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This r e p o r t  i s  one of a s e r i e s  on Informatic  Data Research 
a t  the  Univers i ty  of Wyoming. The purpose of t h i s  program is  t o  
e s t a b l i s h  the p r i n c i p l e s  and p r a c t i c e s  of u t i l i z i n g  newly poss ib le  

informat ic  ways of represent ing  l a rge  sequences of numbers 
as concise  complete "pictures"  or p o r t r a y a l s  of 

information which can be acquired,  processed, recorded and re- 
processed i n  nurcerical d e t a i l  on ly  wi th  appropr i a t e  

automatic equipment i f  s c i e n t i f i c  and engineer ing ope ra t ions  
are t o  become more economically e f f e c t i v e .  
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Introduct ion.  This r e p o r t  desc r ibes  an experimental  u se - t e s t  of 
t h e  p o s t u l a t e  t h a t  t h e  r ap id ly  growing s t o r e  of hour ly  p rec ip i t a -  
t i o n  d a t a  can advantageously be compiled i n  a novel "informatic" 
form. 

"SIPLIC" Notations.  The s p e c i f i c  "SIPLIC" kind of informatic  d a t a  
t o  be t e s t e d  c o n s i s t s  of a combination of 
2.1 "Incrementally Continuous" Notations,  
2.2 "Scaled Incremental" Notations and 
2.3 " P e r i o d i c a l l y  Labelled" Notations . 
Examples. The f e a s i b i l i t y  of automatical ly  convert ing e x i s t i n g  
punched-card s t o r e s  of d a t a  has  been v e r i f i e d  by compiling t h i r t e e n  
y e a r s  of hour ly  p r e c i p i t a t i o n  d a t a  i n  SIPLIC form f o r  each of  fou r  
s t a t i o n s  with an IBM 1620 computer and an appropr i a t e ly  modified 
typewr i t e r  . 
Evaluation. These examples demonstrate t h a t  t h i s  SIPLIC form of 
d a t a  can provide an e f f e c t i v e  combination of 
0 "shades and shadows" p o r t r a y a l s  of p r e c i p i t a t i o n  p a t t e r n s  , 

extremely concise  compilations of l a r g e  amounts of numerical d a t a ,  
0 good p o t e n t i a l i t i e s  f o r  f a s t  and f l e x i b l e  automatic reading and 

conveniently complete dep ic t ions  of numerical va lues  of times 
q u a n t i t a t i v e  reprocessing of t h e  d a t a ,  and 

and amounts of p r e c i p i t a t i o n .  

Immovements . These examples a l s o  i n d i c a t e  needs t o  improve them 
by developing and u t i l i z i n g  
5.1 "Delayed Accounting" Notations f o r  each occurrence,  appropr i a t e  
5.2 Units  of Resolution, 
5.3 "Uadic" Label l ing of amounts of p r e c i p i t a t i o n ,  and improved 
5.4 T h i z  and Date i a b e i s .  

Conclusions. It is  concluded t h a t  t h e  SIPLIC form of  d a t a  could 
now w e l l  be u t i l i z e d  t o  compile ex tens ive  p o r t r a y a l s  of p rec ip i -  
tat ion-gage d a t a ,  and t h a t  concurrent developments of a s soc ia t ed  
equipments would enhance i t s  f u t u r e  u t i l i t y  f o r  t h i s  and o t h e r  
k inds  of da t a .  
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"SIPLIC" FORMS OF 

HOURLY PRECIPITATION DATA 

1. In t roduct ion  

The work reported upon he re  is p a r t  of a long-range program of 

The goal  of "Informatic  Data Research" at the Univers i ty  of Wyoming. 1'2 

t h i s  o v e r a l l  program i s  t o  develop newly poss ib l e  automatic ways of acqui r ing  

and processing the  l a r g e  amounts of q u a n t i t a t i v e  d a t a  required t o  dep ic t  the  

na tu re  of occurrences throughout t he  Earth-centered p a r t  of t h e  universe ,  o r  

throughout the  "geosphere." 

with newly p rac t i cab le  l ' informatic" forms of numerals with which: 

The approach t o  t h i s  problem i s  t o  experiment 

6 more complete geospheric data  can be more r e a d i l y  acquired,  
processed and portrayed with p o t e n t i a l l y  s i m p l e  and inexpensive 
equipment, and 

u s e f u l l y  i n t e r p r e t e d  manually. 
e t h e  information contained i n  such d a t a  can be more r e a d i l y  and 

The prec ip i ta t ion-gage  data of i n t e r e s t  here  i s  being acquired with 

a nationwide network of  continuously recording r a i n  gages which was i n i t i a t e d  

i n  1939 by t h e  Corps of Engineers i n  cooperat ion with the  Weather Bureau, the  

Bureau of Reclamation and o the r s .  

szd prscfpitatfon aiounts at hoiirly intervals, or about 8,766 bour iy  d a t a  

p o i n t s  p e r  year ,  are obtained from each gage. The s t o r e  of b a s i c  p rec ip i -  

t a t i o n  d a t a  is  thus  increas ing  a t  a r a t e  of about 26,000,000 d a t a  po in t s  per  

yea r ,  and of the  order  of 650,000,000 d a t a  poin ts  have a l ready  been accumu- 

l a t e d  i n  the  25 year  period from 1940 t o  1965. 

This network conta ins  more than 3,000 gages, 
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... 

