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ABSTRACT 

A computerized system f o r  s t o r a g e ,  r e t r i e v a l  and r o u t i n e  p roces s ing  
of hydro logic  d a t a  has  been developed a t  North Caro l ina  S t a t e  Un ive r s i t y .  
The system i s  known a s  HISARS (Hydrologic Information Storage  and 
R e t r i e v a l  System). HISARS has been under development f o r  s e v e r a l  y e a r s ,  
t h e  f i r s t  v e r s i o n  having been o p e r a t i v e  i n  J u l y  1969. Although a d d i t i o n a l  
f e a t u r e s  of t he  system a r e  planned, i t  i s  be l i eved  t h a t  t he  c u r r e n t  ver -  
s i o n  w i l l  be u s e f u l  f o r  a  l a r g e  number of p o t e n t i a l  u s e r s ,  and t h i s  manual' 
is  prepared wi th  t h e  i n t e n t i o n  of making t h e  system more widely a v a i l a b l e .  

The system i s  running on t h e  IBM ~ y s t e m / 3 7 0  ~ o d e i  165 computer a t  
t h e  T r i ang le  U n i v e r s i t i e s  Computation Center ,  and can be used a t  any of 
t h e  remote t e rmina l s  s c a t t e r e d  around t h e  s t a t e .  Data a r e  s t o r e d  on 
magnet ic  d i s k  packs. By making use  of an ope ra t ing  system f e a t u r e  known 
a s  t he  indexed s e q u e n t i a l  access  method toge the r  wi th  d i r e c t  acces s  capa- 
b i l i t i e s  of t h e  PL/1 language,  HISARS can r e t r i e v e  any one of approximately 
350,000 r eco rds  d i r e c t l y .  This  makes i t  p o s s i b l e  t o  determine weather  o r  -, 
streamflow c h a r a c t e r i s t i c s  a t  any l o c a t i o n  and a t  any t i m e  f o r  whikh d a t a  
a r e  a v a i l a b l e .  I t  i s  a l s o  p o s s i b l e  t o  compare d i f f e r e n t  l o c a t i o n s  a t  t h e  
same time and t o  process  records  through time a t  a  s i n g l e  l o c a t i o n .  

The fo l lowing  d a t a  a r e  now s t o r e d  by t h e  system: 
1 )  Dai ly  s t reamflow reco rds ;  
2 )  Daily r a i n f a l l  r eco rds ;  
3)  Dai ly  temperature r eco rds ;  
4 )  Hydrographic r eco rds  of streamflow and r a i n f a l l ;  
5) Hourly r a i n f a l l  r eco rds ;  
6 )  Dai ly  evapora t ion  and wind movement r eco rds ;  
7 )  Dai ly  snowfa l l  and snow depth r eco rds ;  
8) Daily even t  ("days with") r eco rds ;  
9 )  Flood peak r eco rds ;  

10)  Dam c h a r a c t e r i s t i c s .  

Sepa ra t e  d a t a  f i l e s  a r e  maintained f o r  each of t h e  elements .  In  
a d d i t i o n ,  t h e r e  i s  an index f i l e  a s s o c i a t e d  wi th  each d a t a  f i l e .  Each 
record  i n  an index  f i l e  con ta ins  informat ion  f o r  each s t a t i o n  f o r  which 
r eco rds  e x i s t  i n  t h e  a s s o c i a t e d  d a t a  f i l e .  This  in format ion  i n c l u d e s  
t h e  s t a t i o n  name and i d e n t i f i c a t i o n  number, t h e  l a t i t u d e ,  l o n g i t u d e ,  
e l e v a t i o n ,  d ra inage  a r e a  (streamflow s t a t i o n s  o n l y ) ,  r i v e r  b a s i n  code, 
county,  p lanning  r eg ion ,  geographic l o c a t i o n  b lock  and pe r iod  of record .  
I t  i s  p o s s i b l e  t o  r e t r i e v e  d a t a  by s p e c i f y i n g  many of t h e s e  i t e m s ,  

Opera t ions  i n  HISARS a r e  d iv ided  i n t o  t h r e e  main d i v i s i o n s :  Access, 
Process ing  and Management, The Access f u n c t i o n  s e r v e s  t o  o b t a i n  r equ i r ed  
records  f o r  l i s t i n g ,  copying o r  process ing .  The Process ing  f u n c t i o n  per-  
forms a  number of r o u t i n e  ana lyses  on t h e  d a t a .  The Management f u n c t i o n  
permi ts  a d d i t i o n  of new reco rds  and c o r r e c t i o n  of e r r o r s  i n  s t o r e d  r eco rds ,  



This  manual i s  prepared wi th  the  fol lowing goals :  
1 )  To s e r v e  a s  a  guide t o  those  who wish t o  make use  of c u r r e n t l y  

a v a i l a b l e  f e a t u r e s .  This  in format ion  i s  provided through chap te r s  
c a l l e d  Users' Guides which can be used a s  se l f -conta ined  r e fe rences .  
These Users '  Guides w i l l  a l s o  be made a v a i l a b l e  s e p a r a t e l y  f o r  those  
who r e q u i r e  only t h i s  in format ion;  

2) To se rve  a s  a  base  f o r  f u t u r e  documentation. A s  a d d i t i o n a l  
f e a t u r e s  of t he  system becomes a v a i l a b l e ,  a p p r o p r i a t e  m a t e r i a l  w i l l  be  
prepared a s  a d d i t i o n s  o r  modi f ica t ions  t o  t h i s  manual. Those who wish 

II 
t o  keep up-to-date on c u r r e n t  s t a t u s  of t h e  system a r e  reques ted  t o  
have t h e i r  name and address  added t o  t h e  HLSARS mai l ing  l is t  of t h e  

.ar Water Resources Research I n s t i t u t e ,  North Caro l ina  S t a t e  Un ive r s i t y ,  
Rale igh ,  N .  C .  27607. Updating m a t e r i a l  w i l l  be s e n t  when prepared 

3 t o  t hose  on t h e  mai l ing  l i s t ;  
3)  To s e r v e  a s  a document f o r  t he  system i t s e l f ,  This  m a t e r i a l  

w i l l  be  of l i t t l e  i n t e r e s t  t o  t h e  u s e r ,  and i s  designed more f o r  those  
who a r e  r e s p o ~ s i b l e  f o r  development and i n s t a l l a t i o n  of systems of 
t h e i r  own. Because complete program documentation i n  t h e  normal s ense  
would be  exces s ive ly  unwieldy, in format ion  he re  i s  l i m i t e d  t o  a  gene ra l  
d e s c r i p t i o n  of t h e  des ign  of t h e  system, a review of some of t h e  reason- 
i ng  t h a t  l e d  t o  c e r t a i n  des ign  dec i s ions  and p o s s i b l e  a l t e r n a t i v e s ,  and 
r a t h e r  b r i e f  h e u r i s t i c  d e s c r i p t i o n s  of t h e  programs themselves.  A d i s -  
cus s ion  of f i l e  maintenance and d e s c r i p t i o n s  of a  number of system 
u t i l i t i e s  a r e  a l s o  inc luded ,  
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Convenience requires che use sf some standard 6BM t e rmino logy  through- 
o u t  t h i s  manuah, For  those  n o t  f a m i l i a r  wish t h e s e  t e rms ,  t h e  f o l l o w i n g  
rough d e f i n i t i o n s  a p p l y  t o  usage f n  this manual, 

BIT - t h e  snaabl,est U B % ~  of  rnemou-y, which is equa l  t o  0 o r  l, Although - 
n o t  useful ,  i n  i t se l f  f o r  numbels, t h e  b k %  serves a u s e f u l  f u n c t i o n  i n  
HISARS f c r  f l a g g i n g  m i s s i n g  6.c estfrnatzd dat i i ,  accumula t ions ,  e t c ,  

BYTE - the  snaallest dxreccly ~ccessfble u n i s  sf memory c c n s i s t i n g  o f  -- 
8 b i t s ,  It is a l s o  sometnmes c a l l e d  a c h a r a c t e r ,  because  one b y t e  cor -  
r esponds  ko one sclumn of a card cr an2 character on a p r i n t e r  f o r  i n p u t  
o r  o u t p u t ,  However, since there  are 256 p e s s i b l e  b i r  combinat ions  i n  a 
b y t e ,  a b y t e  can. b e  usad t o  s r a r e  numb~~rs UP tc t h i s  s i z e ,  

WORD - t h e  most e f f i c i e n t l y  used m i l t  a f  memory c o n s i s t i n g  o f  4 b y t e s  - 
(32 b i t s ) ,  P r o p e r l y  aligned wards can be read d i r e c t l y  i n t o  t h e  r e g i s t e r s  
used  f o r  ac tual ,  computations, Common n o d i f i e a t i o n s  of t h i s  s i z e  a r e  h a l f -  
word (16 b i t s )  and the d o u b l e  ward (64 b i t s ) ,  

RECORD - a group of bytes acred on as a u n i t ,  p r i m a r i l y  f o r  i n p u t  and 
o u t p u t ,  Read and w r i t e  o p e r a t i o n s  tzans ex- a  whole r e c o r d  i n  a s i n g l e  
s t e p .  

BLOCK - a  group of r e c o r d s  t r & n s m i t t e d  as a u n i t  t o  o r  from an  e x t e r -  
n a l  d e v i c e .  Although a b l o c k  i s  eonpleteLy t r a n s p a r e n t  t o  t h e  programmer, 
e f f i c i e n t  o p e r a t i o n  requires blocking  s f  r e c o r d s  i n t o  f a i r l y  l a r g e  b l o c k s .  
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HISARS USERS' GUIDE: 

THE ACCESS FACILITIES 

1.1. In t roduc t ion  

The d a t a  acces s  f e a t u r e s  of HISARS have been designed w i t h  t h e  in t en -  
t i o n  of pe rmi t t i ng  ready acces s  t o  d a t a  i n  any combination of ways t h a t  i s  
hydro log ica l ly  meaningful,  This  guide i s  in tended  t o  s e r v e  a s  a  s e l f -  
contained r e f e r e n c e  f o r  u se  of t h e  system acces s  f a c i l i t i e s .  Fu r the r  
d e t a i l s  regard ing  s t o r a g e  and r e t r i e v a l  methods may be found elsewhere 
i n  t h e  HISARS manual. 

To in t roduce  t h e  f a c i l i t i e s ,  some examples a r e  g iven  i n d i c a t i n g  types  
of access  t h a t  might be  r equ i r ed ,  and t h e  HISARS command ca rds  necessary  
t o  execute  t h e  r eques t .  

Ex. 1: To l i s t  t h e  e n t i r e  index of r a i n f a l l  s t a t i o n s  s t o r e d  i n  HISARS. 

ACCESS 
ELEMENT RAINFALL 
LIST INDEX 

Ex. 2: To l i s t  t h e  index of r a i n f a l l ,  s t reamflow and evapora t ion  f i l e s  
i n  l o c a t i o n  b lock  3576. 

ACCESS 
ELEMENT RAINFALL 

STREAMFLOW 
EVAPORATION 

LOCATION 3576 
LIST INDEX 

Ex. 3: To l i s t  monthly r a i n f a l l  and snowfa l l  t o t a l s  f o r  t h e  p e r i o d  1951- 
1960 a t  s t a t i o n  31-6001. 

ACCESS 
ELEMENT RAINFALL 

SNOWFALL 
STATION 316001 
PERIOD 111951 TO 12/1960 
LIST MONTHLY 

Ex, 4: To l i s t  d a i l y  streamflow v a l u e s  f o r  s t a t i o n  03.1610.00 and d a i l y  
r a i n f a l l  v a l u e s  f o r  s t a t i o n  31-6565 f o r  t h e  per iod  1011953-911963. 

ACCESS 
ELEMENT STREAMFLOW 

RAINFALL 
STAT I O N  03161000 

316565 
PERIOD 1011953 TO 911963 
LIST DAILY 
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Ex. 5: To access for later processing temperature records for those stations 
\ - 

in location block 3678 which have complete records for the period 
1951-1960. 

ACCESS 
ELEMENT TENYEFUTURE 
LOCATION 3678 
PERIOD 1/1951 TO 12/1960 COMPLETE 

I 

Ex. 6: To obtain an index Listing of all streamflow gaging stations in basin 
F'14 which have drainage basin areas of less than 100 square miles. 

ACCESS 
ELEMENT STREAMFLOW 
BASIN F94 
AND 
AREA O TO 108 
LLST INDEX 

Ex. 7: To access for later processing peak flow records in Guilford and For- 
syth counties : 

ACCESS 
ELEMENT PEAKFLOW 
COUNTY GIJILFORD 

FORSYTH 

Ex. 8: To obtain Listings of hourly rainfall during August 1940 for all TVA 
stations at elevations over 3000 feet. 

ACCESS 
ELEMENT HOURRAIN 
ALTERNATE TVA 
AND 
ELEVATION 300Q 
PERIOD 8/1940 TO 811940 
LIST HOURLY 

1.2. Command Language Specifications for the Access Facilities 

The following commands constitute the access facility of HISARS: 



ACCESS 
ELErnN'S 
STATION 
LOCAT I O N  
BAS I N  
%I-ZCJY 
COUNTY 
ELEVATION 
AREA 
ALTEWATE 
PERIOD 
L I S T  
COPY 
M D  
OR 

The cormand word i s  punched s t a r t i n g  i n  Cslurnn 1, fo l lowed  by a t  l e a s t  one 
b l a n k  b e f o r e  the  operand opB ( i f  a n y ) ,  It i s  p r e f e r a b l e  f o r  check ing  t o  
s ta r t  t h e  operand i n  Column 91, b u t  t h i s  i s  n c r  r e q u i r e d .  

Only one operand may be. punched p e r  card ,  I f  more t h a n  one operand i s  
r e q u i r e d ,  a d d i t i o n a l  operands  are  punched on c o n s e c u t i v e  c a r d s .  Two o p t i o n a l  
forms a r e  a v a i l a b l e ,  One i s  r e p e s t e d  u s e  of the c a n r m l  word w i t h  t h e  s p e r -  
and as above. The o t h e r  i s  t o  punch o n l y  t h e  operand ,  b u t  l e a v i n g  a t  l e a s t  
one b l a n k  column p r e c e d i n g  "Lhe operand ,  Thus,  any c a r d s  w i t h  Column 1 b l a n k  
a r e  assumed t o  c o n t a i n  operands  t h a t  a rz  a s s a c f a t e d  w i t h  t h e  n e x t  p r e c e d i n g  
c o n t r o l  word, 

A group of con~nand c a r d s  c o n s r i t u t e s  a single a c c e s s  r e q u e s t ,  A group i s  
always begun by an  ACCPXS c a r d ,  f o l l a w e d  by a d d i t i o n a l  command c a r d s  i n  any 
o r d e r ,  p rov ided  o n l y  t h a t  a t  l e a s t  one ELEMENT c a r d  i s  i n c l u d e d .  A group i s  
t e r m i n a t e d  by an  end of f i l e  c a r d ,  an  ACCESS c a r d  b e g i n n i n g  a n o t h e r  group,  a  
PROCESS c a r d  s i g n a l l i n g  p r o c e s s i n g  o f  the d a t a  just a c c e s s e d ,  o r  a  MANAGE c a r d .  

Any number of groups  may be  s t a c k e d  f o r  a s i n g l e  r u n ,  and t h i s  i s  encour-  
aged f o r  e f f i c i e n c y .  However, e x c e s s i v e  s t a c k i n g  of g roups  w i l l  i n c r e a s e  t o t a l  
job t ime  and l e a d  t o  p o s s i b l e  job  c u t o f f s .  

There  i s  a l s o  no l i m i t  t o  t h e  number of command c a r d s  i n c l u d e d  i n  a s i n g l e  
g roup ,  Thus ,  a l a r g e  number of s t a t i o n s ,  c o u n t i e s ,  e t c .  cou ld  be  a c c e s s e d  as a 
s i n g l e  g roup ,  However, t h e  c o r e  s t o r a g e  r e q u i r e d  by t h e  j o b  i s  c o r r e s p o n d i n g l y  
i n c r e a s e d ,  and i f  t h i s  i s  e x c e s s i v e  w i t h  r e s p e c t  t o  t h e  REGION s i z e  s p e c i f i e d  
f o r  t h e  j o b ,  t h e  job  w i l l  f a i l  w i t h  a  System Completion Code sf 8QAe 

1 , 2 . l ,  ACCESS - - - - - - -  
The ACCESS cornand s i g n a l s  t h e  b e g i n n i n g  of a group of command c a r d s  con- 

s t i t u t i n g  a s i n g l e  a c c e s s  r e q u e s t .  The ACCESS command must a lways be  t h e  f i r s t  
c a r d  i n  a group.  Anything punched i n  t h e  c a r d  f o l l o w i n g  t h e  word ACCESS w i l l  
be  i g n o r e d .  



The ELEMENT cornnand i d e n t i f  ias tlia elenent o r  elsrnenrss f o r  which a c c e s s  
i s  requested, The operand must give the  elernwit i n  one s f  t h e  s t a n d a r d  forms.  
The fol%owing e1arne11.s~ are inckrrdad an the curresst implementa t ion :  

Where two forms arcs grvcn, e i t h e r  form lnsy be used .  Any number o f  e l e m e n t s  
can b e  g i v e n  f o r  a  s i n g l e  access r e q u e s e ,  

1 . 2 . 3 ,  STATION - - - - - - - -  
The STATION command i s  used t c  r e q u e s t  a c c e s s  f o r  s p e c i f f c  s t a t i o n s .  

S tandard  agency codes a r e  used ,  except  c h a t  o n l y  t h e  numbers ( w i t h o u t  punc- 
t u a t i o n )  are p e r m i t t e d ,  

The & d i g i t  code of the U, S ,  G e o l o g i c a l  Survey i s  used  f o r  t h e  Stream- 
f low,  Hydrograph and Peak F20x f i l e s .  To a c c e s s  d a t a  f o r  s t a t i o n  2 , l 6 9 5 . 0 0  
t h e  operand must be f o r r n a ~ t e d  as 02169500, 

The 6 - d i g i t  code of rhe Masionel  Weather S e r v i c e  i s  used f o r  t h e  Rain- 
f a l l ,  Temperature ,  Hydrograph, IlourEy R a i n f a l l ,  E v a p o r a t i o n ,  S n o w f a l l  and 
Event f i l e s .  To a c c e s s  da ta  f o r  s t a c f o n  31-1695 t h e  operand must b e  format-  
t e d  a s  311695. Note t h a t  t h e  two s u f f i x  d i g i t s  used by t h e  N a t i o n a l  Weather 
S e r v i c e  t o  i d e n t i f y  c & i r n a t o i o g i e a l  d i v i s i o n  a r e  n o t  p e r m i t t e d .  

A 7 - d i g i t  code i s  used f o r  zhe Dam f i l e ,  and i s  an agency-def ined code 
f o r  t h e  s p e c i f i c  d a t a  i n  t h e  file, These codes  may be o b t a i n e d  most conven- 
i e n t l y  by o b t a i n i n g  an i n d e x  l i s t i n g  u s i n g  t h e  complete  l i s t  o p t i o n  d e s c r i b e d  
i n  S e c t i o n  l , 3 . l  below, 

It may b e  emphasized t h a t  t h e  l e n g t h  of t h e  operand is used  t o  d e f i n e  
the  t y p e  of cede. Thus,  f o r  example,  an  NWS code w i t h  t h e  2 - d i g i t  s u f f i x  
w i l l  be  c l a s s e d  a s  USGS code,  and a p p l i e d  o n l y  t o  t h e  c o r r e s p o n d i n g  f i l e s .  
I f  ELEMENT RAINFALL were  s p e c i f i e d  f o r  t h i s  e a s e ,  n o t h i n g  would be a c c e s s e d .  

1 , 2 . 4 .  LOCATION --------  

The LOCATION command i s  used t o  r e q u e s t  a c c e s s  f o r  s t a t i o n s  i n  a  geo- 
g r a p h i c  r e g i o n  c a l l e d  8 geograph ic  l o c a t i o n  b l o c k ,  The codes  b e i n g  used  
are s p e c i f i e d  a c c o r d i n g  t o  a system used by t h e  North  C a r o l i n a  O f f i c e  of 
Water and A i r  Resaurccs .  F i g u r e  1.1 i s  a  map of North C a r o l i n a  showing t h e  
l o c a t i o n  system.  
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A s t a t i o n  may be  indexed i n  two c o u n t i e s ,  T h i s  i s  most common f o r  
s t reamf low s t a t i o n s  on e t reams  t h a t  form a county boundary,  

1 .2 .8 .  ELEVATION ---------  
The ELEVATION command i s  used t o  a c c e s s  s t a t i o n s  w i t h i n  a g i v e n  range  

of e l e v a t i o n s .  The operand i s  g i v e n  i n  t h e  form M I N  '60 MAX, F o r  example,  
t h e  command c a r d  ELEVATION 2000 TO 2500 w i l l  a c c e s s  a l l  s t a r i o n s  between 
2000 and 2500 f e e t  e l e v a t i o n .  S t a t i o n s  w i t h  e l e v a t i o n s  e q u a l  t o  e i t h e r  
t h e  upper  o r  lower  l i m i t  w i l l  be  i n c l u d e d .  

The fo rmat  of t h e  operand i s  q u i t e  f r e e ,  t h e  o n l y  requ i rement  b e i n g  
a t  l e a s t  one b l a n k  between t h e  two l i m i t s .  The l i m i t s  can a l s o  be  punched 
w i t h  a  dec imal  p o i n t ,  and s e v e r a l  dec imal  p l a c e s  i f  r e q u i r e d .  Thus t h e  
operand 2000.00 2500.0 w i l l  produce t h e  same r e s u l t s  as t h e  example above.  

I f  o n l y  a lower  l i m i t  i s  d e s i r e d ,  o n l y  a s i n g l e  l i m i t  need b e  g iven .  
A d e f a u l t  upper  l i m i t  of  100,000 f e e t  w i l l  be  s u p p l i e d  a u t o m a t i c a l l y ,  

For  c e r t a i n  s t a t i o n s ,  t h e  e l e v a t i o n  may b e  unknown o r  i r r e l e v a n t ,  
and t h e  e l e v a t i o n  i n  t h e  i n d e x  w i l l  be  l e f t  b l a n k ,  These b l a n k  v a l u e s  
are n o t  i n t e r p r e t e d  as z e r o s ,  and such s t a t i o n s  cannot  be  a c c e s s e d  u s i n g  
t h e  ELEVATION command. 

1 .2 .9 .  AREA ------  
The AREA command i s  used t o  a c c e s s  s t reamf low s t a t i o n s  by d r a i n a g e  

a r e a .  The f o r m a t  and usage  of t h e  operand i s  i d e n t i c a l  t o  t h a t  o f  t h e  
ELEVATION command g i v e n  above,  e x c e p t  t h a t  t h e  l i m i t s  are sf d r a i n a g e  
areas i n  s q u a r e  m i l e s .  Again,  ' i f  o n l y  a lower  l i m i t  i s  r e q u i r e d ,  a s i n -  
g l e  l i m i t  i s  s u f f i c i e n t .  

Blank v a l u e s  a r e  more common f o r  d r a i n a g e  a r e a s ,  These o c c u r  f o r  
e p r i n g s ,  and f o r  s t a t i o n s  w i t h  v a r y i n g  d r a i n a g e  a r e a s  such  a s  swamps, 
Such s t a t i o n s  cannot  be  a c c e s s e d  u s i n g  t h e  a r e a  command. 

1 .2 .10 .  ALTERNATE - - - - - - - - -  
The ALTERNATE command may b e  used t o  a c c e s s  s t a t i o n s  which have a l t e r -  

n a t e  codes  i n c l u d e d  i n  t h e  i n d e x  e n t r y  f o r  t h e  s t a t i o n .  These codes  may be  
any combinat ion of a l p h a b e t i c  and numeric  c h a r a c t e r s .  The operand l i k e w i s e  
may b e  a s t r i n g  o f  one o r  more c h a r a c t e r s ,  and t h o s e  s t a t i o n s  a r e  a c c e s s e d  
which c o n t a i n  t h e  s t r i n g  i n  t h e i r  cod ing .  

T h i s  f a c i l i t y  p r o v i d e s  c o n s i d e r a b l e  f l e x i b i l i t y  i n  p r o v i d i n g  a n  a d d i -  
t i o n a l  f ree-form a c c e s s  t e c h n i q u e .  One usage  now i n  t h e  sys tem i s  t o  code 
t h e  Tennessee  V a l l e y  A u t h o r i t y  s t a t i o n  codes  f o r  r a i n f a l l  s t a t i o n s  s o  c l a s -  
s i f i e d .  T h i s  p e r m i t s  i n d i v i d u a l  s t a t i o n  re t r ieval  u s i n g  e i t h e r  t h e  Weather 
S e r v i c e  code w i t h  t h e  STATION command, o r  t h e  TVA code w i t h  t h e  ALTERNATE 
command. 



The p e r i o d  fez which r e c o r d s  are i n c l u d e d  i n  t h e  d a t a  f i l e s  i s  recorded  
i n  t h e  a s s o c i a r e d  %ndex f i l e ,  S i n c e  r e c o r d s  f o r  most f i l e s  a r c  s t o r e d  by 
month, t h e  be inning  and end ing  of a p e r i o d  of r e c o r d  i s  s c o r e d  by y e a r  and 
month, Each s r i o d  which f s  complete ,  b u t  which i s  preceded and fo l lowed  by 
a m i s s i n g  mon as a p e r i o d  of r e c o r d ,  a i d  i s  indexed by be  
n i n g  and cnd i  n g t h  i n  months. Up t o  100 such  p e r i o d s  can 

% a c c e s s e d  f ~ r  % n ;  i f  t h e r e  a r e  more, o n l y  t h e  las t  100 a r a  
indexed and a c e c s s f b l c  by t h e  sys tem.  

