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GEOSECTION I N D I C E S  

FOR 

ENVIRONMENTAL DATA;\ 
- 

John C.  Bellamy 

ABSTRACT 

A system of "geosection" index numbers i s  proposed he re in  f o r  

cross- indexing the  many d i f f e r e n t  kinds and growing amounts of 

Environmental Data. These index numbers b a s i c a l l y  i d e n t i f y  those 

ho r i zon ta l  s e c t i o n s  of t he  o v e r a l l  Earth-centered Geosphere t o  which 

any p a r t i c u l a r  Environmental Data p e r t a i n s .  

e s p e c i a l l y  f o r  i d e n t i f y i n g  p a s t  and f u t u r e  observing s t a t i o n s  on the  

su r face  of the  Earth;  and hence f o r  order ing  indexes,  t abu la t ions  

and f i l e s  of the  Environmental Data from any and a l l  such observing 

s t a t i o n s  i n  a widely app l i cab le  and sys t ema t i ca l ly  i n t e r r e l a t e d  way. 

These "geosection" subdiv is ions  of t he  Geosphere a r e  a l s o  i n t e r -  

They thereby provide 

changeably r ep resen tab le  with e i t h e r  the common alpha-numeric o r  

more p ic tographic  forms of t h e  numerals o r  " indices"  t h a t  comprise 

such index numbers. 

*The work repor ted  upon here  has been supported l a r g e l y  by Contract  
No. E-12-70(N) of t he  Environmental Science Services  Administration. 
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G E O S E C T I O N  I N D I C E S  

F O R  

E N V I R O N M E N T A L  D A T A  

1. Purposes 

A newly conceived system of "geosection indices"  i s  descr ibed and 

proposed h e r e i n  f o r  use i n  indexes, t a b u l a t i o n s  and f i l e s  of Environ- 

mental Data. These "geosection indices"  a r e  intended p r i m a r i l y  t o  

i d e n t i f y  the Environmental Data a s soc ia t ed  wi th  p a r t i c u l a r  observing 

s t a t i o n s  on the  s u r f a c e  of t he  Earth i n  conveniently usefu l  r e l a t i o n -  

ship t o  the  h o r i z o n t a l  p o s i t i o n s  of a l l  o ther  such sources of Environ- 

mental Data. 

indexing and i n t e r r e l a t i n g  the  many d i f f e r e n t  kinds of Environmental 

Data from any and a l l  such s u r f a c e  observing s t a t i o n s .  

They a r e  thereby meant t o  provide e s p e c i a l l y  f o r  c ross -  

In  addi t ion ,  these  "geosection indices"  are formulated s o  t h a t  

they can be represented  in te rchangeably  with e i t h e r  phonet ic  alpha- 

numeric c h a r a c t e r s  o r  more p i c tog raph ic  o r  "informatic" forms of 

numerals. They thereby p o t e n t i a l l y  provide f o r  convenient manual and 

automatic i d e n t i f i c a t i o n  and o rde r ing  of t he  da ta  from ind iv idua l  

observing s t a t i o n s ,  as wel l  a s  concise  p i c tog raph ic  r e p r e s e n t a t i o n s  

of the  h o r i z o n t a l  d i s t r i b u t i o n s  of environmental occurrences and data. 

f h i s  l a t t e r  p o t e n t i a l i t y  i s  an e s p e c i a l l y  promising means of providing 

f o r  more e f f e c t i v e  u t i l i z a t i o n  of the  ever  i nc reas ing  amounts of 

Environmental Data upon which mankind's wel fa re  i s  becoming s o  increas-  

ing ly  dependent 
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2.  Approach 

The d e s i r e d  c h a r a c t e r i s t i c s  of t hese  ind ices  have been. formu- 

l a t e d  from an a n a l y t i c a l  p o i n t  of view - i n  which t h e  o v e r a l l  quest ion 

t o  be considered can most gene ra l ly  be s t a t e d  as being 

WHY WHO does (or  should do) WHAT p a r t  of 
WHOSE ope ra t ions  (o r  organized a c t i v i t i e s )  HOW 
re WHICH k inds  of Environmental Data WHERE 
and WHEN. 

The d i f f e r e n t  WHICH kinds of Environmental Data of i n t e r e s t  can then 

w e l l  be def ined as encompassing a l l  t h a t  e x i s t s  throughout t he  Earth- 

centered o r  "Geospheric" region of t he  Universe, t h e  major component 

elements of which a re  i t s  

o So l id  o r  fu l l -o f - rocks  Lithosphere,  

o Liquid o r  ful l -of-water  Hydrosphere, 

o Gaseous o r  f u l l - o f - a i r  Atmosphere, 

o Energet ic  o r  f u l l - o f - f i e r y - r a d i a t i o n  Pyrosphere' 
( t h a t  extends t o  the o u t e r  l i m i t  of Earth-centered 
g r a v i t a t i o n a l  a t t r a c t i o n  a t  about four  t i m e s  t he  
d i s t a n c e  t o  the  Moon-centered Lunasphere t h a t  i t  
envelopes) ,  and 

( o r  t h a t  t h i n - s h e l l  i n t e r f a c e  a t  t h e  s u r f a c e  of 
t h e  Ea r th  i n  which t h e  four  b a s i c  elements of l i f e  
from the  four  o the r  physical-spheres  intermingle  and 
i n t e r a c t  t o  provide t h e  b a s i s  f o r  a l l  of man's 
a c t i v i t i e s  t h e r e  and elsewhere).  

o Composite f u l l - o f - l i f e  Biosphere, 

These f i r s t - o r d e r  a n a l y t i c  d e f i n i t i o n s  s e r v e  w e l l  t o  c l a r i f y  t h e  

o v e r a l l  problem a t  hand. 

'of t hese  f i v e  component elements of t he  Geosphere i s  c l e a r l y  the  b a s i c  

reason WHY f i v e  WHICH and WHOSE kinds of s c i e n t i f i c  and environmental- 

survey d i s c i p l i n e s  tend s t r o n g l y  t o  be organized i n  a s s o c i a t i o n  with the  

f i v e  ( land,  water, a i r ,  space and e c o l o g i c l s o c i a l )  kinds of end-use 

On t h e  one hand, t h e  g r e a t l y  d i f f e r i n g  n a t u r e  
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opera t ions ,  l a r g e l y  independent of t he  o t h e r s '  more d e t a i l e d  WHO, 

WHAT, BOW, WHERE and WHEN kinds of a n a l y t i c  elements. On t h e  o t h e r  

hand, needs t o  understand and d e a l  with t h e  i n t e r a c t i o n s  of a l l  such 

n a t u r a l  spheres  of i n t e r e s t  and a c t i o n  are a l s o  c l e a r l y  becoming ever 

more important and necessary.  

h e l p  provide f o r  as convenient coordinat ion as p o s s i b l e  both wi th in  

and between each of t hese  f i v e  b a s i c  kinds of Environmental Data and 

a s soc ia t ed  ac t iv i t i e s .  

Consequently t h e  t a s k  a t  hand is  t o  

Toward analyzing t h i s  coordinat ing and i n t e r c o o r d i n a t i n g  problem, 

the  t e r m  "Environmental Data'' can w e l l  be def ined most gene ra l ly  as 

r e f e r r i n g  t o  

Environmental Data: (2.1) 

Any d e p i c t i o n  o r  d e s c r i p t i o n  of p a r t i c u l a r  phys i ca l  
occurrences a t  s p e c i f i c  p l aces  and t i m e s  i n  and of 
t he  Geosphere; a l s o ,  any c o l l e c t i o n  of such dep ic t ions  
o r  d e s c r i p t i o n s .  

The primary d i s t i n g u i s h i n g  f e a t u r e  of such Environmental Data i s  

t h a t  t h e  WHERE and WHEN of each such occurrence must be e x p l i c i t l y  

i d e n t i f i e d .  This i s  t o  be c o n t r a s t e d  with the  more commonly f a m i l i a r  

kinds of d a t a  with which t h e  l abora to ry  sc i ences  and manufacturing 

technologies  are  u s u a l l y  concerned, and i n  which r e s t r i c t i o n s  of t h e i r  

a p p l i c a b i l i t y  t o  any p a r t i c u l a r  geographic p l a c e  and epoch of  t i m e  are 

s t u d i o u s l y  avoided. 

The t a s k  a t  hand thus c o n s i s t s  1.argely of providing means of 

r ep resen t ing  and, especially, ,  indexing the  WHERE and WHEN p a r t s  of 

Environmental Data s o  t h a t  both of  

(1) 

(2) The WHERE and WHEN of a l l  of i t s  d i f f e r e n t  WHICH kinds 

The space-time d i s t r i b u t i o n s  of any p a r t i c u l a r  one of 
i t s  WHICH kinds of occurrences and 

of occurrences 

can be conveniently and u s e f u l l y  depicted,  i n t e r r e l a t e d  and analyzed. 
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The t a s k  a t  hand i s  more s p e c i f i c a l l y  t o  provide a conveniently 

u s e f u l  means of crqss- indexing the  WHERE and WHEN p a r t s  of Environmental 

Data. For example, t h e  WHERE of a e r o n a u t i c a l l y  u s e f u l  Meteorological 

Data i s  most convenient ly  i d e n t i f i e d  f o r  many purposes with the  name, 

r a d i o  ca l l - l e t t e r s  o r  synopt ic  obse rv ing - s t a t ion  number of t h e  a i r p o r t  

t o  which it p e r t a i n s  - o r  from which da ta  has been obtained by remote 

observat ion wi th  r a d a r s  o r  radiosondes.  More a g r i c u l t u r a l l y  u s e f u l  

Cl imatological  and Hydrologic Data, on the  o t h e r  hand, i s  convenient ly  

i d e n t i f i e d ,  indexed and ordered wi th  t h e  names o r  numbers of p a r t i c u l a r  

c l ima to log ica l  observing s t a t i o n s  and stream gages. The purpose he re  

i s  thus t o  provide f o r  cross- indexing a l l  such d i f f e r e n t  WHICH k inds  

of Environmental Data i n  a more conveniently space-related and i n t e r -  

re l a  t a b  l e  way. 