This d a t a  is c u r r e n t l y  being compiled i n  two bas i c  ways. F i r s t ,  

the  Weather Bureau has  been publishing monthly b u l l e t i n s  of hourly pre- 

c i p i t a t i o n  d a t a  f o r  each state s ince October 1961. These b u l l e t i n s  (by 

v i r t u e  of u t i l i z i n g  small 3-point type and d e l e t i n g  a l l  s ta t ion-days  i n  

which p r e c i p i t a t i o n  amounts were less than 0.01 inches)  t y p i c a l l y  t a b u l a t e  

a l l  hour ly  p r e c i p i t a t i o n  amounts during a month f o r  about 50 s t a t i o n s  per  

state on th ree  8-1/2 by 11 inch pr in ted  pages. 

c i p i t a t i o n  amounts s ince  J u l y  1948 have been recorded on punched cards  f o r  

some 2,500 t o  3,000 gages. 

cards  are required f o r  each day for  each gage and the  s t ack  of cards  f o r  

one gage f o r  one year i s  t y p i c a l l y  about two inches th i ck .  

Second, a l l  hourly pre- 

In  t h i s  form, two 80 column 3-1/4 by 7-3/8 inch 

These two ways of compiling p r e c i p i t a t i o n  d a t a  leave much t o  be 

Espec ia l ly ,  ne i the r  of them convey a clear idea  of t he  des i r ed ,  however. 

space-time d i s t r i b u t i o n s  o f  p rec ip i t a t ion .  

as a s t o r e  of b a s i c  d a t a  from which more g raph ica l  o r  p i c t o r i a l  representa-  

t i o n s  can be, and almost invar iab ly  must be,  formed. In  c o n t r a s t ,  the  work 

repor ted  upon he re  is  predicated upon the  pos tu l a t e  t h a t  t h i s  bas i c  s t o r e  

of d a t a  can be compiled i n  a siogle, more concise ,  "informatic" form which 

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

Rather ,  they both serve pr imar i ly  

The f i r s t  experimental  tes t  of t h i s  pos tu l a t e  f o r  p r e c i p i t a t i o n  

A second test  r e s u l t e d  i n  t h e  d a t a  was reported upon3 i n  September 1962. 
development of t he  "SIPLIC" form of d a t a  t o  be use- tes ted he re  and was 

repor ted  upon b r i e f l y  

and i s  a p e c i f i c a l l y  intended ( i j  t o  provide a i a r g e r  sample of houriy pre- 

c i p i t a t i o n  

matic procedures f o r  producing it  from t h e  punched-card s t o r e  of hour ly  

p r e c i p i t a t i o n  data .  

4 i n  August 1963. The t h i r d  test  i s  reported upon here 

d a t a  i n  t h i s  promising "SIPLIC" form and (2) t o  e s t a b l i s h  auto- 
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2. "SIPLIC" Notations 

The name "SIPLIC", w i t h  which t h i s  form of n o t a t i o n  i s  i d e n t i f i e d  

s tands f o r  a '*Scaled Incremental ,  P e r i o d i c a l l y  Labelled,  Incrementally 

Continuous" kind o f  d a t a .  Brief ly ,  "Incrementally Continuous" s t ands  f o r  

a kind of d a t a  i n  which sequences of t h r e e  and only th ree  d i s t i n c t i v e  

numerals are u t i l i z e d  t o  designate (1) t h a t  t he  value of t h e  independent 

o r  o r d i n a l  v a r i a b l e  such as time has  increased by un i ty ,  and (2) t h a t  t h e  

value of t he  dependent v a r i a b l e  has changed i n  one of t h r e e  poss ib l e  ways 

such as p lus  o r  minus u n i t y  o r  zero. "Scaled Incremental" r e f e r s  t o  d a t a  

i n  which s imilar  numerals a r e  u t i l i z e d  t o  i n d i c a t e  incremental  changes of 

t h e  va lues  of t he  h ighe r  o r d e r  d i g i t s  of the dependent numbers. 

Labelled" r e f e r s  t o  d a t a  i n  which " f u l l  values" of both v a r i a b l e s  are 

e x p l i c i t l y  i d e n t i f i e d  a t  per iodic  i n t e r v a l s .  

" P e r i o d i c a l l y  

2.1 "Incrementally Continuous" Notations 

The kind of "Incrementally Continuous" n o t a t i o n  which i s  being 

t e s t e d  he re  d e p i c t s  hour ly  p r e c i p i t a t i o n  amounts as i l l u s t r a t e d  i n  Figure 1 

f o r  a one-month per iod.  The exis tence of  a mark of any s i z e  i n d i c a t e s  t h a t  

t i m e  h a s  increased by one hour i n  a l e f t - t o - r i g h t  succession of 24 marks 

f o r  t h e  24 hourly i n t e r v a l s  of each day, and i n  a top-to-bottom succession 

of h o r i z o n t a l  l i n e s  f o r  successive days. The t h r e e  d i f f e r e n t  sizes  of these  

marks denote occurrences o f  p r e c i p i t a t i o n  i n  accordance with t h e  following 

meanings 

Large Mark: 

Medium Mark: 

Small Mark: -- 

A t  least  0.01 inches of p r e c i p i t a t i o n  occurred during 
t h i s  hour ,  and 0.01 inches of t h a t  occurrence i s  being 
accounted f o r  with t h i s  mark. 

No p r e c i p i t a t i o n  occurred during t h i s  hour bu t  0.01 
inches of p r e c i p i t a t i o n  has  occurred during some 
previous hour,  it has no t  previously been accounted 
f o r ,  and it i s  being accounted f o r  with t h i s  mark. 