For t h e  Hydrograph, Hourly R a i n f a l l ,  Snowfa l l ,  Peak Flow and Event 
f i l e s  which c o n t a i n  d a t a  o b t a i n e d  a t  i r r e g u l a r  i n t e r v a l s ,  t h e  i n d e x  assumes 
a  s i n g l e  p e r i o d  o f  r e c o r d ,  w i t h  t h e  f i r s t  and l a s t  months b e i n g  t h e  months 
i n  which the  f i r s t  and l a s t  days  of r e c o r d  o c c u r r e d ,  The number of months 
is  r e p l a c e d  by t h e  number o f  r e c o r d s  i n  t h e  f i l e ,  There  i s  no way co t e l l  
from t h e  i n d e x  whether  t h e  r e c o r d  i s  complete  d u r i n g  t h e  p e r i o d ,  

I f  an a c c e s s  group i s  g i v e n  w i t h o u t  a PERIOD command, t h e  e n t i r e  p e r -  
i o d  of r e c o r d  k e  a c c e s s e d  f o r  e v e r y  s t a t i o n  i n c l u d e d  by t h e  g roup ,  The 
PERIOD command may be used  t o  r e s t r i c t  t h e  p e r i o d  of r e c o r d  f o r  which r e c o r d s  
are t o  be  accessed, 

The fo rmat  s f  t h e  operand i s  BEGIN TO END, where BEGIN and END a r e  
months i n  t h e  form MsnthjYear ,  For example,  t h e  command 

PERIOD 611939 To 12/1940 

would l i m i t  a c c e s s  t o  r e c o r d s  i n  t h e  p e r i o d  J u n e  1939 t o  December 1940 i n c l u -  
fo rmat  r e q u i r e s  t h e  s l a s h  ( ' 1 ' )  immediate ly  preceded by month and 

fo l lowed  by y e a r  w i t h o u t  f n e e r v e n i n g  b l a n k s .  The same fo rmat  i s  r e q u f r e d  
f o r  BEGIN and END b u t  s p a c i n g  and words i n  between are i r r e l e v a n t ,  

For  soae p u r p o s e s ,  a  complete p e r i o d  of r e c o r d  may be  r e q u i r e d ,  I f  t h e  
word COMPLETE i s  added a t  t h e  end o f  t h e  p r e c e d i n g  operand ,  w i t h  a% l e a s t  
one i n t e r v e n i n  b l a n k ,  o n l y  s t a t i o n s  hav ing  complete  r e c o r d s  f o r  t h e  e n t i r e  
p e r i o d  s p e c i f i e d  wBll  b e  a c c e s s e d .  T h i s  f e a t u r e  cou ld  b e  u s e d ,  f o r  example, 
t o  o b t a i n  a v e r a g e s  f o r  a l l  s t a t i o n s  which have complete  r e c o r d s  f o r  a spe-  
c i f i c  p e r i o d ,  

1.2.12.  LEST -------  
The LIST command d i r e c t s  t h e  sys tem t o  produce c e r t a i n  l i s f f n g s  of t h e  

a c c e s s e d  dara,  The f o l l o w i n g  operands  a r e  p e r m i t t e d :  

a )  INDEX 
b )  MONTHLY 
c )  DAILY 
d )  HOURLP 
e) EPDROGMPH 
f )  CONTENTS 



The INDEX operand i n d i c a t e s  t h a t  a  l i s t i n g  9f t h e  i n d e x  i s  t o  be produced. 
The MONTHLY, DAILY and HOURLY operands  i n d i c a t e  t h a t  d a t a  a r e  t o  b e  l i s t e d  
f o r  t h e  s p e c i f i e d  c i n e  p e r i o d s ,  HYDROGUPH I n d i c a t e s  t h a t  a l i s t i n g  af  
Hydrograph d a t a  i s  co be  produced,  and t h e  CONTENTS operand s p e c i f i e s  t h a t  
a l i s t i n g  s p e c i f i c  t o  t h e  Dam f i f e  I s  t o  be  produced,  

Many of t h e s e  l i s t i n g s  a r e  s p e c i f i c  t o  c e r t a i n  f i l e s ,  An HOURLY l i s t -  
i n g  can o b v i o u s l y  n o t  b e  o b t a i n e d  f o r  t h e  ( d a i l y )  R a i n f a l l  f i l e .  I f  i n v a l i d  
r e q u e s t s  of t h i s  t y p e  a r e  made, a n  e r r o r  message is  p r i n t e d ,  and t h e  sys tem 
w i l l  proceed t o  t h e  n e x t  s t e p ,  

L i s t i n g s  of monthly v a l u e s  f o r  s e v e r a l  of t h e  e l e m e n t s  normal1y i n c l u d e  
such summary i n f o r m a t i o n  a s  a n n u a l  t o t a l s ,  monthly and a n n u a l  a v e r a g e s  f o r  
t h e  p e r i o d ,  and t h e  r a t i o  s f  t h e  a n n u a l  t o t a l  t o  t h e  a n n u a l  a v e r a g e  f o r  each  
y e a r  w i t h  complete  r e c o r d s ,  I n  o r d e r  t o  p r i n t  t h e  r a t i o s  i n  a  c o n v e n i e n t  
fo rmat ,  t h e  d a t a  are a c t u a l l y  r e a d  t w i c e .  I f  t h e  r a t i o s  a r e  n o t  r e q u i r e d ,  
t h e  word PARTIAL may be  added f o l l o w i n g  t h e  operand MONTHLY, Thus,  t h e  
command LIST MONTHLY PARTIAL w i l l  produce l i s t i n g s ,  complete  e x c e p t  f o r  
r a t i o s ,  a t  n o t i c e a b l y  l e s s  c o s t ,  

D e t a i l e d  f o r m a t s  of o u t p u t  l i s t i n g s  a r c  g i v e n  i n  S e c t f o n  1 . 4 ,  

1 . 2 . 1 3 .  COPY -------  
The COPY command i s  prov ided  t o  p e i m i t  u s e r s  t o  copy r e c o r d s  from t h e  

HISARS d a t a  f i l e s  t o  o t h e r  f o r m a t s ,  f o r  u s e  w i t h  o t h e r  l a n g u a g e s ,  S i n c e  
HISARS f i l e s  a r e  n o t  a c c e s s i b l e  t o  FORTRAN, t o  PL/c,  o r  t o  CPS, operands  

/ - 
p r o v i d e  f o r  c o n v e r s i o n s  a p p r o p r i a t e  t o  t h e s e  l anguages .  T h i s  f e a t u r e  i s  
d i s c u s s e d  i n  d e t a i l  i n  Chapter  3 ,  t h e  U s e r s q  Guide t o  t h e  Copying F a c i l i -  L 

t i es .  

1 . 2 . 1 4 .  AND and OR ----------  
The AND and OR commands are n o t  s t r i c t l y  commands, b u t  a r e  c o n t r o l  

words f o r  t h e  And/or o p t i o n ,  T h i s  o p t i o n  i s  d e s c r i b e d  i n  S e c t i o n  1 . 3 . 2  
below. 

1 . 3 .  Access Command Opt ions  

S e v e r a l  o p t i o n s  a r e  p e r m i t t e d  beyond t h e  s t a n d a r d  s p e c i f i c a t i o n s  
d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  The o p t i o n s  are d e s i g n e d  t o  p e r m i t  
e i t h e r  e x t e n s i o n s  t o  t h e  a c c e s s  f a c i l i t i e s  o r  s i m p l i f i c a t i o n  of t h e  com- 
mand fo rmat .  

For  c e r t a i n  usage  s f  the system i t  may be d e s i r a b l e  t o  a c c e s s  t h e  
e n t i r e  f i l e .  For  example,  t h e  u s e r  may wish t o  o b t a i n  an i n d e x  of a l l  
r e c o r d s  i n  t h e  f i l e .  

T h i s  o p t i o n  i s  o b t a i n e d  by u s i n g  o n l y  an  ACCESS c a r d ,  an  ELEMENT 
c a r d  w i t h  t h e  r e q u e s t e d  e lement  o r  e lements  a s  operands ,  and a p p r o p r i a t e  
LIST c a r d s  a s  r e q u i r e d .  No o t h e r  command c a r d s  a r e  p e r m i t t e d ,  



When t h i s  o p t i o n  i s  u s e d ,  t h e  e n t i r e  f i l e  i s  scanned,  and e n t r i e s  f o r  
each s t a t i o n  i n  o r d e r  a r e  p r e c e s s e d  a s  r e q u e s t e d ,  S i n c e  such  p r o c e s s i n g  
may be  unaccep tab ly  e x t e n s i v e ,  o n l y  l i m i t e d  o p e r a t i o n s  a r e  p e r m i t t e d .  For  
example, aperands  f o r  the  L I S T  comaand s f  INDEX, MONTHLY and CONTENTS a r e  
p e r m i t t e d ,  b u r  D A I L Y ,  HOURLY and HYDRCGIPnPH are n o t .  

The r e g u l a r  access f a c i l i t i e s  p e r m i t  r e t r i e v a l  of r e c o r d s  t h a t  s a t i s f y  
6ne o r  more c r i t e r i a ,  For example,  i f  t h e  command c a r d s  

BASIN 06B 
06C 

COUNTY BURKE 

a r e  u s e d ,  t h e n  a l l  s t a t i o n s  t h a t  a r e  e i t h e r  i n  Bas in  06B i n  Bas in  O6C 
i n  Burke county w i l l  be  a c c e s s e d ,  Note kkm& t h e  word OR i s  used i n  t h e  log-  
i c a l  s e n s e ,  

OR command c a r d s  could  be  i n s e r t e d  between t h e  csmnand c a r d s  above,  
w i t h o u t  changing t h e  r e s u l t s .  These c a r d s  are t h e r e f o r e  w i t h o u t  f u n c t i o n  
t o  t h e  sys tem,  b u t  may h e l p  the  u s e r  t o  r e c o  n i z e  t h e  l o g i c  of t h e  r e t r i e v a l  
r e q u e s t  , 

The AND command i n t r o d u c e s  t h e  requ i rement  t h a t  i n  a d d i t i o n  t o  p r e c e d i n g  
c r i t e r i a ,  t h e  folPowing c r i t e r i o n  must be  met.  For  example,  i f  t h e  command 
c a r d s  

BASIN 06B 
06C 

AND 
ELEVATION 2000 
AND 
AREA 0 t o  500 

are u s e d ,  a l l  s t a t i o n s  i n  Bas in  06B o r  i n  Bas in  06C o r  i n  Burke county and 
hav ing  e l e v a t i o n s  o v e r  2008 f e e t  - and-&iving d r a i n a g e y r e a s  o f  l e s s  t h a n  500 
s q u a r e  m i l e s  w i l l  be  a c c e s s e d .  Note t h a t  t h e  word AND i s  used i n  t h e  l o g i -  
c a l  s e n s e  a l s o .  

T h i s  o p t i o n  p e r m i t s  some a d d i t i o n a l  f l e x i b i l i t y  i n  making a c c e s s  r e q u e s t s .  
A d d i t i o n a l  examples a r e  g i v e n  i n  S e c t i o n  1.1, Is may b e  n o t e d  i n  c o n n e c t i o n  
w i t h  Ex. 8 of t h a t  s e c t i o n  t h a z  t h e  PERIOD command i s  used  i m p l i c i t l y  as though 
i t  had a p r e c e d i n  

1 . 3 . 3 .  O p t i o n a l  a b b r e v i a t i o n  - - - - - - - - - - - - - - -  
A b b r e v i a t i o n  of t h e  command words and c e r t a i n  operands  i s  p o s s i b l e .  The 

u s e r  who i s  j u s t  becoming a c q u a i n t e d  w i t h  t h e  sys tem shou ld  p robab ly  u s e  t h e  
whole words as g i v e n ,  b u t  a  user  w i t h  more e x p e r i e n c e  may p r e f e r  t h e  a b b r e v i -  
a t e d  forms.  



Abbrev ia r fon  i s  p o s s i b l e  because  t h e  sys tem when r e a d i n g  t h e  command 
c a r d s  r e a d s  o n l y  enough of each  word t o  identify i t  u n i q u e l y ,  Thus, t o  
d i s t i n g u i s h  between t h e  commands ELEMENT and ELEVATION, o n l y  t h e  f i r s t  
f o u r  f e t t e r s  need be r e a d ,  Four b e t t e r s  are s u f f i c i e n t  t o  u n i q u e l y  iden-  
t i f y  a l l  o t h e r  commands, The a l l o w a b l e  a b b r e v i a t i o n s  are: 

a )  Command words - t h e  f i r s t  f o u r  f e t t e r s  of t h e  names g i v e n  i n  Sec- 
t i o n  1 . 2 ;  

b )  Element names - the  f i r s t  t h r e e  PetEers of t h e  names g i v e n  in See- 
t i o n  1 .2 .2 ;  

c) L i s t  operands  - t h e  f i r s t  two l e t t e r s  s f  t h e  names g i v e n  i n  Sec- 
t i o n  1 . 2 . f 2 ,  



1 . 4 ,  Output Formats 

This  s e c t i o n  con ta ins  examples of rhs rsadtput t h a t  mag be produead by 
t h e  access  f a c i l i t i e s  of HISARS. Examples show t h e  command cards  used,  
and the  corresponding o u t p u t ,  The examples i ne lude  91% l i s t i n g s  t h a t  a r e  
now a v a i l a b l e .  Other l i s t f n g s  w i l l  be implemented a s  t h e  need a r i s e s .  



1 . 4 . 1 .  The o u t p t  h e a d i n g   age - - - - - - -  - ---  - 

At t h e  b e g i n n i n g  of t h e  o u t p u t  a s s o c i a t e d  w i t h  each a c c e s s  g roup ,  a  , ' 
head ing  page is  p r i n t e d ,  T h i s  c o n t a i n s  t h e  sys tem name and v e r s i o n ,  t h e  
d a t e  and t ime  of e x e c u t i o n ,  a  l i s t  of a c c e s s  r e q u e s t s  a s  r e c o g n i z e d  by 
t h e  sys tem,  and a map showing s t a t i o n  l o c a t i o n s  and l o c a t i o n  b l o c k s  
s e a r c h e d .  An example i s  shown i n  F i g u r e  1 . 3 ,  which r e s u l t e d  from t h e  
f o l l o w i n g  command c a r d s :  

ACCESS 
ELEMENT RAINFALL 

STREFLOW 
LOCATION 3581 
COUNTY WAKE 

DURHAM 
ORANGE 
CHATHAM 

LIST INDEX 

Users of  s low speed t e r m i n a l s  who d e s i r e  t o  s u p p r e s s  p r i n t i n g  of t h e  
head ing  page may do s o  by p r o v i d i n g  t h e  pa ramete r  TERMINAL on t h e  EXEC 
c a r d  o f  t h e  Job  C o n t r o l  Language. ( S e c t i o n  1 . 5 . 3 )  





The command sequence 

ACCESS 
ELEMENT STREFLOW 
COUNTY DURHAM 
LIST INDEX 

produced t h e  output  shown i n  Figure 1. 

This  form of t h e  index,  which inc ludes  the  dra inage  a r e a ,  i s  used f o r  
t h e  Streamflow, Hydrograph, Peak Flow and Dam f i l e s .  Per iod  of record  
informat ion  i s  n o t  included f o r  t h e  Dam f i l e  however, 



STREAMFLOW S T A T I O N S  

E N 0  R I V E R  NFAR DIJRHAM. Nm C -  
L A T I T U D E  3 6 - 0 4 - 1 8  L O N G I T U D E  7 8 - 5 4 - 3 3  
E L E V A T I O N  2 7 0  F T  MSL 

P E R I O D  OF RECORDS 
0 9 / 1 9 6 3  - 0 9 / 1 9 6 8  

L I  r T L E  R I V E R  NEAR ORANGE FACTORY, N, C  
L A T I T U D E  3 6 - 0 8 - 2 0  LONG 
E L E V A T I O V  3 3 3 . 9 8  F T  MSL 

P F R I  OD OF RFCOROS 
0 9 / 1 9 6 1  - 0 7 / 1 9 6 8  

F L 4 T  R I V E R  AT BA4AM4,  N, C. 
L 4 T I  TIJOE 3 6 - 1 0 - 5 1  L O Y G  
F L E V A T I O N  345.85  F T  MSC 

P F R I O D  OF RECORDS 
0 8 / 1 9 2 5  - 0 9 / 1 9 6 8  

D I A L  C K F C K  NEAR BAHAMAt  N.C. 

R E G I O N  J 
LENGTH. MONTHS 

6 1 

TUDE 7 8 - 5 4 - 2 4  
R E G I O V  J 
LEUGTH, MONTHS 

8 5  

TUDE 7 8 - 5 2 - 4 4  
R E G I O Y  J  
L E Y  GTHI MOVTHS 

5 1 8  

L 4 T I T U D E  3 6 - 0 1 - 3 6  L O V G I T U D E  7 8 - 5 1 - 2 4  
E L E V A T I O N  3 5 7 . 6 7  F T  MSL 2 E G I O U  J 

P E R I O D  OF RFCflRDS LFVGTH. MONTHS 
1 0 / 1 9 2 5  - 0 9 / 1 9 6 8  5 1  6  

F L A T  R I V F R  AT DAM, YEAR BAHAMAS N.C. 
L h T I  TUDE 3 6 - 0 8 - 5 5  L O Y G I T U D E  7 8 - 4 9 - 4 3  
F L F V A T I f l N  2 5 6 . 6 0  F T  MSL R E G I O U  J 

P E R I O D  OF RECORDS LEUGTH, MONTHS 
0 9 / 1 9 2 7  - 0 1 / 1 9 5 9  3 8 5  
O 8 / 1 9 6 1  - 0 9 / 1 9 6 6  6 2  

YEUSF R I V E R  NEAR N O R T H S I D E *  N.C. 
L A T I  TUDE 3 6 - 0 2 - 5 4  L O N G 1  TUDE 7 8 - 4 4 - 5 0  
E L E V A T I O N  225.91  F T  MSL R E G I O V  J 

P E R I O D  OF RECORDS L E Y  GTH, MONTHS 
0 8 / 1 9 2 7  - 0 9 / 1 9 6 8  494 
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DURH4M S T A T I O N  NO-  0 2 s 3 8 5 0 . 7 0  
GEOSRAPHIC L O C 4 T I O N  B L O C K  3 6 7 8 - 2 2 2 - 4 2 1  
R A S l Y  J01 AREA 1 4 1  SO M I  

DUQHAM S T A T I O N  NO. 0 2 - 3 8 5 2 - 2 0  
GEOGRAPHIC L O C A T I O N  BLOCK 3 6 7 8 - 2 2 3 - 1 2 1  
B B S I V  J01 AREA 81.6 SQ M I  

DURHAR S T A T I O N  NO. 02 ,3855.03  
G E n G R A P H I C  L O C A T I O N  BLOCK 4 5 7 8 - 2 2 3 - P 4 4  
8 4 9 I Y  JOI. AREA 1 5 0  SO M I  

OUSH4M S T A T  I O N  NO. 02 ,0860.08  
SEf lGRAPHIC L 3 C A T I O N  B L O C K  3 6 7 8 - 2 2 1 - 2 2 4  
R f i S I V  J O l  AREA $,TI SQ M I  

DURHAM S T A T I O N  NO. 0 2 . D B 6 5 ~ 0 O  
GEOGRAPHIC L O C 4 T I  ON B L O C K  3 6 7 8 - 2 2 4 - 2  1 3  
B 4 S I V  J O 1  AREA 1 7 1  SQ M I  

DURHAM- H b K E  S T A T 1  ON NO* 0 2 * 0 8 7 0 e 0 0  
G F i l G S A P H I C  L J C A T I O N  B L O C K  3 6 7 8 - 2 1 2 - 2 3 3  
B A S I U  J01 AREA 5 2 6  SO M I  

Figure 1.4. Sample index l i s t i n g  from streamflow index. 



The command sequence 

ACCESS 
ELEMENT STREELOW 
STATION 02082500 
LIST MONTHLY 

produced the  ou tpu t  shown in F i g u r e  E , 5 ,  

Values  l i s e e d  are monrhly screamflow ~ o t a h .  S u f f i c i e n t  dec imal  
l a c e s  are prov ided  rc  p r i n t  t h e  c o r r e c t  t o t a l  0 5  t h e  d a i l y  v a l u e s .  
e a n s  a r e  computed f o r  each month, and the  numbers of months used  i n  
h e s e  computa t ions  are a l s o  l i s t e d ,  

The annual mean d ischarge  is o b t a ~ n e d  a s  t h e  sum of t h e  monthly  
mean v a l u e s ,  and i s  n o t  neeessa~iiy e q u a l  t o  the  mean of  t h e  a n n u a l  
t o t a l s ,  For  those annua l  t o t a l s  whish are complete  (fee. c o n t a i n  1 2  
months s f  d a t a ) ,  the  ra t rs  of %he t o r a l  to the a n n u a l  mean i s  computed. 

Mean d a i l y  d i s c h a r g e  v a l u e s  i n  c u b i c  feet  p e r  second and i n  c u b i c  
f e e t  p e r  second p e r  square mile are alsc g i v e n .  
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The command sequence . 
ACCESS 
ELEMENT STREFLOW 
STATION 02082500 
LIST MONTHLY PARTIAL 

produced t h e  o u t p u t  shown i n  F i g u r e  1 . 6 .  

Values  g i v e n  a r e  t h e  same a s  t h o s e  i n  F i g u r e  1 . 5 ,  and computa t ions  
are a l s o  similar.  However, t h e  mean a n n u a l  d i s c h a r g e  i s  n o t  computed 
u n t i l  t h e  r e s t  of t h e  t a b l e  h a s  been p r i n t e d ,  s o  t h a t  t h e  r a t i o s  o f  t h e  
annua l  t o t a l s  t o  t h e  mean cannot  be  computed. S i n c e  t h i s  p r o c e s s i n g  i s  
more e f f i c i e n t  t h a n  t h a t  of F i g u r e  1 . 5 ,  i t  is  t o  be  p r e f e r r e d  u n l e s s  t h e  
r a t i o s  a r e  r e q u i r e d .  

The word PARTIAL can a l s o  be  used w i t h  monthly l i s t i n g s  o f  t h e  o t h e r  
e l e m e n t s  g i v e n  below. S i n c e  t h e  e f f e c t  i s  s i m i l a r  t o  t h a t  g i v e n  h e r e ,  no 
f u r t h e r  examples u s i n g  i t  are g iven .  
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STATION NO. 02.0825.00 

SFPTFMBEK OCTOHFR 

MEAN ANNUAL DISCHARGE 23522.35 CFS-DAYS 
MEAN D A I L Y  D I  SCHARGF 63.87 CFS 

0.99 CFS/SQ M I  

NOVEMBER O F C E P H F R  ANNUAL 

Figure  1 .6 .  Sample p a r t i a l  monthly d a t a  l i s t i n g  from streamflow f i l e .  



T h e  command sequence 

ACCESS 
ELEMENT STREFLOW 
STATION 02082500 
PERIOD 4 6 1 9 5 2  TO P 2 / 1 9 5 2  
L I S T  DAILY 

produced t h e  o u t p u t  shown i n  F i g u r e  1,7, 

Values  l i s t e d  are d a i l y  t o t a l s  i n  c u b i c  f e e t  p e r  second.  S i n c e  
values are s t o r e d  in h u n d r e d t h s ,  they  arc p r i n t e d  t h i s  way, a l t h o u g h  
f o r  l a r g e  b a s i n s  these dec imal  places a r e  u s u a l l y  n@c used ,  Monthly 
t o t a l s  a r e  a l s o  l i s t e d ,  





The command sequence 

produced the o u t p u t  shown i n  F i g u r e  l.8, 

T h ~ s  farm of t h e  index ,  which does  n o t  i n c l u d e  the d r a i n a g e  a r e a  is 
used f o r  the Rainfa l l ,  Temperature ,  Hourly R a f n f a l l ,  E v a p o r a t i o n ,  Snow- 
f a l l  and Event files, and f o r  p r e c i p i t a t i o n  s t a t i o n s  i n  the Hydrograph 
f b l e  , 





1 . 4 . 7 .  MonthQ l i s t i n g s  from r a i n f a l l  f i l e  
I----- ---------------  

The command sequence 

ACCESS 
ELEMENT RAINFALL 
STATION 317400 
LIST MONTHLY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 . 9 .  The a d d i t i o n  o f  t h e  word PARTIAL 
would d e l e t e  t h e  l a s t  column. 

Values i n  t h e  t a b l e  a r e  t o t a l  monthly p r e c i p i t a t i o n  amounts i n  i n c h e s .  
The f o l l o w i n g  s p e c i a l  symbols a r e  used t o  q u a l i f y  t h e  monthly amounts: 

- m i s s i n g  v a l u e s  d u r i n g  month; 
accumula t ions  d u r i n g  month; 

E e s t i m a t e d  v a l u e s  d u r i n g  month. 
Only one symbol i s  p r i n t e d  f o r  one month, and t h e  symbol i s  s e l e c t e d  i n  t h e  
above o r d e r ,  Thus i f  a minus s i g n  a p p e a r s ,  t h e r e  may a l s o  be  accumula t ions  
o r  e s t i m a t e d  v a l u e s  d u r i n g  t h e  month, b u t  i f  an  E i s  p r i n t e d ,  t h e r e  a r e  
n e i t h e r  m i s s i n g  v a l u e s  n o r  accumulations. 

Monthly means are computed e x c l u d i n g  t h o s e  months marked w i t h  a minus 
s i g n ,  and t h e  mean a n n u a l  p r e c i p i t a t i o n  i s  o b t a i n e d  a s  t h e  sum of  t h e  
monthly means. Annual t o t a l s  a r e  o b t a i n e d  f o r  a l l  y e a r s ,  b u t  t h e  r a t i o  of 
t h e  a n n u a l  t o t a l  t o  t h e  a n n u a l  mean i s  o b t a i n e d  o n l y  f o r  y e a r s  w i t h  no 
m i s s i n g  v a l u e s .  



. . . - --. . - -- - 

R F C K V  MOUNT 8 E S E  

1 9 1 7  
1 9 1 8  
1 9 1 9  
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STATICN NO. 31-7400 

I N  INCHES 

AUGUST SFPTEMWER OCTOWFR 

MEAN ANNUAL PRECIPITATION 44.65 [NCHES 

NOVEMBER DECEMBER 

Figure 1.9.  Sample monthly d a t a  l i s t i n g  from r a i n f a l l  file. 



The command sequence 

ACCESS 
ELEMENT INFALL 
STATION 317403 

kBl.927 TO 1211923 
DAILY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 , l . O .  

Values  i n  the table tire daily p r e c i p i t a t i o n  amounts i n  i n c h e s ,  
Amounts are q u a l i f i e d  by t h e  folLswing s p e c i a l  symbols: 

-- amounc missing; 
amount accumulated;  

E amaunt e s t i m a t e d ;  
T trace r e p o r t e d ;  
x i n v a l i d  code combinat ion.  

