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PROJECTION MODELS FOR HEALTH EFFECTS 
ASSESSMENT I N  POPULATIONS EXPOSED TO 

ABSTRACT 

The Simulat ion Package f o r  f h e  Analysis  of Health Risk 
(SPAHR) is  a 'computer sof tware package based upon a demo- 

. . graphic  model f o r  h e a l t h  r i $k  p r o j e c t  ions .  The model extends . . 

s e v e r a l  h e a l t h  r i s k  p r o j e c t i o n  models by making r e a l i s t i c  
. .assumptions about t h e  populat ion a t  r i s k ,  and thus  r ep re sen t s  . 

a . d i s t i n c t  improvement over previous models.. Complete docu- 
mentat ion f o r  use of SPAHR is contained i n  t h i s  five-volume 
pub l i ca t i on .  The demographic model i n  SPAHR es t ima te s  popula- 
t ion  response t o  environmental t o x i c  expos'ures. Latency of 
response,  changing dose l e v e l  over t ime, competing r i s k s  from 
o t h e r  causes of death,  and popula t ion  s t r u c t u r e  can be incor-  
pora ted .  i n t o  SPAHR t o .  p ro j ec t  h e a l t h  r i s k s .  Risks  a r e  mea- 
sured by morbid yea r s ,  number of dea ths ,  and l o s s  of l i f e  

' . expectancy. ~ o m ~ a r i ' s o n s  of e s t ima te s  of excess  dea ths  demon- 
s t r a t e  t h a t  previous h e a l t h  r i s k  p r o j e c t i o n  models may have 
underest imated excess  deaths  by a f a c t o r  of from 2 t o  10, 
depending on t h e  p o l l u t a n t  and t h e  exposure scenar io .  The 
sof tware  suppor t ing  t h e  use of t h e  demographic model is de- 
s igned t o  be u s e r  o r ien ted .  Complex r i s k  p ro j ec t i ons  a r e  made 
by responding t o  a s e r i e s  of prompts generated by t h e  package. 

' The f l e x i b i l i t y  and ea se  of use of SPAHR make i t  an important 
con t r ibu t ion  t o  e x i s t i n g  models and softwark packages. 

FIN T i t l e  
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EXECUTIVE SUMMARY 

P r e d i c t i o n  of t he  h e a l t h  cbnsequences t o  t he  genera l  populat ion of expo- 
s u r e  t o  a i rbo rne  and waterborne p o l l u t a n t s  is becoming an important f e a t u r e  of 
environmental impact ana lyses .  Such p r e d i c t i o n  r equ i r e s  not only knowledge of 
t h e  dose term and t h e  dose-response func t ion ,  but a l s o  a  model f o r  p r o j e c t i n g  
the  h e a l t h  r i s k  t o  some f u t u r e  populat ion.  Health r i s k  p ro j ec t i ons  e n t a i l  
cons iderab le  unce r t a in ty  about the  measurement of t h e  dosage t h a t  i nd iv idua l s  
r ece ive  and about t he  . magnitude . and na tu re  of t he  b i o l o g i c a l  response a t  a  
given popula t ion  exposure.' The u n c e r t a i n t i e s  regard ing  t h e  ' i n d i v i d u a l  dose and 
the  dose-response func t ion  have received much a t t e n t i o n ,  but t he  u n c e r t a i n t y  
a s s o c i a t e d  wi th  t he  h e a l t h  r i s k  p ro j ec t i on  mqdel i t s e l f  has not been f u l l y  
addressed. 

The purpose of t h i s  pub l i ca t i on  is '  t h r ee fo ld .  F i r s t ,  the  u n c e r t a i n t i e s  ' i n  
va r ious  h e a l t h  r i s k  p r o j e c t i o n  models w i l l  be addressed,'  and t h e  assumptions 
inheren t  i n  each model w i l l  be s t a t e d  e x p l i c i t l y .  Second, a  new model t h a t  is . 
an ex tens ion  of e a r l i e r  models w i l l  be introduced.  It is argued t h a t  t h i s  new 
model, r e f e r r e d  t o  as t h e  demographic model, is  supe r io r  t o  previous models 
because i t .  makes fewer assumptions about the popula t ion  a t  r i s k  and t h e  poten- 
t i a l  of t he  popula t ion  t o  change over time. Third,  a  computer package r e f e r r e d  
t o  a s  t h e  Simulat ion Package f o r  Analysis  of Heal th  Risk (SPAHR) is presen ted  
which f a c i l i t a t e s  t he  a p p l i c a t i o n  of t h i s  model f o r  va r ious  p o l l u t a n t s . a n d  
popula t ions  a t  r i s k .  

The core  of any r i s k  assessment scheme is the  exposure-response model. 
This  is t h e  q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  l e v e l  of exposure t o  t h e  
hazard of i n t e r e s t  and the  d e l e t e r i o u s  e f f e c t s  r e s u l t i n g  from t h a t  hazard. I f  
t h e  popula t ion  exposed t o  t h e  hazard is  homogeneous wi th  r e spec t  t o  i t s  l i k e l i -  
hood of s u f f e r i n g  ill. e f f e c t s  from t h e  exposure,  e s t ima t ion  of e f f e c t s  is  
s t r a igh t fo rward ;  we need know only t h e  t o t a l  number of persons exposed t o  e s t i -  
mate the  . e f f e c t s .  However, i f  t he  popula t ion  is  heterogeneous.  ( i . e . ,  d i f f e r e n t  
persons have d i f f e r i n g  r i s k s  o f . s u f f e r i n g  h e a l t h  e f f e c t s  from exposure t o  t h e  
hazard) ,  then a  reasonable  assessment of popula t ion  r i s k  depends upon the  d i s -  
t r i b u t i o n  of persons by l e v e l  of r i s k .  

Research i n d i c a t e s  t h a t  r i s k  l e v e l s  a r e  o f t e n  r e l a t e d  t o  t h e  age and s e x  
c h a r a c t e r i s t i c s  of t h e  exposed populat ion.  This  is  t r u e  f o r  both r a d i a t i o n  and 
a i r  p o l l u t i o n  exposures.  When the  r i s k  l e v e l  is  a p r e d i c t a b l e  func t ion  of age 
and sex ,  o r  some o the r  t r a c e a b l e  component of t h e  demographic s t r u c t u r e  of t h e  
populat ion,  t h e  e s t ima t ion  of p ro j ec t ed  h e a l t h  ' e f f e c t s  becomes l e s s  s t r a i g h t -  
forward. I f  one 'adds  t o  t h i s  complexity t h e  long la tency  per iods between ex- 
posure and response, the  competing r i s k s  from o the r  causes of m o r t a l i t y ,  and 
t h e  changing demographic s t r u c t u r e  of t h e  popula t ion  over time, t h e  p r o j e c t i o n  
of h e a l t h  e f f e c t s  becomes even more complex. 

Eva lua t ion  of t h e  h e a l t h  consequences f o r  popula t ions  exposed t o  po l lu-  
t a n t s  has  become an important i s s u e  because of t h e  i nc reas ing  number of known 



o r  suspected carcinogens i n  t h e  environment. To da t e ,  t h ree  p ro j ec t ion  methods 
have been used i n  h e a l t h  r i s k  assessments:  the  s i n g l e  c o e f f i c i e n t  model, t he  
mu l t i - coe f f i c i en t  model, and t h e  l i f e  t a b l e  model. Each has i ts  own shor t -  
comings, as d i scussed  i n  Volume I, Chapter 2. This document presents  a  four th  
model t h a t  is more u s e f u l  and r e a l i s t i c  than the  previous models because i t  
inco rpora t e s  age, f e r t i l i t y ,  and m o r t a l i t y  s t r u c t u r e ,  and can follow popula- 
t i o n s  through time under changing l e v e l s  of mor t a l i t y ,  f e r t i l i t y ,  and .po l lu t ion  
exposure. This model is r e f e r r e d  t o  as  the  demographic model. 

A s e n s i t i v i t y  a n a l y s i s  of t h e  demographic model i nd ica t e s  t h a t  populat ion 
s t r u c t u r e  a lone  f o r  a  100-year exposure t o  1 rem may introduce more than a  

. f a c t o r  of 10 v a r i a t i o n  i n  t he  number of excess deaths .  T h i s  f i nd ing  subs t an t i -  
a t e s  t he  premise t h a t  t h e  populat ion s t r u c t u r e  majl be more important i n  a  
h e a l t h  r i s k  p r o j e c t i o n  than  t h e  unc ,e r ta in ty  i n k r e n t  i n  the..dose-response - + - .A- 

func t ions .  . . 

A comparison of .  t he  demographic model with t h e  s i n g l e  coef f ic ie .n t  model, 
t h e  most widely used i n  h e a l t h  r i s k  p ro j ec t ions ,  i s  presented i n  Volume I, 
c h a p t e r  7. It is concluded t h a t  the  s i n g l e  c o e f f i c i e n t  model, even i n  a  shor t -  
t e rm p ro jec t ion ,  may s e r i o u s l y  underest imate excess deaths  s ince  i t  is unable 
t o  accumulate exposure. For ins tance ,  comparison bf the  s i n g l e  c o e f f i c i e n t  
.model with t h e  demographic model f o r  continuous exposure t o  0.87 ppb of benzene 
f o r  50 years  y i e l d s  widely d i f f e r e n t  es t imates  of excess mor t a l i t y .  The s i n g l e  
c o e f f i c i e n t  model e s t ima te s  2,250 dea ths ,  while t h e  demographic model es t imates  
va lues  from 6,386 t o  17,368. I n  t he  years  2015-2020, the excess leukemia 
dea ths  ~ r o j e c t e d  by the  demographic model a r e  t e n  times a s  l a r g e . a s  those of 
t h e  s i n g l e  c o e f f i c i e n t  model. 

The demographic model is a l s o  compared with the l i f e  t a b l e  model used i n  
Lhe 1980 B E I R  reporc C 6  es t ima te  excess  cancer dea ths  from exposure t o  i on iz ing  
r a d i a t i o n .  The l i f e  t a b l e  model c o r r e c t l y  es t imates  the increased ind iv idua l  
p r o b a b i l i t y  of death a s soc i a t ed  with a  given r a d i a t i o n  scenar io .  However, the  
l i f e  t a b l e  model y i e l d s  misleading r e s u l t s  i n  the  es t imat ion  of excess deaths  
f o r  a  s p e c i f i c  populat ion.  The r e s u l t s  presented i n  t h s  1980 PEIR report 
underest imate excess dea ths  by 50% i n  some ins tances .  For example, us ing  t h e  
l i nea r -quadra t i c ,  abso lu t e  r i s k  model f o r  a  continuous exposure of 1  rad per 
year  f o r  70 years ,  the  l i f e  t a b l e  model es t imates  2459 excess male dea ths  per 
m i l l i o n  while t h e  demographic model e s t ima te s  3769 excess male deaths  per  
m i l l i o n .  

This  document is d iv ided  . i n t o  f i v e  volumes : . 

I. In t roduc t ion  t o  t he  SPAHR Demographic Model f o r  Health Risk 

11. SPAHR In t roductory  Guide 

111. SPAHR I n t e r a c t i v e  Package Guide 

I V .  SPAHR User's Guide 

V. . SPAHR Programmer's Guide 



The f i r s t  volume p re sen t s  t he  theory behind the  SPAHR hea l th  r i s k  projec-  
t i o n  model and s e v e r a l  ' a p p l i c a t i o n s  .of the model t o  a c t u a l  p o l l u t i o n  ep isodes .  
The elements requi red  f o r , a n  e f f e c t i v e  h e a l t h  r i s k  p ro j ec t i on  model a r e  spec i -  

' 

f i e d ,  and the models t h a t  have been used t o  d a t e  i n  h e a l t h  r i s k  p r o j e c t i o n s  a r e  
ou t l i ned .  These a r e  compared with t h e  demographic model, whose formulat ion is  
descr ibed i n  d e t a i l .  Examples of t he  a p p l i c a t i o n  of air . p o l l u t i o n  and rad ia -  
t i o n  dose-response func t ions  a r e  included i n  o rde r  t o  demonstrate t h e  estima- 
t i o n  of f u t u r e  m o r t a l i t y  and morbidity l e v e l s  and t h e  range of v a r i a t i o n  i n  
excess  dea ths  t h a t  occurs when populat ion s t r u c t u r e  is  changed. Volumes I1 
through V provide t h e  p o t e n t i a l  u se r  with d e t a i l e d  guidance and app rop r i a t e  
examples t o  a i d  i n  t he  i n t e r p r e t a t i o n  of numerical demographic output  from the  
a p p l i c a t i o n  of t he  model t o  r e a l i s t i c  circumstances.  
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1 . o INTRODUCTION 

1.1 Purpose and Scope of t h i s  Volume 

This volume is t h e  f o u r t h  i n  a s e r i e s  of f i v e  t h a t  document t h e  demo- 
g raph ic  hea l th  r i s k  p r o j e c t i o n  model and t h e  accompanying computer sof tware ,  
t h e  Simulation Package f o r  t h e  Analysis of Heal th Risk (.SPAHR). 

This volume g ives  t h e  more advanced user of t h e  SPAHR computer package t h e '  
informat,l.nn requi red  t o  c r e a t e  " tai lor-made" prograps f o r  address ing  s p e c i f i c  
i s s u e s  not covered by t h e  t h r e e  i n t e r a c t i v e  packages. It assumes t h a t  t h e  u s e r  , 

i s  f a m i l i a r  with t h e  concepts and terms . r e l a t i n g  t o  demography and h e a l t h  r i s k  
assessment; These t o p i c s  a r e  covered i n  d e t a i l  i n  Volume I of t h i s  s e r i e s .  

1.2 Overview 

The Simulation Package f o r  Analysis of Healtti Risk (SPAHR) .is a computer 
program develop.ed t o  permit t h e  eva lua t ion  of h e a l t h  impacts based on t h e  si- 
multaneous. p r o j e c t i o n  of the.  a l t e r e d  l e v e l  of r i s k  a s soc i a t ed  wi th  a p a r t i c u l a r  
p o l l u t i o n  scena r io  and t h e  populat ion exposed t o  t h a t  r i s k ,  Given an i n i t i a l  
populat ion and a s e t  of v i t a l  r a t e s ,  t h e  observable h e a l t h  impact of a given 
exposure h i s t o r y  can be es t imated  over t i m e  us ing  a  v a r i e t y  of measurements 
inc luding  : 

1)  . Excess dea ths  from appropr i a t e .  causes,  def ined a s  dea ths  occurr ing  i n  
excess  of t h e  expected number per  u n i t  t i m e .  

2) L i f e  shor ten ing  and o t h e r  a c t u a r i a l  measures. of i n d i v i d u a l  r i s k .  

3) Excess inc idence  (as  opposed t o  dea ths )  from t h e  va r ious  causes ,  
t ak ing  i n t o  account t h e  recovery r a t e s  def ined  i n  t h e  document Cancer P a t i e n t  
Surv iva l  (NCI 1976). 

4) A l t e r a t i o n s  i n  t h e  age s t r u c t u r e  of t h e  exposed populat ion.  

The SPAHR program a number of op t ions  and v a r i a t i o n s  i n  t h e  pro- 
j e c t i o n  procedure: . 

1 )  P ro j ec t ions  may be  e i t h e r  d e t e r m i n i s t i c  o r  Monte Carlo.  A determin- 
i s t i c  p r o j e c t i o n  gene ra t e s  expected va lues  f o r  a l l  q u a n t i t i e s ,  while  a  Monte 
Carlo p ro j ec t ion  gene ra t e s  a l a r g e  number of randomly perturbed p r o j e c t i o n s  and 
p r i n t s  out t h e  means and s tandard  dev ia t ions  of items of i n t e r e s t .  

'2) Pro jec t ions  may be..performed i n  e i t h e r  per iod o r  cohor t  mode. A 
per iod mode p r o j e c t i o n  e s t ima te s  t h e  age d i s t r i b u t i o n  and r e l a t e d  parameters  
fnr 5-year i n t e r v a l s  over the course of t h e  p r o j e c t i o n  and es t imates '  va lues  
such as t o t a l  dea ths ,  dea ths  by cause, b i r t h s ,  and l i f e  expectancies  f o r  t h e  
in te rmedia te  i n t e r v a l s .  A cohort  mode p r o j e c t i o n  t a k e s  a  s e l e c t e d  age g r o u p ' i n  



t h e  i n i t i a l  popula t ion  and fo l lows  i t s  s u r v i v a l  from t h e  c u r r e n t  year  forward, 
e s t ima t ing  t h e  same parameters  a s  does a per iod p ro j ec t i on .  

3) - P r o j e c t  i o n s  of t h e  change. in' m o r t a l i t y  r i s k s  over t i m e ,  independent 
of t h e  popula t ion ,  m y  a l s o  be generated.  When t h i s  is  done; d e t a i l e d  mu l t i p l e  
decrement l i f e  t a b l e  ana lyses  based ,on t h e  dose response model f o r  t h e  e f f l u e n t  
of i n t e r e s t  a r e  p r i n t e d  ou t  i n  p l a c e  of t h e  popula t ion  a n a l y s i s .  This .  op t ion  
a l lows  t h e  u s e r  t 6  make d e t a i l e d  s t u d i e s  of r i s k  t o  i n d i v i d u a l s  and emulates 
t h e  procedure developed by cook et  a l .  ( 1978). However, t h e  Cook code is 
l i m i t e d  t o  l i f e  t a b l e  manipulat ions.  While it does c o r r e c t l y  address  competing 
r i s k  i s s u e s  f o r  i n d i v i d u a l s ,  i t  n e i t h e r  manipulates  changes i n  m o r t a l i t y  re- 
s u l t i n g  from o u t s i d e  f a c t o r s  nor  d e a l s  with problems of popula t ion  dynamics. 

4 )  'the dose ~esyuust !  olJdel, r e l a c i n g  increased '  r i s k  of dea th  t o  expo- 
s u r e ,  is of key importance i n  t h i s  p r o j e c t i o n  scheme. Two b a s i c  models with 
s e v e r a l  v a r i a t i o n s  are provided. Air p o l l u t a n t s  a r e ' t r e a t e d  with a' c i g a r e t t e -  
based dose response  f u n c t i o n  adapted t o  s e v e r a l  s t u d i e s  of a i r  p o l l u t i o n  h e a l t h  
e f f e c t s  (Lundy and Grahn, 1977). ' Radia t ion  e f f e c t s  are t r e a t e d  by implementa- 
t i o n  of t h e  BEIR I and t h e  BEIR I11 r a d i a t i o n  r i s k  models ' (NAS, 1972; NAS, 
1980). R e l a t i v e  and a b s o l u t e  r i s k  v a r i a t i o n s  a r e  a v a i l a b l e  f o r  bo th  models. 
Because no predef ined  set of models can cover a l l  cases ,  a f a c i l i t y  i s  included 
t h a t  permits  t h e  u s e r  t o  s p e c i f y ' h i s  own set of c o e f f i c i e n t s  and parameters  f o r  
each  model i n  p l ace  of t hose  inc luded  i n  t h e  o r i g i n a l  code. Because background 
v i t a l  r a t e s  f l u c t u a t e ,  a f a c i l i t y  is  provided t o  a l low t h e  b a s e l i n e  b i r t h  and 
d e a t h  r a t e s  t o  be i n t e r p o l a t e d  between any va lues  over any t i m e  i n t e r v a l .  

With t h e s e  op t ions ,  t h e  SPAHR program can be  used f o r  a  v a r i e t y . o f  pur- 
poses-. For example: 

1) Dete rmin i s t i c  per iod  p r o j e c t i o n s  may be  u s e f u l  i f  t h e  e f f e c t  of v a r i -  
a t i o n  i n  c h a r a c t e r i s t i c s  of a  g iven  s i t u a t i o n  is t o  be analyzed.  Such an anal-  
y s i s  might a s s e s s  t h e  e f f e c t  of . d i f f e r e n t  popula t ions  on expected r e s u l t s  i n  a  
s u r v e i l l a n c e ~ p r o g r a m  around a  p a r t i c u l a r  f a c i l i t y ,  o r  t h e  e f f e c t s  t h a t  d i f f e r -  
e n t  f a c i l i t i e s  might have on a p a r t i c u l a r  populat ion.  

2) A Monte Carlo pe r iod  p r o j e c t i o n  might be  a p p r o p r i a t e  i f  t h e  upper 
and lower l i m i t s  of t he  e f f e c t s  i n  a p a r t i c u l a r  s cena r io  a t e  t o  be es t imated .  

3) Cohort p r o j e c t i o n s ,  o r  per iod  p r o j e c t i o n s  of s e l e c t e d  popula t ion  
s u b s e t s  with t h e  b i r t h s  r a t e s  set t o  zero ,  can 'be used t o  d e r i v e  t h e  expected 
r e s u l t s  i n  a  r e a n a l y s i s  of an e x i s t i n g  epidemiological  s tudy  o r  t o  p lan  a new 
s tudy .  The Monte Car lo  op t ion  may then  be  used t o  estimate t h e  e f f e c t  of such 
parameters  a s  popula t ion  s i z e  and dose l e v e l  on t h e  power and s e n s i t i v i t y  of 
such  a s tudy.  

4) P r o j e c t i o n s  of l i f e  t a b l e s  i n s t e a d  of populat ions may be a p p r o p r i a t e  
i f  t h e  goa l  of t h e  a n a l y s i s  is t o  determine t h e  e f f e c t  of an i n d i v i d u a l ' s  expo- 
s u r e  on p o s s i b l e  i n s u r a b i l i t y .  



As can be . s een  from t h e  preceding d i scus s ion ,  t h e  SPAHR program has a  
r e l a t i v e l y  l a r g e  number of f e a t u r e s  and op t ions ,  not a l l  of which a r e  l i k e l y  t o  
be used i n  any given a p p l i c a t i o n ,  and. some of which a r e  mutual ly  incompatible.  
Therefore ,  a  c o n t r o l  system has been developed t h a t  would permit a  u s e r  who is 
not  a  programmer t o  i n d i c a t e  t h e  des i r ed  sequence of ope ra t i ons  i n  o rde r  t o  
achieve t h e  des i r ed  ou tput .  

The program c o n t r o l  language has free-format , data-d i rec ted  input  as t h e  
primary means of communication.. However, input  i n  t h e  o l d e r ,  r igid-format '  
t r a d i t i o n  of computer programming is  a l s o  supported. The c o n t r o l  system i n -  
c ludes  f a c i l i t i e s  f o r  looping many t imes through a  s i n g l e  set of i n s t r u c t i o n s ,  
thereby minimizing t h e ,  amount of r e p e t i t i v e  typing t h a t  must be  done. Condi- 
t i o n a l  branches may a l s o  be made, t h u s  permi t t ing  v a r i a t i o n s  ' i n  such f a c t o r s  a s  
populat ion s i z e ,  c a l c u l a t e d  l i f e  expec tanc ies ,  o r  s p e c i f i c  i d e n t i f i c a t i o n  num- 
b e r s  t o  be  programmed i n t o  l a r g e  ana lyses .  

1.3 Command Summar.y 

This s e c t i o n  l is ts  t h e  commands a v a i l a b l e  i n  v e r s i o n  4.1 of SPAHR and 
g i v e s  a  b r i e f  d e s c r i p t i o n  of t h e i r  use. , The commands a r e  descr ibed  i n  d e t a i l  
i n  Chapter 4. 

' 

lCommand names are de f ined  l u  Clraptcr 2. 
2Adaptation of t h e  Keyf i tz-Yl ieger  (1971) p o r t a b l e  r o u t i n e  of t h e  same name. 
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Command1 
Name 

OPTIONS 

DATA 

LIFETAB 

MULDEC 

PROJECT 

ANALYSIS 

~ 0 0 ' 1 ~  

ZERO$ 

LOTKA~ 

STABLE 

L - -  

Procedure Command Statements 

Function 

S e t s  t h e  d e f a u l t  va lues  de f in ing  f i l e s  t o  be  used '  f o r  va r ious  
purposes,  numbers of s ex  and age groups,  e t c .  

Enters  primary demographic d a t a  i n t o  t h e  main d a t a  b locks .  

 calculate^ a l i f e  t a b l e .  

C a l c u l a t e s  m u l t i p l e  and a s s o c i a t e d  s i n g l e  decrement l i f e  t a b l e s  
f o r  s e v e r a l  causes  of death .  

P r o j e c t s  t h e  populatiul!  1urwai.d through timc. Has t h e  shlllty t o  
p r o j e c t  dea th  r a t e s  a s  a f u n c t i o n  of exposure t o  t o x i c  substances  
us ing t h e  ADJUST subcommand. 

Produces a summary a n a l y s i s  of t h e  m o r t a l i t y  and f e r t i l i t y  r a t e s  
i n  t h e  c u r r e n t  popula t ion.  I n d i c a t e s  long-term growth by s e v e r a l  
i n d i c a t o r s  inc lud ing  s t a b l e  popula t ion age u t r u c t u r e  and mcan 
g e n e r a t i o n  l eng th .  

C a l c u l a ~ e u  ~ l t e  h t r i n s i e  rat0 of n a t u r a l  i n r r e n ~ c !  by three d i f -  
f  ;rent methods. ' 

C a l c u l a t e s  a l l  ruulti, both r e a l  and complex, of t h e  t .eul ie  
matrix.  

F i r s  the raet materni ty  f u n c t i o n  t o  t h e  r~rrrr~ml d i s t r i b u t i o n  curve. 

Performs a s t a b l e  popula t ion a n a l y s t s  based on t h e  c u r r e n t  l i f e  
t a b l e  and g e n e r a t e s  model s t a b l e  popula t ions  f o r  a range of in -  
t r i n s i c  r a t e s  of n a t u r a l  i nc rease .  

, , 
- - 
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Language Statements 

Command 
Name 

DO 

END 

IF 

, 

SET -- 

PKINT 

TITLE ' 

Functional Description 

Defines groups of commands that are' to be associated with each 
other for conditional or repetitive execution. 

Terminates a DO-group or terminates execution of the SPAHR 
program. 

Permits conditional execution of a statement or groups of state- 
ments depending on whether c ~ r t n i n  conditivna h n ~ c  bcen m r C .  

_ _-- " " -  - - .- - 
Defines s~.kl~-~ariibies, 

Prints out the current values of SPAHR variables. 

Defines the string of title information to be printed at the top 
of every page. 