No p r e c i p i t a t i o n  occurred during t h i s  hour and previous 
occurrences of p r e c i p i t a t i o n  have previously been 
accounted f o r  

For example, t he  large and medium marks a t  the p o s i t i o n  of t h e  6 t h  

and 7th hours i n  t h e  l i n e  f o r  the 11th day i n  Figure 1 denote an occurrence 

of 0.02 inches of p r e c i p i t a t i o n  on the  6 t h  hour of t h a t  day. S imi l a r ly ,  

3 
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0.02 inches are ind ica t ed  as having occurred on t h e  24th hour of t h e  11th 

day and 0.01 inches occurred on the 8 t h  hour of t h e  23rd day. 

also occurred on t h e  15, 16, 17,  18 and 19th hours  of  t he  23rd day and on 

the  3rd hour of the 24th day and (as ind ica t ed  by a succession of 25 l a r g e  

and medium marks) t h e  t o t a l  accumulation of p r e c i p i t a t i o n  during t h i s  storm 

was 0.25 inches.  S i m i l a r l y ,  0.03 inches of p r e c i p i t a t i o n  i s  ind ica t ed  t o  

have occurred on t h e  24th hour of t h e  26th day and the  1st hour of t he  27th 

day; 0.01 inches occurred on t h e  t h i r d  hour of t he  27th day; and a storm 

l a s t i n g  from the  4 t h  through the 17th hours  of t h e  28th day l e t  up during 

t h e  13th hour and produced a t o t a l  of 0.55 inches of p r e c i p i t a t i o n .  

P r e c i p i t a t i o n  

2.2 "Scaled Incremental" Notations 

Such I '  Incrementally Continuous'' n o t a t i o n s  i n  and of themselves 

s u f f e r ,  however, from two major shortcomings. F i r s t ,  the  manually counting 

of l a r g e  numbers of marks i s  too d i f f i c u l t  t o  permit convenient determinat ion 

of  numerical amounts of p r e c i p i t a t i o n  o r  of t h e  t i m e s  of t h e i r  occurrence.  

Second, t h i s  kind of n o t a t i o n  by i t s e l f  provides no way of checking f o r  

poss ib l e  e r r o r s  i n  automatic readings of t h e  d a t a .  

Both of t hese  shortcomings can be l a r g e l y  e l imina ted ,  however, by 

u t i l i z i n g  a "Scaled Incrementalt '  n o t a t i o n .  

"scal ing" mark i s  i n s e r t e d  i n  t h e  space following each incremental  mark a t  

which the  accumulated amount of p r e c i p i t a t i o n  reaches 0.10 inches.  For 

example, s c a l i n g  marks of t h i s  kind i n  Figure 2 i n d i c a t e  that  the aiiioiiiit of 

accumulated p r e c i p i t a t i o n  during t h e  month reached 0.10 inches on the  19th 

hour of t h e  23rd day; t h a t  i t  reached 0.20 and 0.30 inches during the  storm 

on t h e  23rd and 24th days; t h a t  it reached 0.40, 0.50, 0.60, 0.70 and 0.80 

inches on t h e  storm of  the 27th day; and t h a t  t h e  t o t a l  accumulation during 

t h e  month w a s  0.80 inches plus nine increments of 0.01 inches,  o r  0.89 inches. 

A s  used h e r e ,  a medium s i z e  

In  a d d i t i o n ,  every tenth one of t hese  medium s i z e  s c a l i n g  marks i s  

replaced i n  subsequent i l l u s t r a t i o n s  by a l a r g e  s i z e  s c a l i n g  mark. These 

l a r g e  s c a l i n g  marks thus  indicate  d i r e c t l y  those p o s i t i o n s  i n  the  d a t a  a t  

which accumulative amounts of p r e c i p i t a t i o n  f i r s t  reach i n t e g r a l  m u l t i p l e s  

of 1.00 inches.  
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Such s c a l i n g  marks ev iden t ly  provide a convenient means of checking 

f o r  e r r o r s  of automatic reading s ince t e n  occurrence and/or accounting incre-  

ments should always be read and counted between successive s c a l i n g  marks. 

They a l s o  e v i d e n t l y  provide a convenient counting a i d  f o r  manually de t e r -  

mining the  t o t a l  amount of p r e c i p i t a t i o n  during any p a r t i c u l a r  storm o r  

during any o t h e r  not-too-long period which might be of i n t e r e s t .  

c l e a r l y ,  however, they do no t  of themselves provide as convenient a counting 

a i d  as might be d e s i r e d  f o r  manually determining numerical va lues  of l a r g e  

amounts of p r e c i p i t a t i o n .  Neither do they h e l p  t o  i d e n t i f y  which s p e c i f i c  

days of t he  year correspond with p a r t i c u l a r  h o r i z o n t a l  l i n e s  of t he  incre-  

mental marks. 

J u s t  as 

2.3 "Pe r iod ica l ly  Labelled" Notations 

This shortcoming can be e l imina ted ,  however, by " P e r i o d i c a l l y  

Labelling' '  such "Scaled Incremental, Incrementally Continuous'' d a t a .  A 

method of doing BO is i l l u s t r a t e d  i n  Figure 3 i n  which numbers of days are 

l a b e l l e d  on the  l e f t  and amounts of  p r e c i p i t a t i o n  are l abe l l ed  on the r i g h t .  

Both of t h e s e  l a b e l s  u t i l i z e  an "Iadic"  o r  "Incrementally Alter- 

n a t i n g  Dash" form of numerals. S p e c i f i c a l l y ,  accumulative amounts of 

p r e c i p i t a t i o n  are l a b e l l e d  on t h e  r i g h t  with "pentiadic" numerals which 

r ep resen t  t h e  f i v e  poss ib l e  values of a r ad ix - f ive  numerical d i g i t  with 

f i v e  d i f f e r e n t  thickness  (including zero)  of v e r t i c a l  l i n e s  c a l l e d  " i a d i c  

dashes .I1 That i s  : 

a zero- thickness  s t ands  f o r  0 o r  5 i n  t he  numbers 0,  5 ,  10, 15,***; 

a double- t h i ckness  I 1  I1 2 or 7 11 II 11 2 ,  7 ,  1 2 ,  17,"';  
a t r i p l e - t h i c k n e s s e s  I '  II 3 or 8 I 1  II II 3 ,  8, 13,  18,***; 
a quadruple-thicknesses II 4 or g 11 11 4 ,  9, 14, 19,***; 

a s ing le - th i ckness  11 I t  1 or 6 I t  I 1  11 1, 6 ,  11, 16,***; 

