

The C&GS ' s  broad respons ibilities , its organ izat ional 
structur e ,  and its mode of operat ing were found to be 
appropr iate for car rying out its miss ion as defined by 
Publ ic Law 373 . Th is statute clear ly ass igns to C&GS 
r espons ibil ity for producing nav igat ional products and 
for selecting the method for car ry ing out this 
r espons ibility .  In order for C&GS to plan better for the 
futur e ,  dur ing a per iod of ever- increas ing demand for 

1 
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aeronaut ical and nautical products and data and with the 
growing pressur e for eff ic iency in government: 

The Committee recommends that C&GS establ ish at the 
level of the Director, Off ice of Char ting and Geodetic 
services , a capability to 

1 .  Manage, assess , and applY the pr esent and 
futur e user requirements for aeronautical and nautical 
char ts and data . ( Sect ion 3 . 4 . 3 ) 

2� Under take a systematic, coordinated, and 
cont inuous technologY evaluat ion to ascer ta in future 
uses and requirements for char ting and geodetic data 
and products . ( Sect ion 3 . 4 )  
Because of rapid changes in electron ics equipment and 

assoc iated software ,  it is  impor tant that C&GS conduct 
these assessments on a continuous basis with adequate 
r esources and an effect ive exploratory and appl ications 
research capability .  I t  is not suff icient to per form 
such assessments by an occas ional survey or by�� 
committees . Also , because of rapid technolog ical 
advances , C&GS per iod ically needs to rev iew the automa­
t ion methods used in order to assur e that the most 
effective means and latest technology are be ing employed 
in the production and distr ibut ion of products . 

The Committee r ecommends that C&GS r ev iew the present 
automation methods in the aeronautical and nautical 
char ting operat ions to establ ish the v iability of the 
programs . ( Sect ion 2 . 2 )  
Rapid technological advances have necess itated a 

r econceptual izat ion of car tograph ic science that focuses 
attent ion on the cr itical role of car tograph ic data bases 
in either graph ic or digital form. Today we are wit­
ness ing a trans it ion from a former total dependence on 
analog data bases to an era of rapidly growing dependence 
on digital data bases. This development has led to the 
establ ishment of computer ized or d ig ital data bases for 
mapping , char t ing , and geodetic data. I t  is imperative 
that the data bases be inter act ive. 

The committee r ecommends that C&GS develop and adopt 
common standar ds , spec ificat ions , and procedures for 
the ir car tograph ic and geodetic digital data bases. 
(Sect ion 3.2 )  

W e  fur ther r ecommend that C&GS strongly suppor t 
both the Nat ional Committee for Digital car tograph iC 
Data Standards and the Feder al Inter-Agency 
Coord inat ing Committee for Dig ital Car togr aphy in 
developing d igital car tograph ic data standards that 
applY to the current and futur e products of

. 
the agency 
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and also the standards that will benefit the broader 

car tograph ic user communities as well . ( Sect ion 3 . 2 . 2 )  
The development of products requ ires access to the 

data in a number of data bases , and the effic iency of the 
oper at ion will depend on the effectiveness of the 
data-base-management system (DBMS) . Th is DBMS should 
include as many common and necessary funct ions as 
poss ible . Th is would s impl ify data-base maintenance and 
make extract ion and inser tion of data as effect ive as 
poss ible . 

The major management , production , and suppor t funct ions 
per formed by C&GS would benefit from an integrated 
management information system (MIS) . The long-range goal 
of C&GS should be the integration of mapp ing , char ting , 
and geodetic data with planning and management data 
across all organ izational elements . 

The Committee recommends that the C&GS inst itute an 
integr ated management informat ion system (MIS) for its 
char ting and geodet ic functions . ( Section 3 . 3 )  
A descr ipt ion o f  a typ ical MIS , as i t  might apply to 

the functions of C&GS , is included in the Append ix to the 
r epor t .  

The Committee bel ieves that cur rent aeronaut ical and 
nautical products used for navigat ion will continue to be 
needed well into the foreseeable future .  However , with 
improvements in electronic d isplays , h igh-dens ity 
recording , and computer process ing , C&GS ' s  r espons ibil ity 
for setting standards and assur ing the proper integration 
of new products will become mor e and more complex . 

We recommend that C&GS give h igh pr ior ity to a program 
of technologY evaluation to ascer tain and predict 
future veh icle-system hardwar e and capabil ities . 
( Sect ion 3 . 4 )  

The reason ing for th is i s  that future technology and 
attendant hardware systems often create needs for new 
nav igat ion products . The r ecommended program of 
evaluation will offer another method by wh ich C&GS may 
keep abreast of future user needs for new products. In 
th is evaluat ion process C&GS must focus its effor ts on 
the pr imary products needed by the major user s of 
nav igational products . A means should be developed by 
which secondary products ( less essential )  may be 
identi fied through evaluation of user needs so that they 
may be created and d istr ibuted through joint gover nment­
commercial cooper ation or by the commerc ial sector. 

With changes in technology , new safeguards must be 
found to ensur e the integr ity of the char t data . Th is i s  
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par ticular ly appl icable to products prov ided by inter­
mediate or value-added suppl ier s who tr ansform c•Gs data 
into an end-user product . For these suppl ier s c•Gs may 
w ish to pr epare and propose standards for the proper use 
of its data. 

We r ecommend that the c•Gs under take the prepar ation 
and analys is of standards to be proposed for products 
of intermed iate or value-added suppl ier s .  These 
standards should be prepared for voluntary compl iance, 
including evidence of such compl iance to the end 
user s .  ( Sect ion 3.4 . 2 )  
To manage resources effectively and effic iently , in 

the process of conducting its inherently governmental 
r espons ibility ,  the c•Gs must use both government and 
commercial car togr aph ic talent . The management staff is 
r espons ible for determining the proper mix of government 
and commercial resources to be used in meet ing national 
objectives , as well as for per iodically assess ing the 
progress and effectiveness of the mix . 

· 

To guide the organ izat ion in determining the proper 
mix , the Committee recommends the follow ing approach : 

1 .  The c•Gs should assess the capabilities and 
practical ity of contracting with the commerc ial sector 
to per form par ts of inherently governmental activities 
r el iably under gover nment respons ibility .  These 
data-assembly functions include data acquisit ion, 
evaluation, management , storage , and extract 
activities . (Sect ion 4 . 1 . 1) 

2 .  The data compilation , reproduct ion , and 
distr ibut ion act iv ities--the data-appl icat ion 
function--should be subject to mor e commercial 
involvement than the data-assembly function . ( Section 
4.1 . 1) 

3 .  A capability should be established at the 
appropr iate organizational level, w ith part ic ipation 
by other agenc ies, such as the Federal Av iation 
Admin istrat ion ,  the Depar tment of Defense , and the 
u . s .  Geological Survey , to determine the data-assembly 
and data-applicat ion funct ions to be per formed by C'GS 
and the r esultant user products and services to be 
made available to the public and to governmental 
agencies . Requirements of the public and government 
sector s and r eliability of products and services 
offered by commerc ial enterpr ises should be major 
factor s in these determinations . (Section 4 . 1 . 1) 

4 .  The staffs of NOAA , NOS , and c•Gs should 
assess the capabilit ies of the commerc ial sector to 
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" 

per form par ts of inher ently governmental act iv itie s  
r el iably and the practical ity of contract ing for such 
component per formance . Fur thermore, contracts to the 
commerc ial sector , w ith proven capabil ities for 
r el iable per formance,  should be wr itten and 
admin istered in a manner that would allow the 
contractor to applY proven exper t i se and 
profess ional ism in per formance of the contr act . 
(Sect ion 4.1.2) 
E ffic ient use of r esources by controll ing costs for 

creat ion of nav igat ional products must be balanced 
against the need to produce t imely and rel iable products 
des igned to min imize the government ' s  l iabil ity . 

The Committee r ecommends that C&GS address techn ical 
issues of product rel iability w ith due cons ideration 
of adv ice from legal counsel r egarding issues of 
product l iability .  ( Section 4.1 . 3) 
cost r ecovery is an immed iate issue as the government 

attempts to lower appropr iat ions that fund C&GS 
act iv ities . 

The Committee r ecommends that all costs assoc iated 
w ith and allocatable to data assembly be cons idered in 
the national interest , to be funded by appropr iation, 
and that all costs acc r u ing to data appl icat ion 
commencing w ith the data-extract ion stage be funded by 
r e imbur sement from other agenc ies and r eceipts from 
sales to the user s who der ive benefit from such 
activities . ( Section 4 . 2 ) 
With regard to cost r ecovery, 
We fur ther r ecommend that costs for spec i f ic 
data-appl icat ion activities of benefit to both 
government and pr ivate user s be allocated in 
accordance w ith the ratio between these groups . 
( Sect ion 4. 2 )  
F inally , product des ign for min imum cost to satisfy 

user requ ir ements is an over r id ing gu ide that should 
always be followed . 

We r ecommend that all spec if icat ions and cor respond ing 
methods of reduct ion be des i ned to ensure min imum 
cost pr ce w thout sacr if ce to user needs or intended 
use . Par t icular concentration should be on those 
products where there is ev idence that cur r ent pr ices 
are r estr icting w idespread use . (Sect ion 4.2 ) 
The Committee bel ieves that the C&GS, in meet ing 

comm itments for creating the pr esent product l ine and 
develop ing automated systems based on new computer 
technology, w ill encounter budget and manpower 
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constraints . Therefore ,  it beco .. s evident that c�s 

should act in concer t with other feder al agenc ies that 
per form s imilar mapping functions in order to shar e 
exper iences and jointly to create data bases and 
standards that will enable it to .. et deaands of new 
technology . 
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1 .  INTRODUCTION 

Th is repor t examines the Aeronautical and Naut ical 
Char t ing per spect ives in the Off ice of Char ting and 
Geodetic Serv ices (C&GS) , Nat ional Ocean Service (NOS) , 
of the Nat ional Ocean ic and Atmospher ic Admin istration 
(NOAA) .  The Committee ' s  charge suggested a w ide-rang ing 
set of quest ions designed to consider the C&GS ' s  existing 
char ts, futur e data needs, r eal-t ime products , responses 
to emergenc ies, r equ irements for products related to 
ocean min ing and space explor at ion, and relationsh ips 
among government and commerc ial activ it ies . 

On December 12 and 13 , 1983 , the committee was br iefed 
on the C&GS miss ion, progr am, organ izat ion, and adminis­
trat ion, budgets, procur ement, and budget control J chart 
sales and pr ic ing, major user s, the r elat ionsh ip between 
the Federal Aviat ion Admin istrat ion (FAA) and C&GSJ and 
p roduct ion control . The Committee toured the Nautical 
Chart ing fac ilit ies at C&GS headquarter s, Rockv ille, . 
Maryland, and the Aeronaut ical Char ting fac i l it ies in 

�the 
Gramax Bu ild ing, Silver Spr ing, Maryland . At these 
sess ions and at meetings on March 8 and 9, 1984, at the 
Nat ional Academy of Sc iences, in Wash ington, D . C .,  the 
Committee was g iven internal documents that furn ished 
informat ion on the NOS miss ion, organ izat ion, and� 
automat ion act ivities . These publications are rtstftl in 
the Annotated Bibl iogr aphy . Reports by Mar ket Facts, 
Inc . ( 1984) on mar ket ing and Ar thur Young ( 1984) on 
effic iency had already been completed and submitted to 
NOS J however, only the Execut ive summary of the Market 
Facts, Inc ., r epor t was made available to the Committee . 
The agency chose to have the r eports r emain con f ident ial . 
Not having access to the complete reports, the Committee 
was den ied�n opportunity to r ev iew detailed stud ies done 
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by teams of professional analysts working on s imilar 
tasks . 