Toward t h i s  end, t h i s  proposed method of cross- indexing i s  intended 

p r i m a r i l y  t o  provide f o r  conveniently and u s e f u l l y  des igna t ing  t h a t  

Environmental Data which can w e l l  be i d e n t i f i e d  with e i t h e r  o r  both o f :  

(1) P a r t i c u l a r  h o r i z o n t a l  "geosection" r eg ions  of s p e c i f i e d  
h o r i z o n t a l  a'ngular e x t e n t  and geographic p o s i t i o n ;  

and 
I 

(2)  Any p a r t i c u l a r  Observing S t a t i o n  

- a t  which l o c a l  o r  remote observat ions of occurrences 
anywhere i n  t h e  Geosphere a re  o r i g i n a l l y  o b t a h e d ,  and 

- which i s  uniquely i d e n t i f i e d  as being t h a t  one 
Observing S t a t i o n  which i s  loca ted  i n  one such 
s u i t a b l y  s e l e c t e d  and i d e n t i f i e d  "geosectional" 
subd iv i s ion  of t h e  Earth.  

4 



3 .  Background 

An important example of  t h e  way i n  which such h o r i z o n t a l  regions 

are now commonly i d e n t i f i e d  i s  provided by t h e  system developed by 

Thomas J e f f e r s o n  i n  t h e  e a r l y  1800's  f o r  subdividing the  p u b l i c  lands 

of t h e  United S t a t e s .  I n  b r i e f  essence,  t h i s  system has  been implemented 

by e s t a b l i s h i n g  some 34 "Pr inc ipa l  Meridians" i n  a l l  b u t  t he  Eastern 

region of t he  United States,  w i th  r e s p e c t  t o  which Sect ions of land 

area have been e s t a b l i s h e d  by implanting sect ion-corner  markers a t  

(nominally) one-mile North-South and East-West i n t e r v a l s .  P a r t i c u l a r  

ones of such nominally one-mile square Sect ions are then designated by 

i d e n t i f y i n g  s ix-by-six blocks of t h i r t y - s i x  such Sect ions with t h e i r  

numbers of Townships North o r  South and Ranges East o r  West, and by 

numbering the i n d i v i d u a l  Sect ions i n  each such six-mile square "Township" 

i n  the  fol lowing way. 

I 

NORTH 

Smaller area subd iv i s ions  of each such Sect ion a r e  then i d e n t i f i e d  

a/s being i t s  NW, NE, SW o r  SE Quarter ,  o r  even smaller (nominally 40 

a c r e )  areas as being t h e  NW, NE,  SW or SE Quarter of one of those l a r g e r  

(nominally 160 a c r e )  QOarters .  Typical ly ,  a p a r t i c u l a r  40 acre p l o t  

might thereby be i d e n t i f i e d  as being the  
"SW 1 / 4  of t he  NE 1 / 4  of Section 33, T16N, R73W 

of the  Sixth P r i n c i p a l  Meridian. 'I 

5 



A somewhat similar technique was devised by Admiral Marsden in 
the early 180Q's for identifying particular horizontal regions of 

oceanic areas2, In this case the basic unit of area is a 10" Latitude 
by 10" Longitude "Marsden Square". 
Squares w e  identified with three decimal-digit numbers that are 

ordered in East t o  West progression along the 10" tiers of Latitude 

as indicated in the following schematic diagram. 

Particular ones of such Marsden 

East LONGITUDE West 

0" loo 20" 180" 20" 10" 0" 

North 

LATITUDE 

South 

Each such Marsden Square is then svbdivided in.to 1" Latitude by 1" 

Longitude Sub-Squares, particular ones of..which are identified by 
the two decimal-digit numerals of the 1" digits of the Latitude and 
Longitude numbers of their Equatorward and Greenwich-ward boundary 
lines, respecfively. 
also be identified when desired in the Marsden System with the code 
number af the 1"xl" subdivision of the larger square that is closest 
to the Equator and the Greenwich Meridian. 

Larger (either 2"x2" or' 5Ox5") Sub-squares can 
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A l t e r n a t i v e l y ,  0.1" La t i tude  by 0.1" Longitude un i t - r eg ions  of 

oceanic areas are a l s o  f r equen t ly  i d e n t i f i e d 2  wi th  a seven decimal- 

d i g i t  "Octant Code" QLaLaLaLoLoLo i n  which LaLaLa and LoLoLo s-tand 

f o r  t h e  numerals of t h e  l o " ,  1 "  and 0.1" d i g i t s  of the La t i tude  and 

Longitude numbers of t he  Equatorward and Greenwich-ward boundary of 

any one such region.  I n  t h i s  system Q s t ands  f o r  a numeral t h a t  

i d e n t i f i e s  a p a r t i c u l a r  Octant of t he  Earth i n  accordance wi th  

LONGITUDE 
East West 

0" 180 " 0" 

North 90" 
LATITUDE 0"  

South 90" 
90 " 90 " 

For f i l i n g  purposes t h i s  Octant Code i s  f r equen t ly  shortened t o  the 

t h r e e  d i g i t  code number QLaLo, i n  which La and Lo s tand f o r  t h e  num- 

erals of t he  10" d i g i t s  of t he  La t i tude  and Longitude numbers of t he  

Equatorward and Greenwich-ward boundary l i n e s  of 1Oox1O" "squares", 

r e s p e c t i v e  1 y . 

Another indexing system of t h i s  kind has r e c e n t l y  been introduced 

by Titus" more f o r  i d e n t i f y i n g  p a r t i c u l a r  Surface Observing S t a t i o n s  

i n  p a r t i c u l a r  un i t - r eg ions  on land than those regions i n  and of them- 

s e l v e s .  The outs tanding c h a r a c t e r i s t i c  of t h i s  T i tus  World Grid system 

i s  t h a t  i t  u t i l i z e s  d i g i t a l  r ad ixes  of 2 4 , ' 2 5  and 26 ( i n  which the 

d i g i t a l  numerals are the  le t ters  of t he  alphabet)  f o r  numbering suc- 

c e s s i v e l y  smaller Latitude-by-Longitude "squares" i n  o rde r  t o  reduce 

ehe r equ i r ed  number of d i g i t s .  E x p l i c i t l y ,  i t  u t i l i z e s  a n ine  numeral 

code-symbol i n  which le t ters  of t he  alphabet  i d e n t i f y ,  i n  l e f t  t o  r i g h t  

o rde r ,  one of t h e  successive:  

(1) 26" West Loilgitude i n t e r v a l s  from the  0"-26" A-interval  
through the fou r t een th  such ( p a r t i a l )  338"-360" N-interval ;  

7 



1 "  Westerly ordered s u b i n t e r v a l s  of Longitude from t h e  
0"-1" A-subinterval through t h e  twenty-sixth such 25"-26" 
Z - sub i n  te rva 1 ; 

26" La t i tude  i n t e r v a l s  i n  accordance with 

South North 
90 "-7 8 '-5 2 "-2 6 "-0 "-2 6 " 4  2 "-7 8 "-9 0 " 

V U T S W  X Y Z 

1" Polewardly ordered s u b i n t e r v a l s  of La t i t ude  from t h e  
0"-1" A-subinterval through the  twenty-sixth such 25"-26" 
Z- sub i n t e r v a l  ; 

2.5' Westerly ordered s u b i n t e r v a l s  of t he  1" Longitude 
i n t e r v a l s  from t h e  0'-2.5 '  A-subinterval through t h e  
twenty-fourth such 57.5'-60' X-subinterval;  

2.5' Polewardly ordered s u b i n t e r v a l s  of t he  1" La t i tude  
in . tervals  from t h e  0 ' - 2.5 ' A-subinterval through t h e  
twenty-fourth such 57.5'-60' X-subinterval;  

0.1' Westerly ordered s u b i n t e r v a l s  of  t h e  2.5' Longitude 
i n t e r v a l s  from t h e  0.0'-0.1' A-subinterval through the 
twenty- f i f  t h  such 59.9'-60' X-subinterval;  

0.1' Polewardly ordered s u b i n t e r v a l s  of t he  2.5' L a t i t u d e  
i n t e r v a l s  from t h e  0.0'-0.1' A-subinterval through the  
twen ty - f i f th  such 59.9'-60' X-subinterval;  

and i n  which a 9 t h  indexing numeral c o n s i s t i n g  of t h e  Arabic numerals 

1,2,3,4 o r  5 i s  used t'o i d e n t i f y  one of equal  area subd iv i s ions  i n  the 

SE, SW, NW and NE co rne r s  and c e n t e r  of any p a r t i c u l a r  one of t h e  8 t h  

order  0.1'xO.l' un i t - r eg ions .  
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4 .  D e f i n i t i o n  of "Geosection" 

It i s  s i g n i f i c a n t  t h a t  two q u i t e  d i f f e r e n t  kinds of h o r i z o n t a l  

areas are i d e n t i f i e d  by these  common indexing systems. On t h e  one 

hand, J e f  f e r sons  s method i s  intended p r i m a r i l y  t o  subd'ivide t h e  pub l i c  

lands i n t o  as n e a r l y  equal-area and "square-with-the-world" p l o t s  of 

land as p o s s i b l e  on t h e  sphe ro ida l  Earth.  

and Octant systems are intended p r i m a r i l y ' t o  i d e n t i f y  h o r i z o n t a l  

p o s i t i o n s  i n  c l o s e  a s s o c i a t i o n  with the numbers of La t i t ude  and 

Longitude with which t h e  p o s i t i o n s  of s h i p s  a t  sea can most r e a d i l y  

be determined. The T i t u s  system, on the  o t h e r  hand, i s  intended 

p r i m a r i l y  t o  i d e n t i f y  as n e a r l y  equal-area regions as p r a c t i c a b l e  

on t h e  land, and e s s e n t i a l l y  u t i l i z e s  La t i tude  and Longitude numbers 

as a f u l l y  in t e rcoord ina ted  and conveniently u s e f u l  approximate means 

of doing so anywhere and everywhere throughout t h e  world. 