2.0 THE SPAHR FILE STRUCTURE 

2.1 Overview of t h e  SPAHR F i l e  S t r u c t u r e  . . 

A l l  i n s t r u c t i o n s  t o  SPAHR a r e  en t e r ed  i n  a  computer f i l e  c a l l e d  t h e  - com- 
mand f i l e .  This  f i l e  con ta in s  s p e c i f i c  SPAHR procedure s ta tements  s e l e c t e d  by 
t h e  user  t o  s imu la t e  va r ious  assessment models. The p a r t i c u l a r  popula t ion  f o r  
which t h e  a n a l y s i s  is being performed is  loca t ed  i n  a  f i l e  r e f e r r e d  a s  t h e  
d a t a  f i l e .  The command f i l e  (i .e. ,  t h e  SPAHR procedure s t a t emen t s )  and t h e  
d a t a  f i l e  (i.e., t h e  demographic c h a r a c t e r i s t i c s  of t h e  popula t ion  being anal-  
yzed) a r e  def ined  s e p a r a t e l y  f o r  two reasons.  

1)  There is a s t r o n g  l o g i c a l  d i s t i n c t i o n  between t h e  popula t ion  being 
p ro j ec t ed  and t h e  p r o j e c t i o n  i t s e l f .  The p r o j e c t i o n  assumptions contained i n  
t h e  command f i l e  d e f i n e  a s p e c i f i c  set of condi t ions .  These cond i t i ons ,  how- 
eve r ,  must be  appl ied  t o  t h e  age and sex  s t r u c t u r e  of a  s p e c i f i c  popula t ion  
contained i n  t h e  d a t a  f i l e .  The same cond i t i ons  appl ied  t o  d i f f e r e n t  popula- 
t i o n s  w i l l  y i e l d  d i f f e r e n t  r e s u l t s .  The u s e r  may, t h e r e f o r e ,  wish t o  apply 
t h e  same a n a l y s i s  (contained i n  t h e  command f i l e )  t o  s e v e r a l  d i f f e r e n t  popula- 
t i o n s  (contained i n  s e v e r a l  d a t a  f i l e s ) .  This  can be  done by simply switching 
t h e  d a t a  f i l e s  r a t h e r  than  by r econs t ruc t ing  t h e  command f i l e  each time. 

2)  With t h e s e  two f i l e  s t r u c t u r e s ,  t h e  u se r  may e a s i l y  s imu la t e  va r ious  
m o r t a l i t y  s cena r io s  without  providing a d a t a  f i l e .  This  is done by us ing  one 
of t h e  popula t ion  s t r u c t u r e s  provided by SPAHR. The d e f a u l t  popula t ion  is  t h e  
U.S. t o t a l  popula t ion  i n  1969-71. The U.S. Black popula t ion  i n  1 9 7 0 ~  and 
var ious  popula t ions  from o t h e r  c o u n t r i e s  a r e  a l s o  suppl ied .  These popula t ions  
have been s e l e c t e d  t o  cover a  wide range of age and sex  s t r u c t u r e s  and mortal-  
i t y  l e v e l s .  

2.2 The Command F i l e  S t r u c t u r e  

The SPAHR procedural  commands a r e  composed of keywords, d e l i m i t e r s ,  and 
sometimes numbers. A command always begins  with a  keyword and ends with a  
d e l i m i t e r .  The keywords i n  SPAHR a r e  s t r a igh t fo rward  mnemonics., For in- 
s t ance ,  LIFETAB c o n s t r u c t s  a  l i f e  t a b l e ,  while  PROJECT performs a populat ion 
p ro j ec t i on .  The d e l i m i t e r s  a r e  used t o  d iv ide  t he  commands i n t o  s e c t i o n s  and 
t o  s epa ra t e  i nd iv idua l  commands. 

. , 

l ~ h e  U.S. populat ion is  supp l i ed  i n  i t s  two major components because i n  ana- 
l yz ing  a heterogeneous popula t ion ,  a pooled a n a l y s i s  g e n e r a l l y  y i e l d s  i nco r -  
r e c t  r e s u l t s .  These i n c o r r e c t  r e s u l t s  occur  because f e r t i l i t y  and m o r t a l i t y  
l e v e l s  d i f f e r .  markedly between t h e  White and Black popula t ions  i n  t h e  United 
S t a t e s .  I n  o rde r  t o  p r o j e c t  t h e  t o t a l  U,S. popula t ion ,  t h e  u s e r  should 
p r o j e c t  each popbla t ion  independent ly  us ing  t h e  ACCUM op t ion  of the PROJECT 
command. 



Some commands i n  SPAHR (e.g. PROJECT) con ta in  s e v e r a l  subcommands. I n  
a d d i t i o n ,  a number ( i . e . ,  a s c a l a r  parameter) o r  s e r i e s  of n ~ ~ m h ~ r s  (i .P,, a 
d a t a  a r r a y  o r  a r r a y s )  can be included i n  a command o r  subcommand. For 
i n s t a n c e ,  t h e  command PROJECT with t h e  f u r t h e r  s p e c i f i c a t i o n  YEARS = 100 pro- 
duces a 100-year popula t ion  p ro j ec t ion .  Exposi t ion of the  commands and 
a s soc i a t ed  opt ions  is presented i n  Chapter 4. A command may conta in  one o r  
a l l  of the  following: 

I 1 )  Subcommands. Subcommands a r e  l o g i c a l l y  s e p a r a t e  p a r t s  of .commands. 

They may con ta in  t h e i r  own groups of s c a l a r  parameters and a r r ays .  For exam- 
p l e ,  i n  t h e  PROJECT command, t h e  s c a l a r s  and a r r a y s  t h a t  a r e  an i n t r i n s i c  p a r t  
of t h e  p r o j e c t i o n  process  make up t h e  main body of t h e  command. These param- 
e t e r s  c o n t r o l  such f a c t o r s  a s  t h e  du ra t ion  of  t h e  project.ion., th.e s i z e  and 
$ t r u c t u r e  Q$ the populati.nn hej.ng projected, and whether the p r o j e c t i o n  w i l l  , 

be i n  per iod o r  cohort  mode. 

2) S c a l a r  Parameters.  The s c a l a r  parameter s e c t i o n  fo l lows  immediately 
a f t e r  a command. It is composed of keywords ( e  .g . , BACKGROUND) o r  <keyword> = 
<value> assignments ( e . ~ . ,  RFN = 0.1). 

3 )  Arrays. Data a r r a y s  c o n s i s t  of a keyword g iv ing  t h e  name of t h e  
a r r a y ,  followed by a s e t  of numbers. Some d a t a  a r r a y s  a r e  mult idimensional  
and cons i s t  of groups of a r r a y s ,  each with i t s  own s e c t i o n  name preceding t h e  
group names (e.g., DOSE LUNG 25*3.2, 15*1.5, 5*1.0 $$ BONE 30*2.0, 15k1.5;). 

SPAHR a l s o  u t i l i z e s  four s p e c i a i  symbols t o  s epa ra t e  commands and sec- 
t i o n s  of commands. These four  s p e c i a l  symbols,. r e f e r r e d  t o  as d e l i m i t e r s ,  a r e  
de f ined  as follows : 

1) The s i n g l e  semicolon (;) is used t o  t e rmina te  an e n t i r e  command. 
SPAHR i n t e r p r e t s  t h e  s i n g l e  semicolon t o  mean " the  command'is now complete; go 
do it!" (e.g., PROJECT YEllRS = 100;).  

2 The double semicolon (;;) is used t o  te rmina te  a subcommand. It i s  
i n t e r p r e t e d  t o  mean t h a t  the  suhcnmmanrl is complete; howcvcr, another sub- .  
command o r  command l e v e l  a r r a y  . fo l lows  ( e  .g . , PROJECT YEARS = 100 $ ADJUST 
MODEL = 5; ; ADJUST MODEL = 6; ). 

3) The s i n g l e  d o l l a r  s i g n  ($)  i s  used t o  te rmina te  a complete a r r a y  o r  
t h e  group of s c a l a r  parameters fo l lowing  a command. It is  i n t e r p r e t e d  by 
SPAHR t o  mean t h a t  t h e  a r r a y  is  complete, but  another  a r r a y  o r  subcommand 
fo l lows  (e.g., PROJECT YEARS = 100 $). 

4 )  The double d o l l a r  s i g n  ($$) is used t o  t e rmina te  a s e c t i o n  of a 
mult idimensional  a r r a y  (e.g., dose l e v e l s  f o r  s e v e r a l  d i s e a s e  groupings used 
i n  an assessment).  It is i n t e r p r e t e d  t o  m e k  t h a t  t h i s  s e c t i o n  of t h e  a r r a y  
i s  complete, but another  s e c t i o n  fo l lows  immediately (e.g., DOSE LEUKEMIA 
20*0.5 10*0.2 $$ LUNG 30*0.8;). 



The examples i n  Chapter 2.4 w i l l  c l a r i f y  t he  use of these  d e l i m i t e r s .  

2.3 Cons.tructine Command F i l e s  

A SPAHR job has t h r e e  major s teps : '  

1). The Data Entry s t e p  de f ines  t h e , b a s e  populat ion f o r  t h e  a n a l y s i s .  
It is accomplished by using t h e  DATA command. 

2) The Pre l iminary  Demographic Analysis  s t e p  uses  t h e  base popula t ion  
def ined  i n  t h e  Data Entry s t e p  t o  c a l c u l a t e  l i f e  t a b l e s  and o t h e r  measures 
required f o r  a l l  subsequent ana lyses .  It uses  t h e  LIFETAB and sometimes t h e  
MULDEC commands. 

3)  The a c t u a l  Popula t ion  a t  Risk and Heal th E f f e c t s  P r o j e c t i o n  is  t h e  
f i n a l  s t ep .  Here d a t a  from t h e  f i r s t  two s t e p s  t oge the r  with exposure d a t a  
, f o r  t he  hazard(s )  of i n t e r e s t  ' are used t o  gene ra t e  est imated excess  m o r t a l i t y  
and r e l a t e d  measures. It uses  t h e  PROJECT command and i ts  a s soc i a t ed  ADJUST 
subcommand. 

Most of t h e  opt ions  and parameters r e l a t i n g  t o  r i s k  assessment a r e  found 
i n  t h e  ADJUST subcommand, which a d j u s t s  m o r t a l i t y  r a t e s  a s  t h e  consequence of 
exposure t o  var ious  hazards.  B r i e f l y ,  t h e  ADJUST subcommand has t h e  fo l lowing  
f e a t u r e s :  . . 

1)  A v a r i e t y  of models r e l a t i n g  m o r t a l i t y  and hazard .exposure a r e  
' ava i l ab l e  through ADJUST. They a r e  s e l e c t e d  by using t h e  MODEL parameter. 
Re la t ive  r i s k  ve r s ions  of . t h e  models may be ' specif ied by us ing  t h e  REL param- 
e t e r .  The d e f a u l t  per iod of r i s k  (30 years  f o r  most cancers  except leukemia) 
can be r e s e t  t o  l i f e t i m e  r i s k  .by using t h e  LPLAT parameter. 

2) Exposure t o  t h e  hazards of i n t e r e s t  may be  defined i n  two ways: I f  
t h e  &xposure' l e v e l  is  cons tan t  over t h e  period of exposure, . a  s i n g l e  dose r a t e  
may be en tered  by aes ign ing  t he  dose r a t e  to a single-valued parameter named 
REM (o r  SO2 o r  whichever dose keyword is  appropr i a t e  f o r  t h e  model). On t h e  
o the r  hand, i f  t h e  exposure r a t e  v a r i e s  over t i m e ,  an  annual exposure f o r  each 
year  is entered  by using a s e p a r a t e  a r r a y  named DOSE. 

3) . New causes of dea th  can be defined ' o r  c o e f f i c i e n t s  f o r  causes .of 
dea th  a l r eady  defined may be changed wi th  t h e  use  of t h e  COEFS, LATENT, and 
PLATEAU a r rays .  

4 )  A s  many. as f i v e  ADJUST subcommands may be defined f o r  each PROJECT 
' command. Thus t h e  e f f e c t s  of a v a r i e t y  of hazards ope ra t ing  s i m u l t ~ n e o u s l y  
may be assessed  a s  competing r i s k s .  

5) ' ADJUST . r e l a t e s  causes of dea th ,  r i s k  model c o e f f i c i e n t s ,  and, i n  t h e  
case  of r a d i a t i o n  models only,  hazard exposures thrnugh t h e  use of a Tause  
pame of 1 t o  8 cha rac t e r s .  I f  we wish t o  p ro j ec t  radiog&nic lung cancer  us ing  



the.BEIR I r e l a t i v e  r i s k  model, t h e  ADJUST subcommand w i l l  d e f i n e  a new cause 
of dea th  named LUNG ( t h e  name of t h e  new cause w i l l " 1 a t e r  be changed t o  make 
it unique) ,  and exposure l e v e l s  w i l l  be read i n  from the  DOSE a r r ay  fol lowing 
t h e  keyword LUNG. To change t h e  predefined c o e f f i c i e n t s  of t h e  model r e l a t i n g  
lung exposure t o  m o r t a l i t y ,  we would l ikewise  spec i fy  t h e  keyword LUNG wi th in  
t h e  COEFS a r r ay .  SPAHR w i l l  use t h e  LUNG death r a t e s  en te red  i n  t h e  DATA s t e p  
a s  t h e  b a s i s  f o r  i t s  r e l a t i v e  r i s k  c a l c u l a t i o n s .  

2.4 The ~ a t a  F i l e  

Users may c r e a t e  t h e i r  own popula t ion  d a t a  sets i f  t h e  d a t a  sets provided 
i n  SPAHR a r e  not  app rop r i a t e ,  a l though c r e a t i n g  d a t a  sets i n  SPAHR is  t ed ious  
because of t h e  amount of informaf ion required. E r ro r s  i n  t r a n a c r i b i q  t h e  
numbers can occur .  Cons t ruc t ion  of d a t a  sets should only be undertaken a s  a 
last r e s o r t .  

The SPAHR program i s  o r i e n t e d  toward producing ana lyses  of spec i f i c .  popu- 
l a t i o n s .  A p o p u l a t i o n . c a n  be  completely cha rac t e r i zed  f o r  SPAHR by t h e  f o l -  
lowing parameters:  - 

1) The year  a s s o c i a t e d  wi th  t h e  popula t ion .  

2) The number of people  i n  t h e  popula t ion  by sex  and age group. 

3)  The number of dea ths  by sex  and age group. 

4) The b i r t h  r a t e s  by age group of mother. 

5) The number of dea ths  by age, sex ,  and cause of dea th  fox each cause 
of dea th  t o  be analyzed. 

These are r e f e r r e d  t o  a s  raw demographic da t a .  They a r e  en t e r ed  i n t o  a 
d a t a  f i l e  i n  f r e9 - fo rma t .  This means t h a t  t h ~ y  cpn Ire put anywhere on t h o  
ca rd  image, and a s  many card  images a s  needed can be used. Each item must be 
i d e n t i f i e d  wi th  app rop r i a t e  keywords and terminated with app rop r i a t e  de l imi t -  .. . - - .. -. .,. 
ers .  The keywords a r e  Engl ish language mnemonics, and with the  except ion of - 
DDC (which s t a n d s  f o r  dea ths  by cause)  t h e i r  i n t e r p r e t a t i o n s  a r e  clear, POP, 

f o r  example, r e f e r s  t o  t h e  l i v i n g  popula t ion ,  DEATHS i n d i c a t e s  dea ths  from a l l  
causes  combined, and BIRTHR r e f e r s  t o  b i r t h  r a t e s .  The names f o r  causes  of 
dea th  t h a t  fo l l ow  t h e  DDC keyword a r e  compromises between t h e  names ass igned  
t o  t h e s e  causes  i n  BEIR I r e p o r t  (NAS 1972) and t h e  requirement of an IBM * 
computer f o r  names of 8 c h a r a c t e r s  o r  less. These names a r e  a l s o  used when 
r e f e r r i n g  t o  causes  of dea th  i n  t h e  DOSE and COEFS a r r a y s  of t h e  ADJUST sub- 
commands, as i l l u s t r a t e d  i n  Chapter 4.12.3. 

Del imi te rs  a r e  h i e r a r c h i c a l l y  def ined .  The lowest l e v e l  of d e l i m i t e r  i s  
t h e  double d o l l a r  s ign  ($$I, which is  used only t o  i n d i c a t e  the  end of a sub- 
s e c t i o n  of a mult idimensional  a r r a y .  The s i n g l e  d o l l a r  s ign  ( $ )  i s  t h e  next 



h ighes t  and s i g n i f i e s  the end of an e n t i r e  a r r ay .  E i t h e r  may be u s e d . t o  i nd i -  
c a t e  the end of a  s e t  of single-valued parameters.  The double semicolon (;;) 
denotes  the  end of a  subcommand. The h ighes t  l e v e l  d e l i m i t e r  i s  the  semicolon 
(;),  which i n d i c a t e s  the end of an e n t i r e  command. I f  more than one o f , t h e  
above d e l i m i t e r s  appears  t o  be app rop r i a t e  i n  a  p a r t i c u l a r  s i t u a t i o n  ( e .g . ,  
when an a r r ay  i s  the la.st  item i n  a  command and both the  $ and t h e  ; would 
seem approp r i a t e ) ,  the  h ighe r  level d e l i m i t e r  should be used. 

Age groups i n  SPAHR are def ined  a s  fol lows:  0-1, 1-4, 5-9, 10-14, and s o  
on i n  5-year age groups t o  85+ f o r  a  t o t a l  o f ' 1 9  age g'roups. I f  more than 19 

. numbers a r e  placed i n  an age-spec i f ic  a r r ay ,  t h e  l a s t  one is  assumed t o  be  
ageunknown, and a l l . t h o s e  ( i f  any) between t h e  19th and t h e  l a s t  a r e  assumed 
t o  be 5-year age groups te rmina t ing  i n  an open-ended group, which a r e  there-  
f o r e '  added i n t o  t h e  19 th  by SPAHR t o  form t h e  85+ age group. A comprehensive 
d i s cus s ion  of SPAHR d a t a  f i l e s  and t h e i r  i n t e r a c t i o n s  wi th  t h e  DATA c0mmand. i~  
g iven  i n  Chapter 4. Read t h i s  section c a r e f u l l y  a f t e r  becoming f a m i l i a r  wi th  

. t h e  b a s i c  d a t a  set shown i n  t h e  fol iowing example: 

PARMS DATE=1970 $ NAME UNITED STATES (WHITE) $ POP MALE 1501250 5873083 
8633093 9033725 8291270 6940820 

5849792 4925069 4784375 5194497 5257619 4832555 4310921 3647243 
2807974 2107552 1437628 805564 486957 $$ 

FEMALE 1433839 5614968 8264333 8647392 8079090 7341007 
5962122 5042368 4936494 5412335 5587023 5169302 4695581 41.57467 
3491080 2874531 2114943 1314258 889855 $ DEATHS MALE 31725 4910 4099 

4382 12200 13812 9897 9130 12459 21819 
35992' 53092 76502 98781 113614 122829 124979 101556 90339 320 .$$ 

FEMALE 23151 3714 2646 2410 4672 4826 4360 4899 7447 12557 
20873 28920 39009 50841 67187 90091 113145 116567 142201 143 $ 

BIRTHR 3*0 0.0011 0.0474 0.1506 0.1348 0.0676 0.0287 0.0071. 0.0004$ 
CAUSES LEUKEMIA LUNG STOMACH ALIMENRY PANCREAS BREAST BONE THYROID 

OTHER CANCER ='CANCERf= LEUKEMIA + LUNG + STOMACH + 
ALIMENRY + PANCREAS + BKEAS'I' + BUNE + THYROID 9 OTHER $ DDC LEUKEMIA 

MALE 25 247 344 229 211 155 120 117 153 182 298 368 
' 535 695 829 941 928 659 318 89 10 1 0' $$ 
FEMALE 36 195 283 163 153 117 82 95 127 166 224 300 369 432 

. 550 687 761 649 348 109 21 2 0 $$ 
LUNG FEMALE 1 2 3 2 3 5 13 47 187 410 885 1358 1645' 1648 1477 

1256 1093 711 335 95 18 2 I $ $  
MALE 3 2 0 2 7 15 31  100 349 1119 2314 4073 6556 8312 8616 

7359 5136 2417 775 173. 20 4 5 $$ 
STOMACH FEMALE 0 0 0 0 0 4 5 15 47 83 167 232 375 484 668 823 

985 863 504 145 25 5 0 $$ 
MALE 0 0 0 0 3 4 14 24 72 142 266 461 758 1027 1247 1337 - 

1292 978 450 133 21 0 0 $$ 
ALLMENRY FEMAT.,E 7 7 h 6 11 22 40 84 158 372 831 1477 2228 2847 

3714 4379 4607 3728 208U I06 129 11 3 $$ 
MALE 7 18 3 2 27 32 51 80 164 403 859 1606 2762 3762 4209 

4431 11167 2908 1433 383 58 6 2 $$ 



PANCREAS MALE 0 1 0 0 1 5 8 7 36 106 218 398 571 820 999 1120 
1193 891 504 138 22 1 1 $$ 

FEMALE 0 0 0 0 1 3 5 27 78 153 349 657 1014 1314 1506 1430 
1292 770 350 83 12 0 1 $$ 

BREAST FEMALE 0 0 0. 0 0 12 92 311 680 1408 2525 3181 3657 3360 
3220 2884 2626 1819 997 354 81 9 0 $$ 
MALE 6*0 1 1 1 4 12 24 22 25 39 28 36 24 10 2 2 1 0 $$ 

BONE FEMALE 2 6 18 54 57 18 21 5 16 18 25 37 65 59 73 79 73 63 
35 18 0 0 $$ 

MALE 0 1 14 54 121 54 15 15 14 19 39 54 70 88 106 90 85 68 28 11 
O O O $ $  

THYROID FEMALE 0 0 1 0  3 3 2 4 8 7 18 22 44 74 76.125 117 84 44 
16 1 0 0 $$ 
MALE 3A0 1 1 3 6 5 6 12 14 29 42 40 51 44 40 32 10 2 3*9$$ 

OTHER F M L E  31 178 193 191 246 302 426 393 940 1695 3075 4100 
4686 6046 6526 6654 6230 4491 2332 786 7 14 9 $$ 

MALE 30 233 347 238 371 601 557 572 771 1358 2312 3621 5374 
7241 8088 8657 8492 3802 1369 188 55 3 1 ; 

This  example is reproduced from Chapter 4.3,3,2, where a detailed d e s c r i p t i o n  
and i n t e r p r e t a t i o n  of each item may be found. 

The d a t a  i n  t h i s  example were taken e i t h e r  from t h e  U. S. Census f o r  1970 
o r  t h e  V i t a l  S t a t i s t i c s  of t h e  United S t a t e s  f o r  1970. When en te r ing  the  d a t a  
i n t o  a  SPAHR d a t a  f i l e ,  remember t h a t  SPAHR can only read t h e  f i r s t  72 charar-  
t e r s  ( inc luding  t h e  b lanks)  i n  each card.  

The WYLBUK t e x t  e d i t o r  s t o r e s  f i l e s  i n  two ways: compressed and uncom- 
(CARD). Unless i t  is  t o l d '  t o  s t o r e  i n  CARD format ,  it w i l l  use  t h e  

compressed format.  Unfor tuna te ly ,  WYIlBUR i s  the  only comp~iter program that 
can read  compressed f o r m a t .  ~ o i s e ~ u e n t l ~ ,  when manipulating t h e  d a t a  f i l e  
using WYLBUR, always remember t o  SAVE t h e  d a t a  f i l e  us ing  t h e  CARD opt ion  !! . 
Thi s  is  not a  concern w i t h  t h e  command f i l e , .  because when t h i s  f i l e  'is run, i t  
is decompressed automatically. 

2.5 Other SPAHR F i l e s  

In: a d d i t i o n  t o  t h e  COMMAND and t h e  DATA f  i l ' e s ,  f  oa r  o t h e r  types of ' f i l e s  
a r e  a v a i l a b l e  i n  SPAHR. However, f o r  most a p p l i c a t i o n s  t h e  user need not he 

acquainted wi th  t h e  o t h e r s ;  which a r e  au tomat ica l ly  a l l o c a t e d  by t h e  computer 
system. A b r i e f  d e s c r i p t i o n  of each f i l e  type  and t h e  computer u n i t  designat-  
i on  follows: 

Command F i l e  

This  f i l e  con ta ins  a l l  SPAHR command s ta tements .  It a l s o  con ta ins  d a t a  
f o r  a  number of s p e c i a l  procedures.  These s ta tements  a r e  descr ibed i n  d e t a i l  
i n  Chapter 4. Only one command f i l e  may be defined i n  a  SPAHR run. 



Data F i l e  

A d a t a  f i l e  con ta in s  raw demographic d a t a  f o r  t h e  popula t ion  being s tud-  
ied .  It may e i t h e r  be free-format o r  i n  one of t h e  predefined SPAHR formats  
descr ibed i n  Chapter 4. More than one d a t a  f i l e , m a y  be used. By d e f a u l t ,  
SPAHR w i l l  assume a s i n g l e  d a t a  f i l e  on u n i t  4. Any o t h e r s  must be def ined  
e x p l i c i t l y  a s '  r equ i r ed  by t h e  opera t ing  system. 

Log F i l e  

The log  f i l e ,  loca ted  on u n i t  6, is  a very sho r t  output  f i l e  .designed t o  
, g i v e  t h e  u se r  a f a s t  overview of t h e  course  o f . t h e  program. Typ ica l ly ,  each 

command executed w i l l  put  out one o r  two l i n e s  on t h i s  f i l e  t o  i n d i c a t e  t h e  
most i n t e r e s t i n g  summary s t a t  is t ics and whether t h e  command encountered an 
err0.r .  An example of a t y p i c a l  log  f i l e  is shown i n  Chapter 5. 

P r i n t  F i l e ( s )  

P r i n t  f i l e s  con ta in  t h e  t a b l e s  t h a t  are t h e  u sua l  output  of a SPAHR run. 
They are usua l ly  rou ted  t o  a l i n e  p r i n t e r .  Unit .3 i s  assumed by d e f a u l t  f o r  . . 
t h e  s i n g l e  predefined p r i n t  f i l e .  Other p r i n t  f i l e s  may be  a l l o c a t e d  on 

, o t h e r  unused u n i t s .  Most SPAHR commands have a parameter c a l l e d  PRINT t h a t  . 
determines whether ou tput  is  t o  be placed on t h i s  f i l e  and what u n i t  number 
i t  w i l l  have. 