Th is r epor t presents our observations , conclua ions , 
and broad r ecommendations baaed on the br ief ing aeaa iona , 
published information listed in the b ibl iography , obaerva­
t ions of c•Gs facilities , and our var ied exper ience• in 
f ields r elated to the c•Gs miss ion .  

The repor t i s  organi zed around three broad , inter­
r elated factor s that help to def ine the role of c•Gsa 
respons ibi l ity , organizat ion , and operat ions , futur e 
d irections , and resource management . 
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2. RESPONSIBILITY , ORGANIZATION , AND OPERATIONS 

Publ ic Law 373 of the E ight ieth congress defines the 
functions and dut ies of the now-named Off ice of Char ting 
and Geodet ic Serv ices (C&GS) . Stated generally , its 
char t ing r espons ib ility is • • • •  to prov ide char ts and 
related information for the safe nav igat ion of mar ine and 
a ir commerce • • • •  • Th is statute, enacted in 1947 , d id 
not env is ion the major role that electron ics and automa­
t ion would play in the acquisition and d isseminat ion of 
data . The intent of the congress, however , is clear in 
that the d isseminat ion of data acqu ired is  author ized in 
order that full publ ic benefit may be der ived . That 
statute is spec i f ic as to the med ium of d isseminat ion-­
the compilation , pr int ing , and d istr ibut ion of naut ical 
and aeronautical char ts and related nav igat ional pub­
l ications . Another section of the law , wh ich per tains to 
th is study , author izes contr act ing with qual if ied organ i­
zat ions for the per formance of any par t of the author ized 
funct ions . 

It is the opinion of the Committee that Public Law 
373, in def ining the functions of C&GS , allows flexibil ity 
in determin ing the means of car rying out its r espon­
sibilities . 

2 . 1 PRODUCTION-PROCESS ACTIVITIES 

The act iv i t ies in the production process , as they have 
evolved, are outl ined in Figure 1. These act iv it ies and 
the ir def initions serve as essential background informa­
t ion on wh ich the Comm ittee made its r ecommendat ions 
concern ing the future activities of C&GS . 

The follow ing act iv ities serve to accompl ish the bas ic 
C&GS miss ion : 
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FIGURE 1 Cur rent activ it ies and funct ions in nautical 
and aeronautical mapp ing and chart ing . 

1 .  Planning and Research . The overall identificat ion 
and planning of user needs, progr ams, product des igns , 
budgets , staffs , and implementat ion is the focus of this 
·activity . 

2 .  Data Acquisition . The data for maps or char ts are 
acquired through photogrammetic , geodetic , topographic , 
hydrograph ic ,  tidal , and land surveys . Data acquisition 
also includes commun ication w i th f ield contacts and 
r esearch of l iter ature for mappable cultural features . 

3 .  Evaluat ion and Selection . Individual sets of 
acquired data are evaluated in th is activity ,  and 
decis ions ar e made about the information to be included , 
based on the accuracy and cur rency of the data and the 
intended use of the char t .  

4. Comp ilation . Th is activity involves the extrac­
t ion , selection, and placement of features and the 
r epresentation of data , such as buoys or structures , on a 
map or char t .  

s. Map and Char t Product ion . Th is activity involves 
scr ibing (negat ive engrav ing) and f ilm manipulation , the 
f inal steps in char t production . 

6 .  Pr inting, Warehous ing , and Distr ibut ion . These 
s teps in the process are necessary to create and 
d istr ibute quantities of the f inal product . 
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I t  is impor tant to note that these act iv ities are in 
r eality a par t of the overall data-management 
r espons ibility ,  wh ich includes the data-assembly and 
data-appl icat ion functions . 

To accompl ish their var ious tasks , the National 
Oceanic and Atmospher ic Admin istration , the Nat ional 
Ocean Serv ice, and C&GS are organi zed as shown in Figur e 
2. 

The Aeronaut ical and Nautical Char ting D iv i s ions of 
C&GS employ about 700 people , with an annual budget of 
near ly $41 mill ion . The activ it ies of these two C&GS 
d ivis ions are the pr imary focus of th is repor t .  

The Aeronautical Char ting Div is ion produces the 
follow ing major navigat ional a ids: Sect ional Char ts , 
Terminal Ar ea Char ts , Wor ld Aeronaut ical Chart s ,  Airpor t 
Facility Director y ,  Fl ight Plann ing Char ts, Instrumen t 
Approach Procedure Char ts , En Route H igh-Altitude Char ts , 
En Route LOw-Altitude Char ts , Radar Video Maps, 
Controller Char ts , and Controller Chart Supplement .  

The Nautical Char ting Div is ion produces the following 
major nav igat ional a ids: Conventional Naut ical Char ts , 
Small-craft Char ts , Route Char ts , Bathymetr ic Maps , 
Topogr aph ic/Bathymetr ic Maps , Mar ine Boundary/Seaward 
Boundary Maps ,  Special-Purpose Maps , T ide/T idal Curren t  
Tables , and u.s. Coast P ilot Publication . 

2 . 2  CURRENT CHARTING ACTIVITIES 

The Committee found that the C&GS has a product or ienta­
t ion rather than a mar ket , or user , or ientation . That 
i s ,  the agency produces standard ,  h ighly accur ate , useful 
products at affordable pr ices , and the user is gener ally 
satisf ied (Mar ket Facts , Inc . ,  1984). cons istent with 
th is product or ientat ion , technolog ical changes have been 
v iewed ma inly as a means of produc ing the tradit ional 
paper products more eff ic iently and accurately , not 
necessar ily as a means of creat ing different , mor e useful 
products to meet chang ing user needs . Though ultimately 
the user may be better served by new products based on a 
new technology , the or ientat ion is pr imar ily toward 

internal product ion capabilities , accur ac ies , and 
schedules . The C&GS should develop a mar ket or user 
or ientation where the car eful .assessment of the user's 
needs and requ irements ar e the gu iding pr inc ipal in the 
des ign and development of the ir products . 
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FIGURE 2 Organization of the National Ocean ic and Atmospher ic Ada in iatration . 
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The methods used to acquire , process , and produce 
mater ials needed to pr int the aeronautical and nautical 
charta and related products are still basically standard 
manual ( labor- intens ive) techniques . S imilar methods are 
used by chart- and map-producing organizations throughout 
the wor ld . 

The Committee observes that C&GS baa made s ignif icant 
progress toward dig itization and automation . The 
Nautical Charting Divis ion baa been on a long-range 
program s ince the 1970a to digitize shoreline and 
hydrograph ic information . Th is data file ia des igned 
pr imar ily to a id in more effic ient production of the 
existing l ine of products . It ia due for completion 
within the next 5 year s .  The Nautical Charting Divis ion 
ia developing a ayatem for collection of bathymetr ic 
information . The vast major ity of the data will be 
processed by an onboard computer . 

Computer-stored , digitized hydrographic information 
can now be extracted and revised v ia a cathode-ray tube 
(CRr) , enabl ing interactive editing and updating of the 
d igital f iles . Aga in , th is appear s to be pr imar ily to 
assist in the production process for creating the present 
mix of char ta . 

The Aeronautical Char ting Divis ion pr imar ily uses the 
new technology to create data bases for the aeronautical 
data that change rapidly and for situations in wh ich 
t imely appl ication ia cruc ial to flight sa fety . 

No long-range , coordinated plans for the use of the 
mater ial , for the interaction between the Nautical and 
Aeronautical Charting Divis ions , and for obsolescence 
were apparent . For the moat par t ,  the staff involved in 
developing the automated systems waa also involved in 
day-to-day conventional manual-production activities . No 
permanent sta ff ,  at  the level of the Director , Off ice of 
Char ting and Geodetic Services , is totally dedicated to 
developing automated systems . 

The Committee bel ieves that the var ious computer­
a ssisted automated systems now in place at C&GS war rant a 
review to establ ish the viability of the programs . The 
rapid development of technolog ies in the past 5 year s has 
affected the efficient mak ing of traditional chart  
products and also the use of charts . Ther efore ,  many of  
the procedures , computer progr ams , and computer equipment 
may no longer r epresent state-of-the-art technology . 
S ince the automat ion methods now in place will be used 
and improved throughout many future year s ,  there ia 
concer n that the future not be built on an obsolescent 
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base or concept . The r ev iew should cons ider the expected 
l ifetime of these oper ations, the adequacy of pr esent 
computer needs, and the necessary program to function 
effectively throughout th is per iod . The Committee 
recognizes that ther e are budget constr aints placed on 
CiGS to ach ieve its bas ic miss ion wh ile attempt ing to 
enter mapping ' s  electron ic age .  Ther efor e, any review 
must touch on the costs and benef its of automation and 
how ex ist ing progr ams may be altered in order to fash ion 
a long-range automated mapping and char ting progr am.  

2 . 3  PLANNING 

With the ever- incr eas ing demand for aeronautical and 
nautical products and data and the growing pressure for 
eff ic iency in gover nment, an organ izat ion must be attuned 
to the creation of products based on new technolog ies 
that meet documented user r equirements . Both C&GS and 
its customer s have fel t and will cont inue to feel the 
impact of major technology advances . user s will need new 
serv ices, suppor t, and products� C&GS w ill  require new 
p rogr ams, organizat ion, and facilities as a r esult of 
these changes .  C&GS wil l  f ind itsel f  deal ing with the 

. following: 

1. The need to supply d ig ital data in addit ion to 
other products, 

2 .  The need to supply r ap id updates to the data f iles 
used by its customer s� 

3 .  The need to create and mon itor standards aga inst 
wh ich the use of C&GS data will  be measured . 

The Committee f inds that the Aeronaut ical and Nautical 
Char ting Div is ions of C&GS do not have a group spec i f i­
cally charged with r espons ibil ity for ascertain ing user 
needs on a cont inuing bas is and for applying these needs 
in plann ing futur e fac ilities and oper at ions . Ther efor e ,  
there i s  a need for greater organ izational emphas is, a t  
the level o f  the D irector, Off ice o f  Char ting and 
Geodetic Serv ices, for assessing the latest techn ical 
developments , for determin ing the ir influences on C&GS ' s  
products and processes, for assess ing the present and 
future user requirements for aeronautical and nautical 
char ts and data, and for develop ing products that will 
meet those requirements (also see Sect ion 3 . 4 . 3 ) . FOr 
the C&GS to be success ful in ut iliz ing its resources , it  
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should continue to focus its effor ts on the pr imary 
nav igat ional products needed to meet its bas ic respon­
s ibil ity as descr ibed by law . Secondary , less-essential 
products that take a lower pr ior ity should be created and 
distr ibuted totally by the commerc ial sector or by 
government-commercial cooper at ion . 

RECOMMENDATIONS 

We recommend that C&GS rev iew the present automat ion 
methods in the aeronaut ical and nautical char ting 
operations to establ ish the v iabil ity of the progr ams .  
( Sect ion 2 . 2) 

We recommend that the new possibilities ar is ing from 
technological advances be explored in terms of changing 
user needs and a user or ientation be cons idered in 
assembl ing and applying data to the current aeronaut ical 
and naut ical products . ( Sect ion 2 . 3) 
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3 • FUTURE DIRECTIONS 

The futur e of the Off ice of Chart ing and Geodet ic 
Serv ices (C&GS) will depend, in part, on its abi l ity to 
respond to the incr eas ing demands and chang ing require­
ments for car togr aph ic informat ion, to develop a manage­
ment system that incorpor ates all funct ions from product 
requir ements to product per formance, and to incorporate 
the latest technolog ical developments with a minimum of 
lead t ime .  The increas ing demands are ind icated by the 
follow ing : 

1 .  FAA Av iation For ecasts (Federal Av iat ion Admin is­
tration, 1983 ) ,  wh ich cover s av iat ion act iv ity for the 
per iod of 1983 to 1994, states, •overall, the long-term 
outlook for aviation is for a relat ively strong growth 
throughout the forecast per iod, cons istent with 
forecasted long-term economic growth . •  Av iat ion activ ity 
i s  predicted to increase 97 percent at towered a irpor ts 
by f iscal year 1994 . Scheduled domest ic and internat iona l 
revenue passenger miles (RPMs) are for ecast to increase 
about 80 percent, and commuter RPMs 220 percent . The 
Off ice of Chart ing and Geodetic Serv ices ( 1983 ) 
publ ication LOng-Range Plans for Aeronaut ical Char ting 
outl ines plans to meet the needs descr ibed by the FAA 
repor t . 