I n  c o n t r a s t ,  t h e  Marsden 

It i s  a l s o  important i n  t h i s  regard t o  n o t i c e  t h a t  t he  o v e r a l l  

indexing t a s k  a t  hand involves the  coordinat ion and in t e rcoord ina t ion  

of both of  t h e  WHERE and WHEN a s p e c t s  of  Environmental Data; and t h a t  

i t s  WHEN a s p e c t s  are i n t i m a t e l y  a s s o c i a t e d  with Longitudinal p o s i t i o n s  

on the  Earth.  Bas i ca l ly ,  most phys i ca l  occurrences and human a c t i v i t i e s  

throughout t h e  Geosphere are e i t h e r  c o n t r o l l e d  o r  s t r o n g l y  a f f e c t e d  by 

the  d i u r n a l  r i s i n g s  and s e t t i n g s  of t h e  Sun. Epochal t i m e s  are thus  

most widely and u s e f u l l y  expressed i n  terms of va r ious  kinds of Mean 

Solar  Time,  of which t h e  Longitudinally-dependent Local Mean Solar  T ime  

i s  of g r e a t e s t  d i r e c t  phys i ca l  s i g n i f i c a n c e  f o r  any p a r t i c u l a r  Longi- 

t u d i n a l  p o s i t i o n  on t h e  Earth.  
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The Marsden, Octant and T i t u s  kinds of "squares" a r e  thus  seen 

t o  provide f o r  cross-indexing the  h o r i z o n t a l  p o s i t i o n s  of Environmental 

Data i n  coord ina t ive  r e l a t i o n s h i p  t o  both areal and temporal consider- 

a t i o n s .  The name "square" i s  no t ,  however, very d e s c r i p t i v e l y  appro- 

p r i a t e  f o r  un i t - r eg ions  t h a t  approach the shape of t r i a n g l e s  a t  the  

poles .  Rather, "geosection" i s  proposed he re  as a more appropr i a t e  

generic  name f o r  any and a l l  s c a l e - s i z e s  of such un i t - subd iv i s ions  or  

"sect ions"  of the  h o r i z o n t a l  e x t e n t  of the  "geo-" Earth i n  accordance 

with the  following formal d e f i n i t i o n .  

Geosection: (4.11 

Any u n i t  angular-area subdivis ion of the  h o r i z o n t a l  
e x t e n t  of the  Earth-centered Geosphere t h a t  encompasses 
a p resc r ibed  u n i t  of angle  i n t e r v a l ,  U ' a ,  of both of 
Lat i tude ,  rp, and Longitude, X ,  

o Such t h a t  cardinal-number measures (cp/U'a) and 
(X/U'a) of t he  La t i tude  and Longitude of any and' 
a l l  p o i n t s  w i th in  a p a r t i c u l a r  geosect ion a r e  
contained i n  the  range of numbers 

[cp/ura] 5 (cp/U'a) .e [Cp/U'a] + 1 
and [ X / U ' a ]  <, (X/U'Or> < [ X / U ' a ]  + 1 

i n  which [cp/U'a] and [ X / U ' a ]  a r e  the p re sc r ibed  
i n t e g r a l ,  ordinal-number counts with which successive 
ones of l i k e  u n i t - i n t e r v a l s  U ' a  of cp and X a r e  i d e n t i f i e d ,  

and 

o Such t h a t  t he  u n i t  angular i n t e r v a l ,  U ' a  [ U ] C ' a  i s  a 
p resc r ibed  integral-number f r a c t i o n  [U]  of 1 C i r c l e  of 
Angle, C'a. 

This "geosection" name a l s o  connotes a u s e f u l  q u a l i t a t i v e  r e l a -  

t i o n s h i p  of the  p a r t i c u l a r  1-minute of La t i t ude  by 1-minute of Longitude 

(or  U ' a  = 1 ' )  s c a l e - s i z e  of geosect ions with the  1 - m i l e  square "Section" 

of t he  pub l i c  lands.  It i s  e s p e c i a l l y  i n t e r e s t i n g  i n  t h i s  c ross -  

coordinat ion regard t h a t  J e f f e r s o n  unsuccessfu l ly  proposed4 i n  1784 t h a t  

the  "geographic" or  "as n e a r l y  one-minute of l a t i t u d e  a s  p rac t i cab le"  
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n a u t i c a l  kind of m i l e  ( r a t h e r  than the  more pe r sona l ly  than Earth- 

r e l a t e d  5,280 f o o t  o r  about 15% smaller 'Bs t a tu t e8 '  kind of m i l e )  be 

so  u t i l i z e d  on land as w e l l  as a t  sea. 

It i s  a l s o  important i n  t h i s  regard t o  recognize the  e x i s t e n c e  

of two b a s i c a l l y  d i f f e r e n t  kinds of La t i t ude  and Longitude. On t h e  

one hand, t he  "Geodetic" kind of L a t i t u d e  and Longitude is u t i l i z e d  

p r i m a r i l y  t o  coordinate  f e a t u r e s  of and on the  land with r e s p e c t  t o  

l i n e a r  measures of h o r i z o n t a l  d i s t a n c e s  between them. On t h e  o the r  

hand, t h e  "Astronomical'* kind of L a t i t u d e  and Longitude of any p o i n t  

on t h e  Earth i s  d i r e c t l y  determinable,  e n t i r e l y  independent of any 

such d i s t a n c e  measurements, by observing the  angular  p o s i t i o n s  of t h e  

stars i n  accordance with t h e  following formal d e f i n i t i o n s .  . 

Astronomical La t i t ude ,  - cp: 

An angular  coordinate  of h o r i z o n t a l  North-South p o s i t i o n s  
on o r  nea r  t he  Ea r th ' s  su r f ace ;  

The r igh t - ang le  complement of t he  angle  between 

o The z e n i t h  d i r e c t i o n  of a plumb-line a t  rest with 

( 4  2) 

r e s p e c t  t o  t h e  s o l i d  Earth a t  a p a r t i c u l a r  p o i n t  
on o r  near  i t s  su r face  

and 

o The l i n e  of s i g h t  from t h a t  p o i n t  t o  the  apparent  
c e n t e r  of r o t a t i o n  of t h e  stars. 

Astronomical Longitude X : 
An angu la r  East-West coordinate  of h o r i z o n t a l  p o s i t i o n s  
on o r  near  t he  E a r t h ' s  s u r f a c e ;  

The d i h e d r a l  ang le  measured around t h e  a x i a l  l i n e  of s i g h t  
t o  the  apparent  c e n t e r  of r o t a t i o n  of t h e  stars between 

o The plane of t h e  l o c a l  meridian formed by t h a t  axial  
l i n e  of  s i g h t  and t h e  d i r e c t i o n  of a plumb-line a t  
rest with r e s p e c t  t o  the  s o l i d  Earth 
and 

of t i m e  t h a t  i t  i s  t r a v e r s i n g  t h e  zero-longitude meridian 
of t h e  Greenwich Observatory. 

- 

o The p l ane  of t he  l i n e  of s i g h t  t o  a s t a r  a t  t he  i n s t a n t  

11 
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It i s  fundamentally impossible,  however, f o r  any s i n g l e  set of 

Laci tude and Longitude numbers t o  correspond exac t ly  t o  both such 

d i s t ance  and angular  measures, Rather,  the  "Geodetic" kinds of 

coord ina tes  a r e  b a s i c a l l y  def ined by ass igning  p a r t i c u l a r  La t i t ude  

and Longitude numbers t o  t h e  bench-marks of p r e c i s e  t r i a n g u l a t i o n  

surveys,  and by s e l e c t i n g  those bench-mark numbers so t h a t  they min- 

imize the  r e s i d u a l s  of such d i s t ance  and angular  measurements from 

u s e f u l l y  idea l i zed  mathematical models of t h e i r  i n t e r r e l a t i o n s h i p s .  

Measurements of the  " s t a t i o n  e r ro r "  r e s i d u a l s  between these  Geodetic 

and Astronomical kinds of La t i t ude  and Longitude have been found' t o  

be as much a s  30 seconds of a r c  only i n  except iona l  i n s t ances ,  and 

t o  be much less than t h i s  throughout most of t h e  world. 

P r a c t i c a l l y ,  Def in i t i on  4.1 of "Geosection" can then w e l l  be 

s p e c i f i e d  t o  r e f e r  t o :  

o Astronomical La t i t ude  and Longitude throughout the  
oceanic  and any o the r  reg ions  of t h e  world -i.n which 
p r e c i s e  geodet ic  surveys a r e  not  a v a i l a b l e ;  and 

o Geodetic Latlltude and Longitude i n  those regions t h a t  
are t r ave r sed  by p r e c i s e  t r i a n g u l e t i o n  surveys (and 
which thereby provide f o r  r e a d i l y  r e so lv ing  the  rela- 
t i v e  ho r i zon ta l  p o s i t i o n s  of geospheric occurrences 
throughovt such regions t o  the  order  of me thousandth 
of a second of a r c  o r  one t en th  of a f o o t ) .  