I I  

For example, t h e  zero-thickness-dash ind ica t ed  by the  Arabic 

numeral 0 on the r i g h t  of  Figure 3 i d e n t i f i e s  those days i n  which the  y e a r l y  

accumulation of p r e c i p i t a t i o n  has n o t  y e t  reached one inch; t h e  s ing le -  

thickness-dtx ' .  i nd ica t ed  by the  Arabic numeral 1 i d e n t i f i e s  those days i n  

which t h e  accumulation i s  one inch o r  more bu t  has  no t  y e t  reached two inches;  

t h e  succeeding double-thickness-dash i d e n t i f i e s  days i n  which two but  not  y e t  

t h r e e  whole inches have been accumulated, and so  f o r t h .  The " iadic"  o r  

"incrementally a l t e r n a t i n g  dash"  name f o r  t h i s  kind of  no ta t ion  re f lec ts  the 
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f a c t  t h a t  whole numbers of inches of  accumulation can be determined most 

e a s i l y  by counting the  number of changes (or " a l t e r a t i o n s " )  of th ickness  

of the "dashed" l a b e l l i n g  l i n e .  

A similar " t r i a d i c "  o r  " sca l e  of t h ree  iadic"  no ta t ion  is used on 

the  l e f t  of Figure 3 t o  l a b e l  the months of the  year .  In  t h i s  case:  

o the  zero-thickness of dash des igna tes  the  "zeroth",  t h i r d ,  s i x t h  and 
n in th  months of January, A p r i l ,  J u l y  and October; 

e a s i n g l e  th ickness  of dash des igna tes  the  f i r s t ,  f o u r t h ,  seventh 
and t en th  months of February, Hay, August and November; and 

o a double th ickness  of dash des igna tes  the  second, f i f t h ,  e ighth  
and e leventh  months of March, June, September and December. 

F i n a l l y ,  a "biadic"  or  "scale-of-two iadic"  no ta t ion  i s  i l l u s -  

t r a t e d  i n  Figure 3 f o r  l a b e l l i n g  the  s e r i a l  numbers of t he  days of t he  year .  

As used i n  Figure 3,  t he  zero-thicknesses of t h i s  b i ad ic  numeral des igna te  

t h a t  t h e  value of t h e  u n i t s  d i g i t  of such a s e r i a l  number i s  0, 1, 2 ,  3 ,  or  

4 ;  and i t s  s ingle- th icknesses  designate  t h a t  the  value of  i t s  u n i t s  d i g i t  i s  

5, 6 ,  7 ,  8 o r  9. 
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3. Examples 

This kind of SIPLIC no ta t ion  has  been used t o  compile the  hour ly  

p r e c i p i t a t i o n  data throughout the t h i r t e e n  year  per iod from 1949 through 

1961 f o r  each of the  four  continuous p r e c i p i t a t i o n  gage s t a t i o n s  i n  Casper,  

Cheyenne, Lander and Sheridan, IgJyoming. 

he re  a s  F igures  4, 5, 6 and 7,  respec t ive ly .  

p r e c i p i t a t i o n  d a t a  produced previously f o r  t h e  four  year  per iod from 1958 

through 1961 a t  Laramie, Wyoming has  been i n s e r t e d  (but no t  l a b e l l e d )  as 

Figure 8 on the  page fol lowing Figure 7. 

These compilat ions are presented 

I n  add i t ion ,  t he  hour ly  

A l l  of t hese  compilations have been produced by f i t t i n g  a type- 

writer with custom-made type faces  f o r  each of t he  d e s i r e d  cha rac t e r s .  

Eleven d i f f e r e n t  c h a r a c t e r  keys were made by m i l l i n g  out  t he  undesired 

po r t ions  of blank type f aces  which, i f  used i n  t h e i r  ‘blank form, would have 

completely blackened a typed page. 

s i z e s  of increments;  t he  four  poss ib le  combinations of t h e  l a r g e r  two 

increments and the  t w o  s i z e s  of succeeding incremental  s c a l i n g  marks; and 

t h e  four  poss ib l e  th icknesses  (other than zero)  of t he  i a d i c  l a b e l l i n g  

numerals . 

These e leven  c h a r a c t e r s  were: the  t h r e e  

The s i z e  of these  compilations as o r i g i n a l l y  typed a r e  ind ica t ed  

by f u l l  s i z e  reproduct ions  i n  Figures 1 and 2. 
r educ t ion  of t h e  o r i g i n a l  typing and Figures  4 through 8 have been reduced 

photographica l ly  t o  about one-eighth of t h e i r  o r i g i n a l  s i z e .  

columns of t hese  f i g u r e s  as o r i g i n a l l y  typed are more than f i v e  f e e t  long. 

Figure 3 i s  a h a l f - s i z e  

The y e a r l y  

The four-year compilation f o r  Laramie (Figure 8) w a s  produced by 

manually typing each of i t s  more than 35,000 incremental  d a t a  poin ts .  

experience c l e a r l y  demonstrated one of t he  b a s i c  c h a r a c t e r i s t i c s  of t he  

informat ic  forms of d a t a ;  namely t h a t  t he  i t e r a t i v e  process  of forming them 

i s  w e l l  s u i t e d  t o  simple-minded machines but  i s  much too  ted ious  f o r  r o u t i n e  

manual accomplishment. 

o f f e r e d  by t h i s  o r i g i n a l  sample of SIPLIC d a t a  depended upon e s t a b l i s h i n g  

automatic  ways of forming it. 

through 7 were typed with a modified e l e c t r i c  typewri te r  a t  t he  output  of 

an IBM 1620 computer which was programmed t o  u t i l i z e  the  Nat ional  Weather 

Records Center’s  punched-card s t o r e  of hour ly  p r e c i p i t a t i o n  data .  