2 .  The National Advisory Committee on Oceans and 
Atmosphere (NACOA) 12 th Annual Report, dated June 30, 
1983, states • the united States depends heav i ly on mar ine 
tr anspor tat ion wh ich car r ies about 99% of all wor ld trad e  
( by tonnage) . •  The January 1983 NACOA report ent itled 

Mar ine Transpor tation in the Un ited States--constr aints 
and Qpportunities further repor ts that •our ports 
contr ibute about $35 b ill ion to our GNP and have gross 
sales and serv ices of $6 6 b ill ion per year according to 
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1980 (Mar itime Administrat ion) MARAD figures . •  MARAD 
antic ipates substantial growth in both foreign and 
domestic trades over the next decade . Overall , u. s. por t 
cargo volume is expected to increase by 3 2  percent to a 
total of 2 bill ion tons by 1990 . The NACOA repor ts also 
po int out that based on a survey of 19 u.s. por ts , the 
Amer ican Assoc iat ion of Por t Author ities concluded that 
nav igat ion-channel l imitations have resulted in the loss 
of 25 mill ion tons of cargo at a cost of $3 . 4  b ill ion . 

Car togr aph ic evolut ion, data-base management, 
management informat ion systems (MIS), and technology 
development as they relate to future direct ion are 
considered nex t .  

3 . 1  CARTOGRAPHIC EVOLUTION 

The developments in car tography over the last two decades 
clearly show that the concept and definition of maps and 
char ts ar e expanding and evolv ing . Ear l ier , the concept 
of a map or char t was almost exclus ively rela ted to a 
hard-copy med ium, such as a sheet map or chart, a g lobe , 
or a gazetteer . Par ticular ly dur ing the last decade, 
cartography has witnessed numerous explorat ions into the 
wor ld of new map products, many of wh ich are some form of 
electronic map . 

To accommodate th is electronic form,  the concept of 
£!!! and v ir tual maps has evolved . This permits a 
c lassification useful in our pr esentation that is based 
on two fundamental character istics : whether the map is 
d irectly v iewable as a graph ic image and whether it has a 
tang ible real ity . Real maps and char ts, such as most 
conventional maps and char ts , have both character istics . 
Vir tual maps, on the other hand , may take on a different 
form, such as cathode-ray-tube image (graph ic and 
v iewable but not tang ible ) ,  trad it ional field notes 
(viewable but not gr aph ic) , and computer-stored 
information (not viewable or gr aph ic) (Moeller ing , 1980, 
1983, 1984) . Of immed iate interest to C&GS in relat ion 
to th is concept of maps and char ts is that conventional 
car togr aphy is compr ised of r eal-to-real tr ans formation . 
Therefor e ,  in planning for future facilities and products ,  
i t  is the observation o f  the Committee that modern inter­
act ive car tograph ic systems concentr ate on manipulat ing 
char t information in the vir tual domain, whether that work 
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is intended as an a id to char t production or whether i t  
is  intended for analytical operations . 

Rapid technolog ical advances have necess itated a recon­
ceptualization of car tograph ic science that focuses 
attention on the cr itical role of car tograph ic data bases 
in either graph ic or d ig ital form. TOday we are wit­
ness ing a trans it ion from a former total dependence on 
analog data bases to an er a of r apidly grow ing dependence 
on digital data bases . 

The Committee bel ieves that through th is trans it ion 
per iod the tr adit ional hard-copy med ium ,  as it has 
evolved , will continue to be a major product of the C&GS 
in satisfy ing the needs of a lar ge proport ion of users . 
Effor ts to increase product ion efficiences through 
automat ion and effor ts to streaml ine th is product l ine 
based on user needs must continue to remain h igh in C&GS 
pr ior ities . 

Fur ther , in th is per iod the electron ic form of the 
v ir tual map will continue to absorb a large propor t ion of 
available r esources for research and development, even 
though this product may be slow in gaining acceptance and 
may never completely r eplace the tr adit ional paper 
product for satisfying all the users• needs . 

This tr ans ition per iod, therefor e, will present 
particular ly diff icult problems as regards resource 
allocation , tr a ining , user coord inat ion/evaluat ion, and 
d istr ibut ion of products , to name only a few areas, as 
C&GS moves from produc ing hard copy to the age of the 
electron ic map . 

3 . 2  DATA-BASE MANAGEMENT 

The d ivis ions of C&GS have recogn ized the need for 
integrated car togr aph ic and management-suppor t data 
bases . However , it appears that there is no centralized 
control or uni fied direct ion in creat ing and ma intaining 
these data bases . The Naut ical Chart ing D ivis ion is 
approach ing the development of cartograph ic data bases by 
d ig it iz ing exist ing hard-copy products, and the Aero­
nautical Char ting D iv is ion is direct ing its efforts mor e 
toward conventional means of captur ing and stor ing data 
init ially in dig i tal form. Wh ile both of these approaches 
can be made to result in ident ical inter nal data str uc­
tures , ther e is no strong move to comply with a common 
set of spec if icat ions and procedures . 
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A system concept that provides both real and vir tua l 
char ts us ing data from a common data base is indicated in 
F igur e 3 .  Th is v iew is impor tant in that it indicates 
that future methods and products , including electronic 
char ts and d ig ital data bases, can all be ach ieved using 
a common data base . Thus, the flex ibility needed to 
expand or mod i fy today ' s  systems to meet evolv ing needs 
center s around the approach to data-base management . 

Figur e 3 shows that ·the data-base-management system 
( DBMS) inter acts with the data-extr act ion progr ams . This 
indicates the close relat ionsh ip between these software . 
The actual degree of inter act ion--the prec ise functions 
allocated to each--depends on the capab ilit ies of the 
spec i fic DBMS employed in the system. Any retr ieval 
funct ions not per formed by the DBMS ar e programmed into 
the extr action progr ams . The DBMS is not normally 
mod i f ied once establ ished . The goal , of course, is to 
select a DBMS that contains as many common and necessary 
functions as poss ible, mak ing the ma intenance of existing 
extraction programs and the add it ion of new ones as 
effective as poss ible . one necessary function o f  
car togr aph ic data bases is the abil ity t o  represent 
spatial phenomena and their assoc iat ions . Spatial data 
include, but are not l imited to, accur ate geograph ic 
coordinates , elevation data, featur e descr iptions (point, 
l ineal , and area) , and geopol it ical assoc iations . Thus , 
a major element of system flexibil ity is the approach 
taken toward data-base-management software .  

3 . 2 . 1  Data-Base Management Systems 

Economies may be gained through the use of a commercial, 
general ized DBMS, espec ially when all appl icat ions, 
programs , and data bases can utilize the same DBMS . The 
economies result from programmers and data-base adminis­
trator s having to lear n only one set of procedures and 
languages, thus allow ing fewer per sonnel to ma intain a 
larger set of appl icat ions . The acqui s it ion cost of both 
software and vendor suppor t is also less for a s ingle 
DBMS than for several different ones . Wh i le the C&GS 
staff r ecognizes the advantages of an integrated data­
base approach, it is hamper ed by the large init ial cost 
of conver s ion from existing systems, software ,  and 
techniques . Nonetheless, the long-range goal of the C&GS 
should be the integration of mapping, char ting, and 
geodet ic (MC&G) data with planning and management data 
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2 1  

across all d iv is ions , as opposed to with in each d iv is ion, 
as is currently be ing planned . The Aeronautical Chart ing 
D iv is ion long-r ange plan ident if ies th is need with in its 
own doma in but fa ils to ident ify the DBMS selection as a 
cr it ical issue and thus also fa ils to address the 
integrat ion approach and its magn itude . 

Most cur rently ava ilable commerc ial DBMS are not 
spec i f ically des igned for spatial data management . 
However, such products may be for thcoming, and to a large 
degree, cur r ent offer ings can support most of the C&GS 
management informat ion system needs . Three aspects of 
spat ial data management appear to be germane to C&GS 
needs . 

1 .  Query by Spat ial Doma in . Th is  aspect of spat ial 
data management per ta ins to the on-l ine methods of 
spec ifying complex quer ies qualif ied by geograph ic 
refer ences . An example might be •Display cur rent produc t 
requ ir ements over area A, • where the coord inates def ining 
area � are gr aph ically selected by the user via  a 
d isplayed map . The capab ilit ies for spec ify ing these 
types of quer ies can be developed independently of any 
part icular DBMS and are mor e a subj ect of user-system 
inter faces, includ ing workstat ion char acter ist ics, than 
DBM . Nonetheless, future DBMS can be·expected to make 
th is inter face eas ier to implement and ma inta in than 
those prov ided today . 

2 .  Search by Spat ial Domain . Th is aspect of spatial 
data management includes the internal eff ic iency of 
stor ing data and process ing quer ies in interact ion with 
the data-base resources . These character ist ics of a 
cartograph ic data-base system can be prov ided by a 
commerc ial DBMS, by a completely new development by the 
using organ izat ion, or by a combinat ion of the two . The 
capab ilities ar e at the heart of the process ing, 
per formance, and ma intenance costs of any cartograph ic 
information system, espec ially in support of futur e 
product requir ements, including d ig ital data med ia . 

3 .  Computat ions over Spat ial Doma ins . Th is aspect 

deals with the capab ilit ies of querying the MC&G data 
base to obtain numer ical measur es based on geograph ic 
locations . Th is includes such quer ies as •distance 
between points �and� , ·  • length of l ineal feature !, • or 
• area of areal feature y . •  These capabi l it ies appear to 
be des irable but not of

-
immed iate need to the C&GS 

informat ion systems . 
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3 . 2 . 2  Dig ita l  Car togr aph ic Data Standards 

W ith the rapidly developing and expand ing area of d ig ital 
car tography, many agenc ies, companies, un iver s it ies, and 
ind ividuals are beg inn ing to ut il ize cartogr aph ic data 
bases developed outs ide of their own organ izat ions . 
S ince, in most cases, the spec i f icat ions for the data­
base structure, organ izat ion, format, and captured 
var iables coded vary widely from data base to data base , 
the exchange of data among organ izat ions is usually 
d ifficult at best and somet imes nearly impossible . The 
fundamental reason for these compl icat ions is that at 
present ther e are no gener ally accepted data-exchange 
standards in d ig ital cartogr aphy . 

I n  the last few year s, two car tograph ic data-standards 
committees have been founded to addr ess these problems . 
The f irst, the National Committee for D ig ital cartogr aph ic 
Data Standards, founded in 198 2 and operated under the 
auspices of the Amer ican Congress on Surveying and 
Mapping (ACSM) , has a mandate from the Nat ional Bureau o f  
Standards to the u .s .  Geolog ical Survey to develop car­
togr aph ic data standards . The committee is composed of 
member s from federal , state, and local agenc ies1 the 
pr ivate sector1 and academe . Its goal is to develop 

·d ig ital data standards that prov ide broadly based 
solut ions to the problems that apply to the ent ir e  
profess ion o f  cartogr aphy and its pr act it ioner s .  

I n  198 3  the Federal Inter-Agency Coord inat ing 
Comm ittee for Dig ital Cartography was founded to address 
car tograph ic problems in the federal sector . The 
committee was founded as a result of a mandate from the 
Off ice of Management and Budget (OMB), based on the 
General Account ing Off ice (1982) r eport on dupl icat ive 
federal mapping . In th is case the federal committee was 
pr imar ily interested in cartogr aph ic data standards, 
cartogr aph ic technology transfers among agencies, and 
coord inat ion of cartogr aph ic act ivities that r elate 
spec if ically to the federal agenc ies . 