It i s  then only necessary t o  i d e n t i f y  which kind of La t i t ude  and 

Longitude i s  being u t i l i z e d  i n  any p a r t i c u l a r  i n s t ance ,  and t o  i n t e r -  

r e l a t e  them wi th  geodet ic  survey da ta  concerning t h e i r  r e s i d u a l  d i f -  

fe rences  only i n  those rare ins t ances  t h a t  extreme p rec i s ion  i s  required,  

s i g n i f i c a n t  and poss ib l e .  
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5. S izes  of Geosections 

The preceding contemporary methods of indexing h o r i z o n t a l  regions 

of t h e  Earth a l s o  c l e a r l y  r e f l e c t  a s t rong  need t o  be a b l e  t o  select 

and u t i l i z e  whatever s c a l e - s i z e  of Geosection might b e s t  s e rve  some 

p a r t i c u l a r  purpose. For example, t h e  way i n  which t h e  p u b l i c  lands 

are subdivided provide f o r  conveniently i d e n t i f y i n g  whichever of a 

t h i r t y - s i x  square m i l e  Township, a one square-mile Section, a qua r t e r -  

Sect ion o r  a sixteenth-Sect ion might be most a p p r o p r i a t e l y  u s e f u l  f o r  

some p a r t i c u l a r  purpose. Similar ly ,  t h e  Marsden system e x p l i c i t l y  

provides  f o r  i d e n t i f y i n g  whichever of  a 1O0x1O", 5"x5", 2"x2" o r  1 " x l "  

s i z e  of geosect ions might be most u s e f u l  i n  a p a r t i c u l a r  i n s t ance ;  t he  

Octant system provides  f o r  i d e n t i f y i n g  any one of O.l"xO.l", l 0 x l o ,  

1Oox1O" o r  9Oox9O" s i z e s  of geosect ions;  and t h e  T i t u s  World Grid 

system e s s e n t i a l l y  provides  f o r  i d e n t i f y i n g  t h e  U'a = 1 "  s i z e  of geo- 

s e c t i o n s  with i t s  f i r s t  four  numerals, t he  U'a = 2.5' s i z e  of geo- 

s e c t i o n s  with i t s  f i r s t  s ix  numerals, o r  t h e  U'a = 0.1' = 6" s i z e  of 

geosect ions with i t s  f i r s t  e i g h t  numerals. 

A use fu l  b a s i c  procedure f o r  e s t a b l i s h i n g  d i f f e r e n t  coordinated 

s i z e s  of Geosections i s  thereby seen t o  be: 

F i r s t ,  t o  subdivide t h e  e n t i r e  h o r i z o n t a l  e x t e n t  of t h e  
Ea r th  i n t o  major f i r s t - o r d e r  Geosections such as 
i t s  Octants o r  i t s  1Oox1O" Marsden Squares; 

smaller second-order Geosections such as t h e  
1Oox1O" subdivis ions of Octants o r  t he  5"x5", 
2"x2" o r  1 " x l "  subd iv i s ions  of t he  Marsden Squares; 

Third, t o  subdivide each such second-order Geosection i n t o  
smaller th i rd -o rde r  Geosections; 

Second, t o  subdivide those f i r s t - o r d e r  Geosections i n t o  

and s o  f o r t h  u n t i l ,  b u t  n e c e s s a r i l y  only u n t i l ,  , s u f f i c i e n t  r e s o l u t i o n  

of h o r i z o n t a l  p o s i t i o n s  has  been achieved t o  serve the  needs of a 

p a r t i c u l a r  purpose. 
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I n  general ,  t h i s  subd iv i s iona l  process  needs t o  be continued f o r  

any p a r t i c u l a r  WHICH kind of Environmental Data u n t i l  t he  occurrences 

o r  a c t i v i t i e s  t h a t  i t  r ep resen t s  are  r e p r e s e n t a t i v e  of those t h a t  occur 

throughout t h e  smallest of such success ive ly  smaller geosect ions.  A s  

i l l u s t r a t e d  by t h e  T i t u s  World Grid, f o r  example, t h i s  l i m i t i n g  scale- 

s i z e  f o r  t he  meso-scale atmospheric phenomena of i n t e r e s t  i n  t he  Nevada 

Test S i t e  i s  e v i d e n t l y  of t h e  order  of t h e  approximately 3 angular- 

second o r  300 f o o t  s i z e  of t he  regions t h a t  are  i d e n t i f i e d  by i t s  n i n t h  

indexing numeral. 

da t a ,  on t h e  o t h e r  hand, t h a t  smallest  r e p r e s e n t a t i v e  s ize  i s  presum- 

a b l y  of the order  of t he  U ' a  = 1 minute of a r c  t o  which the l i s t i n g s  of 

the L a t i t u d e  and Longitude of t h e i r  observing s t a t i o n s  are commonly 

resolved.  

For most c l ima to log ica l  and synopt ic  meteorological  

The common degree, minute and second u n i t s  of La t i t ude  and Longi- 

tude angles  provide an excep t iona l ly  u s e f u l  systematic  b a s i s  fQr sub- 

d i v i d i n g  the Earth i n t o  h igh ly  s e l e c t a b l e  and f u l l y  in t e rcoord ina ted  

s i z e s  of geosect ions.  Toward t h i s  end, a l i m i t e d  se t  of "Primary Unit  

Sizes  of Geosections" can w e l l  be i d e n t i f i e d  a t  t h e  o u t s e t  as being 

those f o r  which 

U ' a  = [ l / 6 ] C 1 a  = 60" o r  one s e x t i l e  

Uta = [1 /6 .60]C1a= [1/360]Cra = 1" o r  one degree, 

U t a  = [1/36O-60]C1a = 1' o r  one angular-minute, and 

U t a  = [1/36O-60.6O]C1a = 1" o r  one angular-second. 

These p a r t i c u l a r  Primary s i z e s  of geosect ions are  c h a r a c t e r i s t i c a l l y  

i n t e r r e l a t e d  by t h e  s c a l i n g - f a c t o r  of 60, which i n  t u r n  has  an excep- 

t i o n a l l y  l a r g e  number of integral-number subdivis ions ( i n t o  any one 

of 1,2,3,4,5,6,10,12,15,20,30 and 60 sets  of equal  l i n e a r  sub - s i zes ) .  
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Consequently they provide f o r  s e l e c t i n g  and conveniently i d e n t i f y i n g  

an excep t iona l ly  l a r g e  number of intermediate  s i z e s  of geosect ions 

which can w e l l  be: 

0 Representat ive of t he  c h a r a c t e r i s t i c  s c a l e - s i z e  of 
any one p a r t i c u l a r  WHICH kind of occurrence, phenomenon 
o r  a c t i v i t y  of p a r t i c u l a r  i n t e r e s t  i n  and of t he  Geosphere, 

0 Made up of a n  i n t e g r a l  number of  whatever smaller  f r a c t i o n s  
of whatever smallep Primary Unit  Sizes  of geosections might 
have been so - se l ec t ed  f o r  i d e n t i f y i n g ,  order ing and analyzing 
o the r  s c a l e - s i z e s  and WHICH kinds of geospheric occurrences;  
and a t  t he  same t i m e  

0 Readily combinable i n t o  whichever of t h e i r  i n t e g r a l  number 
m u l t i p l e s  might have been s e l e c t e d  f o r  summarizing, f i l i n g ,  
order ing,  indexing and/or analyzing t h e  same as w e l l  as 
o the r  WHICH kinds of Environmental Data. 

S i g n i f i c a n t l y  i n  t h i s  regard,  t he  Geodetic La t i tude  and Longitude 

of t r i a n g u l a t i o n  survey bench-marks are t y p i c a l l y  assigned numbers of 

degrees,  minutes,  seconds, and t e n t h s ,  hundredths and thousandths of 

seconds of arc.  Consequently i t  i s  conveniently p o s s i b l e  t o  determine 

and express  the  h o r i z o n t a l  p o s i t i o n s  o f  even t h e  smallest s c a l e - s i z e s  

of geospheric occurrences i n  f u l l  coordinat ive r e l a t i o n s h i p  t o  the 

s c a l e - s i z e s  and p o s i t i o n s  of a l l  o t h e r s  throughout t he  world. To do 

so, i t  i s  only necessary 

(1) To t i e  d i s t a n c e a n d  d i r e c t i o n  surveys of the '  
r e l a t i v e  h o r i z o n t a l  p o s i t  Ions of observat ion 
p o i n t s  t o  those t r i a n g u l a t i o n  s t a t i o n  bench 
marks ; 

(2)  To convert  such.measures of h o r i z o n t a l  d i s t ances  
and d i r e c t i o n s  t o  corresponding angular  numbers of 
Geodetic La t i tude  and Longitude; 

and 

( 3 )  To consider  t he  r e s i d u a l  d i f f e r e n c e s  (of a t  most 
about 30 seconds of arc) between the Geodetic and 
Astronomical kinds of La t i t ude  and Longitude i n  
those rare cases ,  t h a t  'extremely p rec ibe  coordinat ion 
of widely separated' occurrences i s  r equ i r ed .  
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It i s  a l s o  s i g n i f i c a n t  i n  t h i s  regard t h a t  a newly formulated6 