Combinations of t h e  sgmbuis may be  p r i n t e d  as a p p r o p r i a t e .  

Monthly t o t a l s  are a l s o  p r i n t e d ,  





1.4.9.  Monthly average maximum and minimum temp-eratures ----------  - -----------  - - - -  
The command sequence 

ACCESS 
ELEMENT TEMPTURE 
STATION 310901 
LIST MONTHLY 

produced t h e  ou tpu t  shown i n  F igure  1.11. The a d d i t i o n  of t h e  word PARTIAL 
would d e l e t e  t h e  l a s t  column. 

Values i n  t h e  t a b l e  a r e  t h e  average maximum and minimum tempera tures  
i n  degrees  Fahrenhe i t  f o r  each month. I f  t h e r e  a r e  miss ing  d a i l y  maximum 
tempera tures  du r ing  a month, a minus s i g n  i s  p r i n t e d  t o  t h e  r i g h t  of t h e  
average maximum. S i m i l a r l y ,  miss ing  d a i l y  minimum tempera tures  a r e  iden-  
t i f i e d  by a minus s i g n  t o  t h e  r i g h t  of t h e  average minimum. I f  t h e r e  a r e  
any e s t ima ted  v a l u e s  of e i t h e r  maximum o r  minimum d a i l y  tempera tures ,  an 
E i s  p r i n t e d  t o  t h e  r i g h t  of t h e  average maximum, provided t h a t  t h e r e  a r e  
n o t  a l s o  mi s s ing  maximum tempera tures .  

Values t h a t  a r e  marked wi th  a minus s i g n  a r e  n o t  r e l i a b l e ,  s i n c e  they  
a r e  c a l c u l a t e d  u s ing  only  t h e  days f o r  which d a t a  a r e  a v a i l a b l e .  

Monthly means a r e  c a l c u l a t e d  u s i n g  only  v a l u e s  f o r  complete months. 
The number of months p r i n t e d  i s  t h e  number of months w i t h  complete mini- 
m& tempera tures .  

The mean annual  t empera tures  a r e  computed a s  t h e  average  of a l l  
complete months. These va lues  may be b i a sed  i f  t h e r e  a r e  more incom- 
p l e t e  r eco rds  du r ing  c e r t a i n  months than du r ing  o t h e r s ,  

The annual  average tempera tures  are computed u s i n g  a l l  t h e  monthly 
averages ,  and a r e  t h e r e f o r e  s u b j e c t  t o  t h e  same source  of u n r e l i a b i l i t y  
c i t e d  above. However, t h e  r a t i o  of t h e  annual  average 
temperature  i s  c a l c u l a t e d  on ly  f o r  y e a r s  w i t h  complete 

t o  t h e  mean annual  
d a t a .  
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S T A T I O N  NO, 31-0931 

4VERAGE MONTHLY Y A X I M U M  AND P I Y I Y U Y  T E M P E R I T U R E S  I N  D E S R E E S  F. 
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59.1 D E G R E E S  F. 
41.0 DEGREES F. 

Figure  I.I%, Sample monthly  da%a b i s t i n  from temperature 



1.4.10. Da i ly  maximum and minimum t e y s r a t u r e s  ------ -----------  ----- 
The command sequence 

ACCESS 
ELEMENT TEMPTURE 
STATION 310901 
PERIOD 1/1951 TO 1211951 
L I S T  DAILY 

produced t h e  output  shown i n  Figure 1.12. 

Values i n  the  tgb le  a r e  d a i l y  maximum and minimum temperatures i n  
degrees 'Fahrenheit.  Missing values a r e  l e f t  blank. 

Wonthly averages a r e  a l s o  p r i n t e d ,  For months wi th   iss sing day$, 
the  averages are ca lcu la ted  using the  ava i l ab le  da ta .  
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Figure 1.12. Sample daily data l i s t i n g  from temperature f i l e .  



The command sequence 

ACCESS 
ELEMENT HY DGRAP H 
STATION 31006A 
PERIOD 12/1964 TO 1211964 
LIST HY DROGRAPH 

produced t h e  output  shown i n  F igure  1.13.  

I n  t h e  hydrograph f i l e ,  streamflow and p r e c i p i t a t i o n  d a t a  a r e  recorded 
a t  i r r e g u l a r  i n t e r v a l s .  The output  l i s t i n g  shows t h e  d a t e  and time of obser-  
v a t i o n  ( i n  hours  and minutes on a  24-hour c l o c k ) ,  and t h e  a s s o c i a t e d  
observa t ion ,  For p r e c i p i t a t i o n  d a t a  a s  shown i n  Figure 1 . 1 3 , . t h e  obse rva t ion  
va lue  i s  t h e  accumulated amount i n  inches  up t o  the  time of observa t ion .  For 
streamflow d a t a ,  t h e  observa t ion  va lue  i s  t h e  r a t e  of d i scharge  i n  cubic  f e e t  
per  second a t  t h e  time of obse rva t ion ,  
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The command sequence 

ACCESS 
ELEMENT 
STATION 
PERIOD 
LIST 

HOURRAIN 
318560 
181951 TO 12/195% 
DAILY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 .14 .  

Values  i n  t h e  t a b l e  a r e  t o t a l  d a i l y  p r e c i p i t a t i o n  amounts i n  i n c h e s ,  
, measured from midn igh t  t o  midn igh t .  Amounts are q u a l i f i e d  by t h e  fo l low-  

i n g  s p e c i a l  symbols:  -- amounts f o r  e n t i r e  day m i s s i n g ;  
- m i s s i n g  amounts d u r i n g  day; 
S m k l t i n g  snow measured d u r i n g  day; 

accumula t ions  d u r i n g  day;  
E e s t i m a t e d  v a l u e s  d u r i n g  day ;  
T t r a c e  t o t a l  f o r  day. 

Only one symbol i s  p r i n t e d  f o r  one day ,  and t h e  symbol i s  s e l e c t e d  i n  t h e  
above o r d e r .  Thus i f  a minus s i g n  a p p e a r s ,  t h e r e  may a l s o  b e  accumula t ions  
o r  e s t i m a t e d  v a l u e s  d u r i n g  t h e  day ,  b u t  i f  a n  E i s  p r i n t e d ,  t h e r e  a r e  n e i t h e r  
m i s s i n g  v a l u e s  n o r  aeeumula t ions .  

Monthly t o t a l s  a r e  a l s o  p r i n t e d .  
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Figure 1.14. Sample daily data l i s t ing  from hourly rainfal l  f i l e .  



1.4 .13.  Hourly l i s t i n g s  from h o u r l y  r a i n f a l l  f i l e  ------  - ---------  - ------  
The command sequence 

ACCESS 
ELEMENT HOURRAHN 
STATION 318560 
PERIOD 311951 TO 3/1951 
LIST HOURLY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 .15 .  

Values  i n  t h e  t a b l e  a r e  h o u r l y  p r e c i p i t a t i o n  amounts i n  i n c h e s  f o r  
t h e  hour  end ing  a t  t h e  t i m e  shown (on a 24-hour c l o c k ) .  Amounts are 
q u a l i f i e d  by t h e  f o l l o w i n g  s p e c i a l  symbols:  - - amount m i s s i n g ;  

, S measurement i s  of m e l t i n g  snow; 
* amount accumulated;  
E amount e s t i m a t e d ;  
T t r a c e  r e p o r t e d .  

Only one symbol i s  p r i n t e d  f o r  one h o u r ,  and t h e  symbol i s  s e l e c t e d  i n  t h e  
above o r d e r .  

D a i l y  t o t a l s  are a l s o  p r i n t e d .  
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The command sequence 

ACCESS 
ELEMENT EVAP T LON 
STATION 311677 
PERIOD 111948 TO 1211966 
LIST MONTHLY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 .16 .  The a d d i t i o n  of t h e  word PARTIAL 
would d e l e t e  t h e  l a s t  column. 

Values i n  t h e  t a b l e  a r e  t o t a l  monthly e v a p o r a t i o n  amounts i n  i n c h e s  
and t o t a l  monthly wind movement i n  miles. The f o l l o w i n g  s p e c i a l  symbols 
a r e  used t o  q u a l i f y  v a l u e s  of b o t h  e v a p o r a t i o n  and wind movement: 

- m i s s i n g  v a l u e s  d u r i n g  month; 
* accumula t ions  d u r i n g  month; 
E e s t i m a t e d  v a l u e s  d u r i n g  month. 

Only one symbol i s  p r i n t e d  f o r  one month, and t h e  symbol i s  s e l e c t e d  i n  
t h e  above o r d e r .  

Monthly means are computed e x c l u d i n g  t h o s e  months marked w i t h  a minus 
s i g n ,  and t h e  mean a n n u a l  v a l u e s  a r e  o b t a i n e d  as t h e  sum of  t h e  monthly 
means. The number o f  months p r i n t e d  i s  t h e  number o f  months w i t h  complete  
e v a p o r a t i o n  d a t a .  Annual t o t a l s  a r e  o b t a i n e d  f o r  a l l  y e a r s ,  b u t  t h e  r a t i o  
of t h e  a n n u a l  t o t a l  t o  t h e  a n n u a l  mean i s  o b t a i n e d  o n l y  f o r  y e a r s  w i t h  no 
m i s s i n g  v a l u e s ,  
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1 .4 .15 .  D a i l y  l i s t i n g s  from t h e  e v g o r a t i o n  f i l e  ------  - - -  ------  - - -----  
The command sequen5e 

ACCESS 
ELEMENT EVAPTION 
STATION 3116 7 7 
PERIOD 1/1950 TO 12/1950 
LIST DAILY 

produced t h e  o u t p u t  shown i n  F i g u r e  1 .17.  

Values  i n  t h e  t a b l e  a r e  d a i l y  e v a p o r a t i o n  amounts i n  i n c h e s  and t o t a l  
d a i l y  wind movement i n  miles. Miss ing  v a l u e s  are l e f t  b l a n k .  Amounts are 
q u a l i f i e d  by t h e  f o l l o w i n g  s p e c i a l  symbols:  

* amount accumulated;  
E amount e s t i m a t e d .  

Only one symbol i s  p r i n t e d  f o r  one month, and t h e  symbol i s  s e l e c t e d  i n  t h e  
above o r d e r .  

Monthly t o t a l s  a r e  a l s o  p r i n t e d .  
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1.4.16. Monthlz l i s t i n g s  from the  snowfal l  f i l e  -------  ---  - -----------  
The command sequence 

ACCESS 
ELEMENT SNOWFALL 
STATION 310977 
LIST MONTHLY 

produced t h e  output  shown i n  F igure  1.18.  The a d d i t i o n  of t h e  word PARTIAL 
would d e l e t e  t h e  l a s t  column. 

Values i n  t h e  t a b l e  a r e  t o t a l  monthly snowfa l l  amounts i n  inches .  The 
fo l lowing  s p e c i a l  symbols a r e  used t o  q u a l i f y  t h e  monthly amounts: 

- missing va lues  during month; 
* accumulations during month; 
E es t imated  va lues  dur ing  month; 
T t r a c e  t o t a l  f o r  month. 

Only one symbol i s  p r i n t e d  f o r  one month, and t h e  symbol i s  s e l e c t e d  i n  t h e  
above o rde r .  

Months dur ing  t h e  per iod  of record  which a r e  blank a r e  assumed t o  have 
no snowfa l l ,  Monthly means a r e  computed inc lud ing  these  months, b u t  exclud- 
i ng  months marked wi th  a  minus s i g n .  The mean annual snowfa l l  i s  obta ined  
a s  t h e  sum of t h e  monthly means. Annual t o t a l s  a r e  obta ined  f o r  a l l  y e a r s ,  
bu t  t h e  r a t i o  of t he  annual t o t a l  t o  t h e  annual  mean i s  obta ined  only f o r  
yea r s  w i th  no missing va lues .  
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1 .4 .17 .  D a i l y  l i s t i n g s  from t h e  s n o w f a l l  f i l e  ------  ---  ------------  
The command sequence 

ACCESS 
ELEMENT SNOWFALL 
STATION 310977 
PERIOD 111964 TO 1211964 
LIST DAILY 

produced t h e  o u t p u t  shown i n  F i g u r e  1.19.  

Values  i n  t h e  t a b l e  a r e  d a i l y  s n o w f a l l  amounts i n  i n c h e s ,  and snow 
dep th  on ground a t  t i m e  of o b s e r v a t i o n  i n  i n c h e s .  Values  a r e  q u a l i f i e d  
by t h e  f o l l o w i n g  s p e c i a l  symbols: 

M amount o r  d e p t h  m i s s i n g ;  
* amount accumulated;  
E amount o r  d e p t h  e s t i m a t e d ;  
T t r a c e  amount o r  d e p t h .  

Combinations of t h e  symbols may b e  p r i n t e d  as a p p r o p r i a t e ,  

Monthly t o t a l  s n o w f a l l  amounts a r e  a l s o  p r i n t e d ,  
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Figure  1.19.  Sample d a i l y  d a t a  l i s t i n g  from s n o w f a l l  f i l e .  
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1.4.18.  D a i l y  l i s t i n g s  from the  event  f i l e  ------  - - -  - ----------  
The command sequence 

ACCESS 
ELEMENT EVENT 
STATION 310301 
PERIOD 111962 TO 1211962 
LIST DAILY 

produced t h e  output  shown i n  F igure  1.20. 

The t a b l e  shows d a t e s  on which occurrences of va r ious  types of 
weather  phenomena were r epo r t ed .  A key i d e n t i f y i n g  t h e  l e t t e r  codes 
i s  p r i n t e d  a t  t he  bottom of t he  t a b l e .  

These d a t e s  were obta ined  from the  Nat iona l  Weather Se rv i ce  "Days 
With" d a t a .  Inasmuch a s  t h e  r e g u l a r i t y  w i th  which t h i s  in format ion  i s  
c o l l e c t e d  v a r i e s  g r e a t l y  f o r  d i f f e r e n t  obse rve r s ,  t h e  d a t a  should be 
used w i t h  cau t ion .  



BUNCOMBE 

CCCURRENCES 

APRIL PAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER EECEMBER 

ASHEVILLE WB C I T Y  

1962 
JANUARY FEHRUPRY MARCH 

W - HIGH WIND 
Z - DRIZZLE 

KEY: B - RLCWING SNOk 
D - DUST* SANDSTORM 
F - FOG 

G - GLAZE 
H - H A I L  
M - SMOKE* HAZE 

R - TORNADO 
S - SLEET 
T - THUNDER 

Figure 1.20. Sample daily listing from event file. 



The command sequence 

ACCESS 
ELEMENT DAMS 
ALTERNATE COE 
LIST CONTENTS 

produced t h e  output  shown i n  F igure  1.21.  

The d a t a  f o r  t h i s  l i s t i n g ,  and t h e  format of t h e  l i s t i n g ,  were f u r -  
n i shed  by t h e  Planning Sec t ion  of t h e  North Caro l ina  O f f i c e  of Water and 
A i r  Resources.  



-- - - - . - . . R E S I S T E R  OF DAMS 

Y A M E I O W N E R  ALAMANCE DAM S I T E  U S A C E  
B A S I N  NO. 8 0 3  S T A T E  P L A N Y I Y G  R E G I O N  G 
T Y P E  D A T E  C O N S T R U C T E D  
SROCS STORAGE 7 4 . 0 0 0  AC F T  

G E O G R A P H I C  L O C A T I O N  B L O C K  3 6 7 9 - 2 1 1 - 1 4 4  
O R A I N A G E  & R E 4  78 .3  SQ M I  S T 4 T U S  I 
L E N G T H  OF C R E S T  F T  H E I G H T  3 3  
3 E S E R V O I R  ACREAGE A T  M A X I M U M  POOL 2 1 8 5 0  

Y A M E l O W N E R  ALTAMA4AW DAM S I T E  U S A C E  
R A S I N  NO. 8 0 1  S T A T E  P L A N V I Y G  R E G I O N  G 
T Y  P F  E D A T E  C O N S T R U C T E D  

G E O G R A P H I C  L O C h T I O N  B L O C K  3 6 7 9 - 2 1 4 - 4 1 2  
D R A I N A G E  4 R E 4  191 S Q  '41 S T A T U S  I* 
L E N G T H  O F  C R E S T  2 , 1 4 5  F T  H E I G H T  9 9  

GROSS 5TORAGE 1 8 6 . 0 0 0  AC F T  3 E S E R V O I R  ACREAGE A T  M A K I M U H  P O O L  6 . 9 0 0  
COMMENTS: S E V E R A L  S E T S  O F  T E C H N I C A L  D A T A  P R O P O S E D  F O F  T H I S  S I T E .  

Y A M E I O W N E R  A N G L I N S  M I L L  DAM S I r E  U S A C E  
R A S I N  NO. L O 2  S T A T E  P L A N N I N G  R E G I O N  
T Y P E  D A T E  C O N S T R U C T E D  
GROSS STORAGE 4 . 5 0 0  AC F T  

Y A M E l O W N F R  AYCOCK SWAMP DAM U S A C E  
R A S I N  NO. 1 0 7  S T A T E  P L A N N I Y G  R E G I O N  
T Y P E  E D A T E  C O N S T R U C T E D  
S R n S S  STORAGE 7 r 0 0 0  AC F T  

Y h P F I O W N F 9  R A K E R S  M I L L  DAM S I T E  U S A C E  
R 4 S 1 N  NO. I 0 6  S T A T E  P L A N N  I N G  R E G I O N  
T Y P E  E D A T f  C O N S T R U C T E D  
?ROSS STORAGE 3 6 . 0 0 0  A C  F T  

V A Y E I O W N F R  R F A V E R  CREEK DAM U S A C E  
R L S I N  YO. 0 0 1  S T 4 T E  P L A N N I N G  R E G I O Y  
T Y P E  G D A T E  C O N S T R U C T E D  
GROSS STORAGE 3 . 3 0 0  AC F T  

Y A M E l O H N E R  R E 4 V E R D A M  CREFK OAM S I T E  U S A C E  
R A S I  N NO. 1 0 5  S T A T F  P L A N Y  I N G  R E G I O N  
T Y P r  E  D A T E  C O N S T R U C T E D  
GROSS STORAGE AC F T  

YAME/OWNFR R E N A J A  DAM S I T F  U S A C E  
B A S I N  NO. 0 0 1  S T A T E  P L A N N I N G  R E G I O N  
T Y P E  D A T E  C O N S T R U C T E D  
GROSS STORAGE 5 0 , 0 0 0  AC F T  

YAMEICIWNER B E U L A H T O W N  DAM S I T E  U S A C E  
B A S 1  N NO. 1 0 6  S T A T E  P L A N V I N G  R E G I O N  
T Y P E  E D A T E  C O N S T R U C T E D  
GRLJSS STORAGE 8 L t O O O  A C F T  

Y A M E I O W N E R  B L A C K  C R E E K  DAM U S A C E  
B A S I N  NO. I 0 7  S T A T E  P L A N N I N G  R E G I O N  

- - T Y P E  E D A T E  C O N S T R U C T E D  
X R m S  S T O R A C E  1 7 . 0 0 0  h C  F T  

S E O G R A P H I Z  L O C 4 T I O N  B L O C K  3 6 7 9 - 3 2 2 - 2 3 2  
O R A I N A G E  A R E 4  2 6 0  S Q  '41 S T A T U S  I 
L E N G T H  O F  C R E S T  6 2 0  F T  H E I G H T  7 5  
i E S E R V O I R  A L R E A S E  A T  M A X I M U M  P O O L  2 8 0  

G E O G R A P H I C  L D C 4 T I O N  R L O C K  1 5 7 7 - 3 2 2 - 4 1 2  
D R A I N A G E  4 R E P  SQ M I  S T A T U S  I 
L E N G T H  O F  C R E S T  1.900 F T  H E I G H T  3 6  
R E S E R V O I R  A C R E b G E  A T  M A X I M U M  POOL B 00 

G E O G R A P H l S  L O C I T I O N  B L O C K  3 5 7 8 - 1 4 3 - 4 % 2  
D R A I N A S E  4 R E 9  2 6 1  S Q  M I  S T b T U S  I 
L E N G T H  O F  C R E S T  4 , 4 0 0  F T  H E I G H T  5 3  
R E S E R V O I R  ACREAGE A T  M A X I W U M  POOL 3 r  2 0 0  

G E O G R A P H I Z  L O t 4 T I O N  R L O C K  3 6 8 1 - 3 2 1 - 3 2 1  
D R A I N A G E  4 R E A  SQ MI \TATUS r 
L E N G T H  O F  C R E S T  4 0 0  F T  H E I G H T  8 4  
R E S E R V O 1 9  A C R E 4 G E  A T  M A X I M U M  POOL 2 1 2  

G E O G R A P H I C  L O C A T I O N  B L O C K  3 5 7 8 - 1 4 2 - 2 3 2  
D R A I N A G E  AREA 1 6 - 1  S O  M I  S T A T U S  R 
L E N G T H  O F  C R E S T  1 . 6 5 0  F T  H E I G H T  21.5 
S E S E R V O I ?  A t P E 4 G E  A T  M A X I M U M  POOL 1 3 5  

G E O G R A P H I C  L O C A T I O N  B L O C K  3 5 7 9 - 2 4 2 - 2 1 4  

P A G E  1 

S T A T I O N  YO, O M - A L A l O  
PURP'ISE 
F T  

S T A T I O Y  NO. D M - 4 L T I O  
P U R P O S E  Y 
F T  

S T A T I O N  YO. O M - 4 Y G 1 0  
P U R P O S E  Y 
F T  

S T A T I O N  NO. O Y - A Y C 1 2  
P U R P O S E  M 
F T  

S T A T I O N  NO. D Y - R A K 1 4  
PURPOS E M 
F T  

S T A T I D N  NO, 3 Y - B E A 5 6  
P V R P O S E  F 
F: 

S T A T  I O N  NO, O M - R E A S 8  
P U R P O S E  M 
F T  

O R A I N A G E  A R E A  3 7 . 0  S Q  M I  S T A T U S  I 
L E N G T H  O F  C R E S T  F T  H E I G H T  7 8  
R E S E R V O I S  A C P E 4 G E  A T  M A X I M U M  P O O L  2 .180 

S T A T  I O N  YO. D M - B E N 2 2  
P U R P O S E  
F T  

G E D G R A P H I l  L O C A T I O N  B L O C K  3 5 7 8 - 6 1 2 - 4 2 3  S T A T  I O N  NO, O Y - B E U 1 0  
D R A I N A G E  & R E 4  S Q  M I  S T A T U S  I P U R P O S E  M 
L E V G T H  O F  C ? E S T  1 0 e 5 0 0  F T  H E I G H T  5 3  F T  
R E S E R V O I R  ACRE4GE A T  M A X I M U M  P O O L  5 . 3 5 0  

GEDGRAPHI ;  L O C A T I O N  B L O C K  3 5 7 7 - 3 2 2 - 3 4 4  S T A T I O N  YO. D M - B L A 1 0  
D R A I N A G E  AREA 40 S Q  M I  S T A T U S  I P U R P O S E  M 
L E N G T H  O F  C ? E S T  2 . 6 0 0  F T  H E I G H T  3 3  F T  
R E S E R V O I R  A C R E 4 G E  A T  M A X I M U M  P O O L  2 .300 

Figure 1.21. Sample listing of contents of the dam f i l e .  



1 . 5 ,  Job Control Cards ---- 

/ / j name 
/ / JOBLIB 
/ / 
/ / SY SPRINT 
//RRAI 
/ / IRA1 
//SYSIN 
ACCESS 
ELEMENT 
LIST 
/ & 

/ / 

RAINFALL 
INOEX 

It may b e  w e l l  CD nose t h a t  all t h e  data  s e t s  referred t o  by DD ca rds  
above a r e  s t o r e d  on pr ivara  magnetic d i s c  packs, Since these  packs must 
be  mounted be fo re  the program cia2 be run, turn-around t ime may be expected 
t o  be r e l a t i v e l y  s l o w ,  Btitchang o t  j abs  is d a s i r s b h ,  

Card formats  2 s r  the j o t  cont;ol language a re  s p e c i f i e d  by the system, 
and must be follswed FAgerc~s ly .  t n  p a r t i c u l a r ,  b lanks  are permi t ted  only 
a t  p o i n t s  t h a t  are clear In t b c  example abeve, and not ~tharwise. The num- 
be r  of b lanks  a t  any p o h ~  is e r b i t r a n y ,  hawever, /- 

-. 

The JOB card 

The t h r e e  parameters on r,he JOB card, jnarna, an,  and uname a r e  t h e  
s t anda rd  job name Ca~bitrary), zccsvnr code and u s e r a s  name r equ i r ed  by 
the  system. I n  a d d i t i c n ,  a TIME parameter may be  punched on t h e  J O B  card  
i f  more than  30 seconds rs requi red  t o r  executron, 

The J O B L I B  card i d e n r l f i e s  t h e  name s f  the p r o g r m  l i b r a r y ,  and should 
be punched e x a c t l y  as shsbm, 

1 . 5 - 3 .  The EXEC card ------------ 
The EXEC card ~ d e r a r i f a e s  t l as  name of  she program which i s  t o  be  executed .  

The REGION parameter  specif ies  t h e  amount sf core requi red  t o  execu te  t h e  
program, which wiEB vary depending on she parricular access f a c i l i t y  used.  
Experience f n d i c a e e s  thaz 118K (110,000 by tes ]  i s  s u f f i c i e n t  f o r  most jobs .  

When a job has been executed,  t he  oeepu t  will show the user how much 
space was a c t u a l l y  used ,  Since charged c o s t s  f ee  computing a r e  a f f e c t e d  by /--, 

t he  co re  size requested,  these is some incent ive  t o  request the s m a l l e s t  
'\ 



s i z e  t h a t  w i l l  p e r m i t  t h e  job  t o  b e  execu ted  s u e e e s s f u l X y ,  I f  i n s u f f i -  
c i e n t  s p a c e  i s  r e q u e s t e d ,  t h e  jab  w i l l  f a i l  w i t h  a System Completion 
Code of 804 o r  80A. 