The wor k of both committees is cr it ical to the future 
growth and development of the f ield of d ig ital car tog­
r aphy . cur r ently, C&GS is involved in the wor k of both 
committees to help resolve these problems for the var ious 
mapping sciences . cont inued efforts and part ic ipat ion in 
th is wor k is important to the future of C&GS .  

The need for standard izat ion is clear . In add it ion to 
the committees on data-standards c ited above, the Inter­
national Hydrograph ic Organ izat ion has formed a comm ittee 
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on the Exchange of Digital Data (CBDD) , cha ired for the 
United States by the Na tional Ocean Survey, an effor t to 
standard ize d igita l  hydrograph ic exchange formats , and 
a ll ied to the CBDD is the Nor th Amer ican Work ing Group, 
a lso cha ired for the u.s. by the NOS , to establ ish 
d ig ital hydrograph ic exchange standards common to the 
United States and Canada . A still mor e act ive group i s  
the D ig i ta l  Geogr aph ic Information Work ing Group (DGIWG ) 
(United States, Un ited K ingdom , Federal Republ ic of 

Germany, Pr ance, Nether lands, and I taly) , wh ich has been 
in ex istence s ince June 1983 but has quick ly taken g iant 
str ides in developing d ig ita l  geograph ic informat ion 
standards . (The u.s. member s of the DGI Work ing Group 
seek common standards between the nat ions and are 
encourag ing internal standardization as well . ) Anothe r 
effor t at standardizat ion is the publ icat ion and broad 
d isseminat ion by the Defense Mapping Agency of the 
Featur e Pile Data Collect ion Gu ide, a common menu of 
car togr aph ic features, attr ibutes , and definitions, along 
with a standardized cod ing system, to sat isfy the d ig ital 
MC&G needs of a wide r ange of user s and products . 

3 . 3  INTEGRATED MANAGEMENT INFORMATION SYSTEMS 

The major management, product ion, and suppor t funct ions 
per formed by C&GS would benefit from the inst itut ion of 
an integrated management informat ion system (MIS)  • 

F igure 4 presents a typical MIS that includes management 
data 7 mapping, chart ing, and geodet ic data 7 and MC&G 
indices and descr ipt ive data needed for informed dec is ion 
mak ing and to run the total operat ion effic iently and 
effect ively . The deta ils of the var ious funct ions 
depicted in F igur e 4 are g iven in the Append ix . 

3 .4 USER REQUIREMENTS AND TECHNOLOGY DEVELOPMENT 

There has been great progress in the development of 
technolog ies that affect both the mak ing and us ing ot 
cartogr aph ic products in the aeronaut ical and naut ical 
mapping and char t ing f ields . These developments have 
been acceler ating, most not iceably dur ing the past 5 
year s .  The prognos is is for active cont inuat ion of these 
trends . 

The impact of automat ion on mapping and char t ing is  
twofold, affect ing the following : 
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FIGURE 4 Major C&GS management ,  production , and suppor t 
funct ions . 
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1.  Methods of labor sav ing and eff ic iency improvement 
appl icable to the C&GS traditional operationsr 

2 .  Bas ic changes in the natur e of the products . 

The factor s that are dr iv ing for positive change in 
car tograph ic products and the ir util izat ion ar e pr imar ily 
innovat ions in computer , r ecord ing , and d isplay tech­
nology . These components are be ing integrated in the 
Electron ic Fl ight Instrumentat ion Systems (EFIS) . 
S imilar ly , naut ical electron ic char ts ar e near ing the 
t ime of widespread usage . These advanced , low-cost 
systems now requir e  new forms of car tograph ic products in 
order to utilize the ir capab ilit ies effectively . A 
separ ate but equally s ignif ican t  advance that af fects 
NOAA is the technology of mass-stor age dev ices , for 
example , the d ig ital opt ical-d isk r ecorder introduced in 
ear ly 1984 . This technology offers a new med ium to 
tr ansport map and char t data that are compat ible with 
c urrent and projected electron ic-d isplay and navigat ion 
systems . 

The appl icat ion of map data to electron ic cockpits is 
already be ing evaluated in a number of s imulators and 
test beds . Assoc iated r esearch and development efforts 
by the Departmen t of Defense (DOD) , Nat ional Aeronaut ic s  
and Space Admin istrat ion (NASA) , and Federal Av iat ion 
Administrat ion (FAA) in nav igat ional d isplays are estab­
l ish ing the need for two- , three-, and four-d imens ional 
electron ic-map data bases . In each of these programs, 
however , the percept ion of users and system developers is 
that electron ic-map displays will not be practical until  
a suitable data base is ava ilable . I n  th is r egard , both 
the Defense Mapping Agency (DMA) and NOAA have already 
addressed the pr inc ipal elements of d ig ital data bases . 
I t  would appear to be timely , with the commerc ial ava il­
ab ility of portable mass-storage dev ices, such as opt ical 
d isks , and the growth of EFIS in general av iat ion, for 
C&GS to mon itor and assess these capabil it ies v igorously . 

In the midst of th is advanc ing technology env ironment 
C&GS must ma intain and strengthen a close assoc iat ion 
with all segments of the commun ity using its products . A 
r eal challenge fac ing the management of C&GS is to keep 
abreast of the industr ies deal ing with the development of  
h igh technology systems that ut i l ize nav igat ional car­
tograph ic informat ion . These industr ies exer t a strong 
t echnology pull that must be understood as G&GS plans for 
futur e products and act iv i t ies . 
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3 . 4 . 1  Advanced Technology Developments 

The state of the ar t and projected trends are rev iewed 
br iefly to br ing into context the technology with wh ich 
C&GS products must be compat ible . 

Today , the f ields of mil itar y ,  commerc ial , and general 
aviation are introduc ing electron ic displays and instr u­
mentation equipment& in all new commerc ial and bus iness 
j ets and turboprops . In addition , some units of the 
gener al aviation commun ity are be ing equipped with com­
b ined weather r adar and d ig i tal nav igation systems , wh ich 
include electronic d isplays with menus for checkl ists and 
weather and nav igat ion data . 

The A ir Force and Army are already demonstr ating elec­
tronic terrain mapping us ing three-dimens ional digital 
car tograph ic data . In a r ecent explor atory .development 
program funded by NASA , Lockheed-Georg ia developed 
advanced crew stations that spec if ically require the use 
of stored char ts and other data found in C&GS publ ica­
t ions .  F inally , the NASA General Av iation Av ionics and 
Control Program has been establ ished to addr ess inno­
vative avionics concepts , with one of its pr inc ipal goals 
aimed at provid ing pilots with en route Instr ument Fl ight 
Rules ( IFR) char ts on electronic cathode-ray tubes . 

The major problem in the tr ans ition to these develop­
m ent programs has been the lack of adequate mass storage 
or memory that is portable and an access ible data base . 
The r ecent developments of d ig ital opt ical-d isk technology 
have made a quantum leap in the amount and type of data 
that can now be stored and eas ily transpor ted . Ava ilable 
for purchase in the open mar ket are laser d iode-dr iven 
optical d isks that are 12 inches in d iameter and that can 
stor e the equ ivalent of 10 to 40 magnetic reel tapes , 
8 , 000 to 6 4 , 000 pictures ,  or 2 mill ion pages of text . 
These disks are portable , prov id ing the capabil ity to 
carry C&GS-type char ts and maps for an ent ir e  country the 
s ize of the United States on one 12- inch disk , instead o f  
map bags full o f  charts . One company is also repor tedly 
developing a 5-1/4- inch optical d isk and compatible disk 
dr ive with a 600-Mbyte storage capac ity .  Systems such as 
these will be relatively inexpens ive , s ince they will be 
sold in large-volume computer markets 7 and the ir s ize , 
both the cur rent 12- inch and proj ected 5-1/4- inch d isks , 
m akes them suitable for a ircraft and other veh icles . 
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3 . 4 . 2  Impact of Technology on Products 

The advanced technolog ies and automation methods intro­
duced over the year s  in both the aeronautical and 
nautical char ting operations have been pr imar ily 
respons ive to the internal needs of C&GS . The pr imar y 
mot ivation was probably the reduct ion of internal cost J  
but it is also tr ue that automation can r educe the 
r esponse t ime for the preparat ion of chart updates, 
thereby benefit ing the user . However, the impact of 
technology on the user, espec ially the new requ irements 
that will evolve from the ava ilab i l ity of systems of 
electron ic-char t d isplays and other advanced systems, 
will force modif ication of the C&GS operat ion in a much 
more dramatic sense--the C&GS product itself will be 
transformed . The C&GS will have to adapt to a new set of  
r ules and poss ibly new r espons ib ilit ies, in  addition to 
cont inu ing the more tr aditional roles . Assur ing nav iga­
t ion safety through an accurate and t imely cartograph ic 
product will become a much harder task for C&GS . 

Because the agency functions in the public interest, 
it needs to r espond to the change ar is ing from technology 
advances .  Technology can br ing improvements in conven i­
ence, accur acy, availabil ity, and r el iab ility . But it 
can also r esult in inaccuracy and complacency . The 
complacency that set in when radar was f inally accepted 
was due to the feel ing that r adar would prevent col­
l is ions, no matter how low the v is ibil ity or how fast the 
speed . S imilar ly, long-range nav igat ion (lor an) has 
fooled many a mar iner into bel iev ing that the coord inate 
conver ter was g iv ing cor r ect lat itudes and long itudes or 
that the automatic rece iver was g iving correct t ime 
d iffer ences . • aadar-gu ided collisions • and • lor an­
assisted ground ings• sum up th is problem in a few words . 
Ther e are other instances in the f ield of navigat ion 
where technology has gone too far or where the proper 
r estr ict ions have not been placed on its use . 

Technology and char t ing are f illed with s imilar 
d ifficult ies . The most l ikely outcome of m ix ing these 
two is the use of electron ically d isplayed charts--and 
these charts are most likely not go ing to be prepared 
exclus ively by C&GS . What must be safeguarded is the 
integr ity of the char t and the char t data as they are 
processed and d isplayed in the electron ic system . I f  
C&GS is going to cont inue as a guard ian of safety at sea 
and in air nav igation, it will have to under take the 
duties of sett ing standards and assur ing the proper 
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util ization of its products . Clear ly this task has 
become more complex for C&GS . I f  it is to become 
concerned with the products of intermediate or value­
added suppl ier s ,  who trans form C&GS data into an end-user 
product , C&GS may wish to prepar e and propose standards 
for use of its data . I f  these standards are r espected , 
the accuracy , val id ity ,  and util ity of products made fro• 
these data will be r eta ined . voluntary compl iance with 
such standards will become an iapor tant cons ideration for 
end users to choose such products over those products 
that do not comply . C&GS should conduct an in-depth 
analys is of th is issue . 

3 . 4 . 3  user Requirements Process 

In its role , C&GS per forms a pr ime miss ion with respect 
to the safety of sea and a ir tr anspor tation . The miss ion 
is nat ional in scope , with no measure of per formance in 
terms of f inanc ial prof it , and its attainment should 
never be subject to the r estr aints of f inanc ial benefit . 
On the other hand , C&GS must continue to be sens itive to 
the needs of its user s and not provide products and 
serv ices that are not needed , ther eby plac ing necessar y 
-products and serv ices in jeopardy . 

I n  the nautical char ts area , the user requirements 
have evolved over a relat ively long t ime . To obtain 
ins ight into changes in char t use , C&GS r ecently con­
tracted for a mar ket survey (Market Facts , Inc . , 1984 ) 
a imed at determ in ing the demand for differ ent types of 
charts . The survey concluded that C&GS products are the 
prefer red char ts among boat owner s ;  informat ion about 
m ar inas and about tides and cur r ents would be of inter est ;  
charts are purchased when information o n  a new area i s  
needed o r  when a chart is worn ;  most boat owner s use 
charts less than half of the time ; small boat owner s ar e 
least l i kely to own a char t;  and the process for deter­
mining and meet ing user needs is informed and effic ient 
as substant iated by mar ket acceptance . 