"Geospheric System of Units" provides f o r  excep t iona l ly  convenient 

and u s e f u l  i n t e r c o o r d i n a t i o n  of such h o r i z o n t a l  d i s t a n c e  measurements 

and corresponding l eng ths  of geodet ic  arcs. That in t e rcoord ina t ion  

i s  provided by the  simple expedient of i d e n t i f y i n g  "geounits" of 

l eng th  with symbols such as U'L f [ U I C ' L ;  and by de f in ing  them t o  be 

the  same numerical f r a c t i o n  [U] of an i d e a l l y  ass igned Earth-circum- 

f e rence  C 'L of 40,000,000 meters with which any s i m i l a r l y  U-scaled 

u n i t  of angle ,  U'a I [ U ] C 1 a ,  i s  def ined t o  be t h a t  [U]  f r a c t i o n  of 

the c i r c l e  of angle ,  C ' a .  The b a s i c  r e fe rence  o r  Primary Scale- 

Sizes  of such "coordinal" o r  "as n e a r l y  equ iva len t  as p rac t i cab le"  

geouni ts  of h o r i z o n t a l  angular  a r c s  and l i n e a r  d i s t a n c e s  thereby 

c o n s i s t  of 

For [U]  = [ X I  = 1 / 6  
1 X ' a  = 1 s e x t i l e  of angle  o r  1 "sextang" and 
1 X'L = 1 s e x t i l e  of l eng th  o r  1 "sextile" of 

e x a c t l y  3,600 "geomiles" 

[U] = [D]  = 1 /6 (60) ,  
1 D ' a  = 1 degree of ang le  o r  1 Irdang" and 
1 D'L = 1 "di le"  of e x a c t l y  60 "geomiles"; 

1 M'a = 1 minute of ang le  o r  1 "mang" and 
1 M I L  = 1 "(geo-)mile" o r  very s l i g h t l y  a l t e r e d  

For 

For [U] = [MI  = 1/6(60)(60) ,  

" n a u t i c a l  m i l e " ;  

For [U]  = [SI = 1/6(60)(60)(60) ,  
1 S ' a  = 1 second of angle  o r  1 "sang" and 
1 S ' L  = 1 "sile" o r  1/60 "geomiles" o r  100 "geofeet"; 

1 F ' a  = 0.01 seconds of ang le  o r  1 trfang'9 and 
1 F'L = 1 " f i l e "  o r  1 "geofoot" of e x a c t l y  

[U]  = [TI  = 1/6(60)  (60) (60) (100) (12), 
1 T ' a  = 1/1200 seconds of ang le  o r  1 "thang" and 
1 TIL  = 1 "thi le" ,  1 "thumb-width" o r  1 "geoinch" 

For [U]  = [F] = 1/6(60)(60)(60)(100) ,  

1/6000 "geomiles"; 

For 

of e x a c t l y  1 / 1 2  "geofoot" o r  " f i l e " .  
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These "geounits" of ang le  and l eng th  provide the  extreme convenience 

of i n t e r p r e t i n g ,  a t  w i l l ,  t h e  i d e n t i f y i n g  numbers of geosect ions as repre-  

s e n t i n g  e i t h e r  angular  o r  l i n e a r  p o s i t i o n s  and d i s t a n c e s  on the  s u r f a c e  

of t h e  Earth.  Measurements of t h e s e  two kinds of numbers of angular  

and l i n e a r  d i s t a n c e s  along p a r t i c u l a r  h o r i z o n t a l  a r c s  throughout t h e  

world have been found7 t o  d i f f e r  by the  order  of a t  most p l u s  o r  minus 

5 p a r t s  p e r  1000 nea r  t he  Equator and t h e  Poles,  and by much less than 

t h i s  i n  middle l a t i t u d e s .  Consequently i t  i s  only i n  extremely rare 

ins t ances  t h a t  such dev ia t ions  from t h e i r  f i r s t - o r d e r  i n t e rconve r s ion  

f a c t o r  of UNITY need be considered i n  determinat ions of the p o s i t i o n s  

of p o i n t s  i n  t h e  v i c i n i t y  of and with r e spec t  t o  the  p r e c i s e l y  d e t e r -  

mined La t i tude  and Longitude p o s i t i o n s  of t r i a n g u l a t i o n  survey bench- 

marks ., 

I n  a d d i t i o n ,  t h e s e  geouni ts  of l eng th  are c l o s e l y  r e l a t e d  t o  t h e  

widely f a m i l i a r  and u s e f u l  "naut ical"  m i l e  and " s t a tu t e t '  f oo t .  The 

c u r r e n t  I n t e r n a t i o n a l  Naut ical  M i l e  i s  def ined t o  be e x a c t l y  equ iva len t  

t o  1,852 meters i n  comparison t o  the  more c o n s i s t e n t l y  and simply de- 

f i n e d  100/54 ki lometer  o r  1,851 8510 - 0 meter "geomile" a 

" s t a tu t e ' t  f o o t  i s  c u r r e n t l y  def ined t o  be e x a c t l y  equ iva len t  t o  0.3048 

meters, o r  only about 1 p a r t  i n  80 smaller than (or  t he  e x a c t l y  

0.987552 f r a c t i o n  o f )  t he  more convenient ly  Ea r th - r e l a t ed  "geofoot" o r  

" f i l e "  of e x a c t l y  1/3.24 meters. Consequently numbers of angular  d i s -  

tances  can w e l l  be considered f o r  most purposes as a l s o  r ep resen t ing  

corresponding numbers of e i t h e r  t he  "naut ical"  o r  glrgeo-'a k inds  of 

m i l e s  and ! ' s ta tu te t8  o r  'Irgeo-'s k inds  of feet:  and the  Isgeo-" kinds of 

m i l e s  and f e e t  can w e l l  be u t i l i z e d  whenever a more c o n s i s t e n t l y  

i n t e r p r e t a b l e  and p r e c i s e  conversion might be r equ i r ed .  

Similar ly ,  t he  

1% 



6. Alpha-Numeric Geosection Indices  

P a r t i c u l a r  ones of p a r t i c u l a r  s c a l e - s i z e s  of such geosect ions 

can then e v i d e n t l y  w e l l  be i d e n t i f i e d  with code-symbols o r  a gen- 

e r a l i z e d  kind of Index Number such as I I I , I ~ e * * I i ~ * *  i n  which : 

o The f i r s t ,  second, t h i r d ,  e tc . ,  p l ace -pos i t i ons  of t h e  

i n d i c e s  I,, I,, I,, e tc .  r e f e r  i n  s e q u e n t i a l  o rde r  t o  

the  f i r s t ,  second, t h i r d ,  e t c . ,  o rde r  of success ive ly  

smaller subdivis ions of t he  o v e r a l l  h o r i z o n t a l  e x t e n t  of 

t he  Geosphere; and 

o The p a r t i c u l a r  c h a r a c t e r  t h a t  s tands i n  the  p l ace  of any 

p a r t i c u l a r  one of t he  I symbols i d e n t i f i e s  a p a r t i c u l a r  

one of t h a t  i - t h  order  s i z e  of geosect ions i n t o  which a 

p a r t i c u l a r  one of t h e  nex t  l a r g e r  o r  ( i - 1 ) t h  order  of 

geosect ions has been subdivided. 

i 

It i s  s p e c i f i c a l l y  proposed he re  t h a t  t h i s  successive subd iv i s iona l  

process  can w e l l  be  i n i t i a t e d  by f i r s t  subdividing t h e  h o r i z o n t a l  e x t e n t  

of t h e  Earth i n t o  i t s  e igh teen  60" by 60" S e x t i l e s ,  and by i d e n t i f y i n g  

each such Sextile with a l e t te r  of t he  a lphabe t  i n  accordance with the 

fol lowing schematic t a b l e .  

Alpha-Numeric Ind ices  of S e x t i l e s  ( 6 . l a )  

LONGITUDE 

180" West 0" East 180" 

90 O 

3 o o  North 

3oo  LATITUDE 

South 90 " 

LOCAL TIME OF A DAY 
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Each such Sextile can then well be subdivided into whichever of the 

following four di-fferent second-order sizes of geosections might best 

serve some particular purpose. 

2x2 Alpha-Numeric - 

3x3 Alpha-Numeric - 

Subdivisions of Geosections 

f North 

Subdivisions of Geosections 

(6.lb) 

(6.1~) 

4x4 Alpha-Numeric - 

- 
Subdivisions of Geosections (6 Id) 

in which the sub-geosections are assigned the same letters as 
the NW 4x4 block of 5x5 subdivisions to simplify their 
memorization. 

- 5x5 Alpha-Numeric Subdivisions of Geosec,tions (6.1~2) 

t North 
in which the letter I has been omitted t o  avoid confusion with 
the numeral 1. 
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Each of any such second-order geosect ions can then w e l l  be sub- 

divided i n t o  whichever of t h e s e  2x2, 3x3, 4x4 o r  5x5 k inds  of t h i r d -  

o rde r  subd iv i s ions  would b e s t  serve t h a t  p a r t i c u l a r  purpose, and so 

f o r t h  u n t i l  t h e  d e s i r e d  degree of r e s o l u t i o n  has  been achieved. 

example, t h e  sequence of alpha-numeric i n d i c e s  AD72 would thereby 

i d e n t i f y  t h a t  geosect ion which i s  t h e  

For 

z o r  most South-Easterly of the 1" by 1" 

7 o r  most South-Westerly of t h e  5" by 5" 

D o r  most North-Easter ly  of t h e  15" by 15" 

A 6O0x60" S e x t i l e ,  which i s  bounded by t h e  30" and 90" 

o r  5x5 subd iv i s ions  of t h e  

o r  3x3 subd iv i s ions  of t h e  

o r  4x4 subd iv i s ions  of t h e  

p a r a l l e l s  of North L a t i t u d e  and t h e  120" and 180" 
meridians of West Longitude. 