Punch (Card Image) F i l e s  

Punch (card  image) f i l e s  permit SPAHR t o  write out in format ion  i n  a .  form 
t h a t  o the r  computer programs can read. By d e f a u l t ,  one such f i l e  is  de f ined  
on u n i t  7. Others  may be def ined  on una l loca t ed  u n i t s .  Most SPAHR commands 
w i l l  g ene ra t e  some machine-readable output  i f  d i r e c t e d  t o  do s o  . i n  t h e  PUNCH 
parameter.  

A u x i l l i a r y  S torage  F i l e s  

Some r o u t i n e s  i n  SPAHR r e q u i r e  more temporary s t o r a g e  space  t h a n  can be 
acconnnodated i n  t h e  computer's memory. These r o u t i n e s  write out  i n t e rmed ia t e  
r e s u l t s  and d a t a  onto a temporary f i l e  t h a t  is l a t e r  rewound and r e r ead .  I n  
t h e  cur ren t  verel.nn of S P M  (ve r s ion  4.1), only one of t h e s e  f i l e s ,  o n .  u n i t  
1, i s  i n  use a t  any t i m e .  Fu tu re  r e l e a s e s  of .SPAHR, however, may use  more ' 

temporary  file^ and consequent ly  r e s e r v e  other u n i t s  as w e l l . .  



Summary of F i l e  Unit  A l l o c a t i o n s  

F i i e  
Number A l loca t ion  . . 

1 A u x i l l i a r y  S torage  F i l e  (sometimes c a l l e d  a s c r a t c h  f i l e ) .  

2 Reserved f o r  f u t u r e  use.  

Defau l t  P r i n t  F i l e .  Others  may be s p e c i f i e d  on u n i t s  8-99 a s  
d e s i r e d .  

Defau l t  Data F i l e .  Others  may be s p e c i f i e d  on o t h e r  unoccugfled 
u n i t s  a s  needed. 

5 Command F i l e .  

6 ' Log F i l e .  

7 .  Defaul t  Punch F i l e .  Others  m y  be  s p e c i f i e d . o n  unoccupied u n i t s .  

. 8 .99 UadeIiued a ~ d  a v a i l a b l e  for a l l o c a t i o n  a s  d e s i r e d .  



3.0 THE SPAHR LANGUAGE STRUCTURE 

3.1 Overview of the Laneuaee Structure 

SPAHR is a collection of more or less independent .computer programs tied 
together with a language processor (a program that reads and interprets the 
control statements) and a set of data blocks (special sections of .computer 
memory) in which information necessary for the execution of many of'the inde- 
pendent programs is stored. 

SPAHR is controlled by statements. A statement is a command that tells 
SPAHR what to do. Statements are written in the SPAHR language, which will be 
described in detail later. Statements are physically written on input records, 
which may be either computer cards or lines typed on a terminal. 

Two major types of statements occur in SPAHR. The most important of these 
is the procedure command, which controls the independent program segments in 
which the user is most interested. The other type of statement is the language 
statement, which controls such things as repetition of groups of statements. 

A series of SPAHR statements is called a program. For most simple jobs, a 
SPAHR program will need only procedure command statements to do all the work of 
data input and analysis. All procedure control statements have the same gen- 
eral structure, because each statement invokes a specialized control routine 
that initializes all necessary variables in the common data blocks and then 
calls the routines that perform the analysis; All procedure control statements 
must begin with a command name and end with a semicolon .(;I and may span as 
many records as are needed. The command name is followed by a series of 
single-valued parameters. Following the parameters may come a set of array 
data, which consists of array names followed by sets of numbers, or subcommands, . 
which are similar in structure to commands. Schematically, the structure of a 
procedure command statement (with optional it'ems enclosed in brackets) is: 

(command name> [<parameters> $1 [<array data> $1 
[ <subcommands> ;; ] ; 

The command name is a string of 1-8 characters that defines the procedure 
to be called. The parameters are a set of single-valued quantities that can 
define both single-valued items of raw data and execution specifications for 
the procedure. The array data are groups of raw data, usually age-specif ic, 

-- ... 
which are to be analyzed by the procedure. Subcommands are control statements 
for auxilliary procedures that are called by the main procedure. 

,Sections of a SPAHR command (e.g. arrays and subcommands) are set off from 
,each other with' delimiters. Delimiters and their use are discussed in . 

Chapter 2.4, 



3.2 command Names . 

. The command name is composed of I-8 characters and is separated from the 
rest of the statement by a comma and/or one or more spaces. For example, to' 
per'form a projection on a population already defined in the current data b'lock, 
taking all defaults, one would enter the control statement 

PROJECT; 

The semicolon <;) signals SPAHR that the command has ended and is now to be 
executed. 

As entered above, the PROJECT procedure will be executed using all of its 
default values. If the user wishes to substitute other values, it will be . 

necessary to enter parameters, array data, or subcommands as well. If array 
data or subcommands are to be entered following the cbmmand, the command shou1.d 
be delimited by a double dollar sign ($$I or a dollar sign ($1, and the semi- 
colon should be deferred until all arrays and subcommands have been entered. 

Because a semicolon terminates reading of a command and causes its execu- 
tion, several commands may be placed on a single line. For example, the 
sequence 

LIFTAB ; LOTKA ; ANALYSIS ; PROJECT ; 

will cause the execution of four separate procedures, each with all of its 
defaults. 

Single-valued parameters immediately follow the command name and are 
separated from it and from.each other only by blanks or commas. Parameters 
consist either of ' switches or -assigned values. A switch option i s  a word ' th,at  
can stand alone. An assigned value option, on the other hand, is' associated 
with a particular value. It must be followed immediately on the same line by 
an equal sign (=) and a number. If, for example, the population were to be 
projected from 1970 to 2020, and pyramids were to be printed out for each pro- 
jection, interval, then the assigned values for START and STOP would be 1970 and 
2020 respectively, and the switch name PYRAMID would be written. The statement 
would then have the form' 

PROJECT S T ~ T = I ~  70 STOP=2020 PYRAMID ; 

A switch is always turned - on by its appearance 'in a command. It is turned 

off by assigning it a value of zero. The PRINT switch is by.default set at on. . - - 
If in some command the user does not wish to see the nor,mal printed output, he 
may override the switch by entering PRINT'O in the command. 



. . 
Some s c a l a r  parameters may be used e i t h e r  a s  ass igned va lues  or. a s  

switches.  Any parameter r e f e r r i n g  t 0 . a  f i l e  u n i t  number can be used as  a 
switch.  When th i s '  is done, t h e ' d e f a u l t  f i l e  u n i t  w i l l  be used. PRINT, .DETAIL, 
PUNCH, and PYRAMID a l l  have t h i s  p roper ty .  In  the example above, PYRAMID was 
mentioned as  a switch. I f  t he  u s e t  wishes t o  p l ac , e ' t he  populat ion pyramids on 
a f i l e  o the r  than.  the one used fo r  r egu la r  p r in t ed  ou tput ,  then PYRAMID can be 
assigned the  un i t  number of t h e  a l t e r n a t e  f i l e  u n i t .  I f  we wished t o  suppress  
the s tandard pr in ted  output  and p r i n t  t he  pro jec ted  pyramids on f i l e  number 8 ,  
our model PROJECT command would appear as :  

PROJECT PYRAMID = 8 PRINT=O ; 

Del imi te rs  between d a t a  i tems wi th in  command s ta tements;  un less  s ,pec i f ied  
o therwise ,  cons i s t  of a s i n g l e  comma and/or one or  more blanks.  For example, 

P R O J E C T , S T A R T = ~ ~ ~ ~ , S T O P = ~ ~ ~ ~ ;  
PROJECT START=1970 STOP=2020; 
PROJECT START=1970, STOP=2020; 

w i l 1 , a l l  be i n t e r p r e t e d  i d e n t i c a l l y .  

3.4 Array Data 

Array d a t a  s ta tement  s e c t i o n s  supply SPAHR procedures with the ,data  they  
need t o  perform t h e i r  ass igned t a sks .  The user  may e n t e r  d a t a  i n  a r r a y s  with- 
out consider.ing where the  numbers a r e  loca ted  on the  input  record.   his i s  
r e f e r r e d  t o  a s  free-format input .  It i s  a u se fu l  f e a t u r e  when on1.y a small  
amount of information is  t o  be processed. However, many d a t a  s e t s  t h a t  t h e  
u se r  may wish t o  read a r e  a l r eady  s e t  up dn fixed-format r eco rds ,  with every 
number having a predetermined l o c a t i o n  on each, record.  Therefore ,  some proce- 
du re s ,  notably the DATA command, provide t he  op t ion  of read ing  i n  commonly used 
a r r a y s  from fixed-format cards  with one of t h r ee  s tandard formats.  These for -  . 

mats w i l l  be described i n  d e t a i l  i n  Chapter 4 .  

Array d a t a . a r e  en te red  as  an a r r a y  name followed by a sequence of numbers 
terminated with a d o l l a r  s i gn  ($1 ,, semicolon( ;) , o r  doubl@ semicolon ( ; ;) . The 
d o l l a r  s i gn  s i g n i f i e s  the end of the  a r r a y ,  the  double semicolon s i g n i f i e s  t h e  
end of t he  subcommand, and t h e  semicolon s i g n i f i e s  t he  end of t he  command. For 
example, i n  the DATA command the  age-spec i f ic  b i r t h  r a t e s  a r e  en t e r ed  with t h e  
keyword BIRTHR. Thus one might use t he  sequence 

DATA $$ BIRTHR 0 0 0 l .lE-3 0.067'4 0.1506 0.1384 
0.0676 0.0287 0.0071 0.0004 $ 

I f  s eve ra l  i d e n t i c a l  values  i n  a row a r e  t o  be en te red ,  they may be ind i ca t ed  
with a r e p e a t e r  t h a t  c o n s i s t s  of a number i n d i c a t i n g  the  number of t imes t h e  
va lue  is repea ted ,  followed by. a s t a r  (*I, followed .by t h e  value.  ' For example, 
i f  one e n t e r s  a s e r i e s  oh propor t ions  f o r  females a t  b i r t h ,  and wishes t h i s  t o  
be t h e  same f o r  t he  e n t i r e  age range, then 



DATA $$ SEXR. 0.4886 0.4886 0.4886 0.4886 0.4886 0.4886 
0.4886 0.4886 0.4886 0.4886 0;4886 0.4886 0.4886 0.4886 

' .  0.4886 0.4886 0.4886 0.4886 0.4886 $ 

has  the  same in t e rp r . e t a t i on  as  

SEXR 19*0.4886 $ 

Many a r r a y s  encountered i n  SPAHR a r e  l abe l ed  a r r a y s ,  and, i n  add i t i on  t o  
t h e  a r r a y  name, a  f u r t h e r  s e t  of q u a l i f y i n g  names must be employed t o  spec i fy  
t he  d a t a  proper ly .  A l l  sex-spec i f ic  a r r a y s ,  f o r  example, have the a d d i t i o n a l  
q u a l i f i e r s  MALE and FEMALE. The subar rays  thus def ined a r e  terminated with a  
double d o l l a r  s ign  ($$I .  Some a r r ays  can have tk l e v e l s  of q u a l i f i e r s .  The 
DDC ( ~ e a t h s  by cause)  a r r a y  i n  t h e  DATA command, for example, is speci f ic  f ~ r  
both  sex and cause of dea th  and s o  must be en t e r ed  a s  

DATA $$ DDC <cause l>  MALE ..... $$ FEMALE .. .. .$$ 
<cause2> FEMALE . . .$$MALE . . . $ 

The primary q u a l i f i e r s  <cauael> and <cause2> always precede the secandary qual- 
i f i e r s  MALE and FEMALE, but  MALE and FEMALE subar rays  beneath <causel> and 
<cause2> can be en t e r ed  i n  any o rde r ,  and under the keyword DDC, <cause l>  and 
<cause2> may appear i n  any order .  

Following the lowest- level  q u a l i f i e r  is the  s e r i e s  of numbers. ..A double 
d o l l a r  s ign  ($$)  should be used t o  te rmina te  t he  s e r i e s  of numbers i n  a  labe led  
a r r a y  i f  more subsec t ions  of the  same a r r a y  a r e  t o  follow. I f  a  d o l l a r  s i g n  
($1 t e rmina tes  the  e n t i r e  a r r a y ,  t h e  program'wi l l  cont inue ' reading and w i l l  
s ea rch  fo r  a  fol lowing a r r a y  of subcommands. Terminating the  a r r ay  with a  
semicolon (;) w i l l  cause the  immediate c e s s a t i o n  of f u r t h e r  d a t a  input  o r  sub- 
command searches  and w i l l  begin execut ion  of t h e  cu r r en t  command. 

Unless o therwise  i nd i ca t ed ,  a r r a y s  read i n  SPAHR a r e  age s p e c i f i c .  The 19 
s t anda rd  age groups a r e  def ined  a s  0-1,l-4,5-9, ... , 85+. I f  more than 19 
eikments a r e  en t e r ed ,  t h e  l a s t  one is taken  t o  r e f e r  t o  the  age unknown group, 
and t h e  20th through the  next- to- las t  w i l l  be added i n t o  t h e  19th.  I f  fewer 
t han  19 a r e  s p e c i f i e d ,  then  t h e  unspec i f i ed  s l o t s  w i l l  be se t  t o  zero .  

"Simple a r i t h m e t i c  ~nan ipu la t i ons  may be performed while reading l abe l ed  
a r r a y s .  A t  any q u a l i f i e r  l e v e l ,  q u a l i f i e r s  of t h e  same l e v e l  may be used i n  
a r i t h m e t i c  express ions  a s  i f  they were v a r i a b l e  names. Addit ion ,  s u b t r a c t i o n ,  
m u l t i p l i c a t i o n  and d i v i s i o n  a r e  permi t ted .  Manipulation with exponents,  paren- 
t h e t i c a l  groups, and s p e c i a l  f unc t ions  such a s  logs o r  square r o o t s  a r e  not 
a v a i l a b l e .  Several  examples i l l u s t r a t e  t h i s  f e a t u r e .  

To c r e a t e  a  popula t ion  i n  which t h e  m a l e  and female numbers were i d e n t i c a l  
a t  each age, e n t e r i n g  

POPULATION MALE . . . $$ FEMALE = MALE $ 

would be app rop r i a t e .  



To read i n  .da ta  on dea ths  by cause and to ' de f ' i ne  one cause . to  be the  sum 
of s eve ra l  o t h e r s ,  the  s ta tements  

DATA $$DDC <causel> MALE ... $$FEMALE ... $ $  
<cause2> MALE . . . $$ FEMALE . . . $$ 

would be app rop r i a t e .  

When reading i n  a r r ay  da t a ,  g r ea t  ca r e  must be taken regarding the  use o f  
. t h e  equal s i gn  a f t e r  t he  a r r a y  name and q u a l i f i e r s ,  a s  some ambigui t ies  a r e  

' pos s ib l e .  For. example, the  s ta tement  

DATA $$ DEATHS MALE 6  '$'$ . . . 
can be compared with the  almost i d e n t i c a l  s ta tement  

DATA $$ DEATHS MALE =6 $$ . . . 
In the f i r s t  case ,  SPAHR w i l l  assume t h a t  the  f i r s t  age group has su f f e r ed  6 :  
d e a t h s ,  but t h a t  .no dea ths  a t  a l l  have been noted i n  any o the r  age group. It 
is  equiva len t  t o  having en t e r ed  

In  the  decond case ,  however, t h e  equal  sign' (=) i n d i c a t e s  t h a t  male dea ths  a r e  
s e t  t o  an a r i t h m e t i c  express ion ,  so t h a t  s i x  dea ths  w i l l  be recorded i n  every 
s i n g l e  age group. This is equiva len t  t o  having en te red  

' .  DATA $$ DEATHS MALE 6  6  6  6 6  6  6  6 6  6  6 . 6  6  6  6  6  6  6  6 $$ ... 
The a r i t h F e t i c  ope ra t i ons  i n  SPAHR a r e  NOT i n  the s tandard  

FORTRAN sequence. In s t ead  they a r e  performed i n  t h e  order  encountered. ~ h h s  

w i l l  not be eva lua ted  the  i n  same way a s  

3.5 Subcommands 

Some commands may have subcommands. These fol low double or  s i n g l e  d o l l a r  
s i g n  d e l i m i t e r s  a f t e r  t he  command and parameters ,  and they may have t h e i r  own 
set of parameters and a r r a y  da ta .  A subcommand must be terminated wi th  a  - 
double semicolon (;;) i f  more subcommands o r  a r r ays  a r e  t o  fol low i t ,  or  wi th  a  
s i n g l e  semicolon (;) i f  it is t h e  l a s t  i tem i n  t h e  command. Arrays en t e r ed  
wi th in  subcommands a r e ,  as i n d i c a t e d .  e a r l i e r ,  terminated with d o l l a r  s i g n s  
un l e s s  they a r e  t he  l a s t  i t e m  i n  t h e  subcommand. 



A subcommand can i n i t i a l i z e  parameters  f o r  a  coinnand i n  s i t u a t i o n s  where 
the  l o g i c a l  s t r l i c t u r e  of the parameters i n  is conceptual ly  separable 
from t h e  main body of t h e  command. The PROJECT comni~nd, for  example, has 
s e v e r a l  subcommands. .  he LIFETAB subcommand is  provided because inRATES mode 
( s e e  t h e  d e s c r i p t i o n  of t h e  PROJECT command, Chapter 4.12, f o r  d e t a i l s )  ' the  
ou tput  s imula tes  a  s i t u a t i o n  i n  which the  LIFETAB command is  c a l l e d  down upon 
t h e  p ro j ec t ed  popula t ion  a t  5-year i n t e r v a l s .  I n s t r u c t i o n s  r ega rd ins  the  con- 
s t r u c t i o n  of l i f e  t a b l e s  a r e  l o g i c a l l y  d i s t i n c t  from those t h a t  genera te  t h e  
dea th  r a t e s  upon which l i f e  t a b l e s  a r e  based. 

On the o the r  hand, the  ADJUST subcommand is  an i n t e g r a l  pa r t  of the l o g i c  
of  t h e  PROJECT command i n  t h a t  it provides  information concerning the  way i n  
which the  underlying dea th  r a t e s  a r e  t o  be ca l cu l a t ed  as  a  func t ion  of exposure 
t o  hazards .  However, s e v e r a l  d i f f e r e n t ,  l o g i c a l l y  independent s e t s  of cause- 
spec i f i c  dea th  r a t e s  may be generated o r  otherwise inf luenced by t.he ope ra t i ons .  
de f ined  i n  the ADJUST subcommand. Furthermore, the  ope ra t  ions  involved may 
themselves depend on a r r a y s  en te red  by the  u se r .  Consequently, i s o l a t i n g  t h e  
ope ra t i ons  involved i n  a  s i n g l e  subcommand t h a t  can be r e p e a t e d ' s e v e r a l  times 
s i m p l i f i e s  t he  log i ' ca l  s t r u c t u r e  of the t o t a l  command. 

Arrays and subcommands a r e  processed i n  t he  same loop i n  most command 
p roces so r s .  Consequently,  a r r ays  and subcommands can be intermixed a r b i t r a r i l y  
without  harm. However, it w i l l  probably be t o  the  u s e r ' s  advantage t o  group 
t h e  a r r a y s  read i n  d i r e c t l y  from a command ahead of t he  subcommands, e s p e c i a l l y  
i f  t h e  subcommands themselves have a r r a y s ,  as  i n  the fol lowing example: 

"Command s ta tement  with parameters:  
PROJECT RETAINDR START=1970 STOP=2170 STOPBR=2000 DOSINT=6 $ 
*Data a r r ay  read by command s ta tement :  
BIRTHL 0 0 0 0.00097 0.05923 0.1324 0.1185 0.0594 0.0253 

0.0062 0.0004 $ .. 
* F i r s t  subcommand invoca t ion :  
ADJUST MODEL=6 LPLAT START=1970 REM=O.l PRINT ;; 
*Second invoca t ion  of subcommand: 
ADJUST MODEL=6 REL START=1995 PRINT $ 
*Data a r r a y  f o r  subcommand: 
COEFS BREAST FEMALE 0 0.0069 0.0069 $$ MALE = FEMALE $ 
*Second Data a r r ay  f o r  subcommand: 
DOSE LEUKEMIA 20*0.5,100*0.3,500*0.15$$ LUNG 500*0.02,300*0.1667$$ 
BONE 285*1.12 327*0.815$$ OTHER 76*0.8 277*0.6 $$BREAST=OTHER.; 

3.6 Comments 

A comment record is def ined by a  s t a r  (*) i n  t he  f i r s t  column. Any number 
of comments may be placed i n  t h e  program, e i t h e r  w i th in  o r  between the  commands. 
Comment records may a l s o  appear i n  the  s e t s  of fixed-format d a t a  read i n  
through the  DATA command, but only .before t h e  f i r s t  card ( t h e  NAME ca rd )  o r  
fo l lowing  t h e  l a s t  d a t a  record.  A s e r i e s  of comment records fol lowing any d a t a  



block i n  f i xed  format must be terminated by a comment record i n  which both the  
f i r s t  and second columns con ta in  s t a r s ,  un less  the NOCOM opt ion  of t he  DATA 
command has been spec i f ied . '  

In free-format input  f i l e s  ( i nc lud ing  the  command f i f e )  only,  a record  
with C$ i n  t h e  f i r s t  two columns w i l l  a l s o  be i n t e r p r e t e d  a s  a comment record .  
Some FORTRAN processors  designed fo r  debugging purposes,  such a s  WATFIP, make 
s p e c i a l  use of C$ ca rds .  I n  p a r t i c u l a r ,  t he  s t r i n g  C$DATA appears a t  the  be- 
ginning of many d a t a  decks ia WATFIV jobs.  When used with one of these  debug- 
g ing  processors ,  SPAHR w i l l  no t  read t h i s  record.  However, i f  t he  same d a t a  
f i l e  is used by a r egu la r  compiler,  then the  comment record w i l l  suddenly ap- 
pear .  Thus t he  SPAHR comment convention makes it poss ib l e  t o  use t h e  d a t a  f i l e  
with C$ cards  without modif icat ion.  

3.7 The SPAHR Var i ab l e s  

One may c r e a t e  a v a r i a b l e  i n  SPAHR by ass ign ing  it a value.  For example, 

w i l l  c r e a t e  a v a r i a b l e  name X with the  va lue  6.0. SPAHR v a r i a b l e s  can be mani- 
pu la ted  a r i t h m e t i c a l l y .  The v a r i a b l e  Y,  f o r  example, can be def ined  i n  t h e  
s ta tement  

A v a r i a b l e  name may be any s t r i n g  of 8 c h a r a c t e r s  o r  fewer t h a t  begins  with a 
l e t t e r .  It may con ta in  no d e l i m i t e r s  o r  blanks.  

SPAHR a l s o  c r e a t e s  i t s  own system v a r i a b l e s  i n  t he  course of execu t ing  
some commands. These v a r i a b l e s  a r e  not important t o  t h e  proper 
func t ion ing  of any of t he  SPAHR commands. They a r e  copies  o f .  some of  the  d a t a  
i n  t he  cu r r en t  d a t a  block,  provided t o  a l low t h e  u se r  t o  e a s i l y  c o n t r o l  t h e  
execut ion  of SPAHR. It is 'assumed t h a t  they w i l l  be used i n  IF  s ta tements  t o  

- .  

make dec i s ions  about t h e  des i r ed  execut ion  sequence o f  s ta tements .  An example 
of t h i s  use fol lows i n  t h i s  s ec t i on .  System v a r i a b l e s  a r e  set by SPAHR a s  t h e  
r e s u l t  of c e r t a i n  commands, but  they a r e  not  otherwise unique. The use r  may 

& 

r e s e t  t h e i r  va lues  o r  use them i n  computations,  j u s t  a s  i f  they were o rd ina ry  
v a r i a b l e s .  Doing t h i s  w i l l  no t  a f f e c t  SPAHR. The t a b l e  below shows the  names 
and d e f i n i t i o n s  of t he  system v a r i a b l e s  def ined  i n  ve r s ion  3.4 and the  names of  
t h e  commands t h a t  i n i t . i a l i z e  them: 



System 
Variable 
Name 

TP . 
TPF 
TPM 
TB 
TBF 
TBM 
TD 
TDF 
TDM 
ID1 

ID2 
DATE 
NRR ' 

GRR . 
TFR 
GFR 
EOF 
EOM 

Initializing 
Command 

DATA 
DATA 
DATA . 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
l'l ATA 

DATA 
DATA 
ANALYSIS 
AN.ALY S I S 
ANALYSIS 
ANALYSIS 
LIFETAB 
LIFE TAB 

Definition . 

. . 

Total population size. 
Total female. population. 
Total male population. 
Total births. 
Total female births. 
Total male births. 
Tot a1 deaths. 
Total female deaths .  . 

Total male deaths. 
Pri,sstry ideqtifiootion cede if prts=llL i i l  [;xed-format 
input. 
Secondary identification code. 
Date associated with the current population. 
Net Reproduction Rate; 
Gross Reproduction Rate. 
~otal Fqrtility Rate. 
General Fertility Rate. . . 
Female expectation of life. 
Male expectat ion of life. 

In most cases described in Chapter 3.3 in which a numeric constant is 
used, a user-defined or system variable may be substituted. For example, the 
command statement. 

DATA INPUT=9 PYRAMID=8 FORMAT=3; 

might also be entered as 

IN=9 ; PR=8 ; FORM=3. ; 
DATA INPUPIN PYRAMID = PR FORMAT" FORM ; 

Consider the sequence of statements 

MALE=9 ; 
DATA $$ DEATHS MALE 10 5 3 5 12 16 24 48 . . . $$ 

FEMALE=MALE ; 

The word MALE in this example has been used in two separate contexts.. It has 
been defined as a SPAHR variable name, hilt it is also thc namc of a qualifis~ 
for the array DEATHS. In the event of a name conflict such as this, SPAHR will 
give . priority to the qua1 if ier name over the user-def ined variable name. Thus 
this example is equivalent to 

DATA $$ DEATHS MALE 10 5 3 5 12 16 24 48 ... $$ 
FEMALE 10 5 3 5 12 16 24 48 ... ; 



r a t h e r  than 

DATA $$ DEATHS 'MALE 10 5 3, 5 12 16 24 48 . . . . $$ 
'.FEMALE 9 9 9 9 9 9 9 9 9 9 ... ; 

3 . 8  Advanced Language Fea tures  

The SPAHR language permits  t he  u se r  t o  w r i t e  a  SPAHR program almost a s  i f  
it were a  higher  l e v e l  language such a s  ' FORTRAN or  PL/ I. One may, f o r  example, 
d e f i n e  cond i t i ona l  execut ion of s ta tements  o r  groups of s ta tements ,  o r  r epea t  
groups of s ta tements .  For example, we may haLe a  c o l i e c t i o n  of 100 s e t s  of  
demographic d a t a  on a  d i s k  f i l e   in^ f i xed  format.  I f  we have reason t o  be l ieve  
t h a t  some of the d a t a  is of dubious q u a l i t y ,  we may want t o  analy.ze only those 
s e t s  of d a t a  i n  which the populat ion i s  l a r g e  enough so  t h a t  t h e  d a t a  a r e  l i k e l y  
t o  be. u se fu l .  This s e r i e s  of s ta tements  w i l l  s e l e c t  the des i r ed  s e t s .  