That 

Consequently any f u t u r e  u t i l i z a t i o n  of the  promise 

Toward t h i s  end, t he  compilat ions of Figure 4 
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It was found t h a t  one of t h e  most t i m e  consuming p a r t s  of t h e  

process of forming the following four i l l u s t r a t i o n s  w a s  t h e  need t o  r e - s o r t  

t he  ca rds  i n t o  proper chronological order  and, e s p e c i a l l y ,  t o  check f o r  

dup l i ca t ions  and/or missing cards  i n  t h e  punched-card decks. 

found t o  be necessary t o  punch spec ia l  "end of month" ca rds  f o r  those c a s e s  

i n  which no p r e c i p i t a t i o n  occurred on the  l a s t  day of t h e  month. The c a r d s  

f o r  one year  of d a t a  from one s t a t i o n  were loaded i n  t h e  IBM 1620 computer 

a t  a t i m e ,  and it  took i t  approximately one hour t o  automatical ly  type out 

t he  corresponding y e a r l y  column of d a t a  i n  SIPLIC form. 

It w a s  a l s o  
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HOURLY PRECIPITATION AMOUNTS 
-SIPLIC NOTATION- 

Casper W.B. AJ? 1949-1961 

Casper. Wyoming 

Fig. 4 



HOURLY P RECl PITATION AMOUNTS 
-SIPLIC NOTATION- 

Cheyenne W.B. A.I? 1949-1961 

Cheyenne. Wyoming 

Fig, 5 



HOURLY PRECIPITATION AMOUNTS 
- SlPLlC NOTATION- 

Lander W.B. A.P 1949-1961 

Lander, Wyoming 

Fig. 6 



HOURLY PRECIPITATION AMOUNTS 
- SlPLlC NOTATION- 

Sheridan WB. A.P 1949-1961 

Sheridan. Wyoming 

Fig. 7 



HOURLY PRECIPITATION 
Laramie. Wyoming 

1 9 5 8 - 1 9 6 1  

UNITS OF RESOLUTION: 
Time -Horizontally I hour 

Vertically I day 
Precipitation- Horizontally 0.01 inches 

Scaling 0.1 inches 
Vertically 1.0 inches 



4 .  Evaluation 

These examples ev iden t ly  v e r i f y  the p o s t u l a t e  t h a t  a SIPLIC kind 

of n o t a t i o n  would be u s e f u l  f o r  compiling p r e c i p i t a t i o n  d a t a .  

provides a "shades and shadow" kind of p o r t r a y a l  i n  which per iods of 

occurrence of p r e c i p i t a t i o n  appear as darkened a r e a s  and amounts of p rec ip i -  

t a t i o n  are proport ional  t o  the ex ten t  of darkening. In  u s e f u l  e f f e c t ,  the 

dark "shades" of t hese  p o r t r a y a l s  can be thought of as corresponding t o  the  

''shadows" which would be c a s t  by pegs e rec t ed  f o r  each occurrence t o  a h e i g h t  

above the  paper i n  proport ion t o  the amount of t h a t  occurrence.  

It e s p e c i a l l y  

The many advantages of conciseness of d a t a  are a l s o  provided as 

an inhe ren t  by-product of t h i s  "shades and shadows'' c h a r a c t e r i s t i c .  A s  with 

ha l f - tone  reproductions of photographs i n  newspapers and magazines, t h i s  

c h a r a c t e r i s t i c  i s  enhanced by reducing t h e  s i z e s  and spacing of i nd iv idua l  

marks t o  below the  l i m i t  of r e so lu t ion  of t he  unaided eye. Consequently 

very l a r g e  amounts of numerical  da t a  can very advantageously be presented 

i n  t h i s  way on s i n g l e  s h e e t s  of  paper f o r ,  e s p e c i a l l y ,  t h e  pat tern-recogni t ion 

kinds of i n t e r p r e t a t i o n  a t  which man i s  most adept.  

For example, l i t t l e  more than a glance a t  Figures  4 through 7 i s  

r equ i r ed  t o  determine th ings  such as when the  l a r g e s t  storms occurred i n  

t h i s  t h i r t e e n  year  per iod,  which of t hese  years  were the d r i e s t  and wet tes t ,  

what t h e  general  seasonal p a t t e r n s  of p r e c i p i t a t i o n  are a t  each s t a t i o n  and 

how they vary from s t a t i o n  t o  s t a t i o n  and from year  t o  year .  As a s p e c i f i c  

example, much less p r e c i p i t a t i o n  i s  c l e a r l y  seen t o  be a s soc ia t ed  with 

ind iv idua l  storms a t  Casper than a t  Cheyenne, Lander o r  Sheridan. It i s  

also evident  t h a t  s i n g u l a r i t i e s  (or p a r t i c u l a r  d a t e s  on which storms tend 

t o  be e s p e c i a l l y  i n t e n s e )  

c i p i t a t i o n  p a t t e r n  during these  t h i r t e e n  yea r s  a t  any of t hese  fou r  s t a t i o n s  

are not a dominant c h a r a c t e r i s t i c  of t he  pre- 

In  add i t ion  t o  t h e i r  u t i l i t y  f o r  pa t t e rn - recogn i t ion ,  these kinds 

of p o r t r a y a l s  can e v i d e n t l y  also serve as a complete s t o r e  of numerical 

p rec ip i t a t ion -gage  d a t a  f o r  q u a n t i t a t i v e  use by both man and machine. 

a d a t a  s t o r e  would be except ional ly  concise  s ince  only about 8(0.37) o r  

about  t h ree  square inches of paper are required f o r  each s t a t i o n  year  of 

Such 
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d a t a  i n  Figures  4 through 8. 
inch page, o r  about 93 square inches of paper,  i s  r equ i r ed  f o r  each s t a t i o n  

year  of d a t a  i n  t h e  format of t h e  monthly b u l l e t i n s .  

d a t a  r e q u i r e s ,  t y p i c a l l y ,  about 200(3-1/4) (7-3/8) o r  nea r ly  4,800 square 

inches of punched ca rds ,  each of which i s  from t h r e e  t o  f i v e  times as t h i c k  

as usual  pieces  of paper. 

of about e i g h t  inches i s  less than the  length of magnetic t ape  which would 

be required t o  record t h e  8,766 hourly d a t a  po in t s  i n  a year  even with an 

extreme l i n e a l  packing d e n s i t y  of 1,000 c h a r a c t e r s  pe r  inch. 