This p a r t i c u l a r  procedure has  been s e l e c t e d  p r i m a r i l y  t o  t ake  f u l l  

systematic  advantage of t h e  h i g h l y  s u b d i v i s i b l e  c h a r a c t e r i s t i c s  of t he  

s c a l i n g  f a c t o r  of 60 = (3)(2)'(5) among t h e  sext i le ,  degree, minute and 

second u n i t s  of L a t i t u d e  and Longitude ang le s .  It e s s e n t i a l l y  does so 

by providing a convenient means of success ive ly  subdividing any such 

f a c t o r  of 60 i n t o  whatever o rde r  of success ive  2, 3, 4 and 5 subdivi-  

s i o n s  might b e s t  serve some p a r t i c u l a r  purpose. It a l s o  u t i l i z e s  d i s -  

t i n c t i v e  (Arabic Numeral, Upper-Case Letter and Lower-Case Letter)  

symbols t o  i d e n t i f y  the p a r t i c u l a r  one of 2-, 3-, 4- o r  5-time k inds  

of subd iv i s ions  t o  which they p e r t a i n  - i r r e s p e c t i v e  of  t h e  o rde r  i n  

which they might have been formulated a t  t he  f r e e  w i l l  of the o r i g i -  

n a t o r  of any p a r t i c u l a r  index number. 

This procedure also u t i l i z e s  the ser ia l  numbering procedure w i t h  

which p a r t i c u l a r  ones of a p a r t i c u l a r  s c a l e - s i z e  of geosect ions are 

i d e n t i f i e d  i n  much t h e  same way t h a t  t h e  Sec t ions  of p u b l i c  land, 
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Octants and Marsden Squares are numbered. The advantage of doing s o  

i s  t h a t  each of t he  geosect ions of any one p a r t i c u l a r  s i z e  can thereby 

be simply and uniformly i d e n t i f i e d  wi th  a s i n g l e  symbol. 

t he  orthogonal p a i r s  of numbers wi th  which t h e  subd iv i s ions  of Octants,  

Marsden Squares and T i t u s  geosect ions are i d e n t i f i e d  r e q u i r e  t h e  simul- 

taneous cons ide ra t ion  and c r o s s - c o r r e l a t i o n  of two s e p a r a t e  and l a r g e l y  

independent symbols and numbering systems. The serial  numbering system 

I n  c o n t r a s t ,  

a l s o  provides  f o r  typing and p r i n t i n g  l i s t s  of geosect ion index numbers 

without  i r r e g u l a r  spacings o r  redundant i n s e r t i o n s  of spacing-zeros,  

as w e l l  as e x p l i c i t  s e l f - con ta ined  i n d i c a t i o n s  of t he  number of succes- 

s i v e  subd iv i s ions  i n t o  which the  Earth has  been divided i n  any p a r t i -  

c u l a r  and h i g h l y  s e l e c t a b l e  in s t ance .  

This serial  method of numbering also provides  f o r  u t i l i z i n g  the  

l e t te rs  of t h e  a lphabe t  as numerals of ordinal-numbering systems with 

d i g i t a l  r ad ixes  of 16, 18 and/or  25; and as i n  t h e  T i t u s  World Grid, 

f o r  thereby reducing t h e  number of numerals r equ i r ed  t o  i d e n t i f y  a 

p a r t i c u l a r  geosect ion.  In  comparative example, 1" by 1" geosect ions 

can be i d e n t i f i e d  wi th  

o 4 of these  geosect ion i n d i c e s  such as AD72, 

o 4 Titus-system i n d i c e s  such as  FAYX, 

o 5 Marsden Square i n d i c e s  such as 26650, o r  

o 5 Octant system i n d i c e s  such as 17530, whereas 

o 10 numeral spaces  are r equ i r ed  f o r  a l i s t i n g  such as 
75"N, 13"W of the  Equatorward and Greenwich-ward corner  
of t h a t  p a r t i c u l a r  1" by lo geosect ion.  

Even more d rama t i ca l ly ,  only 10 such geosect ion i n d i c e s  are needed t o  

index any ln8 by 1" geosect ion i n  comparison t o  t h e  22 l e t t e r - s p a c e s  

r equ i r ed  f o r  a l i s t i n g  such as XXoXX'XX'BN of La t i t ude  and XXX"X'XX"W 

of Longitude, 

21 



The serial  order  of successive geosect ions of any one s i z e  s p e c i f i e d  

i n  D e f i n i t i o n  6.1 has  i n  t u r n  been s e l e c t e d  p r i m a r i l y  from an end-use 

p o i n t  of view - i n  which i t  i s  recognized t h a t  by f a r  t h e i r  g r e a t e s t  

end-use i s  t o  order ,  index and i d e n t i f y  typewri t ten o r  p r i n t e d  descr ip-  

t i o n s  or  t a b u l a t i o n s  of Environmental Data. Consequently they have been 

ordered i n  the  same way t h a t  such d e s c r i p t i o n s  and t a b u l a t i o n s  a r e  most 

cowon ly  ordered; namely from l e f t  t o  r i g h t  across  h o r i z o n t a l  l i n e s  i n  

a top tQ bottom succession of l i n e s ,  o r  hence from West t o  East across  

successive t i e r s  of Geosections i n  a North t o  South progress ion  of 

those t iers.  

The way i n  which the S e x t i l e s  a r e  i d e n t i f i e d  i n  Def in i t i on  6 . l a  

has  a l s o  been s e l e c t e d  from cons ide ra t ions  of the  in t imate  r e l a t i o n s h i p  

between Longitude and T i m e s  of the  Day. That i s ,  there  i s  only one 

i n s t a n t  of t i m e  each day ( a t  Greenwich Noon) t h a t  Local T i m e s  through- 

out the  world have the  same Day-Number. Consequently i t  i s  both pos- 

s i b l e  and l o g i c a l  t o  u t i l i z e  the  Longitude subd iv i s ions  of t he  Earth 

t o  r e f l e c t  the corresponding t ime-divis ions of a day t h a t  are occurr ing 

l o c a l l y  a t  t h a t  i n s t a n t  of t i m e  throughout the  world a s  s p e c i f i e d  i n  

Def in i t i on  6. l a .  
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7 .  Pictographic  Geosection Ind ices  

These alpha-numeric ind ices  are n o t  as convenient ly  u s e f u l  as 

they might w e l l  be, however, i n  o t h e r  important r e spec t s .  They 

e s p e c i a l l y  do n o t  provide - i n  and of themselves - a d i r e c t l y  i n t e r -  

p r e t a b l e  p i c t u r e  of t he  r e l a t i v e  geographic p o s i t i o n s  of t he  geo- 

s e c t i o n s  t h a t  they r ep resen t .  Nei ther  do they provide f o r  n e a r l y  

a s  u s e f u l  automatic sensing and i n t e r p r e t a t i o n  as they w e l l  might. 

Rather, such alpha-numeric numerals f r equen t ly  need t o  be t r a n s l a t e d  

i n t o  o t h e r  forms of numerals such as :  

o Graphical p l o t s  of t h e i r  r e l a t i v e  p o s i t i o n s  as  "dots" 
o r  " s t a t i o n  c i r c l e s "  a t  p a r t i c u l a r  p o s i t i o n s  with 
r e s p e c t  t o  t h e  g r i d  l i n e s  of some s o r t  of a p i c t o r i a l  
p r o j e c t i o n  o r  map of t he  E a r t h ' s  su r f ace ;  

as w e l l  as 

o Some s o r t  of punched ho le s  o r  magnetic s ta tes  i n  ordered 
a r r a y s  of "dots" o r  "b i t s "  on punched cards  o r  magnetic 
tapes  t h a t  can be more r e a d i l y  sensed and processed by 
automatic da t a  processing machines. 

The preceding system of subdividing the  Ea r th  i n t o  success ive ly  

smaller-scale  geosect ions a l s o  fends i t s e l f ,  however, t o  a p o t e n t i a l l y  

very u s e f u l  way t o  se rve  both of t hese  o the r  kinds of purposes.  It 

has Seen s e l e c t e d  i n  l a r g e  p a r t  t o  provide f o r  t he  use of t he  following 

p i c tog raph ic  forms of numerals which, by v i r t u e  of being composed of 

simply ordered a r r a y s  of do t s ,  are a l s o  p o t e n t i a l l y  capable of being 

r e a d i l y  recorded and recognized automatical ly .  
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Pictographic Geosection Indices 

60°x600 Sextiles: 

180" 120"W 60"W 0" 60"E 120"E 180" 

90 O N  

30 O N  

30"s 

A n o n  

2x2 or "Quarter" 
Subdivisions: Subdivisions: 

3x3 or "Ninth" 

4x4 or "Sixteenth" 
Subdivisions : 

5x5 or "Twentyf if th" 
Subdivisions: 
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These p i c tog raph ic  numerals have been designed s o  t h a t  t h e y k l e a r l y  

i d e n t i f y  both of 

o The numbers of sub-geosections i n t o  which any l a r g e r  
geosect ion has  been subdivided by the numbers of d o t s  
t h a t  have been included i n  t h e i r  h o r i z o n t a l  o r  East- 
West and v e r t i c a l  o r  North-South rows of do t s ,  and 

o That p a r t i c u l a r  one of such smaller s c a l e  geosect ions 
t h a t  occurs a t  the  p o s i t i o n  represented by the  i n t e r -  
s e c t i o n  of t h e  h o r i z o n t a l  and v e r t i c a l  rows of do t s .  