I n  S e c t i o n  P , 4 , 1 ,  s u p p r e s i o n  s f  p r i n t i n g  of t h e  map on t h e  head ing  
page i s  ment ioned.  T h i s  may b e  done w i t h  the f o l l o w i n g  EXEC c a r d :  

/ / EXEC PGM=PNIN, REGION=:l3OK PPAR?f=TERMIIJAL 

1 . 5 . 4 ,  The SYSPRINT c a r d  - - - - - - - - - - - - -  
The SYSPRINT c a r d  i d e n t i f i e s  ~ h e  devxec on which o u t p u t  i s  t o  be 

p r i n t e d ,  and shou ld  be  punched e x a c t l y  a s  shown, I f  o m i t t e d ,  no r e s u l t s  
w i l l  be p r i n t e d .  

1 . 5 . 5 .  The f i l e  i d e n t i f f c a r i o n  car+- -----------------  
For  each  f i l e  which i s  t o  be a c c e s s e d ,  a p a i r  of c a r d s  f s  r e q u i r e d ,  

one c a r d  t o  i d e n t i f y  t h e  d a t a  f i l e  and one c a r d  t o  i d e n t i f y  the a s s o c i -  
a r e d  i n d e x  f i l e .  P a i r s  a r e  l i s t e d  below f o r  e a c h  f i l e  r e q u i r e d :  

St reamflow 

Kainf a l l  

Temperature  

Hydrograph 

/ / RHYD DD 
/ /  IHYD DD 

Hourly r a i n f a l l  

/ / RHOU DD 
/ / IHOU DD 

Evapora t ion  



Snowfal l  

Event 

Peak f l o w  

D a m s  

Only t h e  p a i r  o r  p a i r s  i n v o l v i n g  t h e  p a r t i c u l a r  f i l e s  t o  b e  a c c e s s e d  
must be p rov ided  f o r  any run.  

1 . 5 . 6 .  The SYSIN c a r d  - - - - - - - - - - -  
The SYSIN c a r d  i n d i c a t e s  t h a t  t h e  HISARS colnmand c a r d s  a r e  t o  f o l l o w .  P\ 

The HISARS c a r d s  a r e  t h u s  p l a c e d  between t h i s  c a r d  and t h e  / *  c a r d .  . 

1 . 5 , 7 .  The /k and / /  c a r d s  
- - - - - - - - - - - _ - I  

The If< c a r d  i n d i c a t e s  t h a t  the HXSARS command c a r d s  have a l l  been r e a d .  
While t h i s  c a r d  i s  s u f f i c i e n t  t o  t e r m i n a t e  t h e  j o b ,  i t  i s  p r e f e r a b l e  t o  f o l -  
low i t  w i t h  a / /  c a r d .  



2.1. I n t r o d u c t i o n  

HISARS USERS' GUIDE: 

THE PROCESSING FACILITIES 

The p r o c e s s i n g  f a c i l f t f e s  of HISARS a r e  des igned  t o  p e r m i t  r o u t i n e  
t y p e s  of a n a l y s i s  on d a t a  e lements  s t o r e d  by t h e  sys tem.  Thus t h e  p r s s -  
p e c t i v e  u s e r  need n o t  become invo lved  i n  t h e  c o m p l e x i t i e s  of programming 
and d a t a  m a n i p u l a t i o n  i n  o r d e r  t o  o b t a i n  t h e  p r a c t i c a l  r e s u l t s  h e  r e q u i r e s ,  

P r o c e s s i n g  i s  c a r r i e d  o u t  on d a t a  i d e n t i f i e d  by t h e  p r e c e d i n g  a c c e s s  
g roup ,  Acquaintance w i t h  t h e  a c c e s s  f a c i l i t i e s  of HISARS i s  t h e r e f o r e  p re -  
r e q u i s i t e  f o r  u s e  of t h e  p r o c e s s i n g  f a c i l i t i e s  ( s e e  t h e  Users '  Guide t o  t h e  
Access F a c i l i t i e s ) ,  

The p r o c e s s i n g  f a c i l i t i e s  a r e  now e s s e n t i a l l y  a t  a  t e s t  and demonstra- 
t i o n  s t a g e .  Programs have been s e l e c t e d  e i t h e r  t o  demons t ra te  t h e  c a p a b i l i t y  
of t h e  sys tem o r  i n  r e s p o n s e  t o  s p e c i f i c  u s e r  r e q u e s t s ,  A  l a r g e  number of 
a d d i t i o n a l  programs a r e  p lanned ,  and w i l l  be added as t ime  becomes a v a i l a b l e  
and s p e c i f i c  needs  a r e  r e c o g n i z e d .  P r e s e n t  p l a n s  i n c l u d e  t h e  i n c o r p o r a t i o n  
of a  number of ca tchment  s i m u l a t i o n  programs i n t o  t h e  sys tem,  

S e v e r a l  of t h e  programs now i n  t h e  sys tem a r e  r e v i s i o n s  of t h e  Wyoming 
S u r f a c e  Water System programs,  and a d d i t i o n a l  programs have been made a v a i l -  
a b l e  by t h e  U .  S ,  G e o l o g i c a l  Survey,  O r g a n i z a t i o n  of t h e  f a c i l i t i e s  owes 
much t o  t h e  d e v e l o p e r s  of problem-or iented l anguages  such  a s  t h e  HYDRO s y s -  
tem a t  Carnegie-Mellon and HYMO a t  Texas A & M ,  

The f o l l o w i n g  examples i l l u s t r a t e  t h e  combined u s e  of t h e  a c c e s s  and 
p r o c e s s i n g  f a c i l i t i e s .  

Ex. 1: To o b t a i n  a  s t a t i s t i c a l  summary of d a i l y  r a i n f a l l  f o r  a l l  r a i n f a l l  
s t a t i o n s  i n  l o c a t i o n  b lock  3576. 

ACCESS 
ELEMENT RAINFALL 
LOCATION 3576 
PROCESS 
DAILY STATISTICS 

Ex. 2: To make a computat ion of minimum f low f o r  v a r i o u s  p e r i o d s ,  f o r  s t a -  
t i o n s  02,%130,00 and 02.1165.00 d u r i n g  t h e  common p e r i o d  October  
1931 t o  September 1960, w i t h  r e s u l t s  conver ted  t o  a u n i t  a r e a  b a s i s .  

ACCESS 
ELEMENT STREAMFLOW 
STATION 02113000 

02116500 
PERIOD 10/1931  TO 931960 
PROCESS 
MINIMUM FLOW ANALYSIS 

, 02ll3QOO AREA = 121 ,  LENGTH = 7 ,30  
02116500 AREA 12280,  LENGTH = 7,30 





The l i s t  of parameters  f o r  e i t h e r  case  conta ins  t h e  i d e n t i f y i n g  name 
and va lue  f o r  each parameter ,  Column 1 may no t  be used,  b u t  t he  only 
o t h e r  format t ing  requirement i s  t h a t  t he  name and va lue  must each be 
punched wi thout  i n t e rven ing  spaces .  The parameters  may be punched i n  any 
o rde r ,  and punctuat ion between parameters  i s  o p t i o n a l .  

The l i s t  of parameters  w i l l  normally be punched on a s i n g l e  card .  
However, p a r t i c u l a r l y  when us ing  the  LENGTH o r  CLASS parameters ,  t h e  
length  of t h e  l i s t  may be too  long f o r  a s i n g l e  ca rd ,  I n  t h i s  ca se ,  t h e  
l i s t  can be i n t e r r u p t e d  a t  any convenient p o i n t  and continued on t h e  
next  card ,  s u b j e c t  t o  two convent ions:  

a )  A numerical  va lue  cannot be s p l i t  a c r o s s  two ca rds ;  
b )  The i d e n t i f i c a t i o n  of t h e  parameter being continued must be 

repea ted  on t h e  second and fol lowing ca rds ,  l eav ing  Col. 1 blank.  

An example of t h i s  usage i s  shown i n  Sec t ion  2.3.10 below, 

2.3. Process ing  Programs 

Following i s  a l i s t i n g  of t h e  process ing  programs now implemented i n  
HISARS, For each program, the  fol lowing a r e  given:  

a )  NAME - t he  s tandard ized  name t o  be used on the  Process ing  Request 
card ; 

b) INPUT - t h e  d a t a  f i l e s  which can be used t o  provide d a t a  f o r  t h e  
program; 

c) OUTPUT - i d e n t i f i c a t i o n  of ou tput  r e s u l t s  obtained from t h e  program; 
d) OPTIONS - o p t i o n a l  f e a t u r e s  t h a t  a r e  c o n t r o l l e d  by parameters .  

Standard d e f a u l t  va lues  a r e  a l s o  g iven;  
e )  An example showing the  complete s e t  of HISARS cards  requi red  and con- 

sequent  ou tpu t .  

Severa l  of t h e  programs permit  l i m i t i n g  the  months f o r  which t h e  analy- 
sis i s  c a r r i e d  o u t .  Assuming t h e  sequence January-December followed by 
Annual, p rocess ing  can begin wi th  any month and te rmina te  w i t h  t h e  same 
o r  any l a t e r  month. The form of t h i s  parameter can b e s t  be i l l u s t r a t e d  by 
examples : 

a )  ONLY APRIL TO JULY - w i l l  r e s u l t  i n  process ing  only  of t h e  months 
A p r i l ,  May, June,  J u l y ;  

b) ONLY MARCH - w i l l  r e s u l t  i n  process ing  only  f o r  March; 
c )  ONLY ANNUAL - w i l l  r e s u l t  i n  process ing  only  f o r  t he  e n t i r e  year  

combined, i , e .  s e p a r a t e  monthly ana lyses  w i l l  n o t  be obta ined .  



2.3.1. S t a t i s t i c a l  a n a l y s i s  
y - - - - - - c - - -  - -  
NAME - DAILY STATISTICS o r  MONTHLY STATISTICS 
INPUT - STREAMFLOW o r  RAINFALL 
OUTPUT - t he  fo l lowing  r e s u l t s  a r e  t abu la t ed  f o r  each month; 

a )  Number of observa t ions  
b)  P ropor t ion  of zeros  
c )  Mean 
d)  Standard dev ia t ion  
e )  Variance 
f )  Third moment 
g) Fourth moment 
h )  S e r i a l  c o r r e l a t i o n  

OPTIONS - Process ing  per iod  
Standard Defau l t s  - ONLY JANUARY TO ANNUAL 

Note: I f  DAILY STATISTICS i s  used ,  t h e  a n a l y s i s  i s  made on d a i l y  va lues  
from t h e  inpu t  f i l e s .  I f  MONTHLY STATISTICS i s  used,  t h e  a n a l y s i s  
i s  made on monthly t o t a l s .  I n  t h e  l a t t e r  ca se ,  t he  s e r i a l  c o r r e l a -  
t i o n  i s  between months, and t h e  number of p a i r s  used f o r  c a l c u l a t i o n  
is  a l s o  given.  

Example: The command sequence 

ACCESS 
ELEMENT RAINFALL 
STAT I O N  317400 
PRQCE S S 
MONTHLY STATISTICS 

produced t h e  output  shown i n  F igure  2.1, 



JANUARY 

FEBRUARY 

MAQCH 

APRIL  

MPY 

JUNF 

J l ILY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

OECEMBER 

ANNUAL 

ROCKY MOUNT 8 ESE 

NUMBER 
C F  @BSr 

3 6  

3 6 

3 0 

37 

3 7 

3 7 

3 7 

3 7 

3 8 

3 8 

38 

3 8  

4 4 5  

PROPORTION 
OF ZEROS 

EOGECOMBE STATION NO. 3 1 - 7 4 0 0  

S T A T I S T I C A L  ANALYSIS OF MONTHLY R I I N F A L C  

MEAN 

Figure  2.1. Sample ou tput  of 

STANDARD 
D E V I A T I O N  

VARIANCE TH I Rl3 
MOMENT 

FOURTH 
MOMENT 

SERIAL 
C09PELATION 

0.1 1 9 5  ( 

0.1909 ( 

0.4481 ( 

-0.1035 [ 

-0.2167 

-0.1424 ( 

-0.0979 ( 

-0.0297 ( 

0.3108 i 

-0.1152 ( 

0.0542 ( 

0.2364 ( 

s t a t i s t i c a l  a n a l y s i s  of  monthly r a i n f a l l  da t a .  



NAME - DAILY FREQUENCY o r  MONTHLY FREQUENCY 
INPUT - STREAMFLOW o r  RAINFALL 
OUTPUT - T a b u l a t i o n  of s t a n d a r d  s t a t i s t i c s ,  i n c l u d i n g  t h o s e  g i v e n  i n  t h e  

s t a t i s t i c a l  summary, a s  w e l l  a s  d e c i l e s  and q u a r t i l e s .  A  p l o t  of 
t h e  cumula t ive  f requency  d i s t r i b u t i o n  i s  a l s o  p r i n t e d ,  There  i s  
s e p a r a t e  o u t p u t  f o r  each  month, and a l s o  f o r  t h e  e n t i r e  y e a r .  

OPTIONS - P r o c e s s i n g  p e r i o d  
RANGE - t h e  l i m i t s  of  t h e  f requency  p l o t  
S t a n d a r d  D e f a u l t s  - ONLY JANUARY TO ANNUAL 

D a i l y  s t reamf low - RANGE 0  TO 1000 
Monthly streamflow-RANGE 0  TO 10000 
D a i l y  r a i n f a l l  - RANGE 0  TO 1 
Monthly r a i n f a l l  - RANGE 0  TO 1 0  

Note:  The v a l u e s  of t h e  RANGE-parameter a r e  t h e  l i m i t s  o f  t h e  p l o t  of 
t h e  c u m u l a t i v e ' f r e q u e n c y  d i s t r i b u t i o n .  Th is  does  n o t  a f f e c t  
computat ion of t h e  s t a t i s t i c s .  

Example: The command sequence 

ACCESS 
ELEMENT RAINFALL 
STAT I O N  317400 
PROCESS 
DAILY FREQUENCY 

ONLY MAY RANGE 0 TO 0 . 5  

produced t h e  o u t p u t  shown i n  F i g u r e  2 . 2 .  



W d.... 
I 0 0 m m  
I- d 



2 . 3 . 3 .  Highest/maximum v a l u e  - --------------  
NAME - HIGHEST o r  MAXIMUM 
INPUT - RAINFALL o r  TEMPERATURE 
OUTPUT - T a b u l a t i o n  of t h e  h i g h e s t  v a l u e  f o r  each  month 
OPTIONS - P r o c e s s i n g  p e r i o d  

S t a n d a r d  D e f a u l t  - ONLY JANUARY TO ANNUAL 

Note: Choice  of names i s  a r b i t r a r y .  For  t e m p e r a t u r e  f i l e s ,  t h e  h i g h e s t  
v a l u e s  of t h e  maximum and minimum t e m p e r a t u r e s  are g i v e n .  

Example: The command sequence 

ACCESS 
ELEMENT TEMPERATURE 
STATION 310901 
PROCESS 
MAXIMUM 

produced t h e  o u t p u t  shown i n  F i g u r e  2 . 3 .  



JANUARY 

6 5  
4 6  
6  9 
5  2  
6 0  
3 6- 

5  4  
3 2 

6 4  
4 9  
4 9  
3  2 
59  
4 1  
57 
4 7  
5  4  
38 
5 9  
4  6 
5  7  
43  
56 
4  2 
6 0  
4 4  
57- 
4  7- 
6 2  
4 6  
5 9  
4 1  

FEBRUARY 

65  
4 9  
57 
4 8  

52- 
42- 

6 2  
45 
6  1  
42 
6 4  
46  
5  4  
39 
6  2  
4  6  
6  3 
5 1 
59 
3  3  
51 
3  0  
6  0  
4  6  
52 
43-  
6 0  
3 9  
47  
3 1 

MARCH 

7 3  
5  5  
6  9 
47- 
62  
45 

71-  
51- 

7 3  
4  3 
56 
3 7  
7  1  
47 
6? 
4  7  
6  @ 
54 
63 
47 
73  
4  6  
6  4 
4  5  
6  3 
4  8 
6  8 
4  6  
7  2 
5  7 
7  L 
5 0  

WATAUGA STATION NO, 31-0902 

HIGHEST DAILY MAXIMUM AND MINIMUM TFMPERATURES I N  DEGREES F, 

APRIL 

72- 
55 
7  7  
54  
7 5  
55 

7  6  
5  8  
7 5  
5  7  

7  8  
54 
7  9  
5  2  
7 6  
54  
R 0  
6 0  
80 
5  6 
7  0  
5  4  
7 8  
6 0  
7 4  
5  5  
7 7  
5  3 
7  0  
5  2  
8  0 
57 
7 3  
5 4  

CAY JUNE JULY 

86 
6 h 

8 4  
6 4  

86 
6 2  

92 
4 7  
85 
65 
85 
65 
88 
6 4  
7  9 
6 3  
8  2 
6 4  
8 3 
6 4  
8 1  
6 5  
8 2  
6  2 
83 
64  
86  
6 6  
7 9  
6  3 
86 
6  3 

AIJGUST 

8 6  
6 3  
81  
65 
7  8 
65 
8 3 
6 5  

85 
64  

9 1 
6 6  
86 
64  
8  6 
6 3  
83 
6 5  
R ?  
6 4  
R 3  
63  
R2 
6 3  
85 
6  2  
e 2  
65 
e 3  
6  5  
80  
6  4  
7 7 
02 
86 
6  5  

SEPTEMBFR OCTOBFR NOVEMBER DECEMBER ANNUAL 

Figure 2 . 3 ,  Sample output  of highesf value of d a i l y  tempera twe data, 



2.3.4. Lowest/minimum value ----  ----------  
NAME - LOWEST or MINIMUM 
INPUT - TEMPERATURE 
OUTPUT - Tabulation of the lowest value for each month. 
OPTIONS - Processing period 

Standard Default - ONLY JANUARY TO ANNUAL 
Note: Choice of names is arbitrary. For temperature files, the lowest val- 

ues of the maximum and minimum temperatures are given. 

Example : The command sequence 

ACCESS 
ELEMENT TEMPERATURE 
STATION 310901 
PROCESS 
MINIMUM 

produced the output shown in Figure 2.4, 



BLOW1 NG ROCK - - - - - - . WATAUGA STQTION NO. 31-0901 

LOWEST DAILY MAXIMUM AND MINIMUC TEMPERATURES I N  DEGREES F s  

JANUARY FEBRUARY MARCH 

Figure 2.4. 

APRIL 

4 7- 
24 
36 
1 e 
4 2 
2 5 

3 2 
24 
5 1  
2 5 

40 
2 3 
4 0 
2 6 
33 
24 
38  
19 
3 3  
2 3 
3 5  
21 
41 
28 
4 1 
17 
3 5 
2 4  
40 
2 3 
43 
29 
3 9 
29 

MAY 

5 5 
3 4 
5 4 
41- 
48 
3 5 

6 1  
41 

54 
32 
45 
3 4 
54 
3 2 
3 9 
32 
48 
?7 
53 
42 
40 
26 
4  7 
40 
61 
4 2 
5 2  
2 3  
48 
3 5 
5 5 
31 

JUNE 

6 5 
44 
63 
4 0 
6 0 
47 

64 
4 0 

5 7  
46 
6 0 
4 3 
6 2 
41 
5 8  
45 
54 
41 
61 
47 
57 
4 3  
6 3 
44 
5 5 
44 
5 9 
3 5 
4 5 
3 R 
60 
4 3 

JULY 

6 7 
5 8 

6 7  
43 

6 8 
4  7  

6 8 
4 6 
7  0  
4  6 
7 0  
'52 
7  1 
4 8 
65 
4 9 
6 2 
45 
65 
4 4 
6 7  
4 3  
64 
46 
6 7 
5 3  
63 
5 0 
6 1 
44 
6 8 
A9 

AUGUST SEPTEMBER OCTOBER NDVEYBER DECEMBER ANNUAL 

Sample output of lowest value  of d a i l y  temperature da ta .  



2 . 3 . 5 .  Extreme va lues  -----------  
NAME - EXTREME 
INPUT - TEMPERATURE 
OUTPUT - Tabula t ion  of t h e  extreme va lues  f o r  each month. 
OPTIONS - Process ing  pe r iod  

Standard Defaul t  - ONLY JANUARY TO ANNUAL 

Example: The command sequence 

ACCESS 
ELEMENT TEMPERATURE 
STATION 310901 
PROCESS 
EXTREME 

produced t h e  ou tpu t  shown i n  F igure  2.5.  



I d % a 
\ \ 

I 
I 
I 

BLOWING ROCK ------ WP TAUGA STATLON NO. 3 1 - 0 9 0 1  

TEMPERATURE FXTREMFS I N  DEGRFES F. 

JANUPRY FE8RUARY MARCH APRIL  MAY JUNE JULY AUGUST SFPTEYBER OCTOBE9 NCVEXBER DECEWBER ANhUAL 

Figure 2.5. Sample ou tput  of  extreme v a l u e s  o f  d a i l y  temperature d a t a .  



2 . 3 . 6 .  Rank o r d e r i n g  -----------  
NAME - RANK ORDER 
INPUT - STREAMFLOW o r  RAINFALL o r  
OUTPUT - L i s t i n g  o f  t h e  n l a r g e s t  

l a r g e s t  t o  s m a l l e s t ,  where n 
OPTIONS - P r o c e s s i n g  p e r i o d  

HOURLY RAINFALL 
amounts and t h e i r  d a t e s  ranked from 
i s  f i v e  t imes  t h e  number o f  y e a r s .  

S tandard  ~ e f a u i t ' -  ONLY JANUARY TO ANNUAL 

Note: The d e f a u l t  p r o c e s s i n g  p e r i o d  i s  t h e  e n t i r e  p e r i o d  of r e c o r d .  

Example: The command sequence 

ACCESS 
ELEMENT S TREAMFLOW 
STATION 02082500 
PROCESS 
RANK ORDER 

produced t h e  o u t p u t  shown i n  F i g u r e  2 .6 .  



C 
V) 
LL! 



NAME - MONTHLY MASS ANALYSIS o r  MONTHLY MASS FLOW ANALYSIS 
INPUT - STREAMFLOW o r  RAINFALL 
OUTPUT - A p l o t  th rough  t i m e  of t h e  accumulated t o t a l .  
OPTIONS - SCALE - t h e  u n i t s  p e r  i n c h  of p l o t  

INTERVAL - t h e  number of t i m e  u n i t s  p e r  l i n e  of p l o t  
RATE - a s p e c i f i e d  c o n s t a n t  rate 
S tandard  D e f a u l t s  - INTERVAL = 1 

KATE = 0 
Monthly s t reamf low - SCALE = 100000 
Monthly r a i n f a l l  - SCALE = 1 0  

SCALE - t h e  u n i t s  a r e  volume u n i t s  e q u i v a l e n t  t o  t h e  d a t a  u n i t s .  
The u s e r  i s  c a u t i o n e d  a g a i n s t  s e l e c t i n g  t o o  small a v a l u e  f o r  
SCALE, s i n c e  t h e  a x i s  l a b e l l i n g  w i l l  r e p e a t  s o  o f t e n  t h a t  t h e  
p l o t  w i l l  n o t  be  v i s i b l e ,  
INTERVAL - T h i s  pa ramete r  may b e  used t o  r e d u c e  t h e  l e n g t h  o f  
t h e  g r a p h ,  p a r t i c u l a r l y  f o r  d a i l y  v a l u e s .  Corresponding d e t a i l  
w i l l  be  l o s t .  
RATE - T h i s  pa ramete r  i s  des igned  p r i m a r i l y  f o r  s t reamf low ana ly-  
s is  by t h e  R i p p l  method, b u t  i t  cou ld  a l s o  b e  used f o r  o t h e r  
purposes  such  a s  t h e  e f f e c t  of moving a r a i n  gage.  I f  t h e  v a l u e  
i s  0 ,  o n l y  t h e  b a s i c  p l o t  i s  produced.  I f  t h e  v a l u e  i s  g r e a t e r  
t h a n  0 ,  t h e  f o l l o w i n g  a d d i t i o n a l  o u t p u t  i s  produced: r 

i )  P l o t s  o f  a c o n s t a n t  r a t e ,  e x t e n d i n g  a c r o s s  p e r i o d s  of 
\ 

d e f i c i e n t  accxmula t ion ;  
i i )  Values  of t h e  d e f i c i e n c i e s ,  l i s t e d  a l o n g  t h e  r i g h t  margin  

i n  s c i e n t i f i c  n o t a t i o n .  
The name MONTHLY MASS FLOW ANALYSIS a p p l i e s  o n l y  t o  t h e  s t reamf low . 
f i l e .  The o t h e r  name may b e  used  w i t h  any f i l e .  

Examples: The command sequence 

ACCESS 
ELEMENT STREAMFLOW 
STATION 02082500 
PROCESS * 

MONTHLY MASS ANALYSIS 
SCALE = 10000 RATE = 50 

produced t h e  o u t p u t  shown i n  F i g u r e  2 .7 .  2. 





2.3.8. I n t e r s t a t i o n  c o r r e l a t i o n  ----------------  
NAME - CORRELATION 
INPUT - RAINFALL 
OUTPUT - Tabula t ions  of c ros s -co r re l a t ions  between d a i l y  va lues  f o r  each 

p a i r  of up t o  10 s t a t i o n s ,  w i th  t h e  number of p a i r s  of days used 
i n  t h e  c a l c u l a t i o n s .  Resu l t s  a r e  l i s t e d  s e p a r a t e l y  f o r  each m ~ n t h .  

OPTIONS - PROCESSING PERIOD 
Standard Defaul t  - ONLY JANUARY TO ANNUAL 

Example: The command sequence 

ACCESS 
ELEMENT RAINFALL 
STATION 310650 

312120 
315921 
316231 
310301 

PERIOD 191951 TO 711970 
PROCESS 
COIiRELATION 

ONLY MAY 

produced t h e  output  shown i n  F igure  2.8.  



CORRELATION ANALYSIS O F  D A I L Y  R A I N F A L L  - MAY 
0 1 / 1 9 5 1  TO 0711970 

STATIONS:  
0650  31-0656 
2120 31-2120 
5 9 2 1  31-5921 
6731 31-6231 
0 3 0 1  31-0301 

BEETREE OAM 
CRAGGY KhOH 
YOUNT MITCHELL  
NORTH FCRK 
ASHEVILLE  WB C I T Y  

TVA 2 6 8  BlJYCOYBF 
TVA 2 6 9 8  BUNCOVHF 
TVA 2 3 7 4  YANCEY 
TVA 271  BtJNCOf'BF 
TVA 267 RUNCCWB F_ 

Figure 2.8.  Sample output of i n t e r s t a t i o n  c o r r e l a t i o n  of d a i l y  r a i n f a l l  da ta .  