I n  comparison, nea r ly  an e n t i r e  8-1/2 by 11 

This  same amount of 

Indeed, t he  length of a one-year SIPLIC column 

I n  t h i s  regard,  every e f f o r t  has  been made t o  provide f o r  as simple 

and convenient automatic processing of t h e  SIPLIC form of d a t a  as p r a c t i c a b l e .  

It i s  only necessary t h a t  an o p t i c a l  scanning device be ab le  t o  d i s t i n g u i s h  

between t h r e e  s i z e s  of incremental marks i n  o rde r  (1) t o  d e t e c t  the large-  

mark i n d i c a t i o n s  of t i m e s  of occurrences,  (2) t o  eva lua te  times of occur- 

r ences  by counting marks without  regard t o  s i z e ,  and (3) t o  eva lua te  amounts 

of p r e c i p i t a t i o n  by counting t h e  numbers of medium and l a r g e  s i z e  marks. I n  

a d d i t i o n ,  t h e  forms of both t h e  sca l ing  marks and the  i a d i c  l a b e l l i n g  nota- 

t i o n s  have been s e l e c t e d  l a r g e l y  f o r  the p o t e n t i a l  convenience of automatic 

reading and error-checking. 

scanning with t e l ev i s ion - type  cameras o f f e r s  p o t e n t i a l i t i e s  f o r  excep t iona l ly  

f a s t  and f l e x i b l e  automatic processing of t h i s  kind of da t a .  

It is noteworthy i n  t h i s  regard t h a t  o p t i c a l  

F i n a l l y ,  t he  manual i d e n t i f i c a t i o n  of p a r t i c u l a r  numerical quant i -  

ties seems exceptlenally c m v e ~ i e n t  for such a concise s t o r e  of d a t a  wi th  

both automatic reading and pat tern-recogni t ion c h a r a c t e r i s t i c s .  For example, 

whole inch va lues  of accumulations are r e a d i l y  determinable by counting f i r s t  

t h e  f ive- inch and then the one-inch increments as ind ica t ed  by t h e  changes of 

t h i ckness  of t h e  p e n t i a d i c  l a b e l l i n g  l i n e s .  

amounts can then be r e a d i l y  estimated by v i s u a l l y  p ro ra t ing  t h e  dark areas 

between those changes of l a b e l l i n g - l i n e  thickness .  A magnifying g l a s s  can  

then  be u t i l i z e d  t o  good advantage whenever s p e c i f i c  numbers of days,  hours  

and hundreths of inches of p r e c i p i t a t i o n  are r equ i r ed .  I n  t h a t  ca se ,  f o r  

example, accumulative amounts throughout t h e  year  can r e a d i l y  be determined 

by (1) f ind ing  the  n e a r e s t  large o r  1.0 inch s c a l i n g  mark (which always occurs 

oppos i t e  a change of thickness  of t he  l a b e l l i n g  l i n e ) ,  (2) counting the i n t e r -  

vening number of medium o r  0.1 inch s c a l i n g  marks and (3) counting the  

remaining number of l a r g e  and medium s i zed  incremental marks. 

Approximate numbers of 0.1 inch 
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5. Improvements 

These examples a l s o  i n d i c a t e ,  however, t h a t  t h e  following k inds  of 

improvements on t h i s  SIPLIC no ta t ion  are needed and might w e l l  be made. 

5.1 "Delayed Accounting" Notations 

A major shortcoming of t he  previously descr ibed and i l l u s t r a t e d  

n o t a t i o n  i s  i t s  l a c k  of d i sc r imina t ion  between ind iv idua l  hour ly  amounts 

whenever new amounts occur before previous occurrences have been completely 

accounted f o r .  

e v e r ,  a "Delayed Accounting'' way of e l imina t ing  t h i s  shortcoming has  come 

t o  l i g h t .  

Subsequent t o  the p repa ra t ion  of t hese  i l l u s t r a t i o n s ,  how- 

B r i e f l y ,  the small incremental marks could a l s o  be u t i l i z e d  

( i n  a d d i t i o n  t o  t h e i r  previously descr ibed use )  t o  des igna te  t h e  end of 

ind iv idua l  accounts f o r  each occurrence. Each such account would then 

c o n s i s t  o f :  (1) a l a r g e  "occurrence" mark a t  t he  t i m e  of t h e  occurrence; 

(2) t he  r e q u i s i t e  number of  medium "accounting" marks a t  t h e  f i r s t  a v a i l a b l e  

subsequent times of no occurrence; and (3) a s m a l l  "closing" mark a t  t he  

next  a v a i l a b l e  t i m e  of no occurrence. The meaning of t he  term " f i r s t  

a v a i l a b l e  time of no occurrence" could well be def ined by specifying t h a t  

a " l a s t - i n ,  f i r s t - o u t "  r u l e  o f  accounting i s  t o  be used whenever the accounts 

of two o r  more occurrences overlap. 