The requ irements process in the Aeronautical Charting 
D ivis ion is quite d iffer ent from that in the Nautical 
Char ting D iv i s ion . The requirements process is largely a 
FAA responsibil ity , s ince the FAA is charged with the 
safe and eff icient use of the National Aerospace System . 
The char ts provide s ilent communication between the pilots 
and the controller s--reduc ing the volume of radio com­
m un icat ion . I t  is essential that both have the same , 100 
percent accurate data at all t imes . 
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The aeronautical charts aust reflect the general needs 
of the user s but r etain FAA ' s  role in the rule-mak ing 
process . The combination of rule and nonrule changes to 
the char ta are approximately 3 5, 000 annually . Therefore, 
the FAA dependa heavily on the c•Gs capability for both 
car tograph ic ak ills and knowledge of aviation . In 
add it ion to the char ta publ ished for c iv i l  and ailitar y 
use, the FAA eatablishes the r equ ir ements for internal 
products such as controller char ts, v ideo plates, and 
controller char t supple .. nta . 

Ther e are a nuaber of groups to quest ion in order to 
obta in uaer r equirements for the aeronautical products . 
Firat, ther e are the 717 , 000 ind iv idual l icensed pilots . 
Second, ther e are organ izations of user s such as the 
Aircr aft OWner s and Pilot Assoc iat ion, Air l ine Tr anspor t 
Assoc iation, Airl ine Pilota Assoc iat ion, and Nat ional 
Bus inesa Aircraft Assoc iation . Th ird, the c ivil and 
mil itary r equirement• are coord inated by the Inter agency 
Air Car tograph ic Committee (IACC ) ,  wh ich includes the 
Defense Mapping Agency, Depar tment of Commerce, and FAA . 

There are aapects of the c•Gs oper ation in wh ich the 
FAA determines requirements and is the sole user of the 
c•Gs serv ice . For example, the FAA requirements for 
d ig ital pos it ional data are growing and are r equired to 
meet numerous needs of automated a ir-traffic control 
systems, such aa Min taua Safe Altitude warning (MSAW) and 
I nstrument Approach Procedure Automation (IAPA) . Data 
are cur r ently prov ided via C'GS ground-survey teams under 
the Airpor t  Obstr uction Survey Program .  Th is program 
provides surveys for 733  aajor a irpor ts .  The FAA now bas 
I nstrument Approach Procedures (IAP) for 2, 500 a irpor ts 
and is propos ing a program to establ ish survey monuments 
on each of these a irpor ts--tying them to the Nor th Amer ica 
Datua and expanding the survey program by the use of local 
contract surveys us ing FAA specifications . 

The product user s and the major organizat ions, ident i­
f ied above, that have respons ibility for establish ing 
uaer requirements are normally dif ferent for nautical and 
aeronautical char ta . However, the dual roles of produc­
t ion and requirements definition are the same for mapping 
and char ting organ izations, such as c•Gs and DMA , that 
produce these products . Cr itical to the user requir ements 
process is the continu ing interaction and impact of rapid 
technology changes on the user ' s  products, both types and 
formats, needed to suppor t their operation of ships and 
a ircraft . Th is interact ion of technology and user ' s  
requirements cr eates the need for a commonality of 
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concepts for C&GS management of the naut ical and aero­
nautical r equirements process . Th is procesa requ ires : 

1 .  Aggress ive and cont inuing C&GS identification o f  
and contacts with both the major uaer requirement• group• 
and the technolog ies that dr ive both product/foraat 
changes and product ion process improvements . 

2 .  C&GS management of internal change that responds 
to (a) the user ' s  pr imary need and (b)  internal produc­
tion management factor s .  

3 .  A r ecognit ion that there always will be a 
cont inuing interaction between the chang ing technology 
dr ivers and the user r equ ir ements process with impacts on 
C&GS pol icies for management and organization . 

RPX:OMMENDATIONS 

We r ecommend that a focus , at the level of the 
D irector , Office of Chart ing and Geodetic Serv ices , be 
establ ished for managing the user requirements process 
and that a study be under taken to evaluate the potential 
benef its of concentr at ing the aeronautical and naut ical 
user ' s  requ ir ements in a staff separate from the char t 
.product ion d iv is ions . The staff should be predominately 
capable in the naut ical and aeronaut ical operating ar eas 
(pilots/nav igators , suppor ted by mapping profess ionals as 
requ ir ed) . (Sect ion 3. 4. 3 )  

We r ecommend that the Off ice o f  Char ting and Geodetic 
S erv ices adopt common standar ds , speci f ications , and 
procedures for the ir cartograph ic and geodetic digital 
data bases . ( Sect ion 3 . 2 )  

W e  r ecommend that the Office of Charting and Geodet ic 
Serv ices inst itute a data-base-management sys tem that 
conta ins as many common and necessary funct ions as 
poss ible . ( Sect ion 3 . 2)  

We recommend that the Office of Char t ing and GeOdet ic 
Serv ices mor e clear ly def ine its requirements for spat ial 
d ata base management ,  including the management aspects as 
well as the mapping ,  char ting, and geodetic data proces­
s ing needed to select or des ign wor kstations , data-base­
management systems , and support ing algor ithms . ( Section 
3. 2 . 1 ) 

Copyright © National Academy of Sciences. All rights reserved.

Mapping and Charting:  A Perspective for the Office of Charting and Geodetic Services
http://www.nap.edu/catalog.php?record_id=19302

http://www.nap.edu/catalog.php?record_id=19302


31 

We recommend that C&GS strongly suppor t both the 
National Committee for Digital Car tograph ic Data 
Standards and the Feder al I nter-Agency Coord inat ing 
Committee for Digital Car tographY in developing dig ital 
car togr aphic data standards that applY to the cur rent and 
future products of the agency and also the standards that 
will benefit the broader car tograph ic user communit ies as 
well . ( Sect ion 3 . 2 . 2 )  

We r ecommend that the Office o f  Char t ing and Geodetic 
Serv ices cont inue its active assessment of commerc ial 
products lead ing to an integr ated management informat ion 
system and thoroughly r ev iew the collect ive automat ic 
data process ing requirements and plans for C&GS 
Specif ically or ienting th is r ev iew toward integration and 
consol idation . ( Sect ion 3 . 3  and Append ix) 

We r ecommend that the Office of Char ting and Geodetic 
Serv ices under take a systematic, coord inated , and 
cont inuous technologY evaluat ion to ascertain futur e use s 
of and requirements for char t ing and geodet ic data . Thi s  
progr am should include discuss ions with developer s of 
nautical and aeronaut ical nav igat ional systems and the 
user commun ity .  (Sect ion 3 . 4 )  

We r ecommend that the Off ice o f  Char ting and Geodetic 
Services under take the preparation and analys is of 
s tandards to be proposed for products of intermed iate or 
value-added suppl ier s .  These standards should be 
prepar ed for voluntary compl iance, includ ing ev idence of 
such compl iance to the end user s .  ( Sect ion 3 . 4 . 2) 
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4 .  RESOURCE MANAGEMENT 

I f  the Office of Char ting and Geodetic Services (C&GS ) i s  
t o  continue to bu ild on its reputat ion for accur ate , 
t imely nav igat ion aids , it is essent ial that the agency 
r ecognize and r espond to user r equirements and apply 
technolog ical advances to product development . I t  is 
equally impor tant that C&GS examine the r esource manage­
ment aspects of its oper ations . Apply ing improved 
management techniques to var ious funct ions has the 
potent ial for increas ing the effectiveness of the 
organizat ion . Th is potent ial has been r ecognized by the 
·present adm in istrat ion ' s  management-reform program, 
called Reform 88 . A major component of this program is 
Office of Management and Budget C ircular A-76 , wh ich 
seeks a more effic ient use of all the resources , both 
federal and pr ivate , ava ilable to the agenc ies furn ishing 
government services . The Federal Mapping Task Force on 
Mapping , Chart ing , Geodesy , and surveying ( 1973 ) studied 
the resource-management aspects of the total c iv il ian 
government mapping ac t iv ity . This subject was r eviewed 
aga in by the Committee on Geodesy ( 1981) . Recent 
effic iency (Arthur Young , 1984)  and market ing (Market 
Facts I nc . , 1984) stud ies per formed by outs ide 
consultants focused on the resource-management issue as  
i t  appl ies to C&GS . 

We bel ieve that the eff ic ient use of r esources can be 
cons idered in at least three contexts : 

1 .  The government-commerc ial relat ionsh ip in terms of  
responsib il ity for act ivities , contr actable functions , 
and reliab il i ty and l iability . 

2 .  Cost recovery in terms of reimbur sements from 
other agenc ies and rece ipts from sales to the publ ic . 

32 
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3 .  The C&GS i n  r elation to the total federal mapping 
activ ity . 

4 . 1  GOVERNMENT-cOMMEICIAL RELATIONSHIP 

The constant and var ied inter act ion between the 
government and the commerc ial commun ity plays a major 
par t in determin ing ef fect ive resource management and the 
future d ir ection of C&GS mapping and char ting act iv i t ies . 
Many l ines of inquiry suggested to the Committee can be 
grouped under th is head ing . Contract ing and l iability 
are two topics affect ing the role of C&GS in deal ing with 
the commerc ial sector . F ir st, however, inher ently 
governmental responsib ilities must  be cons idered . 

4 . 1 . 1  I nherently Governmental Respons ibil ities 

The federal government mapping agenc ies have con­
gress ional author ity and h istor ic precedence for mapping 
and char t ing tasks that ar e inherently governmental . As 
s tated prev iously, Public Law 373  of the E ight ieth 
Congress def ines the dut ies of the O f f ice of Char t ing and 
Geodetic Serv ices • • • •  to prov ide charts and related 
information for the safe navigation of mar ine and air 
commerce • • • •  • Th is general direct ive does not dr aw a 
l ine between government and commerc ial mapping and 
char t ing act iv i t ies . 

By and large, government agenc ies have l imited the ir 
tasks to those involv ing the publ ic good (secur ity or 
safety)  that could not be per formed adequately by the 
commercial sector . Ear l ier in u.s. h istory, the consis­
tent, coord inated, cont inuous, and accurate mapping of 
the nat ion ' s  land, water, and a irspace would not have 
been accompl ished if left to the commercial sector . 
currently, however, ther e are enterpr ises and a pool o f  
profess ional surveyor s, sc ientists, cartographer s, and 
pr inter s and d istr ibutor s in the commerc ial sector that 
make the premise subject to r easonable quest ion . Some 
bel ieve that all act iv ities deal ing in commerc ial products 
are, by definit ion, commerc ial act iv it ies . Other s 
bel ieve that full publ ic benefit  would not necessar ily be 
served by such commerc ial activit ies and quest ion the 
ab il ity of the commerc ial sector to perform in a r el iable 
manner . 
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Recent document• issued by the Office of Management 
and Budget (OMB) set for th pol icy and procedur e for 
mak ing the government-commerc ial determination• , but they 
are too general in natur e and , the Committee bel ieves , 
are or iented toward bas ing the determinat ion solely on 
cost . O f  much greater i�r tance is prov id ing the public 
with rel iable products and serv ices . I n  suppor t of thi s  
w e  note that the Amer ican Congress on surveying and 
Mapping (1984 ) , commenting on OMB c ircular A-76 , suggested 
that the appl icat ion of this c ircular to profess ional 
car tograph ic serv ices must cons ider the technical quality 
of  the serv ice prov ided and not solely the cos t .  