NAME - MAXIMUM FLOW ANALYSIS o r  M I N I M U M  FLOW ANALYSIS 
INPUT - STREAMFLOW 
OUTPUT - A l i s t i n g  of t h e  average ~aximum/minimum flows f o r  each of up 

t o  10 pe r iod  l eng ths  i n  days f o r  each year  i n  t h e  pe r iod  of record .  
Resu l t s  a r e  i n  cubic  f e e t  per  second ( c f s ) ,  un l e s s  an a r e a  i s  
g iven ,  i n  which case  t h e  r e s u l t s  a r e  converted t o  cub ic  f e e t  pe r  
second pe r  square  mi l e  (cfsm). S t a t i s t i c s  of t h e  frequency d i s -  
t r i b u t i o n  a r e  a l s o  g iven ,  and t h e  10-year frequency d i scha rge  i s  
a l s o  l i s t e d ,  

OPTIONS - AREA - t h e  catchment a r e a ,  i f  r e s u l t s  i n  cfsm a r e  d e s i r e d  
LENGTH - l eng ths  of per iods  r equ i r ed  
Standard Defau l t s  - AREA = 1 

LENGTH = 7, 30, 60, 90, 120, 183, 274 

Note: For maximum flow a n a l y s i s ,  a water  year  (October-September) i s  
used. For minimum flow a n a l y s i s ,  a c l i m a t i c  yea r  (April-March 
i s  used. Values a r e  l i s t e d  only f o r  complete yea r s .  

Example: The command sequence 

ACCESS 
ELEMENT STREAMFLOW 
STATION 02082500 
PROCESS 
MINIMUM FLOW ANALYSIS 

LENGTH= 1, 3 ,  7 ,  15,  30, 45, 60 

produced t h e  output  shown i n  F igure  2.9.  





2.3.10. Flow d u r a t i o n  t a b l e  -----  ---I----- 
NAME - FLOW DURATION TABLE 
INPUT - STREUFLOW 
OUTPUT - A t a b u l a t i o n  of t h e  number of days t h a t  t he  flow was w i t h i n  

v a r i o u s  c l a s s  i n t e r v a l s  f o r  each complete water  yea r .  A 
second t a b l e  g ives  t h e  frequency of d i scharges  g r e a t e r  than  
o r  equal  t o  each c l a s s  i n t e r v a l .  Class  i n t e r v a l s  a r e  l i s t e d  
i n  cubic  f e e t  per  second, i n  cubic  f e e t  per  second p e r  square  
m i l e ,  and a s  a  r a t i o  t o  t h e  mean d a i l y  d ischarge .  

OPTIONS - CLASS - upper l i m i t s  of c l a s s  i n t e r v a l s  
Standard Defau l t s  - CLASS = 1, 1 0 ,  100, 1000, 10000, 100000, 1000000 

Notes : 
a )  A maximum of 32 c l a s s  i n t e r v a l s  may be s p e c i f i e d  
b )  The dra inage  a r e a  i s  obta ined  from t h e  index e n t r y  f o r  t he  s t a t i o n .  

I f  no a r e a  i s  given i n  t he  index,  t h e  column of c l a s s  i n t e r v a l s  i n  
cubic  fee t  pe r  second per  square  mi l e  w i l l  be  omi t ted .  

Example: The command sequence 

ACCESS 
ELEMENT STREAMFLOW 
STATION 02082500 
PROCESS 
FLOW DURATION TABLE 

CLASS 0.4 0 .2  0 , 3  0.5 0.7 1 2  3  5 
CLASS 7 10  15 20 30 40 50 70 100 
CLASS 150 200 250 300 400 500 700 1000 2000 

produced the  output  shown f n  F igure  2.10. 





2.3.11. Flow dura t ion  curve - - - - - - - - - - - - - -  
NAME - FLOW DURATION CURVE 
INPUT - STREAMFLOW 
OUTPUT - A p l o t  of t h e  frequency of d i scharge  g r e a t e r  than o r  equa l  t o  

given r a t e s  p l o t t e d  i n  cubic  f e e t  pe r  second, cub ic  f e e t  p e r  
second pe r  square m i l e ,  and a s  a r a t i o  t o  mean d i scha rge ,  

OPTIONS - CLASS - upper l i m i t s  of c l a s s  i n t e r v a l s  
Standard Defau l t s  - CLASS = 1, 10 ,  100, 1000, 10000, 100000, 1OOOOOO 

Notes: (same a s  f o r  t h e  flow dura t ion  t a b l e ,  2.3.10) 

Example: The command sequence 

ACCESS 
ELEMENT STREAMFLOW 
STATION 02082500 
PROCESS 
FLOW DURATION CURVE 

CLASS 0 . 1  0.2 0.3 Q.5 0.7 1 2 3 5 
CLASS 7 10 15 20 30 40 50 70 100 
CLASS 100 200 250 300 400 500 700 1000 2000 

produced t h e  ou tpu t  shown i n  F igure  2.11. 







S i n c e  t h e  e n t i r e  words i n  t h e  names a s  l i s t e d  i n  S e c t i o n  2 . 3  a r e  n o t  
r e q u i r e d  t o  de te rmine  t h e  programs u n i q u e l y ,  o n l y  s h o r t  g roups  of l e t t e r s  
are used t o  i d e n t i f y  t h e  programs, Consequent ly ,  i t  i s  p o s s i b l e  f o r  t h e  
u s e r  t o  u s e  t h e s e  a b b r e v i a t i o n s  i f  d e s i r e d ,  

A b b r e v i a t i o n s  s f  t h e  p r o c e s s i n g  program names a r e  g i v e n  i n  paren-  
t h e s e s  i n  S e c t i o n  2 , 4 , 1  above,  Any o c c u r r e n c e  of t h e  l e t t e r s  i n  t h e  
combinat ions  shown w i l l  l e a d  t o  e x e c u t i o n  of t h e  c o r r e s p o n d i n g  program. 
Thus,  t h e  P r o c e s s i n g  Request  c a r d  

DAMONTIS FREMAXZOW RBMMAS 

would l e a d  t o  e x e c u t i o n  of e v e r y  program En t h e  g e n e r a l  s t a t i s t i c s  c a t e -  
gory  (assuming d a t a  a p p r o p r i a t e  t o  e a c h  program were  a v a i l a b l e ) .  

To s e p a r a t e  t h e  two d i s t i n c r  u s e s  sf t h e  words MAXIMUM and MINIMLTM, 
t h e  word FLO is  s e a r c h e d  f o r  f i r s t ,  Pf i t  i s  found ,  o n l y  combina t ions  
i n  t h e  f low a n a l y s i s  c a t e g o r y  w i l l  be i d e n t i f i e d ,  Otherwise ,  combina- 
t i o n s  i n  t h e  o t h e r  c a t e g o r i e s  w i l l  b e  i d e n t i f i e d .  

For  t h e  p a r a m e t e r s  a l s o ,  o n l y  t h e  f f r s t  t h r e e  l e t t e r s  need be 
s p e c i f i e d .  

2.4.3.  Car ryover  of o p t i o n s  - - - - - - - - - - - - - -  
The u s e  of d i f f e r e n t  v a l u e s  f o r  t h e  p a r a m e t e r s  f o r  d i f f e r e n t  s t a t i o n s  

was d e s c r i b e d  i n  S e c t i o n  2 , 2 , 2 ,  Although t h e  d e s c r i p t i o n  i m p l i e d  t h a t  a  
s e p a r a t e  c a r d  i s  r e q u i r e d  f o r  e a c h  s t a t i o n ,  t h i s  i s  n o t  s t r i c t l y  t r u e .  

The system i n i t i a l l y  a s s i g n s  d e f a u l t  v a l u e s  and t h e n  r e a d s  t h e  f f r s t  
o p t i o n a l  c a r d ,  I f  t h e  s t a t i o n  number on t h e  c a r d  matches  t h e  number of 
t h e  f i r s t  s t a t i o n  t o  b e  p r o c e s s e d ,  t h e  p a r a m i t e r  v a l u e s  a r e  modi f i ed  accord-  
i n g  t o  t h e  v a l u e s  on t h e  c a r d  and t h e  d a t a  f o r  t h e  s t a t i o n  a r e  p r o c e s s e d .  
Otherwise ,  p r o c e s s i n g  i s  c a r r i e d  o u t  w i t h  t h e  d e f a u l t  v a l u e s .  For add i -  
t i o n a l  s t a t i o n s ,  p r o c e s s i n g  i s  e x e c u t e d  u s i n g  e i t h e r  v a l u e s  from t h e  o p t i o n  
c a r d  ( i f  t h e  s t a t i o n  numbers m a t c h ) ,  o r  v a l u e s  c a r r i e d  o v e r  from t h e  p r e -  
v i o u s  s t a t i o n ,  Thus i f  a  group of s t a t i o n s  a r e  t o  b e  p r o c e s s e d  u s i n g  t h e  
same paramete r  v a l u e s ,  a c a r d  o n l y  needs  t o  b e  g i v e n  w i t h  t h e  s t a t i o n  num- 
b e r  of t h e  f i r s t  s t a t i o n  i n  t h e  group.  

2.5.  Job C o n t r o l  Requirements  a r  TUCC 

Job c o n t r o l  r e q u i r e m e n t s  f o r  u s e  of t h e  p r o c e s s i n g  f a c i l i t i e s  a r e  
i d e n t i c a l  t o  t h o s e  f o r  u s e  of t h e  a c c e s s  f a c i l i t i e s ,  The u s e r  i s  r e f e r r e d  
t o  S e c t i o n  1 . 5  of t h e  Users' Guide t o  t h e  Access F a c i l i t i e s .  





HI SARS GUIDE : 

THE COPYING FACILITIES 

3.1 .  I n t r o d u c t i o n  

The COPY command i s  p a r t  of t h e  a c c e s s  f a c i l i t y  o f  HISARS, Those 
r e c o r d s  which have been accessed  by t h e  p r e c e d i n g  group of i n s t r u c t i o n s  
w i l l  b e  cop ied  o n t o  an e x t e r n a l  d a t a  s e t .  A s  s u c h ,  f a m i l i a r i t y  w i t h  
t h e  a c c e s s  f a c i l i t i e s  a s  d e s c r i b e d  i n  t h e  Users-ui.de t o  t h e  Access 
F a c i l i t i e s  i s  p r e r e q u i s i t e  t o  a p p l i c a t i o n  of m a t e r i a l  i n  t h i s  g u i d e .  

The main purpose  of t h e  COPY f a c i l i t y  i s  t o  p e r m i t  u s e r s  w i t h  
programs i n  o t h e r  l anguages  t o  o b t a i n  c o p i e s  of t h e  d a t a  f o r  t h e i r  
u s e ,  Sample a p p l i c a t i o n s  a r e  shown f o r  FORTRAN, PL/C and CPS, s i n c e  
u s e r s  of t h e s e  l anguages  would n o t  o t h e r w i s e  be  a b l e  t o  a c c e s s  t h e  
d a t a  f i l e s ,  The u s e r  can c r e a t e  a permanent f i l e  i f  h e  wishes  t o  
r e p e a t e d l y  u s e  t h e  same d a t a ,  o r  h e  can c r e a t e  a temporary f i l e  t h a t  
w i l l  be  d e l e t e d  a t  t h e  end of t h e  j o b ,  

There  are two r e a s o n s  f o r  s e p a r a t i n g  t h e  g u i d e  t o  t h e  copying f a c i l -  
i t y  from t h e  r e s t  of t h e  a c c e s s  commands, I n  t h e  f i r s t  p l a c e ,  t h e  u s e r  
i s  h e r e  assumed t o  have some competence i n  a  programming language .  Sec- 
o n d l y ,  t h e r e  a r e  some a d d i t i o n a l  job  c o n t r o l  l anguage  r e q u i r e m e n t s .  T h i s  
g u i d e ,  t h e n ,  presumes e x p e r i e n c e  i n  computer u s e  t h a t  was n o t  r e q u i s i t e  
f o r  t h e  a c c e s s  g u i d e .  

F i v e  operands  a r e  a v a i l a b l e  f o r  u s e  w i t h  t h e  COPY command: 

INTEGER, INTEGER FORMATTED, REAL, REAL FORMATTED and DIRECT, 

a )  I f  t h e  word INTEGER i s  u s e d ,  each  word i n  t h e  o u t p u t  f i l e  w f l l  be  
a  ful l -word ( 4  b y t e )  b i n a r y  i n t e g e r .  

b )  I f  t h e  word REAL i s  u s e d ,  e a c h  word i n  t h e  o u t p u t  f i l e  w i l l  b e  a 
s i n g l e  p r e c i s i o n  f l o a t i n g  p o i n t  number. 

c) I f  t h e  word FORMATTED i s  u s e d ,  t h e  o u t p u t  f i l e s  w i l l  b e  w r i t t e n  
w i t h  fo rmat  (in t h e  FORTRAN s e n s e ) ,  Otherwise ,  t h e  f i l e s  w i l l  
be  w r i t t e n  w i t h o u t  fo rmat .  

d)  I f  e i t h e r  of t h e  words INTEGER o r  REAL i s  u s e d ,  o u t p u t  r e c o r d s  
w f l l  be  o r g a n i z e d  a s  d e s c r i b e d  i n  S e c t i o n  3 . 2 .  I f  t h e  work DIRECT 
i s  used ,  o u t p u t  r e c o r d s  w i l l  be  o r g a n i z e d  e x a c t l y  a s  t h e  r e g u l a r  
d a t a  f i l e s  a r e  o rgan ized  ( s e e  t h e  Appendix of t h e  HISARS Manual) ,  
e x c e p t  t h a t  t h e  indexed s e q u e n t i a l  a c c e s s  method i s  n o t  u s e d ,  t h e  
r e c o r d s  b e i n g  o r g a n i z e d  s e q u e n t i a l l y .  These r e c o r d s  can be  r e a d  
in o t h e r  l a n g u a g e s ,  and t h e y  c o n t a i n  a 1 1  i n f o r m a t i o n  from t h e  
d a t a  f i l e s ,  b u t  t h e y  are more d i f f i c u l t  t o  u s e  t h a n  t h e  r e c o r d s  
d e s c r i b e d  i n  S e c t i o n  3 , 2 .  An example of u s e  i s  g i v e n  i n  S e c t i o n  
3 .3 .1  under  r e t r i e v a l  i n  FORTRAN. 



3.2 .  Outpuf F i l e s  

3 .2 .1 .  F i l e  f o r m a t s  ----------  
For  some f i l e s  - Streamflow,  R a i n f a l l  and Hourly r a i n f a l l  - a s i n g l e  

v a l u e  i s  c o p i e d  f o r  each  day.  For  o t h e r  f i l e s  - Temperature ,  E v a p o r a t i o n  
and Snowfa l l  - two v a l u e s  a r e  cop ied  f o r  e a c h  day.  T h e r e f o r e ,  two d i f f e r -  
e n t  o u t p u t  f i l e  f o r m a t s  are used .  For  t h e  s i n g l e  v a l u e  f o r m a t ,  e a c h  r e c o r d  
c o n t a i n s  38 words ,  o rgan ized  a s  f o l l o w s :  

Word 1 - S t a t i o n  i d e n t i f i c a t i o n  number 
Word 2 - Year 
Word 3  - Month 
Words 4 ,  5 - Codes 
Word 6 - Number o f  days  i n  month 
Words 7-37 - D a i l y  v a l u e s  
Word 38 - Monthly t o t a l  

For  t h e  two-value fo rmat ,  e a c h  r e c o r d  c o n t a i n s  70 words.  The f i r s t  
s i x  words a r e  a s  above,  Words 7-68 c o n t a i n  d a i l y  v a l u e s ,  and Words 69,  70 
c o n t a i n  monrhly summaries. A p a i r  of words i s  used  f o r  e a c h  day ,  e . g .  
Words 7 ,  8  f o r  day 1, Words 9 ,  1 0  f o r  day 2 ,  e t c ,  For e a c h  f i l e ,  t h e  
c o n t e n t s  of e a c h  d a i l y  p a i r  and t h e  summary p a i r  a r e :  
Temperature  - 

D a i l y  A - D a i l y  maximum t e m p e r a t u r e  
D a i l y  B - D a i l y  minimum t e m p e r a t u r e  
Summary A - Monthly average  maximum t e m p e r a t u r e  
Summary B - Monthly average  minimum t e m p e r a t u r e  

E v a p o r a t i o n  - 
D a i l y  A - D a i l y  t o t a l  wind movement 
D a i l y  B - D a i l y  t o t a l  e v a p o r a t i o n  
Summary A - Monthly t o t a l  wind movement 
Summary B - Monthly t o t a l  e v a p o r a t i o n  

Snowfa l l  - 
D a i l y  A - D a i l y  t o t a l  s n o w f a l l  
D a i l y  B - Depth of snow on ground 
Summary A - Monthly t o t a l  s n o w f a l l  
Summary B - Blank 

S c a l i n g  v a r i e s  a c c o r d i n g  t o  t h e  f i l e  i t e m  and operand.  The t a b l e  
below shows t h e  s c a l i n g  used :  

F i l e  i t e m  
D a i l y  o r  monthly  s t reamf low 
D a i l y  o r  monthly  r a i n f a l l  
D a i l y  max o r  min t e m p e r a t u r e  
Monthly max o r  min t e m p e r a t u r e  
Hourly o r  d a i l y  r a i n f a l l  
D a i l y  o r  monthly wind movement 
D a i l y  o r  monthly e v a p o r a t i o n  
D a i l y  o r  monthly s n o w f a l l  
D a i l y  snow d e p t h  

INTEGER 
Operand 

REAL 



On o u t p u t ,  t h e  r e c o r d s  f o r  e a c h  s t a t i o n  a r e  p u t  i n  a s e p a r a t e  f i l e .  
To a i d  i n  f i n d i n g  t h e  o u r p u t  f i l e ,  supp lementa l  o u t p u t  i s  p r i n t e d .  T h i s  
c o n s i s t s  s f  t h e  s t a t i o n  i d e n t i f i c a t i o n ,  a s t a t e m e n t  t h a t  t h e  r e c o r d s  have 
been c o p i e d ,  and t h e  name of t h e  f i l e  on which t h e  copy was made. Names 
of f i l e s  are d i s c u s s e d  more f u l l y  i n  S e c t i o n  3 .4 .  

F i l e s  a r c  cop ied  i n  t h e  o r d e r  i n  which t h e y  a r e  a c c e s s e d .  T h i s  i s  
determined f i r s t  by t h e  o r d e r  of t h e  e lements  and second by t h e  o r d e r  of 
t h e  s t a t i o n s ,  I n  t h e  example below, t h e  s t reamf low f i l e  f o r  s t a t i o n  
02.3645,00 w i l l  be cop ied  f i r s t ,  and t h e  r a i n f a l l  f i l e  f o r  s t a t i o n  31-1645 
second ,  Th is  would be  t r u e  even i f  t h e  o r d e r  of t h e  s t a t i o n  numbers was 
r e v e r s e d .  However, i f  the o r d e r  of t h e  e lements  was r e v e r s e d ,  t h e  r a i n -  
f a l l  f i l e  would be  w r i t t e n  f i r s t ,  

Example: Te copy s t reamf low and r a i n f a l l  r e c o r d s  f o r  s t a t i o n s  02.3645.00 
and 31-1645 f o r  t h e  p e r i o d  1941-1960. Output  i s  t o  be  i n  t h e  
form of f u l l w o r d  f l o a t i n g  p o i n t  numbers. 

ACCESS 
ELEMENT STREAMFLOW 

RATNFAEL 
STATION 02364500 

311645 
PERIOD a i l 9 4 1  TO 12/1960 
COPY KEAL 

r e q u i r e m e n t s  -------  
The o u t p u t  fo rmat  of cop ied  r e c o r d s  h a s  been  des igned  t o  a c h i e v e  

maximum c o m p a t i b i l i t y  f o r  s e v e r a l  l a n g u a g e s ,  Unformatted r e c o r d s  a r e  
s p e c i f i e d  as v a r i a b l e  l e n g t h ,  b l o c k e d ,  w i t h  maximum r e c o r d  l e n g t h  284 
and maximum b l a c k  l e n g t h  3128. Format ted r e c o r d s  are f i x e d  l e n g t h ,  
b locked ,  w i t h  r e c o r d  l e n g t h  380 and b l o c k  l e n g t h  3040. Records cop ied  
u s i n g  t h e  DIRECT operand w i l l  v a r y  a c c o r d i n g  t o  t h e  i n d i v i d u a l  f i l e  
c h a r a c k e r i s t f c s .  Blocking of such  r e c o r d s  i s  l e f t  t o  t h e  u s e r ,  

The f o l l o w i n g  t a b l e  shows t h e  number of r e c o r d s  p e r  b l o c k  and 
r e c o r d s  p e r  t r a c k  on two common magne t ic  d i s k  packs .  

S i n g l e  value p e r  day 
Format ted 
Unfarmat ted 

Two v a l u e s  p a r  day 
Format ted 
Unformatted 

Records 
p e r  b l o c k  

Records 
p e r  t r a c k  

2314 3330 



3 .3 .  Reading t h e  Copied Records 

A f t e r  t h e  r e c o r d s  have been c o p i e d ,  t h e y  can be r e a d  by several 
o t h e r  l anguages .  Although examples are g i v e n  h e r e  f o r  t h r e e  l anguages  
i n  common u s e  a t  TUCC, i t  i s  expec ted  t h a t  one o r  more of t h e  f o r m a t s  
can be  r e a d  w i t h  o t h e r  common languages .  

3 .3 .1 .  FORTRAN --------  
F i l e s  c r e a t e d  by any of t h e  f i v e  operands  can be  r e a d  i n  FORTRAN. 

A s t a t e m e n t  must d e f i n e  t h e  s t o r a g e  f o r m a t ,  t h e  REWIND s t a t e m e n t  i s  
used t o  s ta r t  r e a d i n g  from t h e  b e g i n n i n g  o f  t h e  f i l e ,  and t h e  appro- 
p r i a t e  READ s t a t e m e n t  g i v e n .  

a )  Operand: INTEGER 
INTEGER DATA (38) 
REWIND 6 
READ (6) DATA 

b )  Operand: INTEGER FORMATTED 
INTEGER DATA (38) 
REWIND 6 

1 5  FORMAT (38 110)  
READ(6, 15)DATA 

c) Operand: REAL 
REAL DATA (38)  
REWIND 6 
READ (6)  DATA 

d )  Operand: REAL FORMATTED 
REAL DATA (38) 
REWIND 6 

1 5  FORMAT (38 E l 0  .O) 
READ (6 ,  15)  DATA 

e )  Operand: DIRECT 
INTEGERk4 STATNO,CODE(4),YEAR 
INTEGER*2 DUMB, STATE, BLANK ,MONTH, DAILY (31) ,TOTAL 
REWIND 6 

1 5  FORMAT (2A2,2 (A4 ,A2) ,4A4,32A2) 
READ (6 ,15)  DUMB,STATE,STATNO,BLANK,YEAR,MONTH,CODE,DAILY,TOTAL 

Note: T h i s  example i s  s p e c i f i c  t o  d i r e c t  c o p i e s  o f  the r a i n f a l l  f i l e .  
A p p r o p r i a t e  m o d i f i c a t i o n s  w i l l  be  r e q u i r e d  f o r  o t h e r  f i l e s .  

Note:  The examples i n  a )  t o  d )  above a p p l y  f o r  t h e  one v a l u e  p e r  day 
f o r m a t s .  For  t h e  two v a l u e  f o r m a t s ,  t h e  f o l l o w i n g  changes  a r e  
n e c e s s a r y .  
I n  a )  and b ) :  INTEGER DATA (70) 
I n  c )  and d )  : REAL DATA (70) 
I n  b )  : 1 5  FORMAT (6110,6415) 
I n  d )  : 

Temperature:  1 5  FORMAT (6110,64F5.1) 
Evapora t ion :  1 5  FORMAT (6110,32(15,F5.2))  
Snowfa l l  : 1 5  FORMAT (6110,32(F5.1 ,15))  

Complete examples are g i v e n  i n  S e c t i o n  3 .4 .3 ,  FORTRAN a p p l i c a t i o n s ,  



PL/C i s  a s u b s e t  of P L / l  developed a t  C o r n e l l  U n i v e r s i t y .  S i n c e  t h e  
keyed a t t r i b u t e  i s  n o t  suppor ted  by t h e  c u r r e n t  r e l e a s e  of PLIC, r e c o r d s  
must be  copied b e f o r e  u s e .  Also ,  o n l y  f i x e d - l e n g t h  r e c o r d s  are c u r r e n t l y  
suppor ted ;  unformat ted  r e c o r d s  cannot  be  used .  

Operand: INTEGER FORMATTED (one-value) 
DECLARE DATA (38) FIXED BINARY ( 3 1 ) ;  
GET FILE ( I N )  EDLT (DATA) (38 F ( 1 0 ) )  ; 
Operand: INTEGER FORMATTED (two-value) 
DECLARE DAFA ($0) FIXED BINARY ( 3 1 ) ;  
GET FELE (IN) EDIT (DATA) (6 ~ ( 1 0 ) ,  64 F ( 5 ) )  ; 
Operand : REAL FORMATTED (one-value) 
DECLARE EATA (38) FLOAT BINARY ( 2 1 ) ;  
GET PILE (IN) EDIT (DATA) (38 E ( 1 0 , 0 , 5 ) ) ;  
Operand: REAL FOBMATTED ( t e m p e r a t u r e )  
DECLARE DATA (70) FLOAT BINARY (21) ; 
GET FILE (EN) EDIT (DATA) (6 F(10)  ,64 F ( 5 , l ) )  ; 
Operand F IZEAL FORMATTED ( e v a p o r a t i o n )  
DECLARE DATA (70) FLOAT BINARY (21) ; 
GET FELE ( I N )  EDIT (DATA) (6 F (10) ,32 (F (5 )  ,F  ( 5 , 2 )  ) ) ; 
Operand : ELL FORMATTED ( s n o w f a l l )  
DECLARE DATA (70) FLOAT BINARY (21) ; 
GET FILE (IN) EDLT (DATA) (6 F(10)  ,32 ( F ( 5 , l )  , F ( 5 ) ) )  ; 
Operand: DIRECT ( r a f n f a l l )  
DECLARE 1 DATA, 

2 (NBY, CODE) BIT (8 )  , 
2 STATION CHAR(6) , 2 BLANK CHAR(2) , 
2 YEAR CHAR(&), 2  MONTH CHAR(2) , 
2 DCODE (16)  BET(8), 
2 (RAIN (31 )  , TOTAL) FIXED BINARY (15) ; 

READ FILE (IN) XNTO (DATA); 

D i r e c t  c o p i e s  cars be  r e a d  from o t h e r  d a t a  f i l e s  by a p p r o p r i a t e  changes t o  
t h e  s t r u c t u r e  d e c l a r a t i o n  of DATA. More complete  examples a r e  g i v e n  i n  
S e c t i o n  3 . 4 , 4 ,  PL/C a p p l i c a t i o n s .  