DO N = 1 TO 100 ; 
DATA INPUT'S FORMAT=l ; 
IF TP GT 5000 THEN DO ; 

LIFETAB ; 
' LOTKA ; 
ZEROS ; ANALYSIS ; 
END ; , . 
ELSE PRINT "POPULATION OF" TP ' I S  TOO SMALL TO USE' ; 

. . 
END ; 
END ; 

The above program reads through the  f i r s t  one hundred s e t s  of da t a .  I f  t h e  
t o t ' a l  populat ion ( sys  tem v a r i a b l e  TP) is  g r e a t e r  'than f i v e  ' thousand, then the  
d a t a  a r e  assumed t o  b e . v a l i d ,  and t h e  s ta tements  i n  t h e  DO group fol lowing t h e  
I F  s ta tement  a r e  executed. Otherwise,  an informative message is  p r in t ed  ou t  on 
the log f i l e  advis ing  t h a t  t he  populat ion i s  too  small and g iv ing  its exacL 

size ' .   he DATA command causes  the  name 'of t he  populat ion and o t h e r  i d e n t i f y -  
ing  d a t a  t o  p r i n t  out on the' log f i l e  a s  w e l l .  ) Three END .s ta tements  appear .  
The f i r s t  of these  c lo se s  t he  cond i t i ona l  DO group. The second one c l o s e s  the  
r epea t ing  DO group. The t h i r d  one ends the  SPAHR program. 
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4 . 0  THE SPAHR COMMAND REFERENCE 

4 .1  Overview , . ' 

This section describes in detail the various .coathand statements that are 
implemented in version 4 , l  of SPAHR. 

For demographic procedures, the first section describes in general terms 
the function of the command. The general description is followed by a detailed 
breakdown of the single-va1,ued parameters and switches, array items, and sub- 
commands. Following'these in many cases is a descri~ption of the data required. 

Each language statement is described with examples in the way best suited 
to its characteristics. 

To use the command statements the us,er should refer to Volume .XI, the 
SPAHR Introductory ~uide, where specific examples of many of the commands are 
provided. The more advanced user, however, may wish to try the many options 
that are available for each command and thus become familiar'with the versatil- 
ity of SPAHR. 

OPTIONS (single-Valued parameters) 

The OPTIONS command sets default 1/0 unit numbers and execution modes for 
the single-valued parameters, .listed below. 

PRINT = File unit number of the FORTRAN fiie to contain the standard printed 
output fdr each future command. Default = 3. 

\ 

DETAIL = File unit. number of the file which will contain the detailed printed 
output for each succeeding command. Default = 0. 

BATCHITSO = Execution mode' switch. . . 

,Specifying BATCH forces the batch mode with its full echo of input. 
Specifying TSO (the default) forces the interactive mode, which 
suppresses echo of terminal input and causes SPAHR" to issue 
prompts when input is desired. 

. . 
In batch mode, a set of input records defining 'the complete job is 
.entered into the computer system, which schedules the job to be 
executed at some future time at its own convenience. In interactive 
mode, the SPAHR program is executed while the user communicates with 
it at an'online terminal. Commands are processed as they are 
entered at the terminal. 

TERMFILE = File number for SPAHR system summary log and terminal messages. 
Default = 6. 



N A = Number of age groups. Defaul t  = maximum = 19. 

NS = Number of ' s e x  groups (1. o r  2 ;  Defaul t  = 2 ) .  

PUNCH . = F i l e  u n i t  number f o r  card-image output .  Defaul t  = 7 .  

MSGDO = DO l e v e l  beyond which s e l e c t e d  log messages such as  l i n e s  i n d i c a t i n g  
t h e  pages p r in t ed  on ou tpu t  f i l e s  w i l l ' n o t  be p r in t ed .  Defaul t  = 0,  
which means t h a t  t he  p r i n t  a d v i s o r i e s  w i l l  appear only fo r  comands  
i s sued  o u t s i d e  of any DO loops.  

For example, 
OPTTnNS RATCH DETAIL = 8; 

t e l l s  SPAHR t h a t  execut ion  w i l l  be i n  non in t e r ac t ive  mode, and t h a t  f u l l  de- 
t a i l s  w i l l  be p r i n t e d  f o r  a l l  subsequent commands. It i s  assumed t h a t  un i t  8 . 
has  prev ious ly  been a l l o c a t e d  as  a  p r i n t  f i l e .  

4 ' 3  DATA 

The DATA command has  as i t s  primary func t ion  the input  and cons is tency  
a n a l y s i s  of raw demographic da ta .  Raw demographic d a t a  must be en t e r ed  so t h a t  . 
the  o t h e r  procedures  i n  SPAHR w i l l  have enough information t o  func t ion .  The 
PROJECT command, f o r  example, cannot func t ion  without a  populat ion t o  p r o j e c t ,  
and the LIFETAB command needs enough information t o  c a l c u l a t e  age-spec i f ic  
dea th  r a t e s  s o  t h a t  i t  can c a l c u l a t e  a  l i f e  t a b l e .  

Data may be en t e r ed  e i t h e r  i n  free-format mode by the  use of the  named 
a r r a y s  descr ibed  in t h i s  s e c t i o n  o r  by read ing  i n  fixed-format d a t a  ca rds  using , 

one of t h r ee  predefined formats .  I n  a d d i t i o n ,  d a t a  may be en te red  e i t h e r  i n  
t h e  command f i l e  ( t h e  one i n  which t h e  DATA command appears ,  u sua l ly  un i t  5) o r  
a  d a t a  f i l e .  I f  t he  d a t a  a r e  not i n  t he  command f i l e  o r  on the d e f a u l t  da td  
f i l e ,  the  INPUT parameter must be used. 

4.3.1 Single-Valued Parameters 

Command Cont ro l  Parameters 

PRINT = F i l e  u n i t  number fo r  p r in t ed  ou tput .  

PUNCH = F i l e  un i t  number fo r  punched output .  When t h i s  parameter i s  coded, a  
d a t a  deck w i l l  be w r i t t e n  out  i n  t h e  SPAHR s tandard  format,  with' a 6 

dummy comment record a t  the  end c o n s i s t i n g  of the  a s t e r i s k s  i n  t he  
f i r s t  two columns. 

TERM = Log f i l e  information l e v e l .  With TERWO, nothing w i l l  be p r in t ed  on 
t h e  log f i l e .  With TERM=l. ( t h e  d e f a u l t )  t he  NAME w i l l  be p r in t ed  on 
the log  f i l e ,  a long with any i n c o n s i s t e n c i e s  de t ec t ed  i n  t he  input  



da ta .  A t  t h i s  l e v e l  too,  cormqent l i n e s  i n  fixed-format input  f i l e s  
preceding . t he  NAME card w i l l  be p r in t ed  out on the log f i l e .  TERM=2 
o r  g r e a t e r  w i l l  cause p r i n t i n g  of more d e t a i l e d  messages t h a t  a r e  p r i -  
mari ly  of i n t e r e s t  t o  persons t r y i n g  t o  f i nd  program bugs. 

PYRAMID= ~ i i e  un i t  on which populat ion,  pyramid is  t o  be p r in t ed .  I f  lised a s  a  
switch,  u n i t  s p e c i f i e d  by PRINT = i s  assumed. I f  PYRAMID = 0, u n i t  6 
is assumed. . 1 

PR1 Di rec t s  p r i n t i n g  of d a t a  before  cons is tency  a n a l y s i s  and r e d i s t r i b u -  
t i o n  of unknowns. 

PR2 Di rec t s  p r i n t i n g  of d a t a  fo l lowing 'checks  and r e d i s t r i b u t i o n .  

INPUT = F i l e  un i t  number'on which DATA w i l l  f i nd  bas i c  demographic d a t a .  The 
format of t h i s  d a t a  ( i f  f ixed  format) w i l 1 , b e  s p e c i f i e d  i n  t h e  FORMAT 
parameter. I f  fixed-f0rma.t d a t a  a r e  read i n ,  free-format d a t a  may be 
en t e r ed  v i a  t h e  same DATA command. However, t he  fixed-format. d a t a  a r e  
read i n  f i r s t ,  so t h a t  free-format d a t a  w i l l  p r e v a i l  i n  the event of 
dup l i ca t i on .  Unless the  NOCLEAR opt ion  has  been s p e c i f i e d ,  t he  de- 
f a u l t  INPUT f i l e  number is  4. I f  t he  NOCLEAR opt ion  has been spec i -  

. . f i e d ,  the  INPUT parameter cannot be used. See t he  d e s c r i p t i o n  of t he  
NOCLEAR opt ion .be low f o r  f u r t h e r  d e t a i l s .  

FORMAT = Fixed-format input  d e f i n i t i o n  key. Fixed-format da t a  a r e  r e s t r i c t e d  t o  
one of the  s tandard  formats below. . . . 

1 input  i n  SPAHR s tandard  form. 
=2: input  i n  Keyf i tz  s tandard  form. 
=3: input  i n  Pres ton  s tandard  form. 

KEWIND Causes the  f i l e  re fe renced  by the  INPUT parameter t o  be rewound be fo re  
being read.  This  op t ion  is  ignored i f  t he  input  d a t a  are .  on the' com- 
mand f i l e .  

NOCOM . I f  mentioned, t e l l s  DATA t h a t  t he  coded input  f i l e  r e f e r r e d  t o  i n  t h e  
INPUT parameter con ta in s  comment records.  Useful f o r  a l l  formats ,  bu t  
v i t a l  f o r  FORMAT = 2. 

INCREM = Number of columns per page allowed f o r  cause-spec i f ic  t a b l e s  p r i n t e d  
i n  the DATA command. . 

CLEAR Spec i f i e s  t h a t  cause-of-death d e f i n i t i o n s  and o t h e r  information nor- 
mally r e t a i n e d  between d a t a  blocks w i l l  b e . c l e a r e d  out  ( i . e .  . s e t  t o  
zeros  or  b lanks)  before  the cu r r en t  d a t a  s e t  is processed. 



NOCLEAR S p e c i f i e s  t h a t ,  t he  c u r r e n t  d a t a  block is  not t o  be c l ea red  out  before  
new d a t a  is added as  a  r e s u l t  of the cu r r en t  c a l l .  This op t ion  has  
t h e  e f f e c t  of c a u s k g  S P ~ R  t o  a c t  a s  i f  t he  d a t a  i n  t h e  cu r r en t  da t a  
block had j u s t  been read i n  from a fixed-format f i l e .  The d a t a  t h a t  
a r e  subsequent ly  read i n  f r e e  format from the  command f i l e  a r e  used t o  
ove r r ide  s e l e c t i v e l y  only those i tems s p e c i f i e d .  When NOCLEAR i s  
s p e c i f i e d ,  d a t a  cannot be read i n  from an e x t e r n a l  d a t a  f i l e .  

NKOS = number of cause-of-death groups t o  be expected i n  'the d a t a  f i l e .  

Single-Valued Demographic Data Items 

Single-valued demographic d a t a  i tems may be en te red  i n  two p l aces :  
immediately fol lowing t h e  command name DATA, as  with a l l  o the r  SPAHR commands, 
o r  fol lowing the  a r r a y  name PARMS. 

Except fo r  DATE, t h e  i t e m s  i n  t h i s  group a r e  a l l  computed by DATA, from t h e  
a p p r o p r i a t e  age-spec i f ic  d a t a  a r r a y s .  . I f  en te red  redundant ly  he re ,  they w i l l  
be checked a g a i n s t  the  i n t e r n a l l y  computed va lues ,  and any d i sc r epanc i e s  w i l l  . 

be noted on t h e  log f i l e .  
. . 

DATE = da te  t o  be a s soc i a t ed  with the d a t a  being en te red .  ( ~ b f a u l t = 1 9 7 5 )  

TP = t o t a l  popula t ion  

TPM = t o t a l  male popula t ion .  

TPY = t o t a l  female p6pul8tfotk. 

TB = t o t a l  b i r t h s .  

TBM = t o t a l  male b i r t h s .  

TBF = t o t a l  female b i r t h s .  

TD = t o t a l  dea ths .  

TDM = t o t a l  dea ths  among males.  

TDF = t o t a l  dea ths  among females.  

4.3.2 Array Data 

D e f i n i t i o n  Arravs 

PARMS The s e t  of s ingle-valued demographic d a t a  items descr ibed  i n  the  previ-  
ous s ec t i on .  

NAME 60-character s t r i n g  de f in ing  the  name t o  be a s soc i a t ed  with t he  popula- 
t i o n .  This may inc lude  a  SPAHR v a r i a b l e  expansion a s  noted i n  t h e  
TITLE command. 



CAUSES. 8-cha'racter.cause-of-death names. No blanks o r ' o t h e r  de l imi t ing  char- 
ac te r s  may 'occur within the s t r i n g .  The . f i r s t  character  must be a 
l e t t e r  or  an underscore. Each name of'  1-8 characters  may be s e t  equal 
t o  a s t r i n g  of up t o  40 charac ters  enclosed i n  quotat ion marks which 

; w i l l  be used fo r  label ing  purposes on some t ab les  and graphs. Causes . 
may 'also be defined i n  t h i s  sec t ion  as sums of other  causes. I f  the  
cause thus defined is i n i t i a l i z e d  as par t  of the  DDC ar ray ,  it w i l l  be 
checked fo r  in te rna l  consistency. ~ e c a u s e '  the CAUSES array  is handled 
i n  an anomalous manner, three  examples are  presented here. 

1) Example of simple names: 

CAUSES TB FLU PULMONRY CARDIO $ 

2) Examp'le of simple names with expanded d e f i n i t i o n s :  

CAUSES TB = 'Pulmonary ~ u b e r c u l o s i s ' ,  
n u =  ' Influenza '  ,  pulmonary diseases ' , 
~Al?~IO='Cardiovascular  Disease' $ '. 

3)  Example of simple names with extended labels  defining qne .cause a s  
a supergroup of o ther  causes: !.. 

CAUSES TB='Pulmonary ~ u b e r c u l o s i s '  . 
F'LU = ' ~ n f l u e n z a '  
PULMONRY = 'Pulmonary ~ i s e a s e s '  = TB + FLU 
CARDIO = 'Cardiovascular Disease' $ 

. Age-specific Arrays - No Qua l i f i e r s  

SEXR proportion of b i r t h s  tha t  a r e  female by age of mother. 
BIRTHT number of b i r t h s  by age of mother. 
BIRTHR age-specific b i r t h  r a t e s  by age of mother. 

Age- and Sex-specific Arrays 
Primary Q u a l i f i e r s  MALE and FEMALE 

. POP 
DEATHS 
BIRTHS 
DEATHR 
PPCT 
PPST 
FFX 
SX 
VL 

VLL 
VMX 

QX 

population by age and sex. 
number of deaths by* age and sex. 
number of b i r t h s  by age of mother and sex of ch i ld .  
age-.specif i c  death r a t e s  by sex. 
proport ional  population age d i s t r i b u t i o n .  
s t a b l e  age d i s t r ibu t ion .  
top row o f ' L e s l i e  projec t ion  matrix. 

(, . 
survival  terms of Lesl ie  project ion.  matrix. 
l i f e  t ab le  survivors from b i r t h  t o  age x (small Ax column of the l i f e  
t a b l e ) .  
l i f e  t ah l e  nLx column s ta t ionary  age di.s tr ibution.  
l i f e  t ab le  c e n t r a l  death r a t e s .  ' 

agd-specific p r o b a b i l i t i e s  of death. 



Age-, Sex-, and Cause-Specific Arrays 
Primary Q u a l i f i e r 8  a r e  C R I I S P  Names 

Secondary Q u a l i f i e r s  MALE and FEMALE 

These a r r a y s  occupy the  same space i n . i n t e r n a 1  s t o r i g e .  Consequently, 
on ly  one may be s p e c i f i e d  i n  any DATA command. The cause names used a s  t he  
secondary q u a l i f i e r s  may be def ined  i n  two ways. They may be s e t  us ing  t h e  
CAUSES a r r ay  ( see  above), o r ,  i f  t h i s  is t h e  f i r s t  mention of causes of death : 

i n  t h e  SPAHR job o r  t he  CLEAR opt ion  has been s p e c i f i e d ,  the  cause names speci-  
f i e d  w i l l  be used t o  d e f i n e  t h e  cu r r en t  cause names. I n  ve r s ion  4.1,  no more 
than 36 causes of death may be def ined.  

DRC age-spec i f ic  death r a t e s  by s e x  and cause. of dea th .  
DDC deaths  by age, sex, and cause. 

4 .3 .3  SPAHR Data F i l e s  

The p r i n c i p l e s  o u t l i n e d  i n  Chapter 4 may be i l l u s t r a t e d  by cons ider ing  
some examples of SPAHR d a t a  f i , l e s .  Y 

4.3.3.1 Free-format Data F i l e s :  ' The Minimum Data Se t  

SPAHR free-format d a t a .  f i l e s  c o n s i s t  of information w r i t t e n  i n  a computer 
d a t a s e t  i n  d e s c r i p t i v e  form. The minimum number of d a t a  items t h a t  must be ' 

supp l i ed  before  SPAHR jobs w i l l  run a re :  

1) The da t e  (year )  a s soc i a t ed  wi th  the populat ion.  . 

2 )  The name a s s o c i a t e d  with t h e  populat ion.  
3)  The rruiuber of people in each age group of the'  populat ion by sex. The only 

age groups recognized fo r  t h e  presen t  ve r s ion  a r e  0-1, 1-4, 5-9, 10-14, . . . 
85+, f o r  a t o t a l  of 19 age groups. 

4 )  , The number of male and f eqa l e  deaths  i n  each age grobp. 

5 )  The number of m a l e  and female b i r t h s  by age of mother i n  each age group. 

The number of dea ths  and b i r t h s  may be rep laced  by age-apecif ic  r a t e s ,  
de f ined  as  t h e  r a t i o  of t h e  number of dea ths  (or  b i r t h s )  i n  an age group t o  t h e  
number of people a t  r i s k  i n  t h e  same age group. I n  t h e  case  of b i r t h  r a t e s  t h e  
pereons a t  r i s k  f o r  both sexes of c h i l d r e n  a r e  females,  and thus  t he  minimum 
accep tab l e  d a t a  s e t  would look l i k e  ,Example Data Set  1. 



This d a t a  s e t  c o n s i s t s ,  f o r  the  most p a r t ,  of d a t a  items t h a t  begin wi th  

C 

Example Data Se t  1 
J 

PARMS DATE'1970 $ 
NAME UNITED STATES (WHITE) 1.970 $ 
POP MALE 1501250 5873083 8633093 9033725 8291270' 6940820 

5849792 4925069 4784375 5194497 5257619 4832555 4310921 3647243 
2807974 2107552 1437628 805564 486957 $$ 

FEMALE 1433839 5614968 8264333 8647392 8079090 7341007 
5962122 5042368 4936494 5412335 5587023 5169302 4695581 4157467' 
3491080 2874531 2114943 1314258 889855 $. 
DEATHS MALE 31725 4910 4099 4382 12200 13812 9897 9130 12459 21819 
35992 53092 76502 98781 113614 122829 124979 101556 90339 320 $$ 

FEMALE 23151 3714 2646 2410 4672 4826 4360 48.99 7447 12557 
20873 28920 39009 50841 67187 90091 113145 116567 142201 143 ,$ 

. ' BIRTHR 3W 0.0011 0.0674 0.1506 0.1348 0.0676 0.0287 0.0071 0.0004 ; 

one or  more keywords and, end with a d e l i m i t e r .  Del imi te rs  a r e  d i scussed  f u l l y  
i n  Sec t ion  2.4, while keywords a r e  descr ibed  i n  Sec t ion  4.3.2. 

4 

b 

A review of Example Data Set  1 fol lows.  The f i r s t  keyword encountered,  
PARMS, t e l l s  t he  DATA command t h a t  s ing le -va lued 'da ta  items follow. . In  t h i s  
case,  the  parameter DATE is  assigned the  va lue  1970, and a l l  c a l c u l a t i o n s  u s ing  
t h e  da ta  f o r  t h i s  populat ion w i l l  a s s o c i a t e  t.he d a t e  1970 with i t .  The $.de-  
l i m i t e r  t e l l s  SPAHR t h a t  no more s ingle-valued da ta  i tems a r e  t o  be read i n  and 
t o  search  f o r  another  keyword. 

The next keyword, NAME, i n d i c a t e s  t h a t  t he  fol lowing i tem is t h e  name 
a s soc i a t ed  with t h i s  populat ion.  SPAHR w i l l  p lace  every th ing  between the  next 
nonblank c h a r a c t e r  and the  f i r s t  d e l i m i t e r  ($$, $, o r  ;) i n t o  the  c h a r a c t e r  , 

s t r i n g  t h a t  is  p r in t ed  out  a t  the'  head of most t a b l e s  generated i r i  .subsequent 
s t e p s .  I n  t h i s  case, a d o l l a r  s i g n  is used t o  te rmina te  t he  name s t r i n g  and 
t e l l  SPAHR t o  search  f o r  another  keyword. 

The numbers of males i n  each age group of t he  populat ion i n  our example 
a r e  preceded by the  keywords POP ( i n d i c a t i n g  popula t ion)  and MALE ( i n d i c a t i n g  
t h a t  the  numbers r e f e r  t o  men r a t h e r  than women). These two keywords (which 
must appear i n  t h i s  o rde r )  a r e  followed by t h e  number of males i n  t h e  0-1 age 
group (1,501,250, according t o  t he  1970 census) ,  then by the  number of males i n  
t h e  1-4 age group (5,873,0831, and s o  on t o  t h e  19th number (486,957 men over 
t h e  age of 85) .  This f i n a l  number is  followed by a $$, i n d i c a t i n g  t h a t  a l though 
no more numbers a r e  i n  t h i s  subse t  of t h e  POP a r r ay ,  more d a t a  w i l l  follow. The 
keyword FEMALE, which follows immediately a f t e r  the  $$, informs SPAHR t h a t  t h e  
numbers t o  fol low r e f e r  t o  fernelen, and a ince  t h e  numbers fol low a $$ they a r e  
a l s o  pa r t  of t h e  POP a r r ay .  The d a t a  f o r  females, however, a r e  terminaced by a 
d o l l a r  s i gn ,  i n d i c a t i n g  t h a t  no more d a t a  a r e  i n  t h i s  p a r t i c u l a r  a r r ay .  The 



next  keyword is DEATHS. The a r r a y  t h a t  follows is' en te red  exac t ly  as  is t h e  
POP a r r a y ,  except  f o r  -the 20th number i n  each s e c t i o n ,  which r ep re sen t s  t h e  
age unknown group . (explained '  i n  t h e  d i s cus s ion  of ,Example Data Set  2  below). 

Following the  DEATHS da ta  comes t h e  BIRTHR keyword, which r e f e r s  t o  r a t e s  
r a t h e r  than t o  a c t u a l  b i r t h s .  This  p a r t i c u l a r  keyword does not r equ i r e  t h a t  
MALE and FEMALE q u a l i f i e r s  be used. It is  s a f e  t o  assume t h a t  male b i r t h s  w i l l  
be a  l i t t l e  more than  h a l f  of t h e  t o t a l ,  whi le  female b i r t h s  w i l l  number a  
l i t t l e  l e s s  than h a l f .  SPAHR w i l l  combine the  b i r t h  r a t e s  f o r  both sexes and 
d i v i d e  them accord ingly .  The BIRTHR a r r a y  is . terminated by a  semicolon, which 
s i g n a l s  SPAHR t h a t  no more d a t a  a r e  i n  t h i s  set. 

4 . 3 . 3 . 2  F ree  Format: A Larger  Data S e t  

The DATA command has  a  number of d a t a  manipulat ion enhancements t h a t  make 
data e n t r y  e a s i e r .  I n c o n s i s t e n c i e s  i n  d a t a  may be discovered,  and d a t a  i n  age 

'groups t h a t  do not f i t  i n t o  t h e  SPAHR format may be en te red  without . 
modif ica t ion .  

To ta l s  f o r  t h e  populat ion,  dea ths ,  and b i r t h s  may be en te red  independent ly  
of t h e  POP, DEATHS, and ,BIRTHS a r r a y s  us ing  PAWS opt ions  TP, TD, and TB, re- 
spec t ive ly .  T o t a l s  s p e c i f i c  t o  each sex may be en te red  by appending an M o r  an 
F t o  t he se  keywords (e.g. TDM r e f e r s  t o  t h e  T o t a l  Deaths fo r  ~ a l e s ) .  The t o t a l s  
thus en t e r ed  a r e  checked aga ins t  t h e  t o t a l s  c a l c u l a t e d  from t h e  age-spec i f ic  
a r r a y s ,  and i f  a  discrepancy i s  found, an in format ive  message i s  p r i n t e d  out .  

The age groups i n  t h e  d a t a  source may not match those def ined  by SPAHR (0- 
1, 1-4, and 5-year age groups through 85+). Nat iona l  Center f o r  Heal th  S t a t i s -  
t i c s  (NCHS) da ta ,  ' f o r  example, a r e  o f t e n  given i n  a  s e r i e s  of age groups termi- 
n a t i n g  i n  t h e  100+ age group. Occas iona l ly  o f f i c i a l  s t a t i s t i c s  a r e  a s soc i a t ed  
wi th  no known age. Such s i t u a t i o n s  a r e  met by SPAHR i n  t he  fol lowing way: , 

1) Age groups from t h e  19th through t h e  next- to- las t  are added i n t o  t he  85+ 
age group. 

2) I f  more than 19 age groups a r e  en t e r ed ,  t he  l a s t  is assumed t o  be the  - age 
unknown category.  The members of t h i s  ca tegory  a r e  d i s t r i b u t e d  among t h e  known 
age groups i n  p ropor t i on  t o  t h e i r  s i z e .  ' Thus the  d i s t r i b u t i o n  by age i s  pre- 
s e rved  exac t ly .  However, f r a c t i o n a l  dea ths ,  b i r t h s ,  and people may occur i n  
t h e  d a t a  s e t  when t h e  DATA r o u t i n e s  a r e  f i n i shed .  