I n  accordance with t h i s  r u l e ,  f o r  example, a sequence of marks such 

as 

~ L L L L L L  

would s i g n i f y  t h a t :  

rk 0.04 inches of p r e c i p i t a t i o n  occurred a t  the time of t he  f i r s t  l a r g e  
mark as ind ica t ed  by t h e  i n t e r r u p t e d  o r  "delayed account" lxxxxkir,  
of t h a t  " f i r s t - i n "  occurrence; and 

0 0.03 inches of p r e c i p i t a t i o n  occurred a t  t h e  t i m e  of the second l a r g e  
mark as ind ica t ed  by t h e  account x€ii ,xxxx of t h a t  second o r  " l a s t - in"  
occurrence.  
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5.2 Units of Resolution 

Inspect ion of Figure 4 through 8 i n d i c a t e s  t h a t  t h e  i n t e r p r e t a t i o n  

of such "delayed accounting'' of individual  hour ly  accounts would be satis- 

f a c t o r i l y  convenient f o r  t h e s e  f i v e  Wyoming s t a t i o n s .  Their  i n t e r p r e t a t i o n  

would become much more d i f f i c u l t ,  however, i f  normal y e a r l y  amounts of 

p r e c i p i t a t i o n  were much more than the  t e n  t o  twenty inches t y p i c a l  of t hese  

s t a t i o n s .  Indeed, i f  t he  y e a r l y  p r e c i p i t a t i o n  were f o r t y  inches o r  more 

n e a r l y  h a l f  of t he  incremental  marks (as def ined h e r e )  would be of medium 

o r  l a rge  s i z e  and it is doub t fu l  t h a t  a ve ry  u s e f u l  "shades and shadows" 

e f f e c t  would be obtained. 

The SIPLIC form of da t a  can r e a d i l y  be adapted t o  wetter climates, 

however, by s e l e c t i n g  appropriate  " u n i t s  of resolut ion" f o r  each c l i m a t i c  

regime, 

of an inch has  much less s ign i f i cance  i n  wetter regimes, and it would then 

be l o g i c a l l y  p r a c t i c a b l e  t o  s i g n i f y  an accumulation of 0.02, 0.03 o r  even 

0.04 ( r a t h e r  than 0.01) inches of p r e c i p i t a t i o n  with each medium and l a rge  

s i z e  of incremental  mark. 

For exaiiple, the r e so lu t ions  of amounts t o  the n e a r e s t  hundreth 

A l t e r n a t i v e l y ,  it would a l s o  be poss ib l e  t o  select  - say - f i f t e e n  

minutes r a t h e r  than one hour as the  u n i t  of r e s o l u t i o n  of t i m e .  I n  t h a t  

case the  d a i l y  h o r i z o n t a l  rows of marks would con ta in  96 r a t h e r  than 24 

incremental  marks, thereby reducing by a f a c t o r  of four  the degree of over- 

lapping of accounts of i nd iv idua l  occurrences.  But, thereby, t he  area of 

paper required for  the store af precipitation d i t a  would also be increased 

by a f a c t o r  of f o u r ,  and c l e a r l y  the  choice between these  two a l t e r n a t i v e s  

f o r  o t h e r  regions and purposes can be e s t a b l i s h e d  only by much more d e t a i l e d  

cons ide ra t ions  than are warranted he re .  
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5.3 "Uadic" Label l ing 

Another, r e l a t i v e l y  minor, shortcoming of t h e  d a t a  i l l u s t r a t e d  i n  

Figure 4 through 8 i s  a l ack  of s u f f i c i e n t  d i f f e r e n t i a t i o n  between the  va r ious  

thicknesses  of the pen t i ad ic  l a b e l l i n g  l i n e s .  Subsequent informatic  r e sea rch  

h a s  ind ica t ed ,  however, t h a t  t h i s  shortcoming could w e l l  be e l iminated by 

using a "uadic" r a t h e r  than an "iadic" n o t a t i o n  f o r  t h i s  purpose. 

B r i e f l y ,  t he  t e r m  tIUADI(3" s t ands  f o r  a "Unitary, A l t e rna t ing  Dash, 

Incrementally Continuous" kind of no ta t ion .  By "Unitary" is  nean t  t h e  use 

of one mark f o r  each u n i t  i n  a number o r ,  i n  t h i s  case, the  use of zero,  

one, two, t h r e e  o r  four  s h o r t  side-by-side "dashes" t o  r e p r e s e n t ,  r e s p e c t i v e l y ,  

t h e  f i v e  va lues  of t h e  scale-of-five l a b e l l i n g  d i g i t .  The use of t he  term 

"Al t e rna t ing  Dash" i n  t h i s  context s i g n i f i e s  t h a t  the thicknesses  of  t h e s e  

u n i t a r y  marks and of t he  spaces between them are t o  be so small t h a t ,  t o  

t h e  unaided eye,  they appear as a s i n g l e ,  v a r i a b l e  thickness  o r  " iadic" ,  

l a b e l l i n g  l i n e .  Under a magnifying g l a s s ,  however, i t  i s  only necessary 

t o  count t he  number of u n i t a r y  marks ( r a t h e r  than t o  t r y  t o  estimate t h e  

th i ckness  of a s i n g l e  mark) t o  determine unambiguously what value of t h e  

l a b e l l i n g  d i g i t  i s  being represented. 

21 



5.4 Time and Date Labels 

The experimental  po r t r aya l s  i n  F igu res  4 through 8 a l s o  c l e a r l y  

h i g h l i g h t  a need t o  provide a more convenient ly  u s e f u l  way of l a b e l l i n g  the  

numbers of days. Espec ia l ly ,  it is c l e a r l y  d e s i r a b l e  t o  l a b e l  t h e  numbers 

of days next  t o  each y e a r l y  column of da t a .  

requirements f o r  r e g i s t e r i n g  each of t he  d a i l y  l i n e s  of d a t a  with r e s p e c t  t o  

a s i n g l e ,  remotely loca ted ,  t ime-label.  It would a l s o  make each y e a r l y  column 

of  d a t a  s e l f  s u f f i c i e n t  so t h a t  data s t r i p s  f o r  l a t e r  yea r s  could e a s i l y  be 

added as they become a v a i l a b l e ,  so t h a t  d a t a  s t r i p s  f o r  the same year  bu t  

f o r  d i f f e r e n t  s t a t i o n s  could e a s i l y  be assembled next  t o  each o t h e r ,  e tc .  