The ConversatfonaX Programming System (CPS) i s  a  t ime s h a r i n g  sys tem 
i n  u s e  a t  TUCC, S f n e e  all words a r e  s t o r e d  i n  f l o a t i n g  p o i n t  by CPS, i t  
i s  s u g g e s t e d  t h a t  o n l y  the REAL operand s h o u l d  be  used .  The f o l l o w i n g  CPS 
s t a t e m e n t s  a r e  r e q u i r e d  f o r  t h e  one-value f o r m a t s ,  

1 DECLARE F FILE 
2 DECLAR3 DATA (20,39)  DEC(6) 
3  OPEN FILE (F) TITLE ( ' f i l e n a m e ' )  
4  READ FILE (F) INTO (DATA) 

I n  t h i s  case ,  the "f i lenams" i s  t h e  name of t h e  f i l e  and must b e  f i l l e d  o u t .  



CPS use  of f i l e s  i s  confounded by t h e  e f f e c t  of blocking of d a t a ,  
which i s  normally used t o  conserve space i n  t h e  f i l e s .  Each CPS READ 
s ta tement  accesses  a  whole block of d a t a ,  r a t h e r  than a  r eco rd ,  Thus, 
t he  READ s ta tement  above f o r  t h e  s i n g l e  va lue  format reads  20 consecu- 
t i v e  months of d a t a  i n t o  DATA, one month i n  each row. (The 39th word 
i n  each row i s  a c o n t r o l  word used by t h e  ope ra t ing  system t o  s p e c i f y  
record l e n g t h ,  and i s  t o  be ignored) .  For t h e  two-value format ,  t h e  
corresponding s ta tement  is 

2 DECLARE DATA(ll,7l) DEC (6) 

and 11 months a r e  read  a t  each execut ion  of t h e  READ s ta tement .  

It may be no ted ,  i n  terms of t h e  d i scuss ion  i n  Sec t ion  3 . 4  below, 
t h a t  CPS jobs cannot be executed a s  p a r t  of a  mu l t i - s t ep  job.  This  means 
t h a t  copies  made by HISARS f o r  u se  by CPS must be s t o r e d  on permanent 
f i l e s ,  

3 . 4 ,  Job Cont ro l  Requirements a t  TUCC 

Job c o n t r o l  requirements  f o r  access  have been descr ibed  i n  Sec t ion  1 .5 .  
Since output  f i l e s  a r e  being c r e a t e d ,  a d d i t i o n a l  Job Cont ro l  Language (JcL) 
cards  must be supp l i ed  t o  d e f i n e  t h e  output  d a t a  s e t s .  I t  i s  suggested 
t h a t  t hese  output  f i l e  cards  be i n s e r t e d  between t h e  f i l e  i d e n t i f i c a t i o n  
cards  and t h e  SYSIN card .  ,' - 

\ 

It i s  p o s s i b l e  t o  c r e a t e  up t o  26 output  f i l e s  i n  a  s i n g l e  HISARS run. 
The f i l e  names a r e  OUTA, OUTB,  ..., OUTZ, i n  t h a t  o rde r .  These must be 
r e l a t e d  t o  d a t a  s e t  names by DD ca rds  i n  t he  job c o n t r o l  language. Examples 
of t h e  format of such cards  a r e  given below. 

There a r e  two types of ou tput  f i l e s  than can be c r e a t e d ,  permanent 
and temporary. A permanent f i l e  may be kep t  a f t e r  t h e  end of t h e  job f o r  
a s  long a s  t h e  u s e r  wishes,  This  r e q u i r e s  t h a t  t he  u s e r  have a  c a t a l o g  
s t r u c t u r e  a v a i l a b l e ,  and t h a t  he be a b l e  t o  meet c e r t a i n  o t h e r  convent ions 
e s t a b l i s h e d  by h i s  computing c e n t e r .  The p rospec t ive  u s e r  should there-  
f o r e  d i s c u s s  h i s  requirements  wi th  h i s  computing c e n t e r .  

A temporary f i l e  i s  au toma t i ca l ly  d e l e t e d  a t  t he  end of a  job. 
Because of t h i s ,  t h e  u s e r  does no t  have t o  meet any of t h e  computing 
c e n t e r  convent ions,  and the  f a c i l i t y  i s  r e a d i l y  a v a i l a b l e .  

Genera l ly ,  a  u s e r  who has a  repea ted  need f o r  t h e  same d a t a  s e t  w i l l  
choose t o  c r e a t e  a  permanent f i l e ,  S imi lg r ly ,  a u s e r  who i s  developing a  
program and r e q u i r e s  t e s t  d a t a  dur ing  debugging runs  w i l l  wish t o  have a  
permanent f i l e .  However, i f  a  u s e r  has  a  program t h a t  w i l l  p roces s  any 
s e t  of d a t a  only once, a  temporary d a t a  s e t  w i l l  be p r e f e r a b l e .  Some com- 
put ing  c e n t e r s  charge f o r  f i l e s  s t o r e d  on t h e i r  d i s c  packs, s o  t h a t  a  u s e r  
should check be fo re  c r e a t i n g  ey tens ive  permanent f i l e s .  There i s ,  of course ,  
no charge f o r  temporary f i l e s .  /- 



To i l l u s t r a t e  t h e  e f f e c t  of comparat ive  c o s t s ,  some sample f i g u r e s  
w i l l  b e  c i t e d  u s i n g  c o s t s  i n c u r r e d  a t  TUCC, Suppose t h a t  a 30-year s t ream-  
f low r e c o r d  i s  t o  be  p r o c e s s e d  u s i n g  FORTRAN and t h e  REAL operand w i l l  b e  
used .  The t a b l e  i n  S e c t i o n  3.2.2 shows t h a t  80 months w i l l  be  s t o r e d  on 
a  s i n g l e  3330 d i s k  t r a c k ,  s o  t h a t  5 t r a c k s  w i l l  be r e q u i r e d .  The c u r r e n t  
charge  i s  about  $ 0 . 0 1 3 / t r a c k / d a y 2  s o  t h a t  permanent s t o r a g e  of t h e  d a t a  
w i l l  c o s t  $0,06/day.  S i n c e  t h e  c o s t  of making t h e  copy i s  approx imate ly  
$0.75,  u s e  of t h e  copy a s  f r e q u e n t l y  as once e v e r y  two weeks w i l l  j u s t i f y  
keep ing  i t .  The c o s t  of copying w i l l  n o t  i n c r e a s e  as r a p i d l y  as t h e  c o s t  
of s t o r a g e  f o r  l o n g e r  c o p i e s ,  s o  t h a t  l o n g e r  permanent c o p i e s  w i l l  be jus -  
t i f i e d  o n l y  by more f r e q u e n t  u s e .  It may b e  n o t e d  a l s o  t h a t  t h e  u s e  of 
FORMATTED operands  w i l l  more t h a n  double  s t o r a g e  r e q u i r e m e n t s ,  a l t h o u g h  
copying c o s t  i s  n o t  n o t i c e a b l y  a f f e c t e d .  

3 . 4 , l .  Permanent f i l e s  ------------  
Output  f i l e  c a r d s  r e q u i r e d  t o  c r e a t e  permanent f i l e s  shou ld  b e  i n  t h e  

f o l l o w i n g  form: 

//OUTA DD DSNAME=aaa,bbb.ccccc~dddd.eeeePTJINIT=DISK, 
/ / VO~UME=SER=~~~~~~,SPACE=(TRK,~),~TSP==(NEW,CATLG) 

1 )  F i l e  name OUTA must always b e  used f o r  t h e  f i r s t  o u t p u t  f i l e ,  I f  
a d d i t i o n a l  o u t p u t  f i l e s  a r e  r e q u i r e d ,  names must b e  OUTB, OUTC, ..., OUTZ. 

2 )  The DSNAME i s  a f i v e  l e v e l  q u a l i f i e d  name similar t o  t h o s e  g i v e n  f o r  
t h e  f i l e  i d e n t i f i c a t i o n  c a r d s .  The f i r s t  f o u r  l e v e l s  are a c a t a l o g  s t r u c t u r e  
a s s i g n e d  by t h e  computing c e n t e r  t o  t h e  u s e r ,  and t h e  f i f t h  l e v e l  i s  a n  
i d e n t i f i e r  p r o v i d e d  by t h e  u s e r .  The f i f t h  l e v e l  i d e n t i f i e r  must b e  d i f f e r -  
e n t  f o r  each  OUTA, OUTB, e t c .  and must b e  d i f f e r e n t  from any i d e n t i f i e r  
p r e v i o u s l y  used t o  s t o r e  d a t a .  

3)  The ser ia l  number of t h e  VOLUME w i l l  b e  a s s i g n e d  by t h e  computing 
c e n t e r .  

4) I n  t h e  SPACE p a r a m e t e r ,  t h e  number of t r a c k s  r e q u i r e d  must b e  pro- 
v i d e d  a s  an  i n t e g e r .  T h i s  may be  c a l c u l a t e d  a s  d e s c r i b e d  i n  S e c t i o n  3 .2 .2 .  
For  example,  i f  42  months w i l l  b e  s t o r e d  p e r  t r a c k ,  and 240 months a r e  t o  
b e  c o p i e d ,  5 .7  t r a c k s  are r e q u i r e d ,  rounded up t o  6 ,  s o  t h a t  SPACE=(TRK,G). 

5 )  I f  d e s i r e d ,  t h e  pa ramete r  LABEL=EXPDT=yyddd may a l s o  be p r o v i d e d ,  
where yyddd i s  t h e  y e a r  and d a t e  when t h e  f i l e  may b e  d e l e t e d .  Use of t h i s  
pa ramete r  shou ld  b e  checked w i t h  t h e  computing c e n t e r .  

6 )  Although i t  i s  n o t  recommended, a  u s e r  may a l s o  s t o r e  d a t a  s e t s  on 
t a p e .  I n  t h i s  c a s e ,  UNIT=TAPE, t h e  SPACE p a r a m e t e r  i s  l e f t  o u t ,  and t h e  
VOLUME s e r i a l  number i s  f o r  a  t a p e .  

7) S i n c e  DCB i n f o r m a t i o n  i s  prov ided  by HISARS, no such p a r a m e t e r  
shou ld  be  g i v e n  on t h e  DD c a r d ,  u n l e s s  t h e  DIRECT operand i s  u s e d ,  

3.4.2.  T e m ~ o r a r y  f i l e s  - - - - -  - - - - - -  
Output  f i l e  c a r d s  r e q u i r e d  t o  c r e a t e  temporary f i l e s  shou ld  be  i n  

t h e  f o l l o w i n g  form: 



Note that in this case a temporary data set name is used, identified by 
the leading ampersand. The only variable information required is the 
number of tracks in the space parameter, which is calculated as in 
3.4.1. 4) above. 

The user who wishes to create temporary files will be executing a 
two-step job, the first copying the file, and the second executing the 
program which uses the file. 

3.4.3. FORTRAN applications - - - -----------  
To illustrate use of HISARS with FORTRAN programs, two examples are 

given below. These examples show the entire card deck required, including 
JCL cards, HISARS commands and FORTRAN statements, 

The first example produces a listing of daily streamflow similar to 
that given in Section 1.4.5. As additional verification, the HISARS com- 
mand LIST DAILY has been included (it could be removed without affecting 
FORTRAN results). 

// jname JOB an,uname,MSGLEVEL=l 
/I JOBLIB DD DSNAME=NCS,BAE.BE747,WISER,HISARS,DISP=SHR 
// EXEC PGM=MAIN,REGION=llOK 
/ /SYSPRINT DD SY SOUT=A 
//RSTR DD DSNAME=NCS.BAE.BE747.WISER.STREFLOW,DISP=SHR,DCB=BUFNO=l r 

//ISTR DD DSNAME=NCS.BAE.BE747.WISER.INPXSTRE,DISP=SHR,DCB=BUFNO=l 
DD' 

i 

/ IoUTA DSNAME=&OUTA,UNIT=DISK,SPACE=(TRK,l),DISP=(NEW,PASS) 
//SYSIN DD d: 

ACCESS 
ELEMENT STREAMFLOW 
STATION 02082500 
PERIOD 111952 TO 1211952 
LIST DAILY 
COPY INTEGER FORMATTED 

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
EXEC FORTRAN 
DD >k 

REAL YEAR (12, 32) 
INTEGER DATA (38) 
REWIND 6 
FORMAT (38 110) 
DO 23 I=1,12 
READ (6,15) DATA 
DO 21 J=1,32 
K = J + 6  
YEAR (I, J) = lE-Z>kDATA(K) 
CONTINUE 
WRITE(3,17)YEAR 
FORMAT (32 (12F10.21)) 
END /' 

\ 



The second example is used to calculate and print monthly weighted 
average rainfall computed from data for stations 31-4772, 31-5283 and 
31-7499 with weights of 0.3, 0.5, and 0.2 respectively. 

/ / jname JOE an,uname,MSGLEVEL=l 
/ /JOBLIB DD DSNAME=NCS.BAE.BE~~~.WISER,HISARS,DISP=SHR 
/ / EXEC PGM=MAINYREGION=11OK 
/ / SY SPRINT DD SY SOUT=A 
/ / RRAI DD DSNAME=NCS.BAE.BE~~~.WISER.RAINFALL,DISP=SHR,DCB=BUFNO=~ 
/ /IRAI DD DSNAME=NCS,BAE.BE~~~.WISER,INDXRAIN,DISP~SHR,DCB=BUFNO=~ 
/ IOUTA DB DSNAME=&OUTA,UNIT=~~~~, SPACE=(TRK, 2) ,DISP= (NEW ,PASS) 
//OUTB DD DSNAME=&OUTB ,UNIT=2314, SPACE= (TRK, 2) ,DISP= (NEW~PASS) 
/ /OUTC DD DSNAME=&OUTC,UNIT=~~~~,SPACE=(TRK,~),DISP=(NEW,PASS) 
//SYSIN DD s's 

ACCESS 
ELEMENT RAINFALL 
STATION 314772 

315283 
317499 

PERIOD l0/195E TO 9/1956 
COPY REAL, 
/ 9< 

. . * . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ / EXEC FORTRAN 
//C.SYSIN DD $k 

REAL DATAA ( 38) ,DATAB (3 8) ,DATAC (38) 
REWIND 6 
REWIND 7 
REWIND 8 
DO 19 I=1,60 
READ (6) DATAA 
READ (7) DATAB 
READ (8) DATAC 
NYR=DATAA (2) 
NMO=DATAA (3) 
AVE=O.~*DATAA(~~)+O.~~DATAB(~~)+~,~*DATAC(~~) 

19 WRITE (3,10) NYR,NMO ,AVE 
10 FORMAT (I6 ,I3 ,F8.2) 

END 
/ * 
//G.~T06~001 DD DSNAME=&OUTA,DISP=(OLD,DELETE) 
//G.~T07~001 DD DSNAME=&OUTB,DISP=(OLD,DELETE) 
//G FT08F001 DD DSNAME=&OUTC,DISP=(OLD,DELETE) 
/ / 



To illustrate use of HISUS with PL/C programs, the same two examples 
are used as in Section 3.4.3 above. Since the first job step (the part 
prior to the dotted line) is identical, it is not included in the listings 
below, but is presumed to precede the cards listed. 

For the first example: 
(first job step) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ /  EXEC PLC 

*PL / C 
LIST: PROCEDURE OPTIONS (MAIN) ; 
DECLARE (~ATk(38)   YEAR(^^, 12) ) FIXED BINARY (31) ; 
DO I=a TO 12; 

GET PILE (EN) EDIT (DATA) (38 F (10) ) ; 
DO J=l TO 32; 

YEAR(J,I)=DATA(J+~); END; END; 
PUT EDIT (YEAR) (32(SKIP,12 F(10,2,2,))); 
END ; 

/ * 
/ / 

The second example requires minor changes in 'the first job step. The 
HISARS command card must be COPY REAL FORMATTED, and as a consequence, the 
space required for OUTA, OUTB and OUTC is increased to 4 tracks. 

(first job step) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ / EXEC PLC 
//INA DD DSNAME=&OUTA,DISP=(OLD,DELETE) 
/ / INB DD DSNAME=&OUTB,DISP=(OLD,DELETE) 
/ / INC DD DSNAME=&OUTC,DISP=(OLD,DELETE) 
//SYSIN DD A 

*PL/C 
AVE: PROCEDURE OPTIONS(MA1N); 
DECLARE (DATAA,DATAB,DATAC) (38) FLOAT BINARY (21); 
L :GET FILE (INA) EDIT (DATAA) (38 E (LO ,0,5) ) ; 
GET FILE ( I N B )  EDIT (DATAB) (38 E (10,0,5) ) ; 
GET FILE (INC) EDIT (DATAC) (38 E (10,O , 5 )  ) ; 
PUT EDIT (DATAA(2) ,DATAA(3), 0.3 * DA'CAA(~~)+O. ~*DATAB(~~)s~. ~*DATAc(~~)) 

(SKIP,F(6> ,F(3> ,F(S,2)); 
GO TO %; 
END ; 

1 Jc 

/ / 



THE MANAGEMENT FACILITIES 

4.1. Introduction 

The purpose of the management facilities of HISARS is to permit 
addition, modification and deletion of records in the data and index 
files. This is done using the indexed sequential access method (ISM) 
to retrieve, replace and otherwise maintain 9he order of the records 
in the file. 

These facilities do not provide an efficient way to create files 
or to make additions of large quantities of data to existing files. 
Special system utility programs have been developed for these purposes, 
and these programs are described in Chapter 6 ,  

The principal uses of the management facilities are therefore to 
correct errors in the files through modification and deletion of records, 
for addition of small numbers of records, and for up atfng the index 
files after changes to the data files. 

The management facilities were assembled early in the development of 
HISARS. More recent work on the utility programs for rainfall, hourly 
rainfall and evaporation files has led to improved data formats for these 
files. Such changes have not yet been incorporated into the management 
programs. 

/ 

4.2, The Command Language 

The following commands constitute the management facility of HISARS: 

The command word is punched startfng in Column l, operand opf starting in 
Column 11, op2 starting in Column 21, op3 starting in Column 41, op4 start- 
ing in Column 51,.op5 starting in column 61, and op6 starting in Column 71. 
a) opl is the 8-letter file name in which changes are to be made. These 

names ake given in the Appendix. 
b) op2 is the key for the record which is to be chan ed, and consists of 

the station identification number and date for d a m  files, and station 
identification number only for index files. 

c) opJ is the form used to provide data which is to be included in the 
file, Five forms are accepted: DATA, LIST, EPSTALE, COPY and FORMAT, 
Descriptions of these operands are given in Section 4.3. 

d) op4 is the password. Different passwords are used for the various 
commands, 

e) op5 specifies restricted operations to be performed on certain files. 
1 Details are given for the files. 



r ,  

\ 

f )  op6 i s  used t o  i n d i c a t e  t h a t  t h e  d a t a  b e i n g  added a r e  e s t i m a t e d .  

The MANAGE command i s  r e q u i r e d  a t  t h e  beg inn ing  of each set of man- 
agement commands, 

4 . 3 .  I n p u t  Formats 

A d d i t i o n  o r  m o d i f i c a t i o n  of r e c o r d s  i m p l i e s  t h a t  d a t a  are t o  be  
i n t r o d u c e d  i n t o  t h e  system. The management f a c i l i t i e s  a r e  l i m i t e d  t o  
c a r d  i n p u t ,  and t h e  c a r d s  a s s o c i a t e d  w i t h  a  g fven  command f o l l o w  i t  
immediate ly .  For  example,  suppose t h a t  r a i n f a l l  d a t a  a r e  t o  be  added 
f o r  s t a t i o n  number 31-6496 f o r  May, June  and J u l y ,  1948. The f o l l o w i n g  
c a r d s  would b e  used :  

MANAGE 
ADD RAINFALL 316496194805 0~ 3 0 ~ 4  

( d a t a  f o r  May 1948) 
ADD RAINFALL 316496194806 OP 3 OP 4 

( d a t a  f o r  June  1948) 
ADD RAINFALL 316496194807 OP 3  OP 4  

( d a t a  f o r  J u l y  1948) 

The d a t a  must b e  punched i n  one of t h e  r e c o g n i z a b l e  forms,  which a r e  
i d e n t i f i e d  by t h e  a p p r o p r i a t e  v a l u e  of op3. 

4.3.1.  DATA ------  
The d a t a  a r e  punched i n  t h e  form r e q u i r e d  by P L / ~  d a t a - d i r e c t e d  110. 

The operand op2 must c o n t a i n  t h e  complete key (ID f o r  i n d e x  f i l e s  o r  I D  
and d a t e  f o r  d a t a  f i l e s ) .  Each term is punched i n  the form 

I d e n t i f i e r  = v a l u e ,  
terms a r e  s e p a r a t e d  by commas a n d / o r  s p a c e s ,  and t h e  l a s t  t e r m  f o r  t h e  s p e c i -  
f i e d  r e c o r d  i s  fo l lowed  by a  semi-colon,  The i d e n t i f i e r  i s  t h e  name 
e x a c t l y  a s  g i v e n  i n  t h e  d e s c r i p t i o n  f o r  t h e  s p e c i f i c  f i l e  below. I f  t h e  
v a l u e  i s  a  c h a r a c t e r  s t r i n g ,  i t  must b e  p receded  and fo l lowed  by apos- 
t r o p h e s ,  w h i l e  b i t  s t r i n g s  must b e  p receded  by an  a p o s t r o p h e  and f o l l o w e d  
by an  a p o s t r o p h e  which i s  fo l lowed  immediate ly  by a  B.  

Suppose t h e  s t a t i o n  name, l a t i t u d e ,  and d r a i n a g e  a%eaare  i n c o r r e c t  i n  
t h e  i n d e x  e n t r y  f o r  s t a t i o n  number 02.1463.00. They could  be  c o r r e c t e d  by 
t h e  f o l l o w i n g  : 

MANAGE 
MODIFY INDXSTRE 02946300 DATA password 

STATION NAME = ' I R W I N  CREEK NEAR CHARLOTTE, N . C . ' ,  
LATITUDE; = ' 3511511,  DRAINAGE AREA = ' 30 .5 '  ; - 



The d a t a  a r e  punched i n  t h e  form r e q u i r e d  by $L/1 l i s t - d i r e c t e d  1/0. 
The operand op2 must c o n t a i n  t h e  complete  key ,  Va lues  are punched i n  
f ree-form,  s e p a r a t e d  by one comma a n d / o r  b l a n k s .  The v a l u e s  are a s s i g n e d  
t o  v a r i a b l e s  a c c o r d i n g  t o  t h e  l i s t s  below, and t h e  number of v a l u e s  must 
a g r e e  w i t h  t h e  number of v a r i a b l e s  i n  t h e  l i s t .  The l i s t s  a r e  d i f f e r e n t  
f o r  each  f i l e ,  and t h e y  a r e  a l s o  d i f f e r e n t  f o r  LIST and LISTALL. G e n e r a l l y  
LIST i s  i n t e n d e d  t o  i n p u t  d a t a  o n l y ,  w h i l e  LTSTALL i s  used t o  f i l l  t h e  
complete  r e c o r d .  

Suppose t h e  d a t a  f o r  s t a t i o n  number 02.0968.50 f o r  August 1968 are t o  
be  added t o  t h e  s t reamf low f i l e .  T h i s  cou ld  b e  done by t h e  f o l l o w i n g :  

MANAGE 
ADD STREFLOW 02096850196808 LIST password 

3 1  120 1 5 0 ' 1 2 0  140 570 390 200 140 110 
100 150 120 100 100 100 110 83  7 5  9 1  130 
140 5  3  4  1 36 36 36 3  6  3  6  4  1 5 1  3 1  

The fo rmat  form h a s  n o t  y e t  been implemented.  It i s  p lanned  t o  p e r m i t  
t h e  u s e r  t o  s p e c i f y  h i s  own i n p u t  fo rmat .  

4.3.4. COPY ------  
The copy form p e r m i t s  r e c o r d s  i n  a  d a t a  f i l e  t o  b e  cop ied  from one s t a -  

t i o n  t o  a n o t h e r .  T h i s  may o n l y  be  done f o r  t h e  d a t a  f i l e s ,  and t h e  r e c o r d s  
f o r  a s p e c i f i c  month a t  a s t a t i o n  a r e  o b t a i n e d  o n l y  f o r  t h e  same month a t  
a n o t h e r  s t a t i o n ,  S i n c e  such  a procedure  i s  assumed t o  b e  a n  e s t i m a t i o n  pro-  
c e d u r e ,  b i t s  i n d i c a t i n g  t h a t  v a l u e s  a r e  e s t i m a t e s  a r e  f i l l e d  a u t o m a t i c a l l y .  

The r e c o r d  t o  b e  c r e a t e d  o r  modi f i ed  i s  g i v e n  by s t a t i o n ,  y e a r  and 
month i n  op2. The s t a t i o n  from which t h e  r e c o r d  i s  t o  be  cop ied  i s  g i v e n  
i n  op5. I f  t h e  r a i n f a l l  r e c o r d  f o r  s t a t i o n  31-6496 f o r  J u n e  1964 i s  t o  b e  
cop ied  from t h e  r e c o r d  f o r  s t a t i o n  31-3653 f o r  t h e  same month, u s e  t h e  
f o l l o w i n g  : 

MANAGE 
ADD RAINFALL 

4.4.  Password P r o t e c t i o n  

Password p r o t e c t i o n  
t h e  i n d e x  o r  d a t a  f i l e s .  

316496196406 COPY password 313653 

i s  prov ided  t o  p r e v e n t  unaufhor ized  changes i n  
The passwords a r e  i n c l u d e d  a t  compile  t i m e  f o r  

t h e  sys tem i t s e l f ,  and can t h e r e f o r e  be  changed o n l y  by r e c o m p i l a t i o n  of 
t h e  management c o n t r o l  program. 