The def in it ion and interpretation of wh ich mapping 
activ ities are to be accompl ished by an in-house govern­
ment staff or commerc ial f irm in per forming an inherently 
governmental task vary and ar e sub j ect to change as 
nat ional-secur ity requ irements , conf idential ity of data , 
and products change . Ther efor e ,  to categor ize activ i t ies 
as governmental or commerc ial in order to establ ish a se t 
of  rules that would operate under all cont ingenc ies for 
any reasonable length of t ime would be near ly imposs ible 
and would l ikely hamper an effic ient C&GS operat ion . 
Nonetheless , it is impor tant to rev iew mapp ing tasks 
per iod ically and categor ize them in order to form a guide 
·for the organization to use in planning for the proper 
use of the ava ilable car tograph ic r esources , be they 
government or commerc ial . 

The Committee , therefore ,  bel ieves that in determin ing 
the proper mix of government and commerc ial resources to 
per form the dut ies of C&GS , the management staffs of 
C&GS , National ocean Serv ice (NOS ) , and National oceanic 
and Atmospher ic Admin istration (NOAA) have a public 
respons ibility to meet regular ly and cooperat ively in 
order to evaluate •effic iency• r ecommendations in v iew of 
the following : 

1 .  The bas ic r espons ibil ity in r elation to the 
long-range publ ic benefitJ  
2 .  The eff ic iency and poss ible reor ientat ion of  the 
operat ion . 

Certainly , effic iency stud ies , as well as other stud ies 
on accuracy and quality , ar e needed and should be encour ­
aged in order to guide the staff in its management 
dec is ions . But ult imately , the technical manager ial 
s taff should establ ish the level of staff ing that it 
bel ieves is reasonable based on .all the factor s involved . 
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Qual ity of product , long-range cont inu ity of the basic 
mapping program, r esearch and plann ing , schedules and 
emergenc ies , as well as cost alternatives , ar e all major 
items that the techn ical staff must cons ider in determin­
ing the proper mix of commerc ial and government resources . 

The Committee bel ieves that the people most qual if ied 
and informed about the day-to-day problems and the poten­
t ial for poss ible reor ientat ion of the operation are those 
most famil iar w ith the h istory and long-term miss ion of 
the agency . I t  is impor tant to establ ish that the overall 
management , coord inat ion , program development , and ful­
f illment of the funct ions from data acquis ition to d is­
semination are the respons ibil ity of C&GS . The agency 
must exerc ise the planning and control necessary to assure 
the ava ilabil ity of rel iable data on wh ich to base its 

decis ions concern ing the mix of government and commerc ial 
resources in car rying out its respons ibil ity . 

The Committee v iews the data-assembly funct ion as par t 
of the inherently governmental respons ibil ity needing 
close governmental shepherd ing . There is good reason to 
bel ieve that in some cases there will be an almost 
instantaneous l ink between data evaluation and data 
display for the user . The implementat ion of computer 
technology will make th is

'
more of a r eality .  I t  will be 

necessary to maintain closer control than prev iously in 
order to pr event inaccurate informat ion from reach ing the 
user . As computer-dr iven technology plays a greater par t 
in the management , storage , and extraction stage of the 
function , it will probably become the program ' s  most 
impor tant control po int . For secur ity and long-term 
continuity , the committee bel ieves that th is stage of the 
oper ation should be r etained as a closely controlled 
government funct ion , with appropr iate par ts contracted to 
the commercial sector . 

The data-appl ication from v ir tual to r eal maps and 
char ts and r elated products , as illustrated in F igure 3 ,  
is  now being per formed by the government and the commer­
c ial sector . The electronic data appl ication following 
extracts B, c, and D of F igure 3 is the future cost­
effective means of supply ing informat ion for use in 
conj uct ion with electronic equ ipment developed by the 
commercial sector . Th is clear ly demonstr ates that futur e 
data-appl icat ion act iv it ies will be shared by the govern­
ment and commerc ial sectors, as contr asted with data­
assembly act ivities , wh ich will cont inue to be pr imar ily 
an in-house government-staff r espons ibility, with 
appropr iate contract ing as necessary.  
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4. 1. 2  contract ing 

Together with the gover nment r espons ibility for manag ing 
and coord inating data-assembly and data-appl ication 
act ivities is the respons ibil ity for setting up procedures 
to evaluate which par ts of an activity can be better 
served by outs ide r esources . Contr acting is the key to 
tapping these resources . However, as prev iously men­
t ioned, the procurement of outs ide serv ices should not be 
determined by costs alone . The futur e must be cons idered 
and attention pa id to aspects that assure the continuity 
necessary for a long-term program .  

The Committee i s  aware o f  concerns voiced by the 
publ ic, carr ied by the media, and invest igated by the 
Congress regarding the studies and contracting effor ts of 
NOAA . we acknowledge the concerns for the continued 
ava ilabil ity of timely, accur ate, and rel iable products 
and services for the safe navigat ion of mar ine and air 
commerce and also endor se the intent of OMB C ircular 
A-7 6 . The Committee bel ieves that the government need 
not become engaged in any act ivity to serve the public 
when the per formance of commercial enter pr ise is satis­
fying such public need . Fur ther, the gover nment should 
avail itself of commerc ial resources in the per formance 

·of gover nmental act iv ities . 
Commercial resources offer t ime-proven exper tise and 

profess ional ism in a wide var iety of car togr aph ic 
act ivities . The compet itive atmospher e in wh ich they 
exist demands effic ient and rel iable per formances abr eas t 
of the latest technology available to them. The appl ica­
tion of commercial resources becomes a matter of evalu­
ating available resources and the ir compatibility with 
the governmental activ ity . 

Safeguards that will ensur e qual ity and schedule 
control are par t of the challenge to management in th i s  
area i f  improved productiv i ty and response to user 
r equirements ar e to be maintained . The Committee 
believes, however, that contr act ing large blocks of 
research, creat ive, and product ion processes would har m 
long-term effectiveness and continu ity of an in-house 
capab ility .  We also do not bel ieve that the C&GS should 
r etain only a skeletal staff to administer, r esearch, and 
create prototypes for the program .  On the other hand, we 
do not bel ieve that there is a need to maintain complete 
in-house backup capab ilities for those operations tha t  
a r e  contr acted on a cont inu ing bas is .  
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4 . 1 . 3  Rel iabil ity and Liabil ity 

Product or serv ice r el iabil ity , in terms of data content ,  
t imel iness , val id ity ,  accuracy , and understandability ,  is 
a techn ical issue assoc iated with the des ign and produc­
t ion processes . It is v ita l to the safety of the trans­
por tat ion operations to wh ich the product is appl ied and 
relates to potent ial l iabil ity l it igation in the event of 
damages as a r esult of alleged def ic ienc ies . 

The co .. ittee is aware of concer ns expressed by the 
publ ic , carr ied by the aedia , and investigated by the 
congress regard ing l iabil ity assoc iated with per formance 
by the commerc ial sector under contract from the govern­
ment . We share these concerns regard ing per formance by 
the commerc ial sector in a manner that would , at least , 
uphold the rel iabil ity of the government product or ser­
v ice and min imize the government ' s  exposure to potent ial 
l iabil ity litigation . 

Product or serv ice reliabil ity is an i�r tant con­
s ideration in determin ing production processes elig ible 
for contract ing , prov id ing spec if icat ions for the gu id­
ance of the contractor , selecting the contractor , and 
admin ister ing the contract in a aanner to assure expressed 
per formance . 

C&GS is r espons ible for the reliabil ity of all of ita 
products and serv ices , whether produced in-house or under 
contract . S ince reliabil ity is bas ic to the legal issue 
of l iability litigation , these cons iderations must also 
be respons ive to legal counsel .  

4 . 2  COST RECOVERY 

Receipts from sales to the publ ic and reimbur ae .. nta for 
production costa and expenses incur red on behalf of other 
agenc ies prov ide r ecovery of def ined costa and expenses 
of C&GS . Appropr iat ions from Congress prov ide the 
balance of C&GS funding . 

Greater cost r ecovery through increased pr ices of 
government products and serv ices is a current objective 
of OMB , suggesting that all costa and expenses of 
prov iding a product or serv ice be funded by those who 
benefit from the product or serv ice . 

The pr ic ing of NOS products and serv ices ava ilable to 
the public is governed by Publ ic Law 88-4 4 1  of the 
E ighty-e ighth Congress , prov id ing for recovery only of  
costa and expenses of pr inting and d istr ibut ion . Th is 
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statute precludes greater cost recovery , such as for 

cartogr aph ic processes of data-appl ication act ivities . 
Suggested pr ice increases have also created concerns 
r egard ing r educed distr ibut ion and use of char ta and 
related publications in the navigation of .ar ine and air  
ca..erce . 

The C�ittee believes that the future role of c.c;s in 
data asseably and appl ication activities , addressed 
earlier in th is r epor t ,  creates an acceptable and real­
istic .odel that aay be refer red to when def in ing wh ich 
costs and expenses aay be r ecovered .  

our suggestions are as follows: 

1 .  Data-assembly activities pr ior to extraction of 
data needed to produce a product, real or v ir tual , are o f  
benefit to the nat ional interest, a r e  a n  inherently 
governmental responsibility ,  are of benefit to the public 
at large, and should r ealistically be funded by 
appropr iations . 

2. The data extraction for a spec ific product ( the 
last process in the data-asseably function) is the f ir s t  
p rocess subject to cost r ecovery to pr ivate and public 
user s and to other government agenc ies us ing these 
extracts . 

3 .  The data-appl ication activ ities ultimately benefit  
mar ine and air commerce as  well as  other government 
agenc ies using the nav igational products and should 
r ealistically be funded through cost r ecovery from those 
users . 

4 .  Costs for specific data-appl ication activ ities of 
benef it to both government and pr ivate user s should be 
allocated in accordance with the ratio between these 
groups . 

5 .  I f  pr ices r estr ict either sales or distr ibution , 
the product des ign should be altered to r educe costs 
w ithout sacr ificing user requ ir ements . 

These cost-recovery pr inc iples are also applicable to 
today's r eal charts and publications . I f appl ied to 
determination of re imbur sements and pr ices, it i s  
bel ieved that drastic pr ice increases would not be 
real ized, and the futur e electron ic data products and 
serv ices would be pr iced to what the mar ket could bear . 
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4 . 3  PBDBRAL MAPPING ACTIVITIES 

The determination of an eff icient organ izat ion of C&GS's 
car tographic prograaa cannot be cons idered in isolation . 
The agency's bas ic funct ions and mission must be v iewed 
in relation to the responsibil ities of other c iv il ian 
mapping agenc ies if the most eff ic ient use is to be made 
of ava ilable l imited human and mater ial resources . With 
the r apid development of technology and greater deaands 
placed on C&GS, it is obvious to the Committee that 
neither - C&GS's budget nor its manpower is adequate to 
ma inta in the expected leader ship in the areas of car­
tograph ic r esearch , development, and service . we bel ieve 
that the trend toward budget str ingency will cont inue , 
therefor e ,  C&GS may f ind it mor e difficult to operate 
effic iently when acting separately from other agencies 
per forming s imilar mapping tasks . 

4 • 4 GENERAL OBSERVATIONS 

The current activ ities r esult ing in the supply of nautical 
and aeronautical mater ials to the Defense Mapping Agency , 
preclud ing the ir dupl icat ion of C&GS effor t in satisfy ing 
total Depar tment of Defense requirements, are commendable 
as economical solut ions to dual requirements . S imilar ly, 
the cur rent activities of supply ing such items as v ideo 
maps and controller char ts to the Federal Av iation 
Administration (PAA) precludes a mapping activ ity within 
that agency . 

Interagency activ it ies will also involve data-assembly 
functions , such as the air space and facilities data 
eaanating from the PAA , which could ult imately become a 
matter of a s ingular data base res iding in the PAA with 
extract programs for C&GS data-appl icat ion activities at 
the direction of the PAA . S imilar ly, the topograph ic 
data required for v isual aeronautical char ts are assembled 
by other agenc ies as required to fulfill their miss ion 
and could be made ava ilable for C&GS appl ication 
activ ities with extract programs . 