For example, t h a t  1" by 1 "  geosection which has p rev ious ly  been iden- 

t i f i e d  with t h e  alpha-numeric index number AD72  can thereby w e l l  be 

i d e n t i f i e d  wi th  t h e  synonymous p i c tog raph ic  numerals 

000000 0000 0 0 
0 0 0  0 
0 0 000 0 

0 0 
00000 

These symbols d i r e c t l y  i d e n t i f y  t h i s  p a r t i c u l a r  geosect ion as being 

" the  most sou th -eas t e r ly  t w e n t y f i f t h  of t he  m q s t  south-westerly 

n i n t h  of t he  most n o r t h - e a s t e r l y  s i x t e e n t h  of t h e  y o s t  north-wester ly  

S e x t i l e  

The ou t s t and ing ly  u s e f u l  c h a r a c t e r i s t i c  of these p i c tog raph ic  

numerals i s  t h a t  they provide a d i r e c t l y  i n t e r p r e t a b l e  "picture"  of 

t he  r e l a t i v e  s c a l e - s i z e  and p o s i t i o n  of any p a r t i c u l a r  geosect ion 

re la t ive t o  a l l  o t h e r  geosect ions - a l l  without having t o  remember 

any a r b i t r a r y  naming and o rde r ing  conventions o t h e r  than t h a t  

o North i s  toward t h e  top and East i s  toward the l e f t  
of t h e  symbols, and 

o The f i r s t - o r d e r  ( S e x t i l e )  subdIvTEsion of t he  e n t i r e  
Earth i s  centered between the  Date-Line Meridians 
and the  Po le s .  

Indeed, t hese  p i c tog raph ic  numerals are l i t t l e  more than short-hand 

abbrev ia t ions  of those diagrams with which the  naming and o rde r ing  

conventions of any o t h e r  kinds of i nd ices  such as the  alpha-numeric 
numerals of Def in i t i on  6.1 u s u a l l y  need t o  be i l l u s t r a t e d .  
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These p i c tog raph ic  numerals s u f f e r  t h e  disadvantage i n  and of 

themselves, however, t h a t  i t  i s  d i f f i c u l t  t o  "pronounce" them e i t h e r  

t o  someone else o r  i n  one's own th ink ing  process .  

p o s s i b l e  with frequent  and continued use t o  t r a n s l a t e  them i n t o  t h e i r  

synonymous alpha-numeric "names", o r  even i n t o  corresponding numbers 

of degree,  minute and second measures of La t i t ude  and Longitude. 

However, the con t inua l  mental  s t r a i n  of such t r a n s l a t i o n s  c l e a r l y  

should be avoided, and w e l l  can be  by a s s ign ing  the  following 

"phonetic names" t o  the  r e l a t i v e  p o s i t i o n s  of geosect ions t h a t  are 

It might become 

i n d i c a t e d  by t h e  p i c tog raph ic  numerals. 

Phonetic N a m e s  of P i c tog raph ic  Ind ices  

one ty-  
t h i r d  

twenty- 
t h i r d  

onety- 
f o u r t h  

twenty- 
f o u r t h  

t h i r t y -  t h i r t y -  t h i r t y -  I f i r s t  1 second I t h i r d  

f o r t y -  f o r t y -  f o r t y -  f o r t y -  I- f i r s t  I second 1 t h i r d  I f o u r t h  

f i f t y -  f i f t y -  f i f t y -  f i f t y -  1' f i r s t  1 second 1 t h i r d  I f o u r t h  

onety- 
f i f t h  

twenty. 
f i f t h  

t h i r t y .  
f i f t h  

f o r t y -  
f i f t h  

f i f t y -  
f i f t h  

one ty- 
s i x t h  

twenty- 
s i x t h  

t h i r t y -  
s i x t h  

S p e c i f i c a l l y ,  t h e s e  "phonetic names'' of t h e  p i c tog raph ic  numerals 

have been formulated i n  accordance with t h e  convention t h a t  

o East-West rows of sub-sect ions are  s y s t e m a t i c a l l y  ass igned 
the  names "onety", twenty, t h i r t y ,  f o r t y  and f i f t y  i n  top 
t o  bottom o r  hence North t o  South succession,  and 

o North-South columns of sub-sect ions are assigned t h e  o r d i n a l -  
number names f i r s t ,  second, t h i r d ,  fou r th ,  f i f t h  and s i x t h  i n  
l e f t  t o  r i g h t  o r  hence West t o  East succession.  
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For example, t he  p i c tog raph ic  index number 

000000 0000 0 0 
0 0 0  0 
0 0 000 0 

0 0 
00000 

can thereby be "read" d i r e c t l y  a s  be ing  the  

" f i f t y - f i f t h  of t h e  twen ty f i f th -pa r t  subdiv is ions  of t h e  
t h i r t y - f i r s t  of t he  n i n t h - p a r t  subdiv is ions  of t he  
onety-fourth of t he  s i x t e e n t h - p a r t  subdiv is ions  of t h e  
o n e t y - f i r s t  Sex t i l e "  

o r ,  whenever the  p a r t i c u l a r  order  of subdiv is ion  i s  known, merely as 

"Geosection number onety-one, onety-four ,  t h i r ty -one ,  f i f t y - f i v e . "  

It i s  noteworthy t h a t  t hese  samples of p i c tog raph ic  numerals a r e  

much l a r g e r  i n  t h i s  d e s c r i p t i v e  and d e f i n i t i v e  d i scuss ion  than they 

w e l l  could be i n  r o u t i n e  use.  For example, t h e i r  i nd iv idua l  d o t s  could 

r e a d i l y  be reduced t o  the  s i z e  of 1 p r i n t e r ' s  p o i n t  (or 1 / 7 2  of an inch ) ,  

thereby reducing the  space r equ i r ed  by a 5x5 p i c tog raph ic  numeral t o  

about 6x6 p o i n t s  o r  1 / 1 2  of an inch square.  

o v e r a l l  s i z e  of p i c tog raph ic  numerals might w e l l  prove t o  be twice as 

b i g  as t h a t ,  o r  equ iva len t  t o  two of t he  1 / 1 2  by L/6 inch spaces  

a l l o t t e d  t o  each cha rac t e r  of t he  "elite" s i z e  of typewri t ing ,  o r  t o  

one t h i r d  of t h e i r  l i n e a r  s i z e  i n  t h i s  d i scuss ion .  

A more e a s i l y  d i s c e r n i b l e  

These p i c tog raph ic  numerals have a l s o  been designed so  t h a t  they 

For example, a r e  p o t e n t i a l l y  easy  t o  record and playback au tomat ica l ly .  

t he  72 d i f f e r e n t  p i c tog raph ic  c h a r a c t e r s  of Def in i t i on  7 . 1  might w e l l  

be produced with a s p e c i a l  t ype -ba l l  of t he  s e l e c t r i c  kind of type- 

writer. A l t e r n a t i v e l y ,  they a r e  p o t e n t i a l l y  recordable  wi th  a dot -  

ma t r ix  kind of recorder  - i n  which case  a 5x6 ma t r ix  would s u f f i c e  

and t h e  programming of only appropr i a t e  rows and columns of do t s  would 

be much s impler  than,  f o r  example, programming f o r  alpha-numeric char- 

a c t e r s .  Conversely, automatic  o p t i c a l  sens ing  and p a t t e r n  r ecogn i t ion  
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of only rows and columns of dots are potentially much simpler, less 

expensive and more reliable than the automatic recognition of alpha- 

numeric characters. 
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8. Standard Geosection Index Numbers 

These p i c tog raph ic  forms of geosect ion i n d i c e s  are expected t o  be 

most u s e f u l  f o r  cross- indexing the  h o r i z o n t a l  p o s i t i o n s  of l a r g e  amounts 

of p a r t i c u l a r  WHICH k inds  of Environmental Data i n  conjunction with map- 

l i k e  p o r t r a y a l s  of t h e i r  space-time d i s t r i b u t i o n s .  The a b i l i t y  t o  

select and use whichever sequence of successive 2, 3, 4 o r  5 f r a c t i o n a l  

subd iv i s ions  of any p a r t i c u l a r  region might b e s t  p o r t r a y  the char- 

ac t e r i s t i c  f e a t u r e s  of  t h a t  p a r t i c u l a r  WHICH kind of geospheric 

occurrences i s  expected t o  prove t o  be e s p e c i a l l y  use fu l  f o r  such 

purposes. 

The q u i t e  d i f f e r e n t  purpose of providing f o r  t he  in t e rcoord ina t ion  

of a l l  d i f f e r e n t  WHICH kinds of Environmental Data, on the  o t h e r  hand, 

tends s t r o n g l y  t o  l i m i t  t he  freedom of choice of geosect ion s c a l e -  

s i z e s .  It i s  h i g h l y  d e s i r a b l e  f o r  t h i s  purpose t o  index, o rde r  and 

f i l e  any and a l l  d i f f e r e n t  WHICH kinds of Environmental Data with 

e x a c t l y  t h e  same system of index numbers. And a t  least  f o r  many yea r s  

t o  come, t he  alpha-numeric form of geosection i n d i c e s  and/or t h e i r  

s t anda rd ized  punched card,  punched tape o r  magnetic t ape  coun te rpa r t s  

are  l i k e l y  t o  prove t o  be much more conveniently u s e f u l  f o r  such c ross -  

f i l i n g  purposes. 