These two f e a t u r e s  a r e  i l l u s t r a t e d  in.Example Data Set 2, which i s  i d e n t i -  
c a l  t o  Example Data Set  1 except f o r  t h e  a d d i t i o n  of some t o t a l s  i n  t h e  PARMS . 

f i e l d  and t h e  i n c l u s i o n  o f . d a t a  f o r  'deaths  from the  cancer  types t r e a t e d . i n  t he  
Reactor  Sa fe ty  Study (USNRC, 1976) and t aken  from t h e . V i t a 1  S t a t i s t i c s  of t h e  
United S t a t e s  f o r  1970. 



b 

Example Data Set 2 

PARMS DATE=1970 TP=177748704 $ TDM=739659 TDF=942437 $ 
NAME UNITED STATES (WHITE) 1970 $ 
POP MALE 1501250 5873083 8633093 9033725 8291270 6940820 

5849792 4925069 4784375 5194497 5257619 4832555 4310921 3647243 
2807974 2107552 1437628 805564 486957 $$ 

FEMALE 1433839 5614968 8264333 8647392 8079090 7341007 
5962122 5042368 4936494 5412335 5587023 5169302 4695581 4157467 
3491080 2874531 2114943 1314258 889855 $ 

DEATHS MALE 31725 4910 4099 4382 12200 13812 9897 9130 12459 21819 
35992 53092 76502 98781 113614 122829 124979 101556 90339 320 $$ 

FEMALE 23151 3714 2646 2410 4672 4826 4360 4899 7447 12557 
20873 28920 39009 50841 67187 90091 113145 116567 142201 143 $ 

BIRTHR 3*0 0.0011 0.0674 0.1506 0.1348 0.0676 0.0287 0.0071 0.0004$ 
CAUSES LEUKEMIA LUNG STOMACH ALIMENRY PANCREAS BREAST BONE THYROID 

OTHER CANCER ='CANCER1= LEUKEMIA + LUNG + STOMACH + 
ALIMENRY + PANCREAS + BREAST + BONE + THYROID + OTHER $ 

DDC LEUKEMIA MALE 25 247 344 229 211 155 120 117 153 182 298 368 
535 695 829 941 928 659 318 89 10 1 0 $$ 

FEMALE 36 195 283 163 153 117 82 95 127 166 224 300 369 432 
550 687 761 649 348 109 21 2 0 $$ 

LUNG FEMALE 1 2 3 2 3 5 13 47 187 410 885 1358 1645 1648 1477 
1256 1093 711 335 95 18 2 1$$ 

MALE 3 2 0 2 7 15 31 100 349 1119 2314 4073 6556 8312 8616 
7359 5136 2417 775 173 20 4 5 $$ 

STOMACH FEMALE 0 0 0 0 0 4 5 15 47 83 167 232 375 484 668 823 
985 863 504 145 25 5 0 $$ 

MALE 0 0 0 0 3 4 14 24 72 142 266 461 758 1027 1247 1337 
1292 978 450 133 21 0 0 $$ 

ALIMENRY FEMALE 7 7 6 6 11 22 40 84 158 372 831 1477 2228 2847 
3714 4379 4607 3728 2080 706 129 11 3 $$ 
MALE 7 18 3 2 27 32 51 80 164 403 859 1606 2762 3762 4209 

4431 4167 2908 1433 383 58 6 2 $$ 
PANCREAS MALE 0 1 0 0 1 5 8 7 36 106 218 398 571 820 999 1120 

1193 831 504 138 22 1 1 $$ 
FEMALE 0 0 0 0 1 3 5 27 78 153 349 657 1014 1314 1506 1430 

1292 770 350 83 12 0 1 $$ 
BREAST FEMALE 0 0 0 0 0 12 92 311 680 1408 2525 3181 3657 3360 

3220 2884 2626 1819 997 354 81 9 0 $$ 
MALE 6*0 1 1 1 4 12 24 22 25 39 28 36 24 10 2 2 1 0 $$ 

BONE FEMALE 2 6 18 54 57 18 21 5 16 18 25 37 65 59 73 79 73 63 
35 18 0 0 93 

MALE 0 1 14 54 121 54 15 15 14 19 39 54 70 88 106 90 85 68 28 11 
0 0 0 $ $  

THYROID FEMALE 0 0 1 0  3 3 2 4 8 7 18 22 44 74 76 125 117 84 44 
16 1 0 0 $$ 
MALE 3*0 1 1 3 6 5 6 12 14 29 42 40 51 44 40 32 10 2 3*0$$ 

OTHER FEMALE 31 178 193 191 246 302 426 393 940 1695 3075 4100 
4686 6046 6526 6654 6230 4491 2332 786 7 14 9 $$ 

M-ALE 30 '237 767 738 171 601 557 572 771 1358 2312 3621 5374 
1241 8088 8651 8492 3802 1369 188 55 3 1 ; 



A s  i n  Example Data Set 1 ,  t h e  f i r s t  keyword is  PARMS. DATE is once more 
s e t  t o  1970. In a d d i t i o n ,  we now spec i fy  t h a t  the t o t a l  populat ion (TP) should 
be checked a g a i n s t  177,748,704; t h a t  t he  t o t a l  male dea ths  should number 
739,659; and t h a t  t he  t o t a l  female dea ths  should be 942,437. SPAHR w i l l  check 
t h e  t o t a l s  i n  t he  POP and DEATHS a r r a y s  aga ins t  these  numbers and n o t i f y  us i f  
they do not correspond. The r e s t  of t h i s  example is i d e n t i c a l  up through the  
BIRTHR a r r ay ,  which is now terminated by a  $. This s i g n a l s  SPAHR t h a t  another  
a r r a y  is  t o  be a n t i c i p a t e d ,  and the  keyword CAUSES appears on the  fol lowing 
l i n e .  This i s  an a r r a y  of cause names t h a t  t e l l s  SPAHR which causes  of death 
a r e  t o  be en t e r ed ,  and t o  de f ine  r e l a t i o n s h i p s  between some of the causes .  I n  
p a r t i c u l a r ,  it d e f i n e s  a  cause named 'CANCER' a s  the sum of a l l  of t he  r e s t  of 
the def ined causes .  This a r r ay  is  l ikewise  terminated with a .  d o l l a r  s i gn ,  t o  
i n d i c a t e  t h a t  more d a t a  follow. 

The keyword DDC is next .  This mnemonic r ep re sen t s  Deaths by Cause. The 
next  keyword i s  a  p a r t i c u l a r  cause of dea th ,  i n  t h i s  case  LEUKEMIA. The addi- 
t i o n a l  keyword MALE t h a t  follows is a  secondary q u a l i f i e r  denot ing t h e  sex  of 
t h o s e  among whom the  leukemia dea ths  a r e  occur r ing .  Following immediately i s  
the  number 25, the  number of male i n f a n t s  l e s s  than 1 year of age who died of 
leukemia dur ing  1970. The 19th number i s  318. However, t h a t  is  not t h e  l a s t  
number i n  t he  s e t ,  because our NCHS t a b l e s  have def ined more age groups. The 
318, t h e r e f o r e ,  is  not  t h e  number of dea ths  i n  t he  85+ age ca tegory ,  but  i s  
i n s t e a d  the number i n  the  85-89 category.  The 89 t h a t  follows is  the  number 
i n  t h e  90-94 age group t h a t  d i ed ;  10 men between the  a g e s  of 95 and 99 d ied  
of leukemia, and 1 person over 100 years  of age died of leukemia. The 0 t h a t  
fo l lows  is  necessary  t o  t e l l  SPAHR t h a t  no one i n  t h e  age unknown ca tegory  died - 
of leukemia. Otherwise,  t h e  1 would be assumed t o  be a  person of unknown age, 
and t h e  10 people would be assumed t o  be i n  t h e  95+ age category.  A $$ del imi-  
t e r  fol lows,  and SpMR c a l c u l a t e s  t he  85+ age. grnilp as 418 = 918 + 89 + 10 + 1. 
A f t e r  t h e  $$ is t h e  keyword FEMALE. The next segment a l s o  ends with a  $$, 
i n d i c a t i n g  t h a t  more d a t a  follows i n  t he  cu r r en t  a r r ay .  

I f  the next keyword en te red  was e i t h e r  MALE o r '  FEMALE, then the d a t a  f o r  
t h a t  sex would be en t e r ed  again.  The use r  would do t h i s  i f  he was running 
SPAHR i n t e r a c t i v e l y  and had made an e r r o r  i n  the  p+ev'i.niii f e w  lines, Ho~evet, 
because the d a t a  f o r  leukemia en t e r ed  t o  t h i s  po in t  a r e  c o r r e c t ,  we have en- 
t e r e d  i n s t ead  a  keyword g iv ing  the  name of the next cause of dea th  ( L ~ J N G ) .  
When SPAHR sees t h a t  t he  keyword LUNG is not a secondary i t  s t e p s  up 
a  l e v e l  and assumes t h a t  it is  a  primary q u a l i f i e r .  

The keyword LUNG is  followed by FEMALE ins t ead  of MALE, un l ike  a l l  previ-  
ous a r r a y s  i n  which the  d a t a  f o r  males were en te red  f i r s t .  Within any l e v e l ,  
the  o rde r  i n  which a r r a y  segments a r e  en t e r ed  may be a l t e r e d .  

In  t h i s  example the cause names were def ined i n  the course of e n t e r i n g  t h e  
DDC'array. Cause names def ined  i n  t h i s  way a r e  f ixed  i n  t h e  i n t e r n a l  d a t a  
b locks  fo r  the  r e s t  of t he  SPAHR run ,  so  t h a t  when subsequent d a t a  . f i l e s  a r e  



read i n ,  the names of t he  causes  must be t he  same a s  those def ined i n  the  f i r s t  
f i l e .  The order  i n  which the  cause groups a r e  en te red  i n  t h e  l a t e r  f i l e s  does 
not ma t t e r .  

To de f ine  the causes i n  a  d i f f e r e n t  o rder  than they a r e  en te red  i n  Example 
Data Set 2, which is  necessary i n  some of t h e  m o r t a l i t y  adjustment r o u t i n e s  %n 
the  PROJECT command, or  t o  a s s o c i a t e  names of more than 8 c h a r a c t e r s  with t h e  
causes  of death when c e r t a i n  tab, les  a r e  p r i n t e d  i n  o t h e r  s t e p s ,  t he  CAUSE a r r ay  
must be used. The CAUSE a r r a y  was descr ibed  i n  d e t a i l  i n  Chapter 4.3.2.  

4.3.3.3 Fixed-format ~ a t a  F i l e s  

The DATA command permits.  the  use of fixed-format as  wel l  a s  free-format 
d a t a  through the  INPUT and FORMAT opt ions .  

Three s tandard formats a r e ,  p r e sen t ly  a v a i l a b l e  fo r  SPAHR d a t a  f i l e s .  The 
f i r s t  is the  SPAHR s tandard ,  a  f l e x i b l e  format designed t o  s t b r e  va r ious  t ypes  
of raw demographic da t a .  However, s e v e r a l  o the r  s tandard ized  formats f o r  demo- 
graphic  d a t a  a r e  a l ready  i n  wide use,  and two of them a r e  incorpora ted  i n  SPAHR 
t o  minimize the e f f o r t  involved i n  i n i t i a l  use. Therefore ,  the second SPAHR 
'format is der ived from t h e  s tandard  employed by Keyf i tz  i n  h i s  s e t  of po r t ab l e  
programs fo r  populat ion a n a l y s i s  i ~ e ~ f i t z  and F l i e g e r ,  1971). The t h i r d  SPAHR 
format is t h a t  employed by Pres ton ,  Keyf i tz ,  and ~ c h b e n  i n  t h e  o r i g i n a l  d a t a  
base fo r  t h e i r  Causes. of Death  s tudy (1972). The programs used i n  t h e i r  
s tudy were never organized f o r  publ ic  d i s t r i b u t i o n .  However, the d a t a  base ,  f o r  
t h e i r  s tudy implemented a  format t h a t ,  has been widely used.' 

Comments may be i n s e r t e d  i n  d a t a  decks immediately a f t e r  the l a s t  card i n  
t h e  set and before  the  NAME card f o r  t h e  next s e t .  Comment cards  a r e  denoted 
by a  s t a r  (*) i n  column 1. The l a s t  comment card i n  the group is denoted by 
s t a r s  i n  columns 1 and 2. I f  t he  d a t a  deck does-  not con ta in  comment ca rds ,  t he  
NOCOM parameter must be coded i n  t he  DATA.command. I n  the  Keyf'itz s tandard  
format ,  the  Keyf i tz  comment convention may a l s o  be employed, but is not 
recommended. 

When the  NAME f i e l d  is en te red  using one of the  s tandard  formats , .  excess  
b lanks  i n  t he  f i e l d  a r e  e l imina ted .  I n  a d d i t i o n ,  i f  an ampersand ( 6 )  i s  en- 
t e r ed  i n  the  NAME f i e l d  with a  prev idus ly  def ined SPAHR v a r i a b l e  name, t h i s  
& name segment w i l l  be rep laced  by the  va lue  of t he  v a r i a b l e  as  descr ibed  f o r  
t h e  TITLE command (Chapter .4.13). This  happens only i n  t h e  case  of f ixed-  
format input .  . I n  free-format NAME s t r i n g s ,  t he  & name segment w i l l  be read  
through i n t a c t ,  with v a r i a b l e  s u b s t i t u t i o n  delayed u n t i l  t h e  NAME is  p r i n t e d  o r  
punched out .  

In  the fixed-format as  wel l  a s  t he  free-format d a t a ,  the  t o t a l s  of t h e  
age-speci.fi.c d a t a  (e.g. popul.at ion, dea ths ,  and b i r t h s )  are used only f o r  
cross-checking the v a l i d i t y  of the da t a .  I f  the  spaces  f o r  the  t o t a l s  a r e  l e f t  
blank,  they w i l l  be c a l c u l a t e d  from t h e  age-specif i c  da t a .  



4.3.3.4 The SPAHR Standard 

Card Columns 

15 11 

16-17 11 

18-19 11 

(Succeeding blocks 

Data Item 

NAME. 
DATE. 
To ta l  Populat ion (TP) . 
~ o t a l '  Births (TB). 
Tota l  Deaths (TD). 
I D 1  (For U.S. Data t h i s  is the  FIPS S t a t e  code).  
ID2 (FIPS County code).  
Number of years  covered i n  b i r t h  da t a .  
Number of years  covered i n  death d a t a .  
Number of causes of death (NKOS). Maximum is 28, 
d e f a u l t  is 0. 
Tota l  female populat ion (TPE). 
Tota l  female b i r t h s  (TBF). 
To ta l  female dea ths  (TDF). . . 

Tota l  male populat ion (TFM). 
To ta l  male b i r t h s  (TBM). 
Tota l  male dea ths  (TDM). 
Female populat ion by age. . 
Male populat ion by age. 

.Female b i r t h s  by age of mother, s t a r t i n g  with 
age gr.oup 10-14, erldiug with 4549. 
The ninth field is the age of mother not  known 
ca tegory .  
Male b i r t h s  by age of mother, as  above. 
Female deatkls Ly age. 

Male dea ths  by age. . . 
T o t a l  female dea ths  fo r  each of t he  causes  l i s t e d  
(may cover more than one ca rd ) .  
To ta l  male. dea ths ,  f o r  each cause. 
Female dea ths  by age f o r  f i r s t  cause.  
Male dea ths  by age f o r  f i r s t  cause. 

of four ca rds  f o r  each cause . )  

Cards 14 and beyond a r e  omit ted i f  NKOS is  0. 

Example Data Set 3 shows the  d a t a  from Example Data Set 2 as  i t .  would 
appear  i n  t h e  SPAHR s tandard  format.  



I 

Example Data Set 3 
UNITED STATES (WHITE) 1970 
1970 177748704 2986491 1682096 

1 1 10 91027840 1459199 739659 86720864 1527290 942437 
1433839 5614968 8264333 8647392 8079090 7341007 5962122 5042368 4936494 5412335 
5587023 5169302 4695581 4157467 3491080 2874531 2114943 1314258 889855 0 
1501250 5873083 8633093 9033725 8291270 6940820 5849792 4925069 4784375 5194497 
5257619 4832555 4310921 3647243 2807974 2107552 1437628 805564 486957 0 

4648 266058 540174 392685 166546 69224 18776 1092 0 
4865 278473 565381 411009 174318 72454 19652 1143 0 
23151 3714 2646 2410 4672 4826 4360 4899 7447 12557 
20873 28920 39009 50841 67187 90091 113145 116567 142201 143 
31725 4910 4099 4382 12200 13812 9897 9130 12459 21819 
35992 53092 76502 98781 113614 122829 124979 101556 90339 320 
5869 11197 5430 27453 9045 27216 742 649 49550 137151 
7454 47388 8229 27373 7040 232 946 338 54281 153281 
36 195 283 163 153 11 7 82 9 5 127 166 
224 300 369 432 550 68 7 761 649 480 0 
25 247 344 229 211 155 120 117 153 182 
298 368 535 69 5 829 94 1 928 659 418 0 
1 2 3 2 3 5 13 4 7 187 410 

885 1358 1645 1648 1477 1256 1093 711 450 1 
3 2 0 2 7 15 3 1 100 349 1119 

2314 4073 6556 8312 8616 7359 5136 2417 972 5 
0 0 0 0 0 4 5 15 4 7 8 3 

167 232 . 375 484 668 823 985 863 679 0 
0 0 0 0 3 4 14 24 72 142 

266 46 1 758 1027 1247 1337 1292 9 78 604 0 
7 7 6 6 11 22 40 84 158 372 

831 1477 2228 2847 3714 4379 4607 3728 2926 3 
7 18 3 2 27 3 2 5 1 80 164 40 3 

859 1606 2762 3762 4209 4431 4167 2908 1880 2 
0 0 0 0 1 3 5 27 78 153 

349 657 1014 1314 1506 1430 1292 770 445 1 
0 1 0 0 1 5 8 7 3 6 106 

218 398 571 820 999 1120 1193 891 665 1 
0 0 0 0 0 12 92 311 680 1408 

2525 3181 3657 3360 3220 2884 2626 1819 1441 0 
0 0 0 0 0 0 1 1 1. 4 
12 24 2 2 2 5 39 28 36 24 15 0 
2 6 18 54 5 7 18 2 1 5 16 -1 8 
2 5 3 7 65 59 7 3 79 7 3 6 3 53 0 
0 1 14 54 121 54 15 15 14 19 
39 54 7 0 88 106 9 0 8 5 68 39 0 
0 0 1 0 3 3 .2 4 8 7 
18 2 2 44 74 76 125 117 84 6 1 0 
0 0 0 1 1 3 6 5 G 12 
14 29 4 2 40 5 1 44 40 3 2 12 0 
3 1 178 193 191 246 302 426 392 940 1695 

3075 4100 4686 6046 6526 6654 6230 4491 3139 9 
30 233 347 238 371 60 1 557 572 771 1358 

2312 3621 5374 7241 8088 8657 8492 3802 1615 1 
77 388 504 416 474 486 686 980 2241 4312 

8099 11364 14083 16264 17810 18317 17784 13178 9674 14 
65 502 7 08 526 742 8 69 803 921 1566 3345 

6332 10634 16690 72010 24184 24007 21369 11779 G220 9 



4.3.3.5 The Keyf i t z  Standard 

Data Item 
Card Columns (Free-Format ~ a m e )  . . . . 

1 1-72 Name a s soc i a t ed  with populat ion (NAME). 
2 1-4 Year a s soc i a t ed  with populat ion (DATE). 
2 10-18 Tota l  populat ion (TP) .  
2 19-27 To ta l  Deaths (TI)). 
2 28-36 Tota l  b i r t h s  (TB). 
2 37-45 Male b i r t h s  (TBM). 
2 46-54 . Female b i r t h s  (TBF) . 
3 63 Nvmber  05 years eovarcd i n  h i r e h  rind 

death data. (Di fc iu l~u  Lu 1 year'.) 
3-4 ( 1 0 ~ 8 . 0 )  Male popula t ion  by age (19 age groups).  
5-6 ( 1 0 ~ 8 . 0 )  Female populat ion by age. 
7-8 ( 1 0 ~ 8 . 0 )  B i r t h s  by age of mother (BIRTHTI. 
9-10 ( 1 0 ~ 8 . 0 )  Male dea ths  by age. 

11-12 ( 1 0 ~ 8 . 0 )  Female dea ths  by age. 

Example Data Set 4 shows the  minimum d a t a  s e t  of Example Data Set 1 as  i t  
would appear i n  the  Keyf i tz  s tandard  format:  

2 

Example Data Set 4 

UNITED STATES (WHITE) 1970 
1970 . 177748704 1682096 2986491 1527290 1459199 

1433839 5614968 8264333 8647392 8079090 7341007 5962122 5042368 4936494 5412335 
5587023 5169302 4695581 4157467 3491080 2874531 2114943 1314258 889855 0 
1501250 5873083 8633093 9033725 8291270 6940820 5849792 4925069 4784375 5194497 
5257619 4832555 4310921 3647243 2807974 2107552 1437628 805564 486957 0 

0 0 0 951 7 566531 1105555 88369'1 340864 141678 30420 
2235 0 0 0 0 0 0 0 0 0 

23155 . 3715 2647 2410 4673 4827 4361 49UU 7448 12559 
20877 28926 39017 50851 67200 90108 113167 116590 142228 0 
31736 4912 ' 4100 4383 12204 13817 9900 9133 12463 21826 
36004 53110 76528 98815 113653 122871 125021 101590 90370 0 

** 

4.3.3.6 The P re s ton  Standard 

The fol lowing d a t a  s e t  appears  twice ,  the  f i r s t  t.ime fo r  males and t h e  
second f o r  females. 



Card Columns Data Item 

1 1-32 Country name. . 
1 33-39 Sex name (MALE o r  FEMALE). 
1 40-44 Year a s soc i a t ed  with populat ion.  
1  45 Sex code (M or  F) . 
1 48-58 To ta l  populat ion f o r  t h i s  sex.' 
1 68-77 To ta l  deaths  f o r  t h i s  sex. 

2-3 ( 1 0 ~ 8 . 0 )  ' Populat ion by age. 
4-5 (2x,F6.0, To ta l  deaths  by age. 

9 ~ 8 . 0 )  
6-7 I I  Deaths from pulmonary t u b e r c u l o s i s  by age. 

8-9 11 Other i n f e c t i o u s  and p a r a s i t i c  d i s e a s e s .  

10-1 1 11 Neoplasms,,both benign and malignant.  . 

12-13 8 8 Cardiovascular  d i s ea se s .  
14-15 11 . I n f l u e n z a ,  pneumonia, & bronch i t i s ;  

16-17 11 Diarrhea,  e n t e r i t i s ,  and g a s t r i t i s .  

18-19 ' " C e r t a i n  degenera t ive  d i s ea se s .  
20-21' . " Maternal mor t a l i t y .  
22-23 I I C e r t a i n  d i s ea se s  of infancy.  
24-25. 11 ~ o ' t o r  ' veh i c l e  acc iden t s .  

26-27 I1 Other  acc iden t s  and v io lence .  
28-29 11 A l l  o the r  causes & unknown. 

. 30 (2x,12F6.0) To ta l  deaths  f o r  each cause. 

4.3.4 Reading Data F i l e s  wi th  t h e  DATA Commanda 

This s e c t i o n  w i l l  d e sc r ibe  the  method f o r  p l ac ing  the  da t a  from t h e  above 
f i l e s  i n  t h e  SPAHR cu r r en t  d a t a  block. For t h e  purpose o f .  t h i s  di .scussion, 
it is assumed t h a t  Example Data Set  1 has been a l l o c a t e d  t o  f i l e  u n i t  11, Se t  2  
t o  f i l e  u n i t  12, Set  3 t o  13, and Set 4  t o  4 ( t h e  d e f a u l t  u n i t ) .  , 

Example Data S e t s  1 and 2 may both be read t h e  same way, by coding t h e  
word DATA and s e t t i n g  t h e  parameter INPUT t o  11 o r  12: 

DATA INPUT=12 ; 

To see  an exact  copy of t he  d a t a  f i l e  p r i n t e d  out on t he  log f i l e ,  use . t he  ECHO 
op t ion  . i n  t h e  DATA command: 

DATA ECHO INPUT=11 ; 

To see  t he  input  da t a  organized. i n  a  - t a b l e ,  spec i fy  t h e  PRl op t ion ;  ' t o  s e e  t h e  
d a t a  a f t e r  t h e  - age unknown category has been r e d i s t r i b u t e d ,  spec i fy  t h e  PR2 
opt ion.  Any combination of these  op t ions  may be s p e c i f i e d .  For example: 

DATA ECHO PRl PR2 INPUT-11 ; 



The fixed-format d a t a  f i l e s  (Example Data S e t s  3 and 4)  a r e  read i n  ex- 
a c t l y  the  same way, except  t h a t  an a d d i t i o n a l  parameter (FORMAT) must be spec i -  
f i e d  t o  t e l l  SPAHR which of t h e  s p e c i a l  formats (Chapter 4.3.1) i s  t o  be used. 
To read the SPAHR s tandard  format ,  FORMAT should be s e t  t o  1: 

DATA INPUT=13 FORMAT=l PR1 ; 

To read .a Keyf i t z  s t anda rd  f i l e ,  FORMAT should be s e t  t o  2. 

The ECHO parameter does not  work f o r  d a t a  t h a t  have been read i n  from a 
f ixed-format f i l e  ; however, such d a t a  may be modified by using free-forinat d a t a  
input  i n  the command f i l e  a s  p a r t  of t he  DATA command. For example, t o  read i n  
t he  d a t a  from the  Keyf i t p  seandard inpllr d ~ r k  *-ile changing t hc  namc af the 
popula t ion ,  e n t e r :  

DATA FORMA'l'=2 PR2 $$ NAME United S t a t e s  of America (White popula t ion)  1970 ; 

Because the INPUT parameter i s  no t  s p e c i f i e d ,  the  d e f a u l t  (INPUT=4) i s  
assumed. 

F i n a l l y ,  the '  input  d a t a  can be en te red  simply a s  p a r t  of t h e  DATA command, 
without  r e f e r ence  t o  e x t e r n a l  f i l e s :  

DATA PR 1 $$ PARMS DATE=1970 $ NAME UNITED STATES (WHITE) 1970 $ POP MALE 
1501250 

5873083 8633093 9033725 8291270 6940820 
5849792 4925069 4784375 5194497 5257619 4832555 4310921 364724.3' 
2807974 2107552 1437628 805564' 486957 $$ 

FEMALE 1433839 3614368 8264333 8647392 8079090 7341007 
5962122 5042368 4936494 5412335 5587023 5169302 .4695581 4157467 

, . 