A number of observat ions about C&GS char ting opera­
tions point to a growing diff iculty for the agency to 
proceed on its traditional path, using the same or 
s imilar manage .. nt and product ion techniques that wer e 
successful in the past . These observations fall under 
two main topics a the difference between nautical and 
aeronautical prograaa and the cross use and management of 
data . 
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F irst , the nautical and aeronautical prograas of CiGS 
serve two widely different user groups with d ifferent 
requirements . The nautical prograa serves the mar ine 
commun ity ,  which in itself is d iver se . Th is d iver sity 
makes it relatively difficult to assess user needs . 
Nautical products , and the des ign of them , are largely 
determined by C&GS ' s  internal management staff , with 
additional input from user groups . The aeronautical 
program, on the other hand , is establ ished largely by the 
FAA . The major user of C&GS aeronaut ical products , the 
FAA determines product needs , schedules , and des ign . 
These d ifferences obv iously set vary ing and complex 
requirements for internal data acquisi tion , production , 
schedules , and procedures as well as for r esearch and 
development approaches . Futur e products and des ign also 
suffer because of the greatly differ ent user r equirements . 

Second , in regard to data , the citizenry , pol itic ians , 
and publ ic pol icymaker s are incr eas ingly emphas iz ing 
effective planning for the rational use and management o f  
the Ear th ' s  l imited r esources . Therefor e ,  data that form 
the bas is for the nautical and aeronautical char ts tak e 
on new s ignificance . With the increased emphas is on 
effect ive planning and interagency cross use of 
information ,  the Committee wonder s if , under NOAA ' s  

·pr esent organ izational structur e ,  it is poss ible for C&GS 
to answer quest ions such as the following : 

1 .  I s  there a larger user community than C&GS 
c urrently r ecognizes for the use of the data that it 
captures? 

2 .  Are the present data be ing captured adequate for 
the u . s . resource-planning effor t? 

3 .  Can naut ical and aeronautical data be merged with 
resource and env ironmental data in other data files for 
broader use? 

4 .  Can C&GS effic iently incorpor ate the latest 
technology into its car tographic progr ams merely by 
cooperative relat ionsh ips with other c ivil ian mapping 
agenc ies? 

Under proper d irection and with a broader outlook 
concerning its mission , the present organization can mold 
i tself to meet the expanded requirements for products , 
serv ices , and cross use of information expected in the 
future . In fact,  the Committee bel ieves that because of 
its special ization C&GS has developed an organization 
that can r espond quickly to the user needs as currently 

Copyright © National Academy of Sciences. All rights reserved.

Mapping and Charting:  A Perspective for the Office of Charting and Geodetic Services
http://www.nap.edu/catalog.php?record_id=19302

http://www.nap.edu/catalog.php?record_id=19302


4 1  

def ined . Th is strength would have to be maintained in 
any r eorgan ization attempt . However , an alternate means 
for the agency ' s  ach ieving ita goals aay be to follow the 
r ecommendation of the Federal Mapping Task Force ( 1973 ) 
and the Committee on Geodesy ( 1981) , wh ich states that 
there should be for .. d a s ingle agency , a Federal survey­
ing and Mapping Administration ,  for c ivil ian mapping , 
chart ing , geodesy , surveying , and the multipurpose 
cadastre .  

I n  regard to the more gener al government-commerc ial 
relat ionsh ip , car togr aph ic products for the publ ic have 
been suppl ied by inter act ion of the var ious elements in 
the gover nment and commerc ial sector s of the total u.s. 
car tograph ic community . 

The govern.ent-commerc ial interact ion is most ev ident , 
and the public well served , when the government is able 
to use competent commerc ial serv ices in meeting ita 
inherently governmental ass ignment to supply products for 
the publ ic good . The publ ic is also well served when the 
commercial sector identifies needs and develops products 
for spec ial publ ic interests . Those needs cannot be met 
by the government agenc ies if the agenc ies are to car r y  
out the ir inherent bas ic r espons ibility effic iently . 

In these two areas , use of commerc ial serv ices and 
development of products , the proper balance has been 
obtained by the way the techn ical staff of the governmen t 
interprets ita respons ibil ity . Input from the commerc ial 
sector on key issues of contract ing , liability ,  produc t 
des ign , and need have not been on a continuous or formal 
basis . 

We bel ieve that there is a need to cons ider a means to 
a formal ized , continuous d ialog between the government 
and commerc ial sector s involved in mapping and char t ing . 
Th is formalization and continu ity could help to develop 
general pol ic ies that ar e compatible for all concerned 
groups . 

We hope that the activ it ies of the Committee on 
Car togr aphy , wh ich is made up of member s from the 
govern.ent and commercial sector s ,  is a star t in what 
could develop into an ongoing , joint , government­
commerc ial group to examine key issues and pol ic ies 
involving mapping and char t ing that relate to the public 
benefit.  
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RECOMMBNDATIONS 

We r ecommend that the data-acquisition, evaluation, 
management ,  storage , and extract act iv it ies--the 
data-assembly funct ion--of C&GS total inherently 
governmental respons ibility should be controlled closely 
by the government staff with appropr iate commerc ial 
involvement . ( Section 4 . 1 . 1) 

we recommend that data compilation , reproduction , and 
distr ibution activit ies--the data appl icat ion funct ion-­
of the C&GS total inherently governmental responsibil ity 
should be subject to more commercial involvement than the 
data-assembly function . (Section 4 . 1 . 1) 

We r ecommend that a capabil ity be established at the 
appropr iate C&GS organizational level with par tic ipation 
by other appropr iate agenc ies, such as the u.s. Geological 
Survey ,  FAA, and DOD , to determine (1) the degree of 
appropr iate involvement by the commerc ial sector in the 
appl ication functions per formed by the C&GS and (2)  
r esultant user products and serv ices to be made ava ilable 
to the publ ic and other agenc ies . Requirements of the 
publ ic and other agencies and the r el iability of products 
.and serv ices offered by commerc ial enterpr ise are to be 
the bas is of these determinations . ( Section 4 . 1 . 1) 

We r ecommend that staffs of NOAA, NOS , and C&GS asses s 
the capabilities of the commer ical sector to per form 
par ts of inherently governmental activities rel iably and , 
fur ther , assess the practical ity of contr act ing for such 
component per formances . (Section 4 . 1 . 2) 

We r ecommend that C&GS pr imar ily address technical 
issues of product rel iability with due cons ider ation of 
r ecommendat ions from legal counsel regarding issues of 
product l iability. ( Section 4 . 1 . 3) 

We recommend that all costs and expenses assoc iated 
with and allocatable to the data-assembly functions , 
excluding the data-extract processes , be expend itures in 
the national interest funded by appropr iations . (Section 
4 . 2) 

we r ecommend that all costs and expenses associated 
w ith and allocatable to data-application funct ions , 
commenc ing with data extracts ,  b e  funded by r e imbur sement 
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from other agencies and rece ipts from sales to segments 
of the public who der ive benefit from such act ivities . 
( Section 4 . 2 )  

we r ecommend that f ixed costs and expenses of specific 
data-appl icat ion activit ies of benefit to other agencies 
and to the publ ic be allocated based on the ratio of 
�· ( Sect ion 4 . 2 )  

we r ecommend that all specif icat ions and corresponding 
methods of production be des igned to ensure minimum 
cost/pr ice without sacr ifice to user needs or intended 
use . Par ticular concentration should be on those 
products for wh ich there is ev idence that current pr ices 
are r estr icting widespread use . ( Sect ion 4 . 2 ) 
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APPENDIX 

we present here a typical integrated management­
information system (MIS)  for mapping, char ting, and 
geodesy (MC&G) ( see Section 3 . 3) .  

Receive Product Requirements . Th i s  function receives 
specific product requ irements from ex ternal customer s 
( e . g ., Federal Av iation Admin istration, Defense Mapping 

Agency) and der ives maintenance requirements for ex isting 
products . Per iodically, new product r equirements are 
rece ived as a result of internal research, science, and 

· technology in response to chang ing needs . An MIS could 
collect , record , and tr ack both near- and long-term 
product requirements for production analys is . Searches 
could be prov ided to v iew area cor relation , peak, and 
chang ing demands and allow for analysis of requirements 
satisfaction when compared with quantities produced and 
r evenues . 

Engineer New Products . Evolv ing product requirements 
must be analyzed and des igned to assure that production 
capabilities ex ist and to establish product specif ica­
t ions, including accuracy, scale, cur rency, features, and 
symbology to meet customer needs . Prototypes are produced 
to a id in the analys i s .  

Analyze Research ,  Sc ience , and Technology. Emerg ing 
technolog ies must be constantly analyzed to evaluate and 
develop new production techniques, mainta ining current,  
cost-effective production capab ilities for both in-house 
production and for contr acting potential . 

Val idate and Consol idate Requirements . The Off ice o f  
Char ting and Geodetic Services (C&GS) must constantly 
assure that product requests are val id from its miss ion 
v iewpoint . In add ition , the potential for serv ing 
several customer s with a common product is also possible 
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i f  a net product cr iter ia can be established . The CiGS 
must also determine if requirements can be satisfied with 
an in-stock product to preclude unnecessary production . 
An MIS would enable C&GS to r ecord product descr iptions 
and the results of any consol idation of requirements 
baaed on specifications , intended use , and need dates . 

Determine Source Availability . Before any product 
r equirement can be scheduled for production ,  C&GS mus t 
determine if adequate source data , including geodetic , is 
available or will be ava ilable in t ime to .. et the 
r equired need date . This analysis could be greatly 
enhanced if all available source-data r ecords wer e 
available v ia an information system . The available 
aource will determine the potential for contracting . 

Mainta in Source Data Inventory. Th is funct ion is 
needed to determine production schedules . It should 
include ind ices to all types of source data , such as 
control , elevation , bathymetry , and features . AmOng the 
i tems that should be included are dig i tal MC&G data , 
photo imagery ,  existing products , l ibrary gazetteer s ,  and 
place-name sources . Inter faces to u.s. Geolog ical survey 
products and sources and to Landsat should be cons idered . 

Develop Source-Collection Requirements . As a result 
of determining if  adequate source data exist , C&GS will 
identify source needs to satisfy r equirements . Thus the 
automated track ing of source-collection requirements and 
schedules will allow determination of product ion options . 

Acquire New Source . The acquisition of new source 
data from external agencies as well as from NOAA effor ts 
should result in updating the source inventory and in 
notifying production of its r ece ipt . 

Select Method of Production . The selection of a 
.. thod of product ion can include cooperative agreements 
among government agenc ies , only in-house production , only 
contr act ing , or cooperation between in-house and con­
tracting production . The determinat ion must be made on a 
combination of coa t ,  l iability ,  safety , and availability 
of source data . Th is function could be suppor ted by 
detailed schedule requirements and economic and 
production-process models . 

Establ ish and Mainta in Production-Proces s 
Alternatives . The C&GS must establish production 
a lternatives , including r esource ava ilabil ity , cos t ,  
r isk ,  and schedules to b e  used both i n  determining 
production methods and in manag ing , schedul ing , and 
controll ing the production process . Th is function is  
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aided by sc ience and technology in establ ish ing the moa t 
effective use of technolog ical resources . 

Determine Resource Requirements . The C6GS must develop 
plana for meet ing requ irements to establ ish both budge t 
needs and product ion capabilities . Resource requirements 
ar e a direct result of product requirements and methods 
of product ion . Th is funct ion could be greatly suppor ted 
with computat ional and schedule models of product ion 
alternat ives and the ir effect on resource requirements . 