Three Pevals of password p r o t e c t i o n  a r e  provided.  I f  t he  u s e r  sup- 
p l i e s  t h e  f i r s t  Level. password, he i s  permi t ted  t o  add r eco rds  t o  any 
f i l e ,  a d  he may update t h e  index f i l e .  I f  he  s u p p l i e s  t h e  second l e v e l  
password, he may use  the  modify commands t o  change t h e  con ten t s  of f i l e s .  
The h ighes t  leva% password i s  r equ i r ed  i f  t h e  u se r  wishes t o  d e l e t e  r eco rds  
from the files. The passwords a r e  e f f e c t i v e  downward, s o  t h a t  t h e  second 
l e v e l  password permi ts  t h e  ADD, MODIFY and UPDATE commands, whi le  t he  t h i r d  
l e v e l  password permi ts  any command t o  be executed.  

6 
The password l e v e l s  a r e  equ iva l en t  t o  t h e  s e v e r i t y  of e f f e c t  of t h e  

command on t h e  fife. Added records  can always be d e l e t e d  l a t e r .  Records 
which a r e  modified i n c o r r e c t l y  can o f t e n  be  co r r ec t ed .  However, r eco rds  
which are d e l e t e d  by mistake may r e q u i r e  cons iderable  e f f o r t  t o  r ep l ace .  
It i s  t h e r e f a r e  expected t h a t ,  whi le  many u s e r s  may be encouraged t o  add f 

records  t o  t h e  f i l e  through use  of t he  ADD and UPDATE commands, and the re -  
f o r e  be given the  f i r s t  l e v e l  password, few u s e r s  w i l l  wish t o  u se  t h e  
MODIFY and DELETE commands. 

-he Index F i l e s  

Changes t o  t h e  index f i l e s  can be made us ing  t h e  ADD, MODIFY, DELETE 
and UPDATE comands ,  Addit ion and mod i f i ca t ion  of records  may use  e i t h e r  
t h e  DATA o r  LIST forms,although DATA i s  in tended  more f o r  making cor rec-  
t i o n s  and LIST f o r  adding records .  

4 .5 .1 .  ADD/MODLFY w%th t h e  DATA form -------------------  
~ n y  o r  a l l  of t he  folLowing may be changed us ing  t h e  DATA form: 

STATION NAME (80 cha rac t e r s )  
STATION~IDENTIFICATION NUMBER(8 c h a r a c t e r s )  
GEOGMPH%G LOCATION B L % K ( ~ O  c h a r a c t e r s )  
LATITUDE ( 3 h a r a c t e ' F s )  
LONGITUDE (8 c h a r a c t e r s )  
.ELEVATIONQ8 c h a r a c t e r s )  
DRAINAGE AREA(% c h a r a c t e r s )  
BASIN ~ 6 k i X ( 9  c h a r a c t e r s )  
 REGION(^ c h a r a c t e r s )  
MISCELLANEBUS(L4 c h a r a c t e r s )  

Note t h a t  the u n d e r l i n e  c h a r a c t e r  i s  used t o  connect words. 

The STATION IDENTIFICATION NUMBER cannot be modif ied,  s i n c e  t h i s  i s  
t h e  record  ident;;;fier, and changing, i t  imp l i e s  c r e a t i o n  of a new reco rd .  
I f  i t  i s  necessary  t o  change t h i s  number, i t  would be necessary  t o  u se  
t h e  ADD camand t o  c r e a t e  a new reco rd ,  and then  DELETE t h e  o ld  r e c o r d ,  

I f  t h e  a l t e r n a t e  code and/or  county name i s  r equ i r ed ,  t h e s e  a r e  inc luded  
i n  t he  47th and 60th  c h a r a c t e r s ,  and 6 1 s t  t o  80th c h a r a c t e r s ,  r e s p e c t i v e l y ,  ,,- 
i n  t he  STATION NAME, The BASIN NUMBER i s  s t o r e d  a s  3 groups of 3 c h a r a c t e r s ,  -. 
and t h e  REG EON^^ 2 groups of 2 c h a r a c t e r s ,  wi thout  i n t e rven ing  punctua t ion .  



w i t U h e  LIST - 211 - - - - form- - - 
Use of t h e  LIST form r e q u i r e s  t h a t  e v e r y  i t e m  i n  t h e  i n d e x  f i l e  b e  

i n c l u d e d  i n  t h e  c o r r e c t  o r d e r  ( s e e  t h e  Appendix f o r  complete  l i s t  and 
o r d e r ) .  For f i l e  c r e a t i o n ,  t h i s  h a s  been r e p l a c e d  by t h e  CRINDEX u t i l i t y  
program ( S e c t i o n  6 , 9 . 3 )  . 

When r e c o r d s  f o r  a  s t a t i o n  n o t  p r e v i o u s l y  indexed a r e  added t o  t h e  
d a t a  f i l e ,  executFon of t h e  upda te  program ( S e c t i o n  4 . 5 . 3 )  w i l l  c r e a t e  a 
new i n d e x  e n t r y ,  c o n t a i n i n g   he s t a t i o n  number and p e r i o d s  of r e c o r d .  
The rest of t h e  i n f o r m a t i o n  can b e  s u p p l i e d  u s i n g  t h e  DATA form. 

4 . 5 . 3 .  UPDATE - - - - - - -  
Changes t o  t h e  d a t a  f i l e s  do n o t  a u t o m a t i c a l l y  cause  a s s o c i a t e d  

changes i n  t h e  i n d e x  f i l e s .  T h e r e f o r e ,  a d d i t i o n  o r  d e l e t i o n  o r  r e c o r d s  
may l e a d  t o  problems i n  a c c e s s i n g  t h e  new r e c o r d s .  Such problems may 
b e  p reven ted  by u s e  of t h e  UPDATE command. 

The UPDATE command can o n l y  b e  used f o r  i n d e x  f i l e s ,  s o  t h a t  o p l  
must be  t h e  name of an  i n d e x  f i l e .  The a s s o c i a t e d  d a t a  f i l e  i s  scanned ,  
and i t s  c o n t e n t s  compared w i t h  t h e ' i n f o r m a t i o n  i n  t h e  i n d e x  f i l e .  There  
a r e  f o u r  p o s s i b i l i t i e s :  
a )  The r e c o r d s  f o r  a  s t a t i o n  have n o t  been  changed,  The i n d e x  e n t r y  

f o r  t h e  s t a t i o n  w i l l  b e  unchanged. 
b)  Records have been added t o  o r  d e l e t e d  from t h e  s t a t i o n  r e c o r d .  The 

p e r i o d  of r e c o r d  i n  t h e  i n d e x  e n t r y  f o r  t h e  s t a t i o n  w i l l  b e  c o r r e c t e d .  
c )  Records have been added f o r  a  s t a t i o n  which had n o t  been  i n  t h e  f i l e .  

A new i n d e x  e n t r y  i s  c r e a t e d  f o r  t h e  s t a t i o n  and added t o  t h e  i n d e x  
f i l e .  However, t h e  new e n t r y  w i l l  c o n t a i n  o n l y  t h e  s t a t i o n  i d e n t i f i c a -  
t i o n  number and p e r i o d  of r e c o r d ,  A message i s  p r i n t e d  "NEW INDEX 
ENTRY PQR STATION" w i t h  t h e  i d e n t i f i c a t i o n  number. 

d )  A l l  r e c o r d s  f o r  a  s t a t i o n  have been d e l e t e d .  The i n d e x  e n t r y  f o r  t h e  
s t a t i o n  i s  d e l e t e d .  

I f , d u r i n g  t h e  u p d a t e  p r o c e s s ,  s t a t i o n s  a r e  found w i t h  more t h a n  100 
p e r i o d s  of r e c o r d s ,  a  l i s t  of t h e  s t a t i o n  i d e n t i f i c a t i o n  numbers and exces-  
s i v e  p e r i o d s  i s  p r i n t e d .  

S i n c e  u p d a t i n g  o f  t h e  e n t i r e  f i l e  r e q u i r e s  a c t u a l  r e a d i n g  o f  e v e r y  
d a t a  r e c o r d ,  t h e  p r o c e s s  may t a k e  a g r e a t  d e a l  of t ime .  Although t h i s  
w i l l  b e  n e c e s s a r y  when t h e  f i l e  i s  f i r s t  c r e a t e d ,  n o s t  management opera-  
t i o n s  w i l l  a f f e c t  o n l y  a  few of t h e  s t a t i o n s .  An o p t i o n  i s  t h e r e f o r e  
a v a i l a b l e  which p e r m i t s  s p e c i f i c a t i o n  of t h e  s t a t i o n  numbers f o r  which 
i n d e x  e n t r i e s  are t o  be  u p d a t e d ,  

I f  t h e  e n t i r e  f i l e  i s  t o  b e  u p d a t e d ,  op5 of t h e  UPDATE command c a r d  
i s  l e f t  b l a n k ,  However, i f  u p d a t i n g  i s  t o  b e  l i m i t e d ,  t h e  word INDIVIDUAL 
should  be punched i n  op5 (Cols .  61-70 o f  t h e  command c a r d ) ,  The s t a t i o n  
numbers t o  b e  u p d a ~ e d  a r e  punched one p e r  c a r d ,  s t a r t i n g  i n  Col ,  21,  on 
c a r d s  which a r e  p l a c e d  immediate ly  f o l l o w i n g  t h e  UPDATE command. 



For  example,  suppose t h e  e n t r y  i n  t h e  i n d e x  f i l e  RAINFALL i s  t o  be  /I 

updated f o r  s t a t i o n s  31-6853, 31-0674 and 31-4456. The f o l l o w i n g  command 
c a r d s  would be  r e q u i r e d :  

MANAGE 
UPDATE MINFALL password INDIVIDUAL 

4.6 ,  Management of t h e  Data  F i l e s  

Changes t o  t h e  d a t a  f i l e s  may b e  made u s i n g  any of tQe  commands. Addi- 
t i o n  and m o d i f i c a t i o n  of r e c o r d s  may u s e  t h e  DATA, LIST o r  COPY forms. I n  
g e n e r a l ,  t h e  DATA form w i l l  be  u s e f u l  o n l y  f o r  modifying one o r  two v a l u e s  
i n  a r e c o r d ,  w h i l e  t h e  LIST form w i l l  be  more g e n e r a l l y  u s e f u l  i n  add ing  
o r  modifying complete  r e c o r d s .  Opt ions  such  a s  LISTALL and u s e  of op5 
p e r m i t  v a r i o u s  amounts of d a t a  t o  be  r e a d .  D e t a i l s  a r e  g i v e n  under  t h e  
i n d i v i d u a l  f i l e s .  

Maximum e f f i c i e n c y  w i l l  b e  o b t a i n e d  i f  a l l  o p e r a t i o n s  t o  be  performed 
on a s i n g l e  d a t a  f i l e  a r e  grouped.  I n  t h i s  c a s e ,  t h e  f i r s t  password g i v e n  
shou ld  b e  t h e  h i g h e s t  r e q u i r e d  by any o p e r a t i o n  i n  t h e  group.  

The impor tance  of u p d a t i n g  t h e  a s s o c i a t e d  i n d e x  f i l e  f o l l o w i n g  changes P 
i n  t h e  d a t a  f i l e  must be  emphasized.  When r e c o r d s  have been m o d i f i e d ,  no . 
changes i n  t h e  i n d e x  f i l e  w i l l  be n e c e s s a r y .  However, i f  r e c o r d s  a r e  added, 
t h e y  w i l l  be i g n o r e d  by t h e  sys tem u n t i l  t h e  i n d e x  i s  upda ted .  I f  r e c o r d s  
are d e l e t e d ,  more s e r i o u s  e r r o r s  w i l l  r e s u l t .  I f  r e c o r d s  a r e  d e l e t e d  from 
t h e  beg inn ing  o r  midd le  of a p e r i o d  of r e c o r d ,  a  r e a d  e r r o r  w i l l  r e s u l t  and 
p r o c e s s i n g  w i l l  t e r m i n a t e .  However, i f  r e c o r d s  a r e  d e l e t e d  from t h e  end o f  
a p e r i o d  of r e c o r d ,  t h e  sys tem may s e a r c h  f o r  t h e  next occurrence of the 
o l d  end ing  d a r e ,  which may b e  f o r  a n o t h e r  s t a t i o n ,  and a l l  v a l u e s  w i l l  be  
i n t e r p r e t e d  a s  though t h e y  a p p l i e d  f o r  t h e  r e q u e s t e d  s t a t i  on. 

4 .6 .1 .  ADD/MODIFY w i t h  t h e  COPY form -------------------  
The COPY form i s  used t o  copy an  e x i s t i n g  r e c o r d  i n  t h e  f i l e  f o r  one 

s t a t i o n  i n t o  t h e  r e c o r d  f o r  a n o t h e r  s t a t i o n .  The r e c o r d  i s  s imply  r e a d ,  
t h e  s t a t i o n  number i s  r e p l a c e d  by t h e  s p e c i f i e d  s t a t i o n  number, and t h e  
r e c o r d  w i t h  i t s  new i d e n t i f i c a t i o n  i s  used t o  add t o  o r  modify e x i s t i n g  
r e c o r d s .  En a d d i t i o n ,  s i n c e  such  a n  o p e r a t i o n  normal ly  amounts t o  an  
e s t i m a t i o n  p r o c e d u r e ,  f l a g  b i t s  i n  t h e  r e c o r d  a r e  s e t  t o  show t h a t  t h e  
d a t a  are e s t i m a t e d .  

Use of thee forms .depends on t h e  s p e c i f i c  f i l e ,  s o  t h a t  d e t a i l s  are 
prov ided  below s e p a r a t e l y  f o r  e a c h  f i l e .  Management of d a t a  f i l e s  n o t  ,- 

l i s t e d  Below i s  n o t  suppor ted  a t  t h i s  t ime .  



A l l  v a r i a b l e s  i n  t h e  l i s t s  g i v e n  below a r e  r e q u i r e d  f o r  t h e  LIST form, 
b u t  o p t i o n a l  f o r  t h e  DATA form. 

a) Streamflow d a t a  f i l e  (STREFLOW) 

i )  DATA- 

NDAY - t h e  number of days i n  t h e  r e c o r d  
CODE - a v a l u e  e q u a l  t o  10 t imes  t h e  USGS Code 1 p l u s  t h e  USGS Code 2 
FLOW(1) - t h e  d a i l y  mean d i s c h a r g e  f o r  t h e  day,  m u l t i p l i e d  by 100 

i i )  LIST - 
NDAY 
FLOW(I) , I = 1, 2 ,  . . . , NDAY 

i i i )  LISTALL - 
NDAY 
CODE 
FLOW(I), I = 1, 2 ,  ..., NDAY 

b)  R a i n f a l l  d a t a  f i l e  (RAINFALL) 

i) DATA - 
NDAY - t h e  number of days  i n  t h e  r e c o r d  
RAIN(1) - t h e  d a i l y  r a i n f a l l  f o r  t h e  I t h  day,  m u l t i p l i e d  by 100 
RAINCODE(1) - a code number f o r  t h e  1 t h  day ,  c a l c u l a t e d  as f o l l o w s :  

a )  S t a r t  w i t h  a v a l u e  of 0 
b) I f  a t r a c e  was r e p o r t e d ,  add 1 
c )  I f  t h e  amount i s  e s t i m a t e d ,  add 2 
d )  I f  t h e  amount i s  accumulated,  add 4 
e )  I f  t h e  amount i s  m i s s i n g ,  add 8 

i i )  LIST - 
NDAY 
RAIN(I), I = 1, 2 ,  . . ., NDAY 
I f  op6 i s  ESTIMATED, a l l  RAINCODE v a l u e s  are set  e q u a l  t o  2 ,  i . e .  d a i l y  
estimates 

i i i )  LISTALL - 
NDAY 

J g i v e n  a s  a p a i r  f o r  I = 1, 2 ,  . .., NDAY RAINCODE 

c) Temperature  d a t a  f i l e  (TEMPTURE) 

i) DATA - 
NDAY - t h e  number of days  i n  t h e  r e c o r d  

t h  MAX(1) - t h e  observed  maximum t e m p e r a t u r e  f o r  t h e  I day 
MIN(1) - t h e  observed minimum t e m p e r a t u r e  f o r  t h e  l t h  day 
SET(1) - t h e  t e m p e r a t u r e  a t  t h e  t ime  of o b s e r v a t i o n  f o r  t h e  1 t h  day 



ii) LIST with MAX in op5 

NDAY 
M(I), I = 1, 2, ..., NDAY 

iii) LIST with MIN in op5 

NDAY 
MIN(I), I = 1, 2, ,.., NDAY 

iv) LIST with SET in op5 

NDAY 
sET(I), I = 1, 2, ..., NDAY 

v) LISTALL 

NDAY 
M(1)- 
MIN (I) given together for each I = 1, 2, ..., NDAY 
SET (I) 

NOTE: For any of the ~bove, if op6 ';6e ESTIMATED the eatimate bit will 
be set for the month. 

d) Evaporation data file (EVAPTION) 
/r 

i) DATA - 
NDAY - the number of days in the record 
EVAP(1) - the daily evaporation for the day, multiplied by 100 
EVAPCODE(1) - a code number for the Ith day, calculated as follows: 

a) Start with a value of 0 
b) If evaporafion is accumulated, add 1 
c) If evaporatidn value is missing, add 4 
d) If evaporation value is estimated, add 8 

WIND(1) - the total daily wind movement for the 1th day 
WINDCODE(I) - a code number for the 1th day, calculated as follows: 

a) Start with a value of 0 
b) If wind movement is accumulated, add 1 
c) If the wind movement is missing, add 4 
d) If the wind movement is estimated, add 8 

ii) LIST with EVAP in op5 

ND AY 
EvAP(I), I = 1, 2, ..., NDAY 
If op6 is ESTIMATED, all EVAPCODE values are set equal to 8 

iii) LIST with WIND in op5 

NDAY 
WIND(I), I = 1, 2, ..., NDAY 
If op6 is ESTIMATED, all WINDCODE values are set equal to 8 



iv) LISTALL - 
NDAY 
EVAP (I) 1 
EVAPCoDE(') given together for each I = 1, 2, . . . , NDAY 
WIND (I) 
WINDCODE (I) J 

4.7. Error Processing 

A variety of errors can occur as a result of cards out of order, mis- 
punched cards, etc. In such cases, the system prints out a message and 
recovers as much from what follows as possible, Since varying numbers of 
data cards can follow each command card, this is not always easy, and in 
general the system will ignore all data cards, listing them in the error 
output, until it reaches the next command card. 

Error output consists of a message of the form 
DATA MANAGEMENT ERROR: CODE = nnn 

followed by a listing of ignored cards, Since each successful operation 
is followed by an output message, it should generally be possible to deter- 
mine how many of the cards will have to be rerun. 

The following error codes are used by the system: 

1 - Invalid password 
3 - Level of password too low for requested operation 
5 - System cannot determine what operation is required 
11 - Key error for streamflow data file 
12 - Invalid form requested, streamflow management 
19 - Key error for streamflow data file, copy form 
21 - Key error for rainfall data file 
22 - Invalid form requested, rainfall management 
29 - Key error for rainfall data file, copy form 
31 - Key error for temperature data file 
32 - Invalid form requested, temperature management 
39 - Key error for temperature data file, copy form 
61 - Key error for evaporation data file 
62 - Invalid form requested, evaporation management 
69 - Key error for evaporation data file, copy form 
91 - Invalid form requested for index management 
92 - Unidentified file name given for index management 
93 - Key error for index file during read, index management 
94 - Key error for index file during write, index management 
200 - FORMAT form requested, not yet implemented 
204 - Unidentified file name given for index update 
205 - Key error for index file during update processing 



Key e r r o r s  a r e  most l i k e l y  t o  occur  i n  t he  system f o r  t h e  fo l lowing  
reasons  : 

i )  The ADD command was used,  bu t  t h e  record a l r eady  e x i s t s ;  
i i )  The MODIFY command was used ,  b u t  no record e x i s t s ;  

i i i )  No space i s  a v a i l a b l e  t o  add t h e  record .  
I f  a  check of t he  f i l e  con ten t s  a g a i n s t  t he  va lue  of op2 on the  command card 
i n d i c a t e s  t h a t  n e i t h e r  i )  nor  i i )  has  occurred ,  n o t i f y  t h e  i n d i v i d u a l  
r e spons ib l e  f o r  t h e  system. 

4.8. Job Cont ro l  Language a t  TUCC 

The system i s  designed so  t h a t  t he  management f a c i l i t i e s  can be inc luded  
a s  an i n t e g r a l  p a r t .  This  would make p o s s i b l e  mixing o f  a c c e s s ,  p rocess  
and manage groups i n  a  s i n g l e  execut ion .  

Job c o n t r o l  requirements  f o r  use  of t h e  management f a c i l i t i e s  a r e  
i d e n t i c a l  t o  those  f o r  u se  of t h e  access  f a c i l i t i e s .  The u s e r  i s  r e f e r r e d  
t o  Sec t ion  1 .5  of t he  Users '  Guide t o  t h e  Access F a c i l i t i e s .  
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PERSONAL EXPERIENCE WITH SYSTEM DESIGN 

5.1 .  H i s t o r i c  Background 

Computer p r o c e s s i n g  of l a r g e  q u a n t i t i e s  o f  h y d r o l o g i c  d a t a  a t  North 
C a r o l i n a  S t a t e  U n i v e r s i t y  s t a r t e d  i n  1959. The f i r s t  s o u r c e  of d a t a  was 
t h e  1009 c a r d  deck of t h e  Weather Bureau,  I t  soon became obvious  t h a t  
r e a d i n g  a  m i l l i o n  c a r d s  d i r e c t l y  i n t o  a  l a r g e  computer was t o o  i n e f f i c i e n t  
t o  b e  workab le ,  and o n l y  a l i m i t e d  number of t h e  c a r d s  were  a c t u a l l y  used.. 
The l a t e r  a v a i l a b i l i t y  o f  t h e  FOSDIC equipment p e r m i t t e d  d i r e c t  c o n v e r s i o n  
from t h e  Weather Bureau m i c r o f i l m  t o  magne t ic  t a p e ,  e l i m i n a t i n g  f u r t h e r  
p r o c e s s i n g  of t h e  c a r d s .  

The .Geolog ica1  Survey s t a r t e d  p r o c e s s i n g  of i t s  d a t a  u s i n g  punched 
p a p e r  t a p s  r a t h e r  t h a n  c a r d s .  The punched t a p e s  were  made a v a i l a b l e  t o  
u s ,  b u t  a l t h o u g h  p a p e r  t a p e  i s  much more e f f i c i e n t  t h a n  c a r d s ,  t h e  problems 
of  h a n d l i n g  s e v e r a l  hundred r o l l s  of t a p e  were  s t i l l  e x c e s s i v e .  L a t e r ,  
t h e  Survey f u r n i s h e d  u s  t h e i r  magne t ic  t a p e  c o p i e s ,  and t h e s e  formed t h e  
s t reamf low d a t a  b a s e .  

Even w i t h  t h e  d a t a  on magne t ic  t a p e ,  problems a r o s e  i n  t r y i n g  t o  pro-  
c e s s  t h e  d a t a .  Simul taneous  p r o c e s s i n g  o f  r a i n f a l l  and s t r e a m f l o w  d a t a  
r e q u i r e d  u s e  of d i f f e r e n t  t a p e s  w i t h  d i f f e r e n t  f o r m a t s .  A l a r g e  number 
o f  t a p e s  were  r e q u i r e d  t o  h o l d  t h e  c l i m a t o l o g i c a l  d a t a ,  and p r o c e s s i n g  o f  
d a t a  f o r  s e v e r a l  s t a t i o n s  r e q u i r e d  c a r e f u l  m a n i p u l a t i o n  of t h e  t a p e s  t o  
p r e s e r v e  a  semblance of e f f i c i e n t  o p e r a t i o n .  I n  a n  e f f o r t  t o  improve 
performance f o r  a  number of s t a t i o n s  t h a t  were  b e i n g  u s e d  h e a v i l y ,  a  
packed fo rmat  was developed t h a t  p e r m i t t e d  a l l  t h e  s t a t i o n s  t o  be  recorded  
on one reel,  b u t  t h i s  f o r m a t  was a c c e s s i b l e  o n l y  w i t h  machine l anguage ,  
and t h e  d a t a  were  n o t  a v a i l a b l e  f o r  u s e  w i t h  g e n e r a l  purpose  l anguages .  

The problems t h a t  w e  e n c o u n t e r e d  might  be  summarized i n  two major  
p o i n t s  : 

1 )  R e t r i e v a l  of d a t a  from t h e  t a p e s  was s o  d i f f i c u l t  t h a t  t h e  u s e r  
had t o  l e a r n  a g r e a t  d e a l  o f  computer programming; 

2)  The u s e r  had t o  know e x a c t l y  what h e  wanted,  and on what t a p e  i t  
was t o  b e  found.  No t y p e  of s e a r c h  i n  a  u s e f u l  s e n s e  was p o s s i b l e .  - 

I n  1966,  u n i v e r s i t y  computer f a c i l i t i e s  were  d r a s t i c a l l y  changed. I n  
p l a c e  of s e p a r a t e  i n s t a l l a t i o n s  a t  each  of t h e  t h r e e  u n i v e r s i t i e s  (Duke 
U n i v e r s i t y ,  North  C a r o l i n a  S t a t e  U n i v e r s i t y ,  and t h e  U n i v e r s i t y  of North  
C a r o l i n a ) ,  a  s i n g l e  new o r g a n i z a t i o n  was e s t a b l i s h e d  as t h e  T r i a n g l e  
U n i v e r s i t y  Computation Cente r  (TUCC) t o  s e r v e  a11 t h r e e  campuses th rough  
te lecommunicat ions .  E x i s t i n g  computers on t h e  campuses, i n c l u d i n g  t h e  
Univac 1105 a t  t h e  U n i v e r s i t y  of North  C a r o l i n a  which we had been  u s i n g ,  
were  r e p l a c e d  by I B M  System/360 equipment ,  and a  Model 75 was i n s t a l l e d  
as t h e  c e n t r a l  p r o c e s s o r ,  

T h i s  change e f f e c t i v e l y  t e r m i n a t e d  o u r  t h e n  c u r r e n t  (and r a t h e r  unde- 
s i r a b l e )  mode of o p e r a t i o n ,  and f o r c e d  an  a p p r a i s a l  of what t h e  new sys tem 
might  do f o r  u s .  We had a l r e a d y  been u s i n g  t h e  d a t a  f o r  work a t  a l l  t h r e e  
campuses, and t h e  development of t h e  Water Resources  Research  I n s t i t u t e  
was a s t i m u l a n t  t o  i n c r e a s e d  i n t e r e s t  i n  t h e  a v a i l a b i l i t y  o f  a  d a t a  base .  