3491080 2874531 2114943 1314258 889855 $ DEATHS MALE 31725 4910 4099 
,4382 12200 13812 9897 9130 12459 21819 

35992 53092 76502 98781 113614 122829 124979 101556 90339 320 $ $  
FEMALE 23151 3714 2646 2410 4672 4826 4360 4899 7447 12557 

20873 28920 39009 50841 67187 90091 113145 116567 142201 143 $ 
BIRTHR 3*0 0.0011 0.0674 0.1506 0.1348 0.0676 0.0287 0.0071 0.0004 ; 

4.4 OUT 

The OUT command i s  a u t i l i t y  f o r  producing a gene ra l  purpose, machine- 
r eadab le  summary f i l e  conta in ing  an a b s t r a c t  of the  demographic d a t a  concerning 
the  cu r r en t  popula t ion .  The output  is  placed on the  d e f a u l t  punch' f i l e  u n i t  
(which can only be a l t e r e d  i n  t he  OPTIONS co'mand) and has  no parameters.  The 
f i l e  it produces c o n s i s t s  of s i x  80-column card images a t  each c a l l ,  with a 
f i x e d  format s u i t a b l e  f o r  input  t o  o t h e r  computer programs. 



The output  w i i l  be generated whether o r  not SPAHR has c a l c u l a t e d  the d a t a  i tems 
involved,  so the  user  must t ake  ca re  t h a t  t h e  OUT statement  fol lows the DATA, 
LIFETAB, and ANALYSIS commands. I f  ,OUT is c a l l e d  out of o rde r ,  , SPAHR w i l l  
p r i n t  g ibbe r i sh  i n  t h e  u n i n i t i a l i z e d  s l o t s  without any warning o r  e r r o r  

. . 
'messages. 

The machine-readable d a t a  block generated by the  OUT command has  the fo l -  
lowing s t r u c t u r e :  . 

Card Columns Data I t e m '  
,- 

1 1-72 NAME 

2 . 5-12 Combined i n f a n t  m o r t a l i t y  r a t e .  
2 13-20 dene ra l  f e r t i l i t y  r a t e  (GFR). 
2 21-28 Net reproduct ion r a t e  (NRR). 
2 29-36 To ta l  f e r t i l i t y  r a t e  (TFR). 
2 37-44 Mean age a t  b i r t h  of mothers. 

Cards 3 and 4 r e f e r  exc lus ive ly  t o  females.  

Geometric mean of t h e .  age-specif ic  dea th  r a t e s .  
, I n f a n t  m o r t a l i t y  r a t e .  
Age-standardized dea th  r a t e .    resto on, Key f i t  z ,  and Schoen' s. 
Young popula t ion) .  
Age-standardized dea th  r a t e    resto on, Keyf i t z ,  and Schoen's 
Old popula t ion) .  
Expec ta t ion  of working l i f e .  
Expectat ion of l i f e  a t  b i r t h .  
~ x ~ e c t a t i o n  of l i f e  a t  age 10. 
Expectat ion of l i f e  a t  ,age 45. 
Expectat ion of l i f e  a t  age 55. , , 

Expectat ion of l i f e  a t  age 65. 

Tota l  populat ion.  
To ta l  dea ths .  
Tota l  b i r t h s .  
To ta l  dea ths  before 1 year  of age. 

Cards 5 and 6 a r e  i d e n t i c a l  t o  c a r d s . 3  and 4,  except t h a t  they r e f e r  ex- 
c l u s i v e l y  t o  males. 

4.5 LIFETAB 

The LIFETAB command computes an ord inary  single-decrement l i f e  t a b l e .  
Refer t o  Volume I fo r  a. d e s c r i p t i o n  of the  l i f e  t a b l e  technique.  
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Single-Valued Parameters 

PRINT = F i l e  number fo r  p r in t ed  ou tput .  

PUNCH = F i l e  number f o r  punched ou tpu t ,  which t akes  the  form of  four  ca rds  
cont 'aining t h e  .LX column of t he  l i f e  t a b l e  i n  FORMAT ( 1 0 ~ 8 . 0 )  f o r  
cons is tency  with Keyf i tz  and F l i e g e r ' s  l i f e  t a b l e  program. 

TERM Controls  the log message. I f  s p e c i f i e d ,  causes a  l i n e  t o  be p r in t ed  i n  
the  log  f i l e  g iv ing  the  expec t a t i ons  of l i f e  a t  b i r t h  f o r  each sex. 
By d e f a u l t  the message is p r in t ed .  To suppress  i t ,  s e t  TERM=O. 

GRAPHM F i l e  u n i t  on which SPAHR w i l l  p r i n t  a  crude semi-log - graph - of t he  age- 
-- . - -  - .  - - 

s p e c i f i c  dea th  r a t e s  on t h e  l i n e  p r i n t e r .  

GRAPHL P r i n t s  a  crude l i n e - p r i n t e r  graph of t h e ' p r o b a b i l i t y  of s u r v i v a l  
func t ion  ,LX. 

RATES S p e c i f i e s  t h a t  t he  l i f e  t a b l e  w i l l  be based on the death r a t e s  i n  t h e  
c u r r e n t  d a t a  block r a t h e r  than on t h e  raw populat ion and dea ths .  

NGP Number of graphs per page. May be e i t h e r  one o r  two. ( ~ e f a u l t  i s  
two. ) 

DRMAX Maximum dea th  r a t e  t o  be p l o t t e d  out on the graphs generated hy the 
G W H  and PLOT commands. 

DRMIN Minimum dea th  r a t e  t o  be p l o t t e d .  

PLOTM F i l e  t o  be used t o  produce s p e c i a l  output  f i l e  fo r  l a t e r  use i n  a 
g r aph ic s  pos tprocessor  (no t  yet a v a i l a b l e ) .  

OVLM Spec i f i e s  t h e  over lay  l e v e l  fo r  t he  p l o t s  generated by t h e ,  PLOTM 
opt  ion .  See t he  forthcoming graphics  s e c t  ion. 

=0: Each set of death r a t e s  w i l l  be p lo t t ed '  a lone .  
=1: Male and female p l o t  ove r l a id .  
=2: P l o t s  o v e r l a i d  b.y cause of dea th .  
=3: Current  p l o t  o v e r l a i d  on previous p l o t .  

Required Data 

POP. and DEATHS must be read i n  DATA. 

4.6 MULDEC ' 

A d e t a i l e d  explana t ion  of t he  mu l t i p l e  decrement l i f e  t a b l e  and t h e  as- 
s o c i a t e d  s i n g l e  decrement t a b l e  is presented i n  Volume I. The cons t ruc t ion  and 



use of m u l t i p l e  decrement l i f e  t a b l e s  a r e  d i scussed  by Chiang (1968) and 'by  
Pres ton ,  Keyf i t z ,  and Schoen (1972). Fur ther  examples of the  a n a l y s i s  of such 
t a b l e s  a r e  given by .Preston (1976). 

MULDEC ,is designed t o  c a l c u l a t e  measures of a c t u a r i a l  i n t e r e s t  r e l a t i n g  t o  
va r ious  causes  of dea th .  It is  a l s o  t h e  p r i n c i p a l  method f o r  i n i t i a l i z i n g  the  
a r r ay  of dea th  r a t e s  by age, sex,  and cause used by o ther  rou t ines  such a s  
PROJECT and FACTOR. It w i l l  accept  as  input  e i t h e r  dea ths  by cause o r  dea th  . , 

r a t e s  by cause.  However, i f  dea ths  a r e  used as  i npu t ,  these  da t a  w i l l  be  
rep laced  by the  corresponding dea th  r a t e s .  The CAUSE opt ion  descr ibed  below 
should t he re fo re  not be used i n  the f i r s t  c a l l  fol lowing i n i t i a l i z a t i o n .  The 
f i r s t  c a l l  t o  MULDEC n o t i f i e s  SPAHR t h a t  r a t e s  r a t h e r  than dea ths  a r e  presen t .  
Thus .if a  s i n g l e  cause is analyzed f i r s t ,  SPAHR w i l l  assume t h a t  all- dea ths  
have been converted i n t o  r a t e s ,  and the  dea ths  from those causes not t r e a t e d  i n  
the f i r s t  c a l l  w i l l  .afterwards appear t o  SPAHR as  death r a t e s  g r e a t l y  i n  excess  
of one. 

Single-Valued Parameters 

' PRINT = F i l e  un i t  number f o r  p r in t ed  ou tput .  

DETAIL = F i l e  un i t  number f o r  d e t a i l e d  ou tpu t .  

PUNCH = F i l e  u n i t  number f o r  punched ou tpu t .  

TERM Controls  the log f i l e  message'. By d e f a u l t ,  a  l i n e  is p r in t ed  i n . t h e  . 
l og  f i l e  fo r  each cause of dea th  g iv ing  the  p r o b a b i l i t y  of eventua l  
dea th  from, and the  years  of. l i f e  l o s t  ' t o ,  each cause.  S e t t i n g  
TERM=O w i l l  suppress  the  p r i n t i n g .  

INCREM = Maximum number of columns i n  summary t a b l e s  t o  be p r in t ed .  Defaul t  
= 14. 

GRAPHM Direc t s  the  p r i n t i n g  of a  semilog p lo t  of the  age-spec i f ic  dea th  
r a t e s  f o r  each cause.  

NGP , = Number of graphs per page. Defaul t  = 2. User may choose 1 o r  2. 

CAUSE = Index number of the  cause of dea th  t o  be processed. May a l s o  be  
used t o  i n d i c a t e  the f i r s t  of a range of causes  t o  be processed. I f  
used t o  i n d i c a t e  a  s i n g l e  cause of dea th ,  f o r ce s  DETAIL output  l e v e l  
and suppresses  t he  normal p r i n t  output .  

CAUSP = Fina l  index number of range of causes. of dea th  t o  be processed. I f  
CAUS2 is  s p e c i f i e d  and CAUSE is no t ,  CAUSE d e f a u l t s  t o . 1 .  



Required Data 

E i t h e r :  

1) POP, DEATHS, DRC or  DDC read i n  DATA; c a l l  t o  LIFETAB, o r  

2)  DR and DRC from a  DATA e n t r y .  

4.7 'ROOT 
. . - 

The ROOT procedure c a l c u l a t e s  the  i n t r i n s i c  r a t e  of n a t u r a l  i nc rease  
(Lorka 's  r )  by t h r e e  d i f f e r e n t  methods. The f i r s t  method is t h e  d i rec t  solu- 
t i o n  of the numerical approximation t o  t he  i n t e g r a l  ~ r l l l a t i n n .  The second 
method uses t h e  Laplace Transform approach. The t h i r d  method e s t ima te s  r a s  
t h e  dominant roo t  of t he  L e s l i e  p r o j e c t i o n  mat r ix .  The methods were descr ibed 
by Keyf i t z  and F l i e g e r ,  whose ROOT program (Keyf i tz  & F l i e g e r ,  1971) i s  the  
c o r e  of t h i s  command. 

Single-Valued Parameters 

PRINT = F i l e  u n i t  number for  p r i n t e d  ou tpu t .  

TERM S p e c i f i e s  a s i n g l e  l i n e  of output  t o  go t o  the log f i l ' e .  

Array Data 

NMF = Net matern i ty  func t ion .  This may be typed i n ,  but is  needed only i f  
o t h e r  d a t a  from which it can be computed have not been read i n  
chrodgh UAI'A, 

Required Data 

E i t h e r : '  1) NMF en te red  as. an a r r a y  i tem, o r  

. 2) 'POP and BIRTHS o r  BIRTHT entered  i n  a  c a l l  t o  DATA and 
e i t h e r  
a )  DEATHS entered  i n  DATA and a  c a l l  t o  LIFETAB, o r  
b )  VLL(see  C h a p t e r 4 . 3 . 2 ) e n t e r e d i n D A T A .  

4.8 ZEROS 

This.command c a l c u l a t e s  a l l  r o o t s ,  both r e a l  and complex, of t he  n e t  
m a t e r n i t y  func t ion .  It is  an adap ta t i on  of t he  ~ e ~ . f i t z - ~ l i e ~ e r  r o u t i n e  of the  
same name. 

Single-Valued Parameters 

PRINT ' = F i l e  number f o r  p r in t ed  ou tput .  



TERM S p e c i f i e s  a  condensed o u t p u t  on t h e  l o g  f i l e ,  c o n s i s t i n g  o f  t h e  f i r s t  
t h r e e  d i s t i n c t  r o o t s .  - 

Array Data 

NMF = Net m a t e r n i t y  f u n c t i o n .  This  may be typed i n ,  . b u t  is  needed o n l y  i f  
o t .her  d a t a  from which it can be computed have no t  been read i n  
through DATA. . . 

Required Data 

  it her: 1 )  NMF e n t e r e d  a s  an a r r a y  i tem,  o r  

2) POP and BIRTHS o r  BIRTHT e n t e r e d  i n  DATA and e i t h e r  
a )  DEATHS e n t e r e d  i n  DATA and a  c a l l  t o  LIFETAB; o r  
b )  VLL ( s e e  Chapter  4.3.2) e n t e r e d  i n  DATA. 

4.9 LOTKA 

The TJTKA command f i t s  t h e  n e t  m a t e r n i t y  f u n c t i o n .  t o  t h e  normal d i s t r i b u -  
t i o n  curve  by the  method of moments and performs an a n a l y s i s  of  i t s  p r o p e r t i e s  . 

under t h a t ' a s s u m p t i o n .  It i s  t aken  from K e y f i t z  and F l i e g e r ' s  s e t  o f  p o r t a b l e  
r o u t i n e s  ( K e y f i t z  & F l i e g e r , . l 9 7 1 ) .  

Single-Valued Paramete r s  

PRINT = F i l e  number f o r  p r i n t e d  o u t p u t .  

TERM . S p e c i f i e s  a  s i n g l e  l i n e  of  o u t p u t  t o  go to the  log  f i l e .  

Array Da ta  

NMF , = Net m a t e r n i t y  f u n c t i o n .  Th i s  may be typed i n ,  bu t  is needed o n l y  i f  
o t h e r  da ' ta  from which i t  can be computed have not  been . r ead  i n  
through DATA. 

.J 

Required Data  

E i t h e r :  1 )  NMF e n t e r e d  a s  an  a r r a y  i t em,  o r  

2) POP and BIRTHS o r  BIRTHT e n t e r e d  i n  DATA and e i t h e r  

a )  DEATHS e n t e r e d  i n  DATA and, a c a l l  t o  T,XFTAR',O~ 
b )  VLL ( s e e  Chapter  4 . 3 . 2 )  e n t e r e d  i n  DATA. 

4.10 STABLE 

The STABLE procedure  g e n e r a t e s  one o r  more s t a b l e - p o p u l a t i o n  age d i s t r i b u -  
t i o n s  from t h e  c u r r e n t  l i f e  t a b l e  and . a . s e t  of  use r - supp l i ed  i n t r i n s i c  growth 



r a t e s .  I f  t h e  FIT o p t i o n  i s  s p e c i f i e d ,  t h e  age d i s t r i b u t i o n  o£ t h e  c u r r e n t  

p o p u l a t i o n  i s  then  f i t t e d  t o  t h e  s e t  of der=ved d i s t r i b u t i 0 n . s  by t h e  method of  
o g i v e s  d e s c r i b e d  by Coale i n  t h e  United Nat ions  Manual I V  (1967) .  I f ,  STABLE i s  

' 

c a l l e d  wi th .  no o p t i o n s ,  t h e  v a l u e  of R c o n s i s t e n t  wi th  t h e  s e t  of b i r t h  and 
d e a t h  r a t e s  w i l l  be used.  I n  t h i s  c a s e ,  o r  i f  R is  t h e  on ly  o p t i o n  s p e c i f i e d ,  
o n l y  a  s i n g l e  s t a b l e  p o p u l a t i o n  w i l l  be computed. 

. . 

Single-Valued Parameter's 

R = E s t i m a t e  of t h e  i n t r i n s i c  r a t e  of n a t u r a l  i n c r e a s e .  I f  not  i n c l u d e d ,  
i t  w i l l  be e s t i m a t e d  from e x i s t i n g  in format ion  i f  p o s s i b l e .  

PRINT = F i l e  u n i t  number f o r  p r i n t e d  o u t p u t .  

FIT = F i l e  u n i t .  S p e c i f i e s  t h a t  t h e  e x i s e i n g  age d i s t r i b u t i o n  is  t o  be  
compared wi th  a l l  p o s s i b l e  s t a b l e  p o p u l a t i o n s .  For each age group, 
t h e  v a l u e  of R y i e l d i n g  t h e  same cumulat ive  age d i s t r i b u t i o n  i s  
p r i n t e d .  

R2 = F i n a l  v a l u e  of a  s e r i e s  of R  v a l u e s  t o  be used i n  c a l c u l a t i n g  a  
s e r i e s  o f  s t a b l e  age d i s t r i b u t i o n s .  

R I N C  = Increment between s u c c e s s i v e  R v a l u e s .  D e f a u l t  is  0.005. 

N = Number of v a l u e s  o t  K t o  use .  Defau l t  is  t h e  maximum permissab le  
. Value .  of 12. 

NOTE: Given any two of t h e  pa ramete rs  R, -R2, R.INC, and N, t h e  remaining 
paramete rs  w i l l  be c a l c u l a t e d  o r  assumed. 

Th is  command combines , p o r t i o n s  of t h e  r e s u l t s  of s e v e r a l  o t h e r  c o m a n d s  
i n t o  a  s i n g l e  a n a l y s i s .  It g e n e r a t e s  t h e  s t a b l e  age d i s t r i b u t i o n ,  n e t  mater- 
n i t y  f u n c t i o n ,  and mean ages  o f  f e r t i l i t y  under v a r i o u s  assumptions  and analy-  
z e s  them. 

Single-Valued Parameters  

PRINT = . F i l e  u n i t  number f o r  p r i n t e d  o u t p u t .  

DETAIL .= F i l e  u n i t  number f o r  d e t a i l e d  o u t p u t .  

PUNCH F i l e  . u n i t  number f o r  punched o u t p u t .  



4.12 PROJECT 

This command produces a  p ro j ec t i on  i n  five-year i n t e r v a l s  of the  c u r r e n t  
populat ion.  Options a v a i l a b l e  include the  a b i l i t y  t o  ove r r ide  the  input popu- 
l a t i o n ,  b i r t h  r a t e s ,  o r  death r a t e s ,  and dynamic modi f ica t ion  of m o r t a l i t y  and 
f e r t i l i t y  r a t e s  during the  course of the  p ro j ec t i on .  Both per iod (c ross -  
s e c t i o n a l )  and cohort  p ro j ec t i ons  may be generated.  Unique t o  t h i s  p r o j e c t i o n  
model i s  the  a b i l i t y  t o  p r o j e c t  dea ths  by age group and cause ,  and the  op t ion  
t o  perform Monte Carlo p ro j ec t i ons  i n  add i t i on  t o  d e t e r m i n i s t i c  ones.  

4.12.1 Single-Valued Parameters 

. . Operat ing Mode S e l e c t i o n .  . . 

The PROJECT command can produce s e v e r a l  types  of p r o j e c t i o n s .  The param- 
e t e r s  i n  t h i s  s e c t i o n  a r e  used t o  spec i fy  the ones t o  be generated i n  the cur-  
r e n t  invoca t ion .  

PERIOD I f  mentioned, d i r e c t s  t h a t  a  per iod ( c ros s  s e c t i o n a l )  p ro j ec t i on  be  

performed. This  i s  the  d e f a u l t  mode. 

COHORT Forces the product ion of a  cohort  p ro j ec t i on .  If  mentioned as  a 
switch,  a l l  f ive-year b i r t h  cohor t s  i n  t h e  p r o j e c t i o n  w i l l  be ana- 
lyzed. I f  s e t  t o  t he  i n i t i a l  b i r t h  year of a  cohor t ,  a  p r o j e c t i o n  
w i l l  be performed only fo r  those cohor t s  between the  one mentioned 
and the one whose i n i t i a l  b i r t h  year is given i n  the  parameter C2 
( s e e  below). 

C 2  = I n i t i a l  b i r t h .  year of l a s t  b i r t h  cohort  wi th in  the range t o  be pro- 
jec ted .  Defau l t s  t o  t he  va lue  of COHORT, so t h a t  i f  it is not spec i -  
f i e d  and COHORT i s ,  only the  b i r t h  cohort  s p e c i f i e d  by the  COHORT 
parameter w i l l  be analyzed. 

. . 

CONSTANT I f  mentioned, suspends t h e  p ro j ec t i on  of the  popula t ion  age s t r u c t u r e  
over  time. The i n i t i a l  populat ion w i l l  i n s t ead  be propagated through 
unchanged. . This op t ion  i s  included to  al'low de te rmina t ion  of t he  
e f f e c t s  of a  cons tan t  ve r sus  a  dynamic age s t r u c t u r e ;  i t s  r e s u l t s  
shni11.d t h e r e f o r e  be compared with r e s u l t s  of t he  PERIOD op t ion .  

RANDOM = Numbernof Monte Carlo si.miilation cyc l e s  t o  be performed. When pro- 
j e c t i n g  small  popula t ions , '  o r  when s imu la t i ng  r e l a t i v e l y  r a r e  events ,  

the var iance  of t he  e s t ima te  may be as  important as  t he  expected 
value.  When RANDOM is  s p e c i f i e d ,  t h e  i nd i ca t ed  number of p ro j ec t i ons  , 

w i l l  be run from the  same i n i t i a l  s t a t e  a s  Monte Carlo s imu la t i ons .  
Both b i r t h s  and su rv ivo r s  a r e  randomly per turbed.  a t  each p r o j e c t i o n  

' i n t e r v a l ,  and dea ths  by age and cause with in  each i n t e r v a l  are l ike- -  
wise a l l o c a t e d  with random pe r tu rba t ions .  Means and s t anda rd  devia-  

t i o n s  f o r  a l l  i tems i n  t he  summary r e s u l t  t a b l e s  a r e  p r in t ed  o u t .  



RANDOM mode is incompatible with COHORT and. RATES modes. The va r i -  
ances  of a  cohort  p ro j ec t i on ,  however, a r e  e a s i l y  der ived from . 
Chiang 's  (1968) d i s cus s ion  o f . t h e  va r i ances  of l i f e  t a b l e s ;  

SEED = I n i t i a l i z i n g  parameter f o r  the  random number genera tor .  It is  .needed 
only  i f  RANDOM mode has been s e l e c t e d .  It should be a t  l e a s t  a  s ix -  
d i g i t  number, p r e f e r ab ly  a  l a r g e  prime' number, f o r  be s t  r e s u l t s .  I f  
i t  i s  not  s p e c i f i e d ,  o r  i f  it is s p e c i f i e d  a s  a  nega t ive  number, t h e .  
d e f a u l t  seed w i l l  be s e l e c t e d .  It i s  wise t o  ' specify '  your own'seed 
f o r  product ion work, e s p e c i a l l y  i f  s e v e r a l  runs of i d e n t i c a l  condi- 
t i o n s  a r e  planned. 

RATES I f  mentioned, causes  the  l i f e  t a b l e s  and o ther  v i t a l  r a t e s  t o  be 
p ro j ec t ed  normally.  Inst'ead of using t h e  r a t e s  thus generated t o  
analyze the  f u t u r e  populaeion, however, PROJECT produces a  d e t a i l e d  
a n a l y s i s  of t h e  r a t e s .  The form 'and l e v e l  of d e t a i l  of t h i s  analys , is  
a r e  c o n t r o l l e d  by the  LIFETAB and MULDEC .subcommands (not t o  be con- 
fused  with t h e  commands ,of t he  same names). The use of t h i s  param- 
ecer r e s u l t s  i n  the d e s t r u c t i o n  of the  d a t a  o r i g i n a l l y  i n  the  c u r r e n t  
d a t a  block.  

ACCUM I f  mentioned, causes  PROJECT ( i n  PERIOD mode only)  t o  w r i t e . r e c o r d s  
i n t o  an i n t e rmed ia t e  f i l e  of t he  s tandard summary output .  I f  ACCUM 

i s  s e t  t o  a  p o s i t i v e  number, t h i s  summary f i l e  is. rewound a t  t he  end 
of the  c u r r e n t  p r o j e c t i o n  and then i s  read back ' i n  t o  genera te  a  
p r o j e c t i o n  c o n s i s t i n g  of the pooled r e s u l t s  of a l l  previously.ACCUM- 
u l a t ed  p r o j e c t i o n s  i n  t h e  cu r r en t  run. It i s  important t h a t  a l l  
p r o j e c t i o n s  t hus  t r e a t e d  have the  same number of causes  of dea th  and 
be pro jec ted  over  t he  same number of yea r s .  

POSTPROC I f  mentioned i n  conjunc t ion  with the  ACCUM parameter fo rces  PROJECT 
t o  gene ra t e  t he  pooled p r o j e c t i o n  from t h e  e x i s t i n g  summary f i l e  
without  performing. an a d d i t i o n a l  p r o j e c t i o n  f i r s t .  

1 
F i l e  ~ n i t / S w i t c h  Control  Options 

PKINT = F i l e  u n i t  number f o r  summary p r in t ed  ou tput .  

DETAIL = F i l e  u n i t  number f o r  ex t ens ive  d a t a  on each PROJECT i n t e r v a l .  

PYRAMID= F i l e  un i t  number fo r  p ro jec ted  populat ion pyramids t o  be p r i n t e d .  

PRJSRV = F i l e  un i t  number fo r  output  from L e s l i e  mat r ix  c a l c u l a t i o n s .  . 

PRJKOS = ' F i l e  u n i t  f o r  p ro j ec t ed  dea ths  by cause.  This gene ra t e s  a  s e t  o f  . 

dea ths  by 'age, sex,  and cause fo r  each p r o j e c t i o n  i n t e r v a l .  INCREM 
spec i e s  t h a t  causes  'of dea th  w i l l  p r i n t  out f o r  each l i n e .  