This would e l imina te  s t r i n g e n t  

In  t h i s  respect and contrary t o  the case of l a b e l l i n g  the  amounts 

of p r e c i p i t a t i o n ,  t h e  o r d i n a l  values of number-of-day d i g i t s  change o r  "alter" 

a t  uniform i n t e r v a l s .  Consequently an " iadic"  n o t a t i o n  would probably s u f f i c e  

f o r  l a b e l l i n g  the numbers of days. 

purpose i s  e s p e c i a l l y  d e s i r a b l e  s ince it could thereby be d i s t i n c t i v e l y  

t h i n n e r  than the  "uadic" l i n e s  t o  be used f o r  l a b e l l i n g  the accumulations of 

p r e c i p i t a t i o n .  

The use of an " iadic"  n o t a t i o n  f o r  t h i s  

It a l s o  now seems d e s i r a b l e  t o  number the  days s e r i a l l y  from t h e  

f i r s t  of each month r a t h e r  than from t h e  f i r s t  of t h e  year .  

i n  which t h i s  might w e l l  be accomplished, i t  now seems t h a t  t h e  fol lowing 

procedure is  worthy of an e a r l y  experimental u se - t e s t .  F i r s t ,  each of t he  

months of t h e  year  would be ve ry  c l e a r l y  i d e n t i f i e d  i f  a blank "dayt' space 

were t o  be l e f t  between the  last day of each month and the  f i r s t  day of the 

succeeding month, 

i n s e r t i n g  t h e  29th day of leap-year Februaries  i n  t h e  end-of-February space).  

Second, a "biadic" n o t a t i o n  such as i l l u s t r a t e d  i n  Figures  3 through 8 might 

t hen  w e l l  be used t o  l a b e l  t h e  numbers of f ives-of-days of each month i n  an 

e s p e c i a l l y  d i s t i n c t i v e  way. 

Of the  many ways 

( Inc iden ta l ly ,  t h i s  would very advantageously provide f o r  
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6 .  Conclusions 

I n  summary, t h i s  work is  deemed t o  have demonstrated t h a t  i t  is  

both p r a c t i c a b l e  and d e s i r a b l e  t o  compile complete s t o r e s  of p r e c i p i t a t i o n -  

gage d a t a  i n  SIPLIC form s ince :  

They can be compiled automatical ly  from e x i s t i n g  punched-card 

s t o r e s  of hour ly  p r e c i p i t a t i o n  da ta ;  

*They would be extremely concise;  

They would provide complete "shades and shadows" p o r t r a y a l s  of 

p r e c i p i t a t i o n  p a t t e r n s ;  

e They would, a t  t h e  same t i m e ,  provide convenient ly  complete 

dep ic t ions  of a l l  a v a i l a b l e  numerical va lues  of t i m e s  and amounts 

of p r e c i p i t a t i o n ;  and 

e They o f f e r  good p o t e n t i a l i t i e s  f o r  excep t iona l ly  f a s t  and f l e x i b l e  

au t  omat i c  reading and q u a n t i t a t i v e  reprocess  ing of prec i p i  t a t  i o n  d a t a  e 

It i s  a l s o  concluded t h a t  t h e  compilation of a l l  a v a i l a b l e  

p rec ip i t a t ion -gage  d a t a  could well  be i n i t i a t e d  with t h e  SIPLIC form of 

d a t a  i l l u s t r a t e d  he re  with t h e  r e l a t i v e l y  minor except ions t h a t :  

A "delayed accounting" of i nd iv idua l  occurrences should be u t i l i z e d ;  

b " L k d i P  rither than "iadic" n o t a t i o n s  should be used t o  l a b e l  t h e  

accumulative amounts of p r e c i p i t a t i o n ;  and 

0 A n  improved method of l a b e l l i n g  the  days of t h e  months should be 

developed and used. 
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It is  noteworthy i n  t h i s  respec t  t h a t  t h e  p a t t e r n - i n t e r p r e t a b i l i t y  

of such a concise ly  complete kind of numerical d a t a  would ev iden t ly  be very  

use fu l ,  even i f  automatic sensing €or numerical processing were not  also 

p o t e n t i a l l y  poss ib le .  

whatever recording equipments might be a v a i l a b l e  i n  p a r a l l e l  wi th ,  bu t  no t  

dependent upon, an a c t i v e  equipment development program. That development 

program should include the  development of t he  r eco rde r s  needed t o  produce 

the  o r i g i n a l  prec ip i ta t ion-gage  data i n  SIPLIC form at  each of the  observing 

s t a t i o n s  in  the  fu tu re .  Espec ia l ly ,  it should include the  development of 

those automatic playback and numerical processing equipments with which 

t h e  f u l l  u t i l i t y  of SIPLIC s t o r e s  of d a t a  can u l t i m a t e l y  be r ea l i zed .  

Consequently i t s  compilat ion should proceed with 

F i n a l l y ,  t h i s  SIPLIC form of data is deemed t o  be a s i g n i f i c a n t  

development i n  the  genera l  f i e l d  of in format ic  d a t a  r e sea rch ,  and it can be 

expected t o  be u t i l i z e d  for many kinds of d a t a  o t h e r  than j u s t  t he  pre- 

c ip i ta t ion-gage  kind of d a t a  w i t h  which i t  i s  i l l u s t r a t e d  here .  
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