The telecsarcmunfcation c a p a b i l i t y  of t he  computer permi t ted  wides t  pos- 
s i b l e  access  t o  t he  d a t a ,  

I t  was t h e r e f o r e  decided t o  develop a  system t h a t  would provide  a  
sys t ema t i c  method of s t o r a g e  of d a t a  from t h e  va r ious  sources  a s  w e l l  
a s  a  r e l a t i v e l y  convenient method of r e t r i e v i n g  d a t a  f o r  process ing .  
Three p r i n c i p a l  c l a s s e s  of u s e r s  were v i s u a l i z e d :  

Experienced programmers, who could acces s  t he  d a t a  d i r e c t l y  f o r  
process ing;  
S tudents  and semi-sk i l led  programmers, who r e q u i r e  a  p a r t i c u l a r  
s e t  of d a t a  i n  a  p a r t i c u l a r  format f o r  an a n a l y s i s  f o r  which they 
have w r i t t e n  a  program; 
Informat ion  u s e r s ,  who have some use  f o r  in format ion  conta ined  i n  
t he  d a t a ,  b u t  a r e  e i t h e r  n o t  i n t e r e s t e d  i n ,  o r  n o t  capable  o f ,  
t h e  programming r equ i r ed  t o  o b t a i n  t h e  information.  

The system i s  i n  a c t i v e  use  by u s e r s  i n  t h e  f i r s t  and t h i r d  ca tegor-  
i e s ,  and appears  t o  meet requirements  f o r  t h e i r  purposes.  There h a s  been 
less use  i n  t h e  second ca tegory ,  and system c a p a b i l i t i e s  t o  s a t i s f y  t h i s  
need a r e  be ing  expanded. 

5 .2 .  F i l e  Organiza t ion  by Element 

We expect  t o  s t o r e  d a t a  r e p r e s e n t i n g  a  number of v a r i e d  hydro log ic  
and c l ima to fog ica l  e lements .  One of t he  f i r s t  i s s u e s  t o  be reso lved  
was whether d a t a  f o r  each element should be  i n  a  s e p a r a t e  f i l e  o r  whether 
c e r t a i n  combinations were poss ib l e .  

The s ~ r e a m f l o w  f i l e  of t h e  Geological  Survey con ta ins  only d a i l y  
streamflow reco rds .  On t h e  o t h e r  hand, t h e  1009 deck of t he  Weather 
Se rv i ce ,  and t a p e  formats  der ived  therefrom, con ta in  d a i l y  p r e c i p i t a -  
t i o n ,  t empera ture ,  snowfa l l  and event  ("days with") d a t a ,  t o g e t h e r  
wi th  evapora t ion  and wind movement measurements f o r  evapora t ion  s t a t i o n s .  
Since t h e  measuring s t a t i o n s  were completely d i f f e r e n t  f o r  t h e  two sou rces  
of d a t a ,  t h e r e  was no r e a l  cons ide ra t ion  given t o  combining a l l  i n t o  a  
s i n g l e  f i l s ,  no r  does t h e r e  appear  any advantage i n  doing s o .  The ques t ion  
was whether t o  l e a v e  a l l  of t h e  elements  of t h e  Weather Se rv i ce  f i l e  i n  a  
s i n g l e  f i l e  o r  t o  s e p a r a t e  them i n t o  a  number of f i l e s .  

I n  our  u se  on t h e  Univac, we had l e f t  t h e  c l i m a t o l o g i c a l  d a t a  i n  a  
s i n g l e  f i l e .  Our h e a v i e s t  u se  of t h a t  f i l e  was f o r  a  drought a n a l y s i s  
which r equ i r ed  both  p r e c i p i t a t i o n  and temperature r eco rds ,  and t h e  con- 
venience of having them toge the r  f o r  each day was c l e a r ,  However, reading  
ac ros s  t he  snowfa l l  and event  in format ion  which was recorded b u t  n o t  used 
appeared i n e f f i c i e n t .  Also,  s i n c e  t h e  evapora t ion  s t a t i o n s  had a d d i t i o n a l  
r eco rds ,  d i f f e r e n t  formats  were used and t h e s e  s t a t i o n s  had t o  be kep t  sep- 
a r a t e  from t h e  r e s t .  

The d e c i s i o n  was made t o  s e p a r a t e  t he  f i l e s  on HISARS, a  s i n g l e  element 
f o r  each f i l e .  (This  was n o t  c a r r i e d  t o  extremes - t h e  evapora t ion  and wind 
movement r eco rds  which tended t o  be recorded toge the r  were l e f t  i n  a  s i n g l e  
f i l e . )  There were two major reasons  f o r  t h i s  dec i s ion :  



1 )  We a n t i c i p a t e d  t h a t  most u se  of t h e  f i l e s  would involve  process ing  
of a  s i n g l e  element,  and t h i s  has  gene ra l ly  h e l d  t r u e ,  A f i l e  w i th  
s e v e r a l  elements would r e q u i r e  more d a t a  t o  be read than  necessary ,  
thus  c o n t r i b u t i n g  t o  i n e f f i c i e n c y  and increased  computing c o s t ,  We 
es t ima te  t h a t  process ing  a  corntined f i l e  r a t h e r  than  a s e p a r a t e  pre- 
c i p i t a t i o n  f i l e  (our  most commonly used element) would t r i p l e  t h e  
inpu t  c o s t s ,  - 

2)  Considerably l e s s  s t o r a g e  space i s  r equ i r ed .  

The second p o i n t  i s  important  and deserves some emphasis. We found t h a t  
f o r  a l l  s t a t i o n s  i n  North Caro l ina  i n  t h e  1009 deck, p r e c i p i t a t i o n  was being 
measured. This  element uses  4 columns of t h e  1009 card .  Temperature r eco rds  
were a v a i l a b l e  f o r  l e s s  than  h a l f  t he  s t a t i on -yea r s ,  Temperatures use  9 
columns of t h e  1009 uard. Thus, cons ider ing  t h e  space used f o r  t h e s e  two 
elements a lone ,  over  one-third i s  blank.  Separa te  record ing  of snowfa l l  
and event  records  r e s u l t s  i n  even more s i g n i f i c a n t  s av ings ,  

I f  we used our  p r e s e n t  packed formats  w i th  a  combined f i l e  con ta in ing  
p r e c i p i t a t i o n ,  temperature,  snowfa l l  and event  d a t a ,  we would r e q u i r e  410 
by te s  pe r  month, o r  approximately 48 m i l l i o n  b y t e s  f o r  t h e  records  now 
s t o r e d  by t h e  system. I n  t h e  s e p a r a t e  f i l e s  a s  a c t u a l l y  s t o r e d  by t h e  sys- 
t e m ,  which could use  up t o  530 by te s  pe r  month, only 14 m i l l i o n  b y t e s  of 
s t o r a g e  a r e  r equ i r ed .  The n e t  sav ing  by e l i m i n a t i n g  blanks i s  s i g n i f i c a n t .  

We ga in  the  advantage t h a t  p r e c i p i t a t i o n  and temperature d a t a  f o r  t h e  
evapora t ion  s t a t i o n s  a r e  included wi th  t h e  r e s t  of t h e  s t a t i o n s .  The d i s -  
advantage of s e p a r a t i n g  t h e  p r e c i p i t a t i o n  and temperature records  can be 
minimized e i t h e r  by record ing  the  f i l e s  on s e p a r a t e  t a p e s  o r  by use  of 
d i r e c t  access  s t o r a g e  devices .  

5 . 3 .  Sequent ia l  Organizat ion 

Since a  number of r eco rds  a r e  u s u a l l y  included i n  a  block of d a t a ,  
when a  block i s  read s e v e r a l  records  a r e  brought from s t o r a g e  i n t o  t h e  
computer memory. To improve e f f i c i e n c y ,  we would l i k e  t o  use  a s  many of 
t h e s e  records  a s  poss ib l e .  Since r e t r i e v a l  may occur  i n  d i f f e r e n t  ways, 
i t  is  not  p o s s i b l e  t o  always g e t  maximum use  of t h e  r eco rds  i n  t h e  b lack .  
However, proper  o rgan iza t ion  of t h e  f i l e  w i l l  c e r t a i n l y  he lp .  

Geological  Survey and Weather Serv ice  f i l e s  a r e  organized s o  t h a t  
records  f o r  each s t a t i o n  a r e  grouped toge the r  i n  n a t u r a l  sequence by 
d a t e .  A s  a  consequence, when a  block i s  read t h e  r equ i r ed  record  and 
records  preceding and fo l lowing  i t  a r e  brought i n t o  computer memory, 
I f  an a n a l y s i s  i s  r equ i r ed  involv ing  process ing  through time f o r  a  s i n g l e  
l o c a t i o n ,  t h i s  type  of o rgan iza t ion  w i l l  be  ve ry  e f f i c i e n t .  

The Tennessee Valley Author i ty  uses  a d i f f e r e n t  type of o rgan iza t ion  
f o r  i t s  d a i l y  r a i n f a l l  d a t a ,  I n  t h i s  f i l e ,  r eco rds  f o r  each month a r e  
grouped toge the r ,  and t h e  records  f o r  t h e  v a r i o u s  s t a t i o n s  a r e  arranged 
i n  some i d e n t i f i a b l e  o rde r .  A block read from t h i s  f i l e  w i l l  i nc lude  
t h e  requi red  record  toge the r  w i th  r eco rds  f o r  nearby s t a t i o n s  f o r  t h e  

, same time pe r iod .  IF an a n a l y s i s  i s  r equ i r ed  involv ing  process ing  through 
space f o r  a  s i n g l e  t ime pe r iod ,  t h i s  type of o rgan iza t ion  w i l l  be  most 
e f f i c i e n t .  
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UnforcunatePy,  t h e s e  two t y p e s  of o r g a n i z a t i o n  a r e  compPatePy inesm- 
p a t i b l a ,  F r o s a s s i n g  through s p a c e  w i t h  a f i l e  o r g a n i z e d  by s t a t i o n  i s  
awkward and i n e f f i c i e n t ,  a s  i s  p r o c e s s i n g  through t ime  w i t h  a f i l e  
o r g a n i z e d  by da te ,  E f f i c i e n c y  could  b e  improved somewhat i f  t h e  r e c o r d s  
f o r  each  s c a t i o n  o r  d a t e  were s t o r e d  on a  s e p a r a t e  t a p e ,  b u t  c o n s i d e r i n g  
t h e  Large number of s t a t i o n s  and d a t e s  t h i s  i s  h a r d l y  p r a c t i c a l ,  

We d e c i d e d  t h a t ,  f o r  g e n e r a l  purpose  usage ,  o r g a n i z a t i o n  by a s t a t i o n  
would b e  most s u i t a b l e ,  and most work done on t h e  sys tem t o  d a t e  h a s  
i n v a l v e d  p r o c e s s i n g  through t i m e ,  Because we a r e  u s i n g  d i r e c t  a c c e s s  
s t o r a g e  r a t h e r  t h a n  t a p e  ( d i s c u s s e d  more f u l l y  be low) ,  p r o c e s s i n g  th rough  
s p a c e  i s  p r a c t i c a l  though l e s s  e f f i c i e n t .  The p r o c e s s i n g  program f o r  
i n t e r s t a t i o n  c o r r e l a t i o n s  r e q u i r e s  t h i s ,  and t h e  d e s c r i p t i o n  of t h e  
program HISCORR i n  S e c t i o n  7.4.10 d e s c r i b e s  a  method f o r  e x e c u t i o n  w i t h  
improved e f f i c i e n c y .  

5.4. I n d e x i n g  

Mast i n f o r m a t i o n  r e t r i e v a l  sys tems a r e  developed on t h e  b a s i s  t h a t  
each i t e m  of a s t o r e d  r e c o r d  i s  of p o t e n t i a l  i n t e r e s t .  Thus,  whe ther  
we wish  t o  coun t  t h e  number of times t h e  word "thou" i s  used  i n  t h e  King 
James Versicm, t o  f i n d  a l l  t h e  u n i v e r s i t y  s t u d e n t s  whose church p r e f e r e n c e  
is  B a p t i s t ,  o r  t o  coun t  t h e  number o f  houses  t h a t  have a t e l e v i s i o n  set 
b u t  no i n d o o r  plumbing, we r e q u i r e  t h e  a b i l i t y  t o  s c a n  t h e  d a t a  f i l e s  f o r  
c e r t a i n  c h a r a c e e r i s t i c s ,  

T h i s  is not g e n e r a l l y  t r u e  f o r  h y d r o l o g i c  d a t a  however. We are n o t  
o f t e n  i n t e r e s t e d  i n  what t h e  s t reamf low was on a c e r t a i n  d a t e ,  o r  how 
many days  i t  r a i n e d  2 .43 i n c h e s  i n  t h e  l a s t  50 y e a r s ,  O f  more i n t e r e s t  
is  how t h e  d a t a  a r e  v a r y i n g  th rough  t i m e  ( i n  t e c h n i c a l  t e rms ,  a s  a 
s t o c h a s t i c  v a r i a b l e ) .  Thus, we may wish t o  c a l c u l a t e  t h e  l o w e s t  a v e r a g e  
s t reamf low f o r  a 10-day p e r i o d ,  t h e  t o t a l  r a i n f a l l  d u r i n g  a  g i v e n  month, 
o r  t h e  number o f  c o n s e c u t i v e  days  t h a t  t h e  t empera tu re  s t a y e d  above a c e r -  
t a i n  l e v e l .  

While it would b e  t e c h n i c a l l y  p o s s i b l e  t o  s t o r e  such s t a t i s t i c s  and 
s e a r c h  them i n  a t r a d i t i o n a l  s e n s e ,  t h e r e  a r e  s e v e r a l  d i s a d v a n t a g e s  i n  
do ing  s o ,  I n  t h e  f i r s t  p l a c e ,  t h e r e  a r e  a v e r y  l a r g e  number o f  them, 
and i t  would b e  d i f f i c u l t  t o  o b t a i n  any k i n d  o f  agreement on what might  
be u s e f u l  and what might  n o t .  I n  t h e  second p l a c e ,  a s  t i m e  p a s s e s  more 
d a t a  become a v a i l a b l e  and t h e  s t a t i s t i c s  must b e  r e v i s e d ,  

We conc lude  t h a t ,  o t h e r  t h a n  i d e n t i f y i n g  a r e c o r d  by s t a t i o n  and d a t e  
of o b s e r v a t i o n ,  no f u r t h e r  i d e n t i f i c a t i o n  i s  n e c e s s a r y ,  The o n l y  way we 
e v e r  e x p e c t  ke r e t r i e v e  t h e  r e c o r d  i s  by s p e c i f y i n g  s t a t i o n  and d a t e ,  

Although we have r e j e c t e d  s e a r c h  t e c h n i q u e s  as a p p l i e d  t o  t h e  d a t a  
themse lves ,  t h e r e  remain p o t e n t i a l  u s e s  of i n d e x i n g  and s e a r c h  i n  t h e  
sys tem.  FOP example,  we might wish t o  i d e n t i f y  r e c o r d s  a v a i l a b l e  by 
county o r  r i v e r  b a s i n p  f o r  r i v e r  b a s i n s  i n  c e r t a i n  s i z e  r a n g e s ,  o r  f o r  
a common p e r i o d  o f  r e c o r d  a t  s e v e r a l  l o c a t i o n s .  



It would be p o s s i b l e  t o  s t o r e  t h e  app ropr i a t e  in format ion  i n  t h e  d a t a  
f i l e s ,  and scan them a s  r equ i r ed .  It i s  more e f f i c i e n t  both f o r  s t o r a g e  
requirements and f o r  scanning speed, t o  s e t  up s e p a r a t e  index f i l e s ,  w i th  
one record i n  t h e  index f i l e  f o r  each s t a t i o n  f o r  which r eco rds  a r e  s t o r e d  
i n  t he  corresponding d a t a  f i l e ,  

I n  HISARS, then,  w e  have a s e p a r a t e  d a t a  f i l e  f o r  each element ,  and an 
index f i l e  a s soc i a t ed  wi th  each d a t a  f i l e .  The index f i l e  has  a record  f o r  
each s t a t i o n  conta in ing  t h e  s tandard  informat ion  used f o r  s ea rches ,  a s  w e l l  
a s  t he  f i r s t  and l a s t  d a t e s  i n  each per iod  of record  f o r  t h e  s t a t i o n .  

There a r e  except ions  t o  t he  correspondence of d a t a  and index f i l e s  
descr ibed  above. Some types  of d a t a  a r e  cons tan t  through time and do n o t  
r e q u i r e  a d a t a  f i l e  i n  t h e  sense  t h a t  we a r e  u s ing  t h e  term, Examples of 
such d a t a  a r e  dam c h a r a c t e r i s t i c s  and w e l l  l ogs .  By record ing  these  d a t a  
i n  t he  format of t h e  index f i l e s ,  they can be searched f o r  i n  t h e  same 
manner a s  t h e  r e g u l a r  d a t a  f i l e s .  

5 . 5 .  F i l e  Elements 

The HISARS system now con ta ins  10 d a t a  elements .  The s tandard ized  
names of t h e  f i l e s  a r e :  

a )  STREFLOW 
b) RAINFALL 
c )  TEMPTURE 
d )  HYDGRAPH 
e )  HOURRAIN 
f )  EVAPTION 
g )  SNOWFALL 
h)  EVENTOCC 
i )  PEAKFLOW 
j) DAMCHARS 

The STREFLOW f i l e  con ta ins  d a i l y  streamflow d a t a  obta ined  p r imar i ly  
from t h e  U ,  S .  Geological  Survey, 

The RAINFALL f i l e  con ta ins  d a i l y  p r e c i p i t a t i o n  d a t a  c o l l e c t e d  by t h e  
Nat iona l  Weather Serv ice  and o t h e r  agencies .  

The TEMFTURE f i l e  con ta ins  d a i l y  maximum and minimum temperature va l -  
ues  obtained from t h e  Nat iona l  Weather Serv ice .  

The HYDRAPH f i l e  con ta ins  hydrographic d a t a  recorded a t  i r r e g u l a r  
i n t e r v a l s .  Streamflow and p r e c i p i t a t i o n  d a t a  can be recorded i n  t h i s  
way, and both a r e  included i n  t he  f i l e .  The t imes a t  which changes i n  
r a t e  occur a r e  r e p o r t e d ,  t oge the r  wi th  t h e  a s s o c i a t e d  d ischarge  o r  pre- 
c i p i t a t i o n  accumulation. 

The HOURRAIN f i l e  conta ins  hour ly  p r e c i p i t a t i o n  d a t a  obta ined  from 
Che Nat iona l  Weather Serv ice  and t h e  Tennessee Val ley  Author i ty .  



The EVAPTHON file contains evaporation data as well as associated wind 
movemene data obrained from the National Weather Service. 

The SNOWFALL file contains data on snowfall amounts and snow depths 
obtained from the National Weather Service. 

The EVENTOCC file contains event information ("days with") collected 
by the National Weather Service, 

The PEAKFLOW file contains a series of peak discharge and stage values 
obtained from the U, S. Geological Survey, 

The DAMCHARS file contains information on dam characteristics that has 
been assembled by the North Carolina Office of Water and Air Resources. 

Pile names are restricted to a maximum length of 8 characters by the 
Operating System, and we have chosen names that are suggestive of the file 
contents that fill the 8 characters. Strictly speaking, the names RAINFALL 
and HOURUPN are misleading, since the data include other types of precipi- 
tation besides rainfall, but the names were convenient for our needs. 

We expect to add other data files as the need demands. The system has 
been designed to handle a wide variety of data elements, and the list of 
elements now in the system would seem to demonstrate our success in imple- 
menting the design, 

5.6. File Formats 

We have identified some general requirements of the file formats. For 
the data files, we must record the station identification and date with 
each record, but since no additional information is to be searched, no 
further format requirements are necessary. On the other hand, the index 
files are to be searched, so we can expect that a standard format will be 
required for all elements. 

The freedom of formatting the data files is valuable in minimizing 
storage requirements while retaining processing efficiency. The charac- 
teristics of the data vary so greatly that none of our data files are 
identical in format, although other possible files would probably dupli- 
cate some of the present formats. 

The record is the smallest unit by which data can be retrieved. If 
the record is too small, both storage space and retrieval are inefficient. 
If the record is too large, although storage requirements are minimized, 
retrieval becomes more awkward. All agencies that we know of which store 
daily data use a record containing a month of data, and we also use this 
size, Similarly, for hourly data we use a record containing one day's data. 

There are two basic formats for the data files: 
1) Fixed length format; 
2) Variable length format. 



For elements which a r e  recorded f a i r l y  r e g u l a r l y ,  a  f i x e d  l eng th  format 
is used,  Thus, t h e  d a i l y  streamflow f i l e  con ta ins  t he  s t a t i o n  and d a t e  
i d e n t i f i c a t i o n ,  31 d a i l y  f low va lues  and the  monthly t o t a l .  The number 
of days i n  t he  month i s  a l s o  recorded ,  and i s  used t o  c o n t r o l  t h e  num- 
b e r  of days recorded o r  read.  This  format was used by t h e  Geological  
Survey. I n  r e t r o s p e c t ,  we have found t h a t  t h e r e  would have been s l i g h t  
advantages i n  record ing  the  monthly t o t a l  immediately a f t e r  t h e  d a t e  and 
before  t h e  d a i l y  va lues ,  b u t  t h e  advantages a r e  too s l i g h t  t o  j u s t i f y  
re -crea t ing  the  f i l e s .  

When the  system was f i r s t  developed, v a r i a b l e  l eng th  formats were n o t  
supported f o r  t h e  access  method we a r e  using.  Therefore,  f o r  d a i l y  d a t a  
which a r e  measured e r r a t i c a l l y  such a s  snowfa l l  and even t s ,  we made each 
d a i l y  observa t ion  a  s e p a r a t e  r eco rd ,  which was a c t u a l l y  more e f f i c i e n t  
than s t o r i n g  t h e  complete month. When t h e  v a r i a b l e  l eng th  formats  became 
supported,  however, we changed t h e  format f o r  t hese  elements.  Now, only 
f o r  those  days f o r  which d a t a  were r epo r t ed ,  t he  d a t e  and d a t a  va lues  a r e  
recorded. 

For some elements ,  t h e  chafce is l e s s  c l e a r  cu t .  This  i s  p a r t i c u l a r l y  
t r u e  of t h e  p r e c i p i t a t i o n  f i l e s .  We previous ly  used a  f i xed  l eng th  format 
f o r  t hese  f i l e s ,  bu t  now use  a  v a r i a b l e  l eng th  format.  (Both formats  a r e  
given i n  t he  Appendix). The major j u s t i f i c a t i o n  of t h e  f i x e d  l eng th  fo r -  
mat appeared t o  be process ing  convenience, a l though t h e  o r i g i n a l  choice  of 
t h e  format may have been due i n s t e a d  t o  t h e  i n i t i a l  u n a v a i l a b i l i t y  of 
v a r i a b l e  l eng th  support .  The TVA uses  a  modified form of v a r i a b l e  l eng th  
r eco rds ,  and even i n  a humid a r e a  l i k e  North Caro l ina  a  s t o r a g e  r educ t ion  
of 35% can be achieved w i t h  a  v a r i a b l e  l eng th  format.  Carefu l  programming 
may approach the  e f f i c i e n c y  of f i x e d  l eng th  r eco rds ,  and t h e r e  i s  an added 
advantage brought about by t h e  increased  number of records  pe r  block.  

Another important  concept i n  t h e  design of t h e  d a t a  f i l e s  i s  t h a t  of 
con t inu i ty .  For t h e  streamflow f i l e s  we expect  a  month t o  be recorded i f  
d a t a  e x i s t ,  I f  a  month i s  n o t  recorded i t  i s  assumed t o  be miss ing ,  This  
information i s  used i n  t he  corresponding index f i l e  t o  i d e n t i f y  s e p a r a t e  
per iods  of record.  Therefore ,  f o r  any per iod  of record  l i s t e d  i n  the index 
f i l e ,  t h e r e  is  a record f o r  every month during t h a t  pe r iod  i n  t he  d a t a  f i l e .  

Other d a t a ,  such a s  snowfal l  and e v e n t s ,  a r e  r epo r t ed  l e s s  cont inuous ly .  
I n  t h i s  case ,  r a t h e r  than record ing  zero months, we have chosen t o  omit t h e s e  
months and t o  assume t h a t  a  month t h a t  i s  n o t  recorded had no snowfa l l ,  no 
even t s ,  e t c .  I f  t he  d a t a  were a c t u a l l y  miss ing ,  a  month having t h e  miss ing  
codes would have t o  be recorded. Hourly r a i n f a l l  is  a l s o  recorded i n  t h i s  
f a sh ion ,  only the  days having r a i n  being recorded. The index f i l e  f o r  t hese  
elements shows only the  f i r s t  and l a s t  d a t e s  f o r  t h e  s t a t i o n  and in t e rmed ia t e  
records  may o r  may n o t  be recorded i n  t h e  d a t a  f i l e .  

The d a t a  va lues  themselves a r e  s t o r e d  i n  a  v a r i e t y  of forms, a s  can be 
seen by reviewing t h e  i n d i v i d u a l  format s p e c i f i c a t i o n s  i n  t h e  Appendix. I n  
gene ra l ,  we have chosen t o  s t o r e  a l l  va lues  a s  s c a l e d ,  non-negative i n t e g e r s .  
Thus, va lues  of streamflow t h a t  a r e  r epo r t ed  i n  hundredths of cubic  f e e t  
per  second ( c f s )  a r e  e f f e c t i v e l y  m u l t i p l i e d  by 100 i n  s to rage .  S i m i l a r l y ,  
p r e c i p i t a t i o n  and evapora t ion  va lues  t h a t  a r e  r epo r t ed  i n  hundredths of 
inches  a r e  s ca l ed  by a  f a c t o r  of 100, On t h e  o t h e r  hand, temperatures  t h a t  




































































































































