DOSINT = F i l e  u n i t  number on which PROJECT w i l l  p r i n t  'an i n t e g r a t e d  dose  r e -  
sponse  a n a l y s i s .  Causes t h e  program t o  accumulate  t h e  product  of 

. t o t a l  person-years  of  exposure  and annual  dose  r a t e  f o r  each dose  and 
cause-of-death combinat ion f o r  e a c h . y e a r  o f  t h e  p r o j e c t i o n .  From 
t h i s  a  g r o s s  r i s k  e s t i m a t o r ,  d e f i n e d  a s  t h e  r a t i o  o f  cumula t ive  ex- 
c e s s  d e a t h s  t o  cumula t ive  i n t e g r a t e d  exposure ,  i s  computed a t  t h e  end 
o f  t h e ' p r o j e c t i o n .  Such e s t i m a t o r s  have been used i n  v a r i o u s  r a d i a -  
t i o n  r i s k  a s s e s s m e n t s ,  a s  f o r  e x a m p l e . t h e  GESMO s t u d y  (USNRC, 1976) .  

1 n t e r p o l a t i &  C o n t r o l  Pa ramete r s  

B a s e l i n e  r a t e s  of  m o r t a l i t y  and f e r t i l i t y  can be made t o  v a r y  over  t ime  by 
us ing  l i n e a r  i n t e r p o l a t i o n  between t h e  i n i t i a l  r a t e s  BIRTHR and DEATHR and t h e  
f i n a l  r a t e s  BIRTHL and DEATHL ( d e s c r i b e d  i n  Chapter  4.12.2 below).  P r i o r  t o  
t h e  yea r  STARTxx, t h e  i n i t i a l  r a t e s  app ly .  Between t h e  y e a r s  STARTxx and 
STOPxx, t h e  mean v a l u e s  of  t h e  b i r t h  r a t e s  a r e  c a l c u l a t e d  f o r  each  p r o j e c t i o n  
i n t e r v a l  and. used a s  b a s e l i n e  r a t e s .  A f t e r  y e a r  STOPxx, t h e  f i n a l  r a t e s  app ly .  

STARTDR= - I n i t i a l  y e a r  f o r  d e a t h  r a t e  i n t e r p o l a t i o n .  U n t i l  t h i s  y e a r ,  t h e  
i n i t i a l  d e a t h  r a t e s  p r e v a i l .  

STOPDR = F i n a l  yea r  f o r  d e a t h  r a t e  i n t e r p o l a t i o n .  A f t e r  t h i s  y e a r  t h e  d e a t h  
r a t e s  e n t e r e d  v i a  t h e  DEATHL a r r a y  w i l l  p r e v a i l .  

STARTBR= I n i t i a l  y e a r  f o r  b i r t h  r a t e  i n t e r p o l a t i o n .  U n t i l  t h i s  y e a r ,  t h e  
i n i t i a l  b i r t h  r a t e s  p r e v a i l  .. 

STOPBR = F i n a l  y e a r  f o r  b i r t h  r a t e  i n t e r p o l a t i o n .  A f t e r  t h i s  y e a r ,  t h e  b i r t h  
r a t e s  e n t e r e d  v i a  BIRTHL w i l l  p r e v a i l .  

O ther  Swi tches  and Assigned-Value Opt ions  

INCREM = Number of  columns t o  be p r i n t e d  i n  cause-of-death t a b l e s .  ( ~ e f a u l t  = 
maximum = 14.)  

NCOLS = Number o f  columns t o  be p r i n t e d  i n  t h e  summary p r i n t e d  o u t p u t  t a b l e s ,  

e x c l u s i v e  of t h e  cause-of-death t a b l e s .  ( D e f a u l t  = maximum = 1 1 . )  

START. = S t a r t i n g  yea r  of  t h e  p r o j e c t i o n .  ( D e f a u l t s . t o  t h e  v a l u e  of DATE i n  
t h e  DATA command.) 

STOP = Terminal  yea r  of  p r o j e c t i o n .  D e f a u l t  = START+25. 

POPSIZE= Over r ide  f o r  i n i t i a l  p o p u l a t i o n .  I f  s p e c i f i e d ,  t h e  number of  peop le  
i n  each age and s e x  group w i l l  be s c a l e d  a c c o r d i n g l y .  



RETAINP I f  t h i s  pa ramete r  i s  no t  s p e c i f i e d ,  SPAHR does  not  a l t e r  t h e  c u r r e n t  
p o p u l a t i o n  o r  any of i t s  c h a r a c t e r i s t i c s  d u r i n g  t h e  p r o j e c t i o n ,  un- 
l e s s  t h e  RATES o p t i o n  was s e l e c t e d .  Thus when t h e  p r o j e c t i o n  i s  
f i n i s h e d ,  t h e  o r i g i n a l  p o p u l a t i o n  s t i l l  e x i s t s .  When RETAINP i s  
s p e c i f i e d ,  however, t h e  p o p u l a t i o n  a s  p r o j e c t e d  w i l l  r e p l a c e  t h e  
s t a r t i n g  p o p u l a t i o n  i n  t h e  c u r r e n t  d a t a  b l o c k s ,  and t h e  d e a t h s  and 
b i r t h s  i n  t h e  c u r r e n t  p o p u l a t i o n  w i l l  be r e c a l c u l a t e d  t o  be c o n s i s -  
t e n t  w i t h  t h e  o r i g i n a l  b i r t h  and d e a t h  r a t e s .  

1 
RETAINDR Causes t h e  m o r t a l i t y  r a t e s ,  bo th  t o t a l  and by callse,  t h a t  p r e v a i l  a t  

t h e  end of  t h e  p r o j e c t i o n  t o  r e p l a c e  t h e  ones  i n  t h e  c u r r e n t  d a t a  
b l o c k .  Only t h o s e  c a u s e s  of d e a t h  t h a t  produced d e a t h s  i n  the  l a s t  
p r o j e c t i o n  i n t e r v a l  w i l l  be r e t a i n e d .  Note t h a t  b o t h  RETAINP and 
RETAINDR.must be  s p e c i f i e d  t o  r e t a i n  t h e  complete  p r o j e c t e d  popula- 
t i o n  and p r o j e c t e d  r a t e s  a s  t h e  new c u r r e n t  p o p u l a t i o n .  

YEAR = Number of  y e a r s  f o r  w h i c h ' t h e  p r o j e c t i o n  should  be  performed. For 
example,  YEARS = 30 would p r o j e c t  t h e  i n i t i a l  p o p u l a t i o n  30 y e a r s  
ahead.  

4.12.2 Array ~ a t ' a  

POP O v e r r i d e  p o p u l a t i o n  which w i l l  be p r o j e c t e d  i n  p l a c e  of t h e  one i n  
t h e  c u r r e n t  d a t a  b lock .  

BIRTHR I n i t i a l  b i r t h  r a t e s  t o  be u s e d ' i n  t h e  c u r r e n t  p r o j e c t i o n .  D e f a u l t s  
t o  t h e  c u r r e n t  b i r t h  r a t e s .  

BIRTHL B i r t h  r a t e s  by age of mother t h a t  w i l l  p r e v a i l  a t  t h e  'end of t h e  
i n t e r p o l a t i o n  p e r i o d  s p e c i f i e d  by t h e  pa ramete r s  STARTBR and,STOPBR. 
I f  n o t  en te red ' ,  t h e  p a r a m e t e r s  STARTBR and STOPBR w i l l  be i g n o r e d . ,  

DEATHR I n i t i a l  d e a t h  r a t e s  t o  be used i n  t h e  c u r r e n t  p r o j e c t i o n .  D e f a u l t s  
t o  t h e  c u r r e n t  d e a t h  r a t e s .  

DEATHL Death r a t e s  by age  and s e x  t h a t  w i l l  p r e v a i l  a f t e r  y e a r  STOPDR and 

w i l l  be used between t h a t  y e a r  and y e a r  STARTDR t o  i n t e r p o l a t e  t h e  
d e a t h  r a t e  i n  c o n j u n c t i o n  w i t h  t h e  s t a r t i n g  d e a t h  r a t e s ,  which a r e  
e n t e r e d  e i t h e r  i n  t h e  c u r r e n t  d a t a  b lock  o r  v i a  a r r a y  DEATHR. I f  not  
e n t e r e d ,  t h e  p a r a m e t e r s  STARTDR and STOPDR w i l l  be ignored .  

4.12.3 Subcommands 

4.12.3.1' ADJUST 

The PROJECT c o ~ a n d  h a s  t h e  o p t i o n  of  v a r y i n g  m o r t a l i t y  r a t e s  dynamica l ly  
o v e r  t h e  c o u r s e  of t h e  p r o j e c t i o n .  One method f o r  do ing  t h i s  i s  provided by 



t h e  i n t e r p o l a t i o n  between t h e  i n i t i a l  d e a t h  r a t e s  and t h e  ones  s p e c i f i e d  i n  t h e  
DEATHL o p t i o n .  However, i t  is  o f t e n  of i n t e r e s t  t o  assume t h a t  t h e  change i n  
m o r t a l i t y  r a t e s  r e s u l t s  from exposure t o  some adverse  f a c t o r  i n  t h e  environ-  
ment. The ADJUST subcommand implements s e v e r a l  procedures  f o r  d e f i n i n g  a  dose  
h i s t o r y  of a  t o x i c  subs tance  f o r  t h e  p o p u l a t i o n  and f o r  c a l c u l a t i n g  t h e  r e s u l t -  
i n g  changes i n  d e a t h  r a t e s  over  t ime.  

Each of the  models w i t h i n  t h e  ADJUST subcommand d e f i n e s  one o r  more new 
c a u s e s  of d e a t h  ' in  a d d i t i o n  t o  t h o s e  p r e s e n t  i n  t h e  o r i g i n a l  d a t a .  I n  REL o r  
BACKGROU mode, i t  i s  f u r t h e r  assumed t h a t  a  cause  of d e a t h  wi th  a  name i d e n t i -  
c a l  t o  one of t h e  p r e v i o u s l y  d e f i n e d  cause  names has  been e n t e r e d  i n  t h e  DATA 
command. The causes  of d e a t h  newly d e f i n e d  i n  t h e  ADJUST subcommand a r e  as- 
s igned  unique names by t a k i n g  t h e  p r e v i o u s l y  d e f i n e d  names, c o n v e r t i n g  any 
t r a i l i n g  b lanks  t o  underscores ,  and c o n v e r t i n g  t h e  e i g h t  c h a r a c t e r s  i n t o  a  
d i g i t  co r responding  t o  t h e  o r d e r  of t h e  c u r r e n t  ADJUST c a l l .  - Thus i f  we invoke 
Model 6 i n  REL mode, i t  i s  assumed t h a t  a  cause  of d e a t h  named LUNG t h a t  g i v e s  
t h e  m o r t a l i t y  from cancer  o f  t h e  lung and bronchus (a long  wi th  o t h e r  c a n c e r s  a s  
i n d i c a t e d  f o r  t h i s  model) has  been d e f i n e d  i n  t h e  DATA command. I f  Model 6 
i s  invoked i n  REL mode i n  t h e  second c a l l  t o  ADJUST i n  t h e  c u r r e n t  p r o j e c t i o n ,  
then  a  new cause  of d e a t h  w i t h  t h e  name LUNG 2 w i l l  be d e f i n e d  f o r  t h e  d u r a t i o n  - 
of t h e  p r o j e c t i o n .  The d e a t h  r a t e s  f o r  t h i s  new cause  of d e a t h  w i l l  n o t  be 
r e t a i n e d  i n  t h e  c u r r e n t  d a t a  b lock  a f t e r  t h e  p r o j e c t i o n  i s  f i n i s h e d  u n l e s s  t h e  
RETAINDR parameter i s  coded. 

The causes  of d e a t h  a r e  no t  l i m i t e d  t o  those  d e f i n e d  by d e f a u l t .  (These  
a r e  g iven  f o r  each model i n  t h e  d e s c r i p t i o n  o f  t h e  MODEL parameter  below.) ' The 
u s e r  may add c a u s e s ,  up t o  a l i m i t  of  28 f o r  each ADJUST c a l l ,  s imply by adding 
members t o  t h e  COEFS a r r a y  by d e f i n i n g  new cause  names and a s s o c i a t i n g  them 
with  a p p r o p r i a t e  c o e f f i c i e n t  v a l u e s .  

I f  more than one cause  of d e a t h  is  d e f i n e d  , in  a  p a r t i c u l a r  c a l l '  t o  ADJUST, 
t h e n  a  summary cause  named - EXCESSn is c r e a t e d  a s  t h e  sum of a l l  o t h e r  def ined 
causes  f o r  c a l l  n. I n  a d d i t i o n ,  i f  more than one ADJUST i n v o c a t i o n  i s  made, a  
grand - EXCESS - c a t e g o r y  is computed f o r  a l l  i n v o c a t i o n s .  

Up t o  f i v e  ADJUST subcommands 'may be e n t e r e d  f o r  one p r o j e c t i o n .  The i r  
e f f e c t s  w i l l  be added t o  t h e  o r i g i n a l  r a t e s .  Any e f f e c t s  t h a t  depend on r e l a -  
t i v e  r i s k  assumptions  w i l l  be c a l c u l a t e d  on t h e  b a s i s  of m o r t a l i t y  r a t e s  a s  
t h e y  appeared p r i o r  t o  t h e  e f f e c t s  of any o t h e r  ADJUST i n v o c a t i o n .  The t o t a l '  
number of causes  of d e a t h  t h a t  may be p r o j e c t e d ,  i n c l u d i n g  those  d e f i n e d  i n  
DATA, is  36. Thus t h e r e  i s  an e f f e c t i v e  upper l i m i t  of  17 on t h e  number of 

causes  t h a t  may be d e f i n e d  i n  r e l a t i v e  r i s k  mode. , 

NOTE: When c o n s t a n t  exposure  i s  assumed ( i . e . ,  when t h e  dose  is  e n t e r e d  v i a  
t h e  OPTIONS s e c t i o n  o f  t h e  subcornand, and t h e  end o f  t h e  exposure  is  g r e a t e r  
than o r  equa l  t o  the  end of t h e  p r o j e c t i o n ) ,  then  t h e  r a t e s  p r e v a i l i n g  a t  t h e  
end of 95 y e a r s  w i l l  b e ' h e l d  c o n s t a n t  from t h a t  t ime forward and no t  
recomputed. 



4.12.3.1.1 Single-Valued Parameters 

PRINT = F i l e  unit .  f o r .  p r in t ed  output  from the  ADJUST r o u t i n e s .  This output  
i s  t y p i c a l l y  a  h a l f  page summarizing t h e  a c t i o n s  of t he  subrout ines  
s p e c i f i c  t o  a  p a r t i c u l a r  model. Defaul t  is 0  f o r  no p r i n t i n g .  
(Note: a  summary of t he  net e f f e c t s  of a l l  adjustments  is given by 
using the  ADJDUR op t ion  i n  PROJECT.) 

, . 

, DETAIL = F i l e  u n i t  f o r  de ' t a i led  pri'nted output  from the  ADJUST subrout2nes 
s p e c i f i c  t o  t h e  model. This output  is t y p i c a l l y  one t o  t h r ee  pages 
of p r in t ed  output  f o r  each model f o r  each p ro j ec t i on  i n t e r v a l .  

START = Year of onse t  of exposure,  Defwults t o  the initial year of the pro- 
j e c t i o n ,  un l e s s  the BACKGROU.option has  been s e l e c t e d ,  when' t he  de- 
f a u l t  w i l l ,  be 100 years  e a r l i e r .  

STOP = Year of c e s s a t i o n  of exposure.  Defau l t s  t o  the  l a s t  year of t h e  
p r o j e c t i o n .  

MINAGEF= Age a t  onse t  of exposure f o r  females.  

MINAGEM= Age a t  onse t  of exposure fo r  males. 

MAXAGEF= Maximum age a t  which exposure takes  p lace  among females.  

MAXAGEM= Maximum age a t  which exposure takes  p lace  among males. 

MODEL = Mor ta l i t y  model index. Defines  the'  type of hazard exposure a . d  t he  
dooe reeponee model t h a t  w i l l  be used t o  a l t e r  t he  m o r t a l i t y  xates.  

.Each of the  models descr ibed  he re  has  two ope ra t i ng  modes.. In  abso- - 
l u t e  mode ( t h e  d e f a u l t )  the  excess  r i s k s  der ived  depend only upon t h e  
exposure l e v e l  and d u r a t i o n ,  age, and sex.  In  r e ' l a t i v e  mode, on t he  
o t h e r  hand, t h e  increment i n  r i s k .  depends i n  a d d i t i o n  on t h e  l e v e l  of  
m o r t a l i t y  t h a t  would p r e v a i l  i n  t h e  absence of exposure t o  t he  r i s k  
f a c t o r  of  i n t e r e s t .  The o p e r ~ t i n g  mode is  determined by t h e  REL 
parameter descr ibed  below. 

The f i r s t  model i s  based on m o r t a l i t y .  due t o  c i g a r e t t e  smoking. 
~ o d e l s  2 through 5 a r e  der ived by det,ermining t h e  equiva len t  dose i n  
c i g a r e t t e s  per day r equ i r ed  t o  d u p l i c a t e  the  r e s u l t s  i n  t he  s t u d i e s  
c i t e d ,  with the  assumption t h a t  smoking, began a t  b i r t h .  Model 6  i s  
based on r .ad ia t ion  r i s k  assessments and iises a 'model  developed .,by t h e  
BEIR committee (NAS, 1972). Models 7., 8 ,  and 9  a r e  der ived  from the  

' 
BEIR comniittee r e p o r t  of 1980 (NAS, .1980).  A l l  of t h e s e  models a r e  

. . 
descr ibed  f u l l y  i n  Volume .I. 

MODEL = 1 Invokes a  model indexed on c i g a r e t t e s  and based on s t u d i e s  by 
H.amond (19661, whose d a t a  were f i t t e d  t o  a  model developed by 



Lundy (Lundy & Grahn, 1977).  Def ines  by d e f a u l t  t h e  s i n g l e  

cause  EXTRA . - - 

= 2 Invokes a  model indexed t o  suspended s u l f a t e s  and based on work 
by Morr is  (Morr is  & Novak, 1976; Finch & Morr i s ,  1977).  Def ines  
by d e f a u l t  t h e  s i n g l e  cause  EXTRA . - - 

= 3 Invoke's a  model indexed t o  SO2 and t o t a l  suspended p a r t i c u l a t e s  
(TSP) d e r i v e d  from s t u d i e s  by Lave and Sesk in  (1977) .  Def ines  ' 

by d e f a u l t  t h e  s i n g l e  cause  - EXTRA - . 
= 4 Invokes a  model indexed, t o  benzo[a]pyrene and d e r i v e d  from t h e  

s t u d i e s  reviewed by Carnow and Meier (1973) .  ~ e f i n e s  by d e f a u l t  
t h e  s i n g l e  cause  EXTRA . - - 

= 5 Invokes a  m o r t a l i t y  change model indexed on t o t a l  suspended 
. p a r t i c u l a t e s  and d e r i v e d  from s t u d i e s  by W i n k e l s t e i n  

: 

(Winke l s te in  e t  a l . ,  1968);  Def ines  by d e f a u l t  t h e  s i n g l e  c a u s e  
EXTRA . . - - 

= 6 Invokes a rad ia t ion- indexed  model cor responding  t o  t h e  l i n e a r  
non thresho ld  model, u n c o r r e c t e d  f o r  dose  r a t e ,  p resen ted  i n  t h e  
1972 BEIR r e p o r t  (NAS, 1972) a s  modif ied i n  t h e  Reactor  S a f e t y  
Study (WASH-1400), o f t e n  r e f e r r e d  t o  a s  t h e  Rasmussen Report  
(USNRC, 1975, 1976) .  ' B ~  d e f a u l t ,  t h e  f o l l o w i n g  c a u s e s  a r e  
d e f i n e d  : 

LEUKEMIA - A l l  leukemias ,  bo th  lymphat ic  and myeloid .  
LUNG - Cancers of t h e  lung and bronchus.  
STOMACH - Stomach c a n c e r .  
ALIMENRY - A l l  c a n c e r s  of t h e  d i g e s t i v e  t r a c t  excep t  stomach and 

p a n c r e a t i c .  
PANCREAS - Cancer o f  t h e  pancreas .  
BREAST - A11 b r e a s t  c a n c e r s .  
BONE - 0s t e o g e n i c  sarcomas.  
THYROID - Cancer o f  t h e  t h y r o i d .  
OTHER - A l l  remaining mal ignanc ies .  

-= 7 Invokes a rad ia t ion- indexed  model cor responding  . t o  t h e  l i n e a r  
non thresho ld  model p r e s e n t e d  i n  t h e  1980 BEIR r e p o r t  (NAs, 1980) 
and modif ied by p rocedures  o u t l i n e d  i n  Volume I.' .By d e f a u l t  t h e  
fo l lowing  c a u s e s  a r e  d e f i n e d :  

THYROID - Cancer o f  t h e  t h y r o i d .  
BREAST - A l l  b r e a s t  c a n c e r s .  
LUNG - Cancers of t h e  lung and bronchus;  ' 

ESOPH - Cancer o f  t h e  esophagus.  
STOMACH - Cancer o f  t h e  stomach. 



INTEST - Cancer of l a r g e  and small i n t e s t i n e s .  
LIVER - Cancer of t h e  l i v e r ?  
PANCREAS - Cancer of the. pancreas.  
URINARY - Cancer of t he  u r ina ry  organs.  
LYMPHOMA - Lymphosarcoma, re t icu lum c e l l  sarcoma, and mu l t i p l e  

myeloma. 
LEUKEMIA - A 1  1 leukemias. 
BONE - Cancer of t he  bone. 
OTHER - A l l  o t h e r  cancers .  

= 8  Invokes a  radiat ion-indexed model corresponding t o  t he  l i n e a r -  
q u a d r a t i c ,  nonthreshold model p r e s e r ~ e e d . i n  the 1980 B E I R  r e p o r t  
(NAS, 1980) and modified by procedures o u t l i n e d  i n  Vol.ume 1. 
h e  ca i~se  names and uae of t h e  op t ion  REL arc i d e n t i c a l  t o  thc  
d e s c r i p f  ion6 ' fo r  Madel 7. ' 

= 9 Invokes a  radiat ion-indexed model corresponding t o  t h e  pure 
q u a d r a t i c ,  nonthreshold model presented i n  t he  1980 B E I R  r epo r t  
(NAS, 1980) and modified .by procedures ou t l i ned  i n  Volume I. 
The cause names and use of t he  op t ion  REL are  i d e n t i c a l  t o  the . 

d e s c r i p t i o n s  f o r  Model 7. 

REL R e l a t i v e  mode switch.  I f  not mentioned, the  abso lu t e  r i s k  ve r s ion  o f  
each of t he  models s p e c i f i e d  i n  t h e  MODEL parameter w i l l  be used. I f  
REL is s p e c i f i e d  with Models 6-9, , t hen  an app rop r i a t e  s e t  of cause- 
of--death d a t a  must have beet1 e u l e r e d  v i a  t he  DATA command, with names 
i d e n t i c a l  t o  those  l i s t e d  above f o r  the  p a r t i c u l a r  model. The only 
except ion  t o  t h i s  r u l e  occurs  f o r  t h e  s p e c i a l  cause n&e - .EXTRA - , 
which is assumed r e l a t i v e  t o  t o t a 1 , m o r t a l i t y  p r i o r  t o  t h d e f f e c t s  o f  
any ADJUSTment s . 

BACKGROU Cor rec t s  t h e  i n i t i a l  o r  b a s e l i n e  r a t e s  of m o r t a l i t y  i n  a l l  t he  models 
t o  remove the  assumed e f f e c t s  of background exposure t o  the' p o l l u t a n t  
i n  ques t i on .  Both t o t a l  and i d e n t i c a l l y  named cause-spec i f ic  dea th  
r a t e s ,  i f  entered, will he decreased accordingly.  

LPLAT Long PLATeau switch i s  used o n l y , f o r  Model 6.  The e f f e c t  of r ad i a -  
t i o n  exposure f o r  a l l  causes  except  leukemia p e r s i s t s  f o r  a  maximum 
of  30 years  ( t h e  d e f a u l t )  o r  t he  Lifet ime of t h e  i n d i v i d u a l  exposed. 
LPLAT fo rces  . the  l a t t e r  assumption. Thls  op t ion  has no e f f e c t  on 
.leukemia, which has  a s h o r t  p l a t eau ,  even under conse rva t ive  assump- 
t i o n s  i n  t h e  BEIR (1972) r e p o r t .  

The i d e n t i t i e s  and dose l e v e l s  of the  p o l l u t a n t s  a r e  given by t h e  keywords: 

sq = pg/m3 of s u l f u r  d iox ide .  

SO* = pg/m3 of suspended s u l f a t e s .  



TSP = pg/m3 of to.ta1. suspended p a r t i c u l a t e s .  

POM = pg/m3 of benzo[a]pyrene. 

' REM = Whole-body equiva len t  dose i n  R E M / Y ~ ~ ~ .  

C I G  = C i g a r e t t e s  smoked per day. 

. .  ,When dea l ing .  with .TSP p o l l u t i o n  i n '  the  presence of . p a r t i c u l a t e  c o n t r o l  
technology, i t  must be noted t h a t  t he  va r ious  c o n t r o l  techniques do not t r a p  
p a r t i c u l a t e s  of a l l  s i z e  ranges with equal  ease .  Therefore ,  the  fol lowing 
parameters a r e  used t o  e s t ima te  t he  e f f e c t i v e  TSP dose: 

RFRAC = Proport ion of p a r t i c u l a t e s  i n  the uncont ro l led  emissions t h a t  a r e  
included i n  t h e  o v e r a l l  e f f i c i e n c y  of p a r k i c u l a t e  removal. 

ENRESP = Ef f i c i ency  of removal of nonresp i rab le  p a r t i c u l a t e s .  

ERESP = Ef f i c i ency  of removal of r e s p i r a b l e  p a r t i c u l a t e s .  

~ i v e n  RFRAC and any one of the  remaining two parameters i n  t h i s  group, t he  
b i o l o g i c a l l y  e f f e c t i v e  TSP dose m u l t i p l i e r  is  computed and appl ied  - t o  the  input  
TSP va lue .  

4.12.3.1.2 Array Data 

A l l  parameters of a l l  models wi th in  the  ADJUST, subcommand a r e  suppl ied  
wi th  d e f a u l t  va lues .  However, the  d e f a u l t  va lues  may a l l  be modified a s  de- 
s i r e d  by the  user .  