Reconc ile Resource Shor tfalls and Longfalls . When 
product requirements cannot be met with available 
r esources , or when excess r esources are available , C6GS 
must reconc ile the differences either by adj ust ing the 
product ion requirements or by adj ust ing the resources . 
Th is funct ion could be a ided by an MIS analyz ing the 
impact of combinat ions of adj ustments on f inal resource 
r equir ements . 

Develop Balanced Product ion Program .  This funct ion 
includes the f inal resolut ion of product ion plans to mee t 
budgets and product requirements . I t  establishes the 
contracting plans for the planning hor izon as well as the 
C6GS product ion allocat ions . 

Develop Detailed Schedules . Th is funct ion converts 
the balanced-program plan into detailed schedules and 
ass ignments . I t  includes the detailed contractor require­
ments . An MIS could a id in developing detailed milestones 
and ass ignments . 

Establish contracting Deta ils . Based on the plans and 
detailed schedules , spec i f ic contr acts must be estab­
l ished , includ ing select ion of contr actor technical 
representat ives and contr actor . The s ize of th is effor t 
is  directly dependent on the s ize and number of ind iv idual 
contracts and must have been cons idered in the select ion 
of production methods . An MIS could a id in developing 
wor k statements , including ident if ication of source 
mater ials to be used and detailed schedule requ irements . 

Assemble Source Package . Befor e any product is  
developed , the necessary source mater ial must be either 
gathered ( in the case of hard-copy source) or identified 
as to its content and locat ion ( in the case of dig ital 
MC6G data) . This  process must occur regardless of 
whether the product is to be developed in-house or 
through contr actor par t ic ipat ion . An MIS could help by 
allowing access to an automated source-data inventory to 
identify ,  select , and order the necessary data and to 
r ecord the contents of the data package for cur rent and 
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future reference . Th is is a government respons ibil ity 
r egardless of the method of production . 

Per form Production . The detailed product ion steps 
d iffer depend ing on the product and the available source 
data . The spec i f ic steps to be contracted are largely 
determined by economic and capabil ity analys is , as stated 
pr eviously . I t  is the government ' s  respons ibil ity to 
ensure that production is accompl ished . Thus , the 
availabil ity of • second sources• of product ion must be 
established where contractor s per form production 
functions either through in-house capabilities or 
alternative contr actor s .  

Per form Quality Control . The intended use of each 
product determines the level of quality control . Por 
navigational products , the h ighest level of quality 
control must be implemented , includ ing qual ity inspections 
at var ious stages of product ion . Por other products , the 
level of quality control should be propor t ional to the 
government ' s  l iability in the event of error s  with in the 
product ' s  intended use . Por dig ital MC&G products , an 
automated system for ensur ing accuracy could be provided . 
Because qual ity control beg ins with product spec if icat ions 
and source-data selection , the use of source-data inven­
tory suppor ts the qual ity-control function . 

Record Product H istory. The history of product ion , 
includ ing source data used , methods of product ion , and 
qual ity-assurance analyses , must be recorded . It is used 
in determining alternat ive uses of the product beyond 
that or ig inally intended and the potent ial for us ing the 
product as source data for other products and in the 
event of l it igat ion . 

Per form Product D istr ibut ion . To meet product requ ire­
ments , the f inal product must either be del ivered to 
user s or made available in a reasonable manner . Wh ile 
th is function can be contracted , it is nonetheless a 
r espons ibility of the government . Th is funct ion could be 
suppor ted by MIS capabilities t ightly coupled with the 
requ irement , product ion schedul ing , production planning , 
and inventory control . 

Mon itor and control Production . Th is function 
cons ists of evaluating production progress and tak ing 
correct ive action when needed . The detailed level of 
monitor ing and controll ing depends on whether the 
production is per formed in-house or by contract ing . 
Nonetheless , C&GS must collect suffic ient production­
per formance data to determine the accur acy of est imat ing 
models , compl iance with prescr ibed production methods , 
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compl iance with resource allocat ions , and schedule 
compl iance . An MIS that collects such data at a detailed 
level equivalent to plans and schedules would greatly 
enhance C&GS product ion-control processes . 

Repor t  Production Per formance . Based on analyses of 
production monitor ing and control , it is a governmen t 
r espons ibility to repor t on product ion per formance for 
evaluat ion of cost and schedule compl iance . An MIS could 
s uppor t th is function by analyses of var iances and 
production of suitable repor ts . 
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Aeronautical Char t Branch , National Ocean Serv ice , NOAA . 
Aeronautical Char t Branch . NOS . NOAA . 1983 . 

The respons ibi l it ies , organ ization ,  funct ioning 
sections , and units of the br anch are descr ibed . 
I ncluded are l ists of the ser ies of char ts , sched­
ules of production and revis ion , and future programs . 
Legislation author iz ing and def in ing the mission of 
the NOS as it concerns aeronautical char ts , major 
users of the products , and the 1983 to 1984 budget is 
discussed . (44 pages , 8 112 • x 11 • )  

Coord ination of D igital Car togr aph ic Act ivities in the 
Federal Government, First Repor t  t o  the D irector , 
Off ice of Management and Budget .  Federal I nter agency 
Coord inating Committee on D ig ital Car togr aphy . USGS .  
October 1983 . 

Committee r espons ibilities , organization , and 
per sonnel are outl ined , and current and proposed 
d ig i tal car togr aph ic progr ams for some 30 par t ic i­
pating federal government agenc ies are summar ized . 
(60  pages , 8 112 • x 11• ) 

Dupl icative Federal Computer-Mapping Programs : A Growing 
Problem. The Comptroller General of the Un ited 
States . General Accounting Off ice . November 22 , 1982 . 

A problem in many federal agenc ies is the under tak ing 
of expens ive computer-mapping progr ams in an uncoor­
d inated fash ion that results in unnecessary dupl ica-
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t ion and expense . The repor t recogn izes the need for 
a multipurpose data base with standards used 
throughout government agenc ies . TwO r ecommendat ions 
are made to OMB : a c ircular should be dr afted 
requ ir ing interagency coord ination of computer 
mapping , and the Secretary of the Inter ior should 
acceler ate product ion of computer ized maps most in 
demand by other federal agenc ies . such act ivities can 
be funded through user charges , reallocation of funds , 
and new appropr iat ions . Though not par t of the formal 
r ecommendat ion , GAO ' s  repor t indicated that the u . s .  
Geolog ical Survey should be the focal point for 
coord inat ing computer-mapping act ivities in the 
federal government and that adequate provis ions can be 
taken to protect the missions of other agenc ies . 

FAA Av iation For ecasts , Piscal Year s 1983-1994 , FAA . 
u . s .  Depar tment of Tr anspor tation . FAA-AP0-83-1 . 
Febr uary 1983 . 

The av iat ion act iv ity at FAA fac il ities is forecast ,  
includ ing a irports with FAA tower s ,  tr aff ic-control 
center s ,  fl ight serv ice , and flight stations . (72  
pages , 8 112 •  x 11• ) 

Federal Surveying and Mapping :  An Organizational 
Review . Panel to Review the Repor t of the Federal 
Mapping Task Force on Mapping , Char ting , Geodesy and 
surveying , July 197 3 . Nat ional Academy Press . 198 1 .  

Th is summar izes the 1973 repor t o f  the Federal Mapping 
Task Porce and points to areas needing updat ing 
because of chang ing national pr ior it ies , such as 
geodynamics , population sh ifts , cadastr al surveys , and 
urban renewal . The panel concludes that to ach ieve 
impor tant recommendat ions of the 1973 repor t ,  
consol idated planning and uni fied program d irection 
from a s ingle agency is necessary .  The panel urges 
that prompt cons ider at ion be g iven to the pr imar y 
r ecommendat ion for formation of a Federal surveying 
and Mapping Admin istr ation by the Executive Off ice of 
the Pres ident . 

Copyright © National Academy of Sciences. All rights reserved.

Mapping and Charting:  A Perspective for the Office of Charting and Geodetic Services
http://www.nap.edu/catalog.php?record_id=19302

http://www.nap.edu/catalog.php?record_id=19302


5 3  

Long Range ADP Plan ,  OVerv iew . Aeronaut ical Char t ing 
Divis ion , HOS .  NOAA . November 3 ,  1983 . 

The plan to increase effic iency through the use of 
automated data process ing techniques is descr ibed . 
Major areas discussed are management and production 
control , car tographic data base and computer-assisted 
char t compilat ion , cost and job-status informat ion , 
phototypesett ing , order process ing , inventory control , 
etc .  ( 187 pages , 8 112 • x 11• ) 

Long Range P lans for Aeronaut ical Char ting . NOS . NOAA . 
NOvember 198 3 . 

A s ignificant document that descr ibes the author ity 
for NOS ' s  aeronautical char t ing respons ib il ity 1  
relates the expected national needs o f  pilots , 
planner s ,  and manager s of the nat ional a irspace (PAA) ; 
and g ives details of the expected growth of air 
tr anspor tat ion . Futur e plans for char t product ion , 
r eproduction , and d istr ibut ion are presented , and 
automated capabilities and plans ar e outl ined , 
including on-l ine access to data by user s .  Also 
d iscussed is the necessity for sens itivity to the 
needs of the pr inc ipal user . The PAA is mentioned in 
conj unction with a mor e effic ient nat ional air space 
system plan and a national a ir space rev iew .  New 
methods of eff iciently updating char ts and el iminating 
dupl ication are d iscussed . Recovery of cost through 
user fees and a proposal to author ize the Secretary of 
Commerce to secure copyr ights for char ts are ment ioned . 
Mar keting surveys , contacts with user s ,  and other 
ideas are outl ined in an attempt to plan and better 
meet futur e needs for aeronautical nav igation 
products . (37  pages , 8 112 • x 11• ) 

Nautical Char t ing Divis ion Br ief ing Mater ial . Naut ical 

Char t ing Division .  NOS . NOAA . December 12 , 1983 . 

The draft of the nautical char ting plan , 1984 , is 
contained and offer s a 53-page compr ehens ive , 
organized presentat ion about object ives , user 
requ iements , f ield suppor t ,  publ icat ions , reissue 
schedules , all the way to var ious planned programs 
from 1983 to 199 2 .  
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Otherwise much of the document is an uncoordinated 
assemblage of pre-existing documents that present the 
naut ical char t ing d ivis ion organization , per sonnel , 
m iss ion , etc . Generally the data are in outl ine form, 
with many pages contain ing a few statements . Informa­
t ion is often repeated in different sections and is 
extremely deta iled . (About 300 pages , 8 112 • x 11• ) 

Progr am and Product ion Management Staff . NOS . NOAA . 
198 3 . 

The aeronaut ical char t ing progr am is descr ibed , 
together with the produc- t ion staff in control of the 
program ,  from development to d istr ibut ion . Spec ific 
expend itures for the 1984 budget as well as internal 
controls , employment , and major contr acts are 
included . ( 15 pages , 8 112 • x 11• ) 

Requ irements and Technology Staff . NOS . NOAA . 1983 . 

The miss ion of NOS is stated , and methods ar e descr ibed 
by wh ich the staff prov ides techn ical guidance , long­
range plann ing , developmental suppor t ,  and special­
product d irection for NOS car tograph ic requirements 
and product specif icat ions , computer systems , new 
products , and mar keting initiatives . The management 
information system (MIS)  is also discussed . I ncluded 
is the r epor t microMIS ,  a Microcomputer LOcal Networ k 
Management Information System. NOAA . (24  pages , 8 
112 • x n • >  

Statement o f  wor k :  A Study of the usage of and Mar ket 
Potent ial for Nat ional Ocean Serv ice (NOS) . Aero­
naut ical Nav igation Products . NOS . NOAA . 1983 . 

The par ameter s ar e establ ished for b ids on a mar ket 
study to determine the market , demand , pr eferences , 
d istr ibution channels , and competition for NOS ' s  
aeronautical products . The study is to furnish mar ke t 
information to a id NOS in determin ing how i t  may 
recover a larger propor tion of expenses through higher 
user fees . 
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