Toward r e s o l v i n g  these  c o n f l i c t i n g  requirements, a t  least  one 

of t h e  s i z e s  of geosect ions t h a t  might b e  used f o r  some p ic tog raph ic  

purpose could always w e l l  be  s e l e c t e d  as being one of t h e  primary 

degree, minute o r  second s c a l e - s i z e s  of geosect ions.  This p o l i c y  

would s t i l l  provide f o r  considerable  freedom of choice of those i n t e r -  

mediate s c a l e - s i z e s  t h a t  are most c h a r a c t e r i s t i c a l l y  u s e f u l  f o r  por- 

t r a y i n g  p a r t i c u l a r  kinds of geospheric occurrences.  It  would a t  t h e  
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same t i m e  provide a t  l eas t  one common re fe rence  s c a l e  f o r  i n t e rcoor -  

d i n a t i n g  h o r i z o n t a l  p o s i t i o n s  among a l l  d i f f e r e n t  WHICH kinds of such 

da ta -po r t r aya l s .  

I n  add i t ion ,  t h e  following s tandard sequence of subd iv i s ions  of 

t he  h o r i z o n t a l  e x t e n t  of t h e  geosphere can w e l l  be adopted f o r  c ros s -  

indexing t h e  r e l a t i v e  p o s i t i o n s  of any and a l l  WHICH kinds of Environ- 

mental Data wi th  alpha-numeric ind ices .  

Standard Geosection Index Numbers (8.1) 
Sequent ia l  a r r a y s  of alpha-numeric o r  p i c tog raph ic  
ind ices ,  I,, I,, I, 0 * * In, t h a t  i d e n t i f y  p a r t i c u l a r  ones 
of the following o rde r  and s i z e  of successive geosect ion 
subd iv i s ions  of the h o r i z o n t a l  e x t e n t  of t h e  Earth:  

000000 0000 000 00000 0000 000 00000 0000 000 00000 
000000 0000 000 00000 0000 000 00000 0000 000 00000 
000000 0000 000 00000 0000 000 00000 0000 000 00000 

0000 00000 0000 00000 0000 00000 
00000 00000 00000 

U'a= 60" 15" 5" 1 "  15 '  5 '  1' 1511 511 1 1 1  

U'a= qh lh 2om 4" lm 2OS 4s lS 2OC 4c 

Th i s  p a r t i c u l a r  o rde r  of s e q u e n t i a l  subd iv i s ion  has  been s e l e c t e d  

p r i m a r i l y  t o  provide f o r  t h e  convenient whole-number r e l a t i o n s h i p  t o  

l o c a l  t i m e s  of t h e  day ind ica t ed  i n  D e f i n i t i o n  6 . l a  and the  l as t  l i n e  

of Def in i t i on  8.1. It i s  s i g n i f i c a n t  i n  t h i s  regard t h a t  t h e  systematic  

60-part  subdivis ions of t ime-l ike u n i t s  of ang le  continue beyond t h e  

second of t i m e  t o  t h e  pe r iod  of t h e  60 cycle  p e r  second frequency of 

a l t e r n a t i n g  c u r r e n t ,  c, w i th  which e l e c t r i c a l  c locks are commonly 

synchronized. Consequently t h i s  s tandard subd iv i s iona l  process  could 

w e l l  be  cont inued(in those rare in s t ances  t h a t  such an extremely f i n e  

r e s o l u t i o n  of t h e  e n t i r e  e x t e n t  of t he  Earth as t o  t h e  o rde r  of t h e  
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F'cy o r  geo foo t - l i ke  and T ' a  o r  geoinch-l ike u n i t s  of angle  might be 

u s e f u l )  i n  accordance with: 

11 1 11 2 '13 '14 '1 6 

0000 00000 00000 000 0000 
0000 00000 00000 000 0000 
0000 00000 00000 000 0000 
0000 00000 00000 0000 

00000 00000 

U' cy = 0.25" 0.05" 0.0 1" (1 /300) ' I  ( 1  /1200> " 

U'cy = lC 0.2c 0.04' 

U t a =  25F'a  5F ' a  1 F ' a  4T'cy 1 T '  cy 

The alpha-numeric form of Index Numbers f o r  such extremely small 

Geosections would then look l i k e  the  Index Number 

or  

AAlaAlaAlaAaalA 
AAla Ala Ala AaalA 
AAlA A1A A1A AAAlA 

f o r  t h a t  most no r thwes te r ly  Geosection which extends one inch (or only 

one thumbwidth!) southward from the  North Pole along the  Date-Line 

Meridian. 

and lower case l e t t e r s  were n o t  a v a i l a b l e .  The spaces of the second 

and t h i r d  a l t e r n a t i v e s  serve  wel l  t o  help i d e n t i f y  each successive 

order of subd iv i s ion  wi th  r e s p e c t  t o  the Primary Degree, Minute and 

Second s c a l e s  of subdivis ion.  

The t h i r d  of these  a l t e r n a t i v e s  would be used i f  both upper 

This extreme degree of r e s o l u t i o n  t o  the  ord.er of each "square 

inch" of the E a r t h ' s  s u r f a c e  can a c t u a l l y  be r e a l i z e d  i n  those regions 

i n  which the La t i tudes  and Longitudes of t r i a n g u l a t i o n  survey bench- 

marks a r e  assigned values  t o  the thousandth p a r t  of a second of a r c  or  

t o  the  t e n t h  p a r t  of a geofoot.  

i t  s u f f i c e s  t o  i d e n t i f y  the  p o s i t i o n s  of Observing S t a t i o n s  wi th  much 

I n  the  v a s t  ma jo r i ty  of uses,  however, 
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shorter index numbers. For example, the needs of synoptic-scale and 

much of meso-scale meteorology can well be served with seven digit 

index numbers such as 

AAlaAla 
AAla Ala 
AAlA A1A 

or 000000 0000 000 00000 0000 000 00000 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 
0 0 

for that most northwesterly Geosection that extends 1 minute or 
1 geomile southward from the North Pole along the Date-Line Meridian. 

Indeed, it is frequently desirable to use only as many indices as 

are required to uniquely identify each station in any particular listing 

of Environmental Data. For example, the originating stations of the 

generalized analysis kinds of Environmental Data such as this paper can 
well be identified with Universities. The locale of all Universities 

could then well be cross-indexed with respect to each other (as well as 

all other WHICH kinds of Environmental Data) as in the following 

alphabetically-ordered listing of the uniquely differing Standard 
Geosection Index Numbers and Pictographic Indices of a few of them. 

University of Wyoming 
Laramie 

Calorado State University 
Fort Collins 

Colorado University 
Boulder 

Colorado School of Mines 
Golden 

University of Northern 
Colorado, Greeley 

Denver University 
Denver, Colorado 

BQ3u oooooo o 000 0 
0 0 0 0 
0 0 0 0 

0000 00000 
0 

BQ3zI 

BQ3zT 

BQ6e 

BRlv 

BR4a 

0 0 
0 0000 
0 0 
0 0 

00000 

0 
0 
0 

0000 

0 
000 
0 

0 000 
0 0  
0 0  
0000 

0 
000 
0 
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In conclusion, the alpha-numeric indices (and, by positional 

inference, the pictographic indices) of such Standard Geosection 
Index Numbers are explicitly identified in the following Defin- 
ition 8.2. Hopefully this definition and a l l  that it implies 

will be found by others to be as widely useful as they promise 
to be for indexing and cross-indexing any and a l l  kinds of 
Environmental Data and associated activities throughout the 
Geosphere. 
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Standard Geosection Ind ices  

I, I, I, I, I, I, I, I, I, I,, of the following 

60" 15"  5" 1" 15'  5'  1' 15'' 5" 1" successive s i z e s  of 
geosections:  

11 

90 O N  

30 "N 
30"s  
90 "s  

I,I, Degrees 
I,I, Minutes, 
I, I, Seconds : 

60- 

55- 
50- 
45 - 
40 - 
35- 
30- 

25 - 
20- 
15- 

10- 
5- 
0- 

I, Degrees 
I, Minutes 
I, $econds 

E 
d 
0 z 

¶ 

2 

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

0 9 8 7 6 5  

5 4 3 2 1 0  
1 1 1 1 1 1  

0 1 2 3 4 5  

Degrees, Minutes o r  Seconds WEST 
0 co 
rl 
I 
0 
N 
rl 

I 
0 
W 

o m 0  
W m m  
rlrlrl 
I l l  

o m 0  
o m m  
rl 
I l l  

o m 0  
4 - m m  
1 1 1 - u  

B IC 30"-90" * A 

25 " -85  " 
20 " -80  " 
15 " -75"  

10  " -70"  
5"-65" 
0" -60"  

55 " 
50 " 
45 " 

4 0  " 
35 " 
30 " 

0 m o m  o m 0  m o l  
rlrl N N m  m.t. 

I I I  I l l  I l l  
0 m o m  o m 0  m o l  

W b b  c o c o a  m o (  

o m 0  
m N N  
rlrlrl 
I l l  o m 0  b m W  
I l l  
o m 0  
rl 

WE ST 

0-5 
1-6  ~ 

2-7 ~ - l  

3-8 E 
4-9 
5-0  

EAST 

e4 30" - 0  

VI 

60" -  0" -30 
k 

70"-10" -40 $ 

80"-20" -50 z 
85"-25" -55 
90"-30° -60 

o m 0  
m m W  
I l l  o m 0  

r l r l N  
rlrlrl 
I l l  

o m 0  
b b c o  

1 rll-lrl 

Degrees, Minutes o r  Seconds EAST 
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