COEFS Each model.has an a s soc i a t ed  s e t  of c o e f f i c i e n t s .  The va lues  o f  . 
t h e s e  c o e f f i c i e n t s  , t h e i r  d e r i v a t i o n s ,  ' and the  forms of t h e  models t o  
which they apply a r e .  descr ibed  i n  Volume I. Each model is sex-spe- 
c i f i c ,  so  the  secondary q u a l i f i e r s  a r e  always MALE and FEMALE. The 
primary q u a l i f i e r s  a r e  always the  names of the  cause ( s )  of dea th  
generated i n  t h e  model. I n  Models 1 through 5, only one cause (named 

EXTRA ) i s  generated by d e f a u l t .  In  Model 6, e i g h t  cancers  and a  . - 
r e s i d u a l  cancer  group a r e  def ined  by d e f a u l t .  I n  Models 7 ,  8, and 9, 
twelve cancers  and a  r e s i d u a l  cancer  group a r e  def ined  by d e f a u l t .  
New causes  may be def ined i n  any model simply by adding a d d i t i o n a l  
cause names t o  the  COEFS a r r ay .  For the  r a d i a t i o n  models, d e f i n i n g  
new causes  a l s o  modif ies  t he  names of t he  dose t e r m s  expected. 

PLATEAU This is an a u x i l l i a r y  a r r a y  used only with the r a d i a t i o n  r i s k  models 
der ived  from the  two BEIR r e p o r t s  (Models 6 ,  7 ,  8, and 9) .  For each 
cause it  r ep re sen t s  the du ra t i on  of r i s k  a f t e r  t he  pe,riod of l a t e n c y  
fol lowing exposure has  passed. . There is  one member- of t h i s  a r r a y  for  
each inember of the  COEFS array,  except t h a t  PLATEAU i o  not  ocx- 
s p e c i f i c .  

. . 



LATENT T h i s  i s  an a u x i l l i a r y  a r r a y  used on ly  wi th  t h e  r a d i a t i o n  r i s k  models 
d e r i v e d  from t h e  TWO BEIR r e p o r t s  .(Models 6,  7 ,  8 ,  and 9 ) .  Fnr ~ a r h  
d e f i n e d  c a u s e  i t  r e p r e s e n t s  t h e  number of y e a r s  of l a t e n c y .  t h a t  must 
e l a p s e  between exposure  and t h e  e a r l i e s t  observed i n c r e a s e d  r i s k  of  
d e a t h .  It i s  not  s e x - s p e c i f i c ,  s o  t h e  on ly  q u a l i f i e r s  a r e  t h e  'cause 
names. . . 

MORBID T h i s  a r r a y  allows,SPAHR t o  c a l c u l a t e  i n c i d e n c e  of d i s e a s e  from mor- 
t a l i t y  e s t i m a t e s .  It i s  c a u s e . a n d  sex  s p e c i f i c .  D e f a u l t  v a l u e s  a r e  
provided o n l y  f o r  Models 6 , .  7,  8 ,  and 9 .  Each c a u s e  and s e x  of t h e  
MORBID a r r a y  h a s  t h r e e  members. The f i r s t  v a l u e  i s  t h e  f a c t o r  by 
which c a l c u l a t e d  d e a t h s  must be m u l t i p l i e d  t o  g e n e r a t e  t h e  number o f  
c a s e s .  I f  t h e  c a s e  f a t a l i t y  r a t e  i s  50%, t h e n  t h i s  f i r s t  c o e f f i c i e n t  
would have t h e  v a l u e  2.0.  The second v a l u e  is  t h e  mean d u r a t i o n  ( i n  
y e a r s )  between d i a g n o s i s  and d e a t h  f o r  t h o s e  who d i e .  The t h i r d  
v a l u e  i s  t h e  mean number of y e a r s  spen t  i n  an o f f i c i a l l y  d e f i n e d  
morbid s t a t e  by t h o s e  who r e c o v e r .  

DOSE T h i s  a r r a y  c o n t a i n s  t h e  d o s e s  f o r  a l l  models i n  t h e  even t  t h a t  a  
t ime-varying o r  o r g a n - s p e c i f i c  dose  is  u t i l i z e d .  Models 1-5 i n  t h e  
p r e s e n t  v e r s i o n  of SPAHR cannot  hand le  t ime-varying d o s e s .  However, 
p r o v i s i o n  h a s  been made f o r  f u t u r e  enhancements t o  t h e s e  models ,  and 
d o s e s  e n t e r e d  w i t h  t h e  a p p r o p r i a t e  q u a 1 i f i e r . s  w i l l  n o t  g e n e r a t e  an 
e r r o r  message. Dose i s  not  assumed t o  be sex  s p e c i f i c ,  so  t h e r e  i s  
o n l y  a  s i n g l e  s e t  o f  q u a l i f i e r s .  The q u a l i f i e r s  r ecogn ized  i n  t h i s  
v e r s i o n  a r e :  

MODEL ' Primary Q u a l i f i e r s  

1 CIGARETTES 
2  SO4 ( suspended S u l f a t e s )  
3 SO2 ( S u l f u r  Diox ide )  
3  TSP ( T o t a l  Suspended P a r t i c u l a t e s )  . 
4  POM ( P o l y c y c l i c  Organic .  M a t t e r )  , . 

5 TSP ( T o t a l  Suspended P a r t i c u l a t e s )  
6 , 7 , 8 , 9  WHBI (WHole-~ody I r r a d i a t i o n )  and o rgan  d o s e s  named iden- 

t i c a l l y  t o  t h e  d e f i n e d  c a u s e  names 

WARNING: The ADJUST STOP paramete r  does  n o t  a p p l y  t o  e n t r i e s  i n  t h e  DOSE a r -  - 
r a y .  It a f f e c t s  o n l y  t h e  g l o b a l  c o n s t a n t  dose  s p e c i f i e d  i n  t h e  s ing le -va lued  
pa ramete r  s e c t i o n  o f  thk ADJUST subcommand.. I f  a  d o s e  h i s t o r y  e x t e n d i n g  p a s t  
t h e  v a l u e  of t h e  STOP parameter  i s  e n t e r e d  i n  t h e  DOSE a r r a y ,  i t  w i l l  not  be 
a u t o m a t i c a l l y  t e r m i n a t e d  i n  y e a r  STOP. 

4.12.3.2 LIFETAB and MULDEC 

Whenever t h e  RATES o r  RETAINDR paramete r s  a r e  invoked,  PROJECT c a l c u l a t e s  
l i f e  t a b l e s  u s i n g  t h e  command r o u t i n e s  f o r  t h e  LIFETAB and MULDEC commands. 



The' o u t p u t  from t h e s e  c a l c u l a t i o n s  may be c o n t r o l l e d  by t h e  use  of  t h e  LIFETAB 
and MULDEC subcommands. The forms and op t ions .  of  t h e  subcommands a r e  i d e n t i c a l  
t o  t h o s e  of t h e  commands. The u s e r ' i s  r e f e r r e d  t o  t h e  d e s c r i p t i o n s  of  t h e  
LIFETAB and MULDEC. commands ( C h a p t e r s  4 .5  and 4 .6)  f o r  t h e  a v a i l a b l e  o p t i b n s .  
The d e f a u l t s  i n  subcommand mode d i f f e r  from t h o s e  f o r  t h e  commands, however, 
i n  t h a t  TERM and PRINT d e f a u l t  t o  z e r o ,  thus  o m i t t i n g  . t h e  log  f i l e  and p r i n t e d  
o u t p u t s ,  which must be r e q u e s t e d  e x p l i c i t l y .  

WARNING ! ! With t h e  MULDEC command i n  p a r t i c u l a r  i t  i s  p o s s i b l e  t o  g e n e r a t e  
a  l a r g e  amount of  o u t p u t  by u s i n g  t h e  DETAIL o p t i o n .  S ince  t h e s e  r o u t i n e s .  may 
be invoked many t imes  by PROJECT, be c a r e f u l  no t  t o  r e q u e s t  more o u t p u t  t h a n  
can  f e a s i b l y  be . s t u d i e d  t h e  t ime a v a i l a b l e .  

4 .13 TITLE 

The TITLE command s e t s  a  c h a r a c t e r .  s t r i n g  t h a t  w i i l  be p r i n t e d  by SPAHR 
a t  t h e  t o p  of eve ry  page excep t  f o r  t h e  job log  o r  t e r m i n a l  f i l e .  TITLE has  
t h e  g e n e r a l  form 

TITLE < s t r i n g  of  up t o  40 c h a r a c t e r s ) ;  

The t e x t  can be  t e r m i n a t e d  w i t h  $$, $, o r  ; and t h e r e f o r e  may no t  i n c l u d e  t h e s e  

symbols. A l t e r n a t i v e l y ,  t h e  t e x t  may be e n c l o s e d  by e i t h e r  s i n g l e  ( I )  o r  
doub le  q u o t a t i o n  (")  marks,  i n  which c a s e  on ly  ' t h e  semicolon i s  p r o h i b i t e d .  
The t i t l e  s t r i n g  can i n c l u d e  t h e  c u r r e n t  v a l u e  of a  SPAHR v a r i a b l e .  Th i s  i s  

known a s  a  v a r i a b l e  expans ion .  I f  t h e  v a r i a b l e  name is  preceded by an amper- 
sand ( & I ,  t h e  v a l u e  of  t h e  v a r i a b l e  w i l l  be p r i n t e d  i n s t e a d  of  t h e  name of t h e  
v a r i a b l e .  For example : 

TITLE TEST RUN; 
. . . . 

TITLE "Much F a n c i e r  $ 6 4 , 0 0 O / / ~ e s t  ~ u n /  1"; 

N =' 12 ; TITLE Tes t  number '&N ; 

I n  t h i s  example, t h e  t i t l e  t h a t  p r i n t s  o u t  is  

Tes t  number 1 2 ,  

4.14 SET - 

The SET s t a t e m e n t s  pe rmi t  t h e  user t o  c r e a t e  and manipu la te  s c a l a r  v a r i -  
a b l e s .  SET s t a t e m e n t s  a r e  sirni.186 i n  f u n c t i o n  t o  ass ignment  s t a t e m e n t s  i n  
o t h e r  h ' igher- level  languages  suCh a s  FORTRAN, PL/I, and BASIC, and they  have ' 

. . . . 
t h e  form : 

. [ SET ] < v a r i a b l e  name> = < c o n s t a n t  o r  e x p r e s s i o n >  ; 



The keyword SET is  o p t i o n a l ,  a s  t h i s  type  of  s t a t e m e n t  may a l s o  be d e t e c t e d ,  by 
t h e  p resence  of the  .=  a s  a  d e l i m i t e r  of an o t h e r w i s e  command-level s t r i n g . '  
A d d i t i o n ,  s u b t r a c t i o n ,  m u l t i p l i c a t i o n ,  and d i v i s i o n  a r e  p e r m i t t e d .  Manipula- 
t i o n  wi th  exponen t s ,  s p e c i a l  f u n c t i o n s  such a s  log  and square  r o o t ,  and paren- 
t h e t i c a l  groups  a r e  not  a v a i l a b l e .  E i t h e r  t h e  keyword SET o r  t h e  equa l  s i g n  
may be o m i t t e d ,  because  SPAHR uses  e i t h e r  one a s  t h e  s i g n a l  t.o invoke t h e  SET 
r o u t i n e s .  Thus 

SET XX = 7  ; 
SET XX 7  ; 

X X = 7 ;  

w i l l  a l l  be i n t e r p r e t e d  i d e n t i c a l l y ,  A11  three s t a t e m e n t s  w i l l  d e f i n e  a SPAHR 
v a r i a b l e  named XX w i t h  t h e  v a l u e  7 .  

4.15 PRINT 

PRINT- pe rmi t s  t h e  u s e r  t o  p r i n t  o u t  t h e  c u r r e n t  v a l u e  of any use r -de f ined  
o r  s c a l a r  sys tem v a r i a b l e .  It h a s  t h e  form 

PRINT <l is t> ; 

where t h e  < l i s t>  may i n c l u d e  any combinat ion of system v a r i a b l e s ,  use r -de f ined  
v a r i a b l e s ,  f i l e  i n d i c a t o r s ,  column i n d i c a t o r s ,  and c h a r a c t e r  c o n s t a n t s .  

Data 

When a v a r i a b l e  name i s  encoun te red  i n  t h e  < l i s t > ,  t h e ' v a l u e  c u r r e n t l y  

a s s o c i a t e d  w i t h  t h a t  v a r i a b l e  i s  p r i n t e d  o u t .  The v a l u e  w i l l  be l e f t - j u s t i f i e d  
s t a r r i n g  i n  t h e  c u r r e n t  column p o s i t i o n  of t h e  p r i n t  l i n e ,  e x p r e s s e d  i n  s c i e n -  
t i f i c  n o t a t i o n  wi th  s i x  d i g i t s  of p r e c i s i o n ,  and n o n - s i g n i f i c a n t  z e r o s  w i l l  b e  
o m i t t e d .  

C h a r a c t e r  

A c h a r a c t e r  c o n s t a n t  is any s t r i n g  of  c h a r a c t e r s  e n c l o s e d  i n  e i t h e r  s i n -  
g l e  o r  double  q u o t a t i o n  marks. It w i l l  be t r a n s f e r r e d  e x a c t l y  a s  e n t e r e d  
( o m i t t i n g  t h e  q u o t a t i o n  marks) t o  t h e  p r i n t  l i n e  s t a r t i n g  a t  t h e  c u r r e n t  
column. 

System 

The s t r i n g s  r e a d  i n  by u s i n g  t h e  TITLE command o r  t h e  NAME ,parameter  i n  
t h e  DATA command may be r e f e r e n c e d  i n  t h e  PRINT s t a t e m e n t  a s .  - TITLE and NAME - 
r e s p e c t i v e l y .  The s p e c i a l  name - PAGE - c a u s e s  a  page t o  be skipped and a  t i t le-  
message t o  ' b e  p r i n t e d  o u t .  



Column 

By d e f a u l t ,  t h e  c u r r e n t  column is  t h e  column immediately f o l l o w i n g  t h e  
l a s t  i t e m  e n t e r e d .  However, - t h e  c u r r e n t  column number may be r e s e t  by e n t e r -  
ing  a  @ symbol immediately fo l lowed by an i n t e g e r  g i v i n g  t h e  column t o  be used 
a s  t h e  c u r r e n t  column number. 

F i l e  . . 

By d e f a u l t ,  t h e  p r i n t  l i n e  w i l l  appear  on t h e  t e r m i n a l  o r  l o g  f i l e  . 
( u n i t  3 ) .  However, a n o t h e r  f i l e  u n i t  may be  s p e c i f i e d  by i n c l u d i n g  a  # symbol 
fo l lowed immediately by a  number r e p r e s e n t i n g  a  d i f f e r e n t  f i l e  u n i t .  I f  more 
t h a n  one f i l e  i n d i c a t o r  is e n t e r e d  i n  a  PRINT s t a t e m e n t ,  ' t h e  l a s t  one e n t e r e d  
w i l l  app ly .  The e n t r y  

X = 2.3 ; Y = 0.00034 ; Z = 1005684.8 ; . . 

PRINT #6 "x="' X @40 Y @20 "2 = " Z .; 

w i l l  p r i n t  t h e  . f o l l o w i n g  l i n e  on u n i t  6 :  

The DO s t a t e m e n t  is  used t o  d e f i n e  an a s s o c i a t e d  group o f  s t a t e m e n t s .  
The end of t h e  group must be demarcated by an END s t a t e m e n t .  S ta tements  i n  a 

DO group may be execu ted  r e p e t i t i v e l y  and may be n e s t e d  i n  up t o  n i n e  l e v e l s .  
The DO s t a t e m e n t  h a s  t h e  form 

DO ( v a r i a b l e  name> = ( i n i t i a l  v a l u e >  TO < f i n a l  v a l u e >  
BY ( increment  v a l u e >  ; 

The c o n t r o l  v a r i a b l e  t h u s  c r e a t e d  is a  user-def ined v a r l a b l e  and may t h e r e f o r e  
be  used o r  a l t e r e d  w i t h  a  SET s t a t e m e n t .  The BY v a l u e  is o p t i o n a l  and d e f a u l t s  
t o  1.0.  I f  no c o n t r o l  v a r i a b l e  is s p e c i f i e d ,  then  t h e  d e f i n e d  g roup  i s  exe- 
c u t e d  on ly  once.  

SPAHR p r o c e s s e s  DO s t a t e m e n t s  by r e a d i n g  them i n t o  a  b u f f e r  and r e i n t e r -  
p r e t i n g  them on each p a s s  w i t h o u t  r e p r i n t i n g  them. T h e r e f o r e ,  messages 
p r i n t e d  o u t  w i l l  not  be e a s i l y  a s s o c i a t e d  wi th  t h e  DO s t a t e m e n t s  t o  which t h e y  
r e f e r .  To a l l e v i a t e  t h i s  problem, t h e  u s e r  may wish t o  p r i n t  o u t  a message 
c o n t a i n i n g  t h e  v a l u e  o f  t h e  c o n t r o l  v a r i a b l e  a t  t h e  b e g i n n i n g  of each p a s s ,  as 



. ( o t h e r  SPAHR .s ta tements )  ' 

. END ; 

In  a d d i t i o n ,  t he  informative messages t h a t  p r i n t  out on the log f i l e  i n  
response  t o  each command may genera te  more output  than the  user  needs. Most 
commands a r e  t h e r e f o r e  equipped with a TERM parameter that '  de f ines  the  impor- 
t ance  l eve l  r equ i r ed  f o r  a  message t o  be p r in t ed  ou t .  S e t t i n g  TERM=O i n  most 
commands suppresses  most terminal  ou tput .  For example, the sequence 

nn NPnP=l M innn ; 
DATA INPUP18 FORMAT=l TERM=O ; 
LIFETAB TERM=O' ; ANALYSIS TERM=O ; 
PRINT 'NO. ' NPOP NAME EOM EOF 'NRR=' NRR ; - .  - 
END ; 

w i l l  cause only a  s i n g l e  l i n e  t o  be p r in t ed  out f o r  each populat ion,  r a t h e r  
than  the  f i v e  t o  seven l i n e s  t h a t  would p r i n t  out  i f  TERM were not s e t  t o  
zero.  

The IF s ta tement  a l lows cond i t i ona l  execut ion of SPAHR commands. It has  
the  form 

IF < l o g i c a l  sxbression> WEN <command or DO group.> ; 

. . 
ELSE (command o r  DO-group> ; 

, 
The l o g i c a l  express ion  may -be e i t h e r  a  s i n g l e  simple express ion  o r  a  

co;6pound,...,logica.l express  i on  connected wi th  AND and/or OR operands.  The simple 

. . : ' . .  expres 's ions 'h ive two forms: t he  name of an a r r a y  s p e c i f i a b l e  i n  the  'DATA 
command t h a t  r e t u r n s  the ,  va lue  t r u e  i f  t h e  a r r a y  h a s  been properly i n i ' t i a l i z e d  

.. . . and f a l s e  i f  , i t  has no t ;  o r  'a r e l a t i o n a l  comparison between two .system o r  u se r  
v a r i a b l e s ,  or between..bne. ~ a r i a b l e  and a  constant.  ( v a r i a b l e s  a r e  d i scussed  i n  
chap te r  3 .7 ) .  un l ike  FORTRAN and PL/I, a r i t h m e t i c  express ions  may not be 
imbedded wi th in  t he  l o g i c a l  express ion .  The r e l a t i o n a l  ope ra to r s  a r e  def ined 

, . '  o p e r a t o r  Meaning 

EQ Equal t o  
NE Not equal  t o  

, LT Less than 
'LE , Less than or  .equal  t o  . 

, . GT .. Greater  than 
GE Grea te r  than.  o r  equa l  t o  



The logical variables corresponding to the DATA arrays return the value 
true if they have been explicitly mentioned in the DATA command, even if in 
that command they were set to unreasonable values, except for primary data 
arrays POPULATION, BIRTHS, and DEATHS. For these arrays, true is returned if 
and only if at least one positive entry age group for each sex is greater than 

The statement. or DO group immediately following the keyword THEN will be 
executed if .and only if the value of the logical expression is true. The 
statement or DO group following the keyword ELSE will bc executed if and only 
if the value 0-f the logical expression is false. The THEN clause is required 
at all times; the ELSE clause is optional' and may be omitted. 

The keyword THEN is used to tgrminate the logical expression. Therefore, 
a variable with the name of THEN may never be used on the left side of a rela- 
tional'expression. 

END - 

The END statement has no operands. .It serves two functions. The first 
is to terminate DO groups. . The second is to terminate execution of SPAHR 
entirely. A separate END statement must be provided for each DO statement. 

If SPqHR encounters an end of file in the command file or any free-format 
data file, an END statement is automatically generated. Consequently, the 
final END statement in a SPAHR program is optional. 



T H I S  PAGE 
WAS INTENTIONALLY 

LEFT BLANK 



5 . 0  RUNNING SPAHR 

5.1 The I n t e r a c t i v e  Vers ion o f  SPAHR 

Because SPAHR is  so  v e r s a t i l e ,  i t  may be d i f f i c u l t  t o  c o n s t r u c t  programs 
f o r  s o p h i s t i c a t e d  a n a l y s e s .  T h e r e f o r e ,  an i n t e r a c t i v e  q u e s t i o n  and answer 
c a p a b i l i t y  is  a v a i l a b l e .  Th i s  procedure  is  s e l f . d o c u m e n t i n g ,  s o  t h a t  t h e  u s e r  
needs  l i t t l e  o r  no f a m i l i a r i t y  w i t h  e i t h e r  t h e  language s t r u c t u r e  o r  commands. 
C u r r e n t l y  t h r e e  i n t e r a c t i v e  packages a r e  a v a i l a b l e  i n  SPAHR. These a r e  
PRIMER, SITE, and WORKER. Each of  t h e s e  packages h a s  been des igned  t o  a d d r e s s  
a  s e p a r a t e ' s e r i e s  of  q u e s t i o n s .  A d e t a i l e d  d i s c u s s i o n  of  t h e  use  of  t h e s e  
i n t e r a c t i v e  packages i s  a v a i l a b l e  in 'vo lume  I11 o f  t h i s  s e r i e s .  

5.2 SPAHR under CMS 

The use  of t h e  i n t e r a c t i v e  packages reduces  t h e  f l e x i b i l i t y  of SPAHR, b u t  
SPAHR can be run d i r e c t l y  on M S .  Th i s  s e c t i o n  o u t l i n e s  two p rocedures  f o r  

, doing s o .  However, on ly  u s e r s  f a m i l i a r  wi th  t h e  SPAHR language s t r u c t u r e  and 
command re . f e rence  should  a t t e m p t  t h i s .  M S  i s  an i n t e r a c t i v e  sys tem;  t h e  
commands a r e  proccessed a s  they  a r e  e n t e r e d ,  and SPAHR prov ides  prompts a s  
needed. I n  Example S e s s i o n  1, t h e  u s e r  must l o g  on t o  CMS a s  d e s c r i b e d  i n  ' 

Volume 111, SPAHR I n t e r a c t i v e  Package Guide. I n  a d d i t i o n ,  t h e  d a t a  s e t ' ~ ~ ~ ~ l  
h a s  been s e l e c t e d  f o r  a n a l y s i s  i n  t h i s  example. A complete  l i s t i n g  o f  a l l  
d a t a  s e t s  a v a i l a b l e  f o r  a n a l y s i s  i s  provided by e n t e r i n g :  

TYPE WORKER DATA A . : 

I n  t h e  sample s e s s i o n s  below, l i n e s  t h a t  a r e  p r i n t e d  i n  lower-case 
l e t t e r s  and beg in  w i t h  a p e r i o d  a r e  l i n e s  e n t e r e d  by t h e  u s e r .  L ines  t h a t  do 
no t  b e g i n  w i t h  a p e r i o d  and a r e  p r i n t e d  i n  upper-case l e t t e r s  a r e  g e n e r a t e d  by 
SPAHR. The p e r i o d  a t  t h e  b e g i n n i n g  of  t h e  i n p u t  l i n e s  is  p r i n t e d  o u t  a s  a  

prompt by CMS . t o  t e l l  t h e  u s e r  t h a t  it is ready t o  r e c e i v e  i n p u t .  Each l i n e .  
typed i n  a t  t h e  t e r m i n a l  must end w i t h  a  c a r r i a g e  r e t u r n ,  o r  , t h e  computer w i l l  
no t  know t h a t  t y p i n g  is f i n i s h e d .  

CMS Example S e s s i o n  1 

SPAHR VERSION 4 .1  

COMMAND- 
. d a t a  ; 
<DATA) UNITED STATES(WHITE) 1970 
COMMAND- 
. l i f e t a b  ; 
<LIFE TABLE> EXPECTATION OF LIFE FEMALE 75.616 MALE 67.942  
<LIFET& > PRINTED PAGES 1 TO 1 ON FILE 3 



COMMAND- 
. muldec ; 
W L D E C >  CAUSE O F ,  COHORT DEATHS YEARS ' LOST 

DEATH FEMALE MALE FEMALE MALE 
LEUKEMIA . 671. 743.- 0.129 0.131 
LUNG 1240. 4895. 0.219 0.677 
STOMACH 712. .898. 0.087 0.103 
AL IMENRY 3499. 2967. 0.459 0.352 
PANCREAS 1061. 779. 0.160 0.085 
BREAST 3040. 25. 0.552 0.003 
BONE , 80. 89. 0.017 ' .0.018 
THYROID 82. 3 5 .  0.011 . 0.005 
OTHER 5756. 5643. 0.970 .0 .808 
CANCER 16141. 16074. 2.756 2.334 

<MULDEC> PRINTED PAGES 2 TO 5 ON .FILE 3 
COMMAND- 
. p r o j e c t  stop=2070 term/ 
MOM ? 
. a d j u s t  model=6 remz0.l ; 
<PROJECT> ( 0) POP. I N  2070 I S  292544256. 
<PROJECT> PRINTED PAGES 6 TO 15 ON F I L E  3 
COMMAND- 
.end ; 
SPAHR NORMAL TERMINATION. 

The user  i n i t i a t e d  the  SPAHR run by i s su ing  the  command spahr * data1 a t  
t h e  te rmina l .  This command t o l d  the  system t o  execute the  EXEC f i l e  named 
SPAHR EXEC. The * was defined i n  the exec f i l e  t o  mean t h a t  the command f i l e  
would Be entered  In  i n t e r a c t i v e  mode d i r e c t l y  from the  terminal .  The DATA1 
t o l d  the  system to a t t a c h  a  f i l e  named DATA1-DATA t o  u n i t  4.  NOTE: Because 
SPAHR i s  w r i t t e n  i n  FORTRAN, a l l  CMS d i s k  f i l e s  t h a t  it reads must be fixed- 
length  f i l e s  (RECFM F) with a  l o g i c a l  record length of 80 bytes  (LRECL 80) .  
Variable- length CMS f i l e s  or  those with one of t he  compressed formats may not 
be used. 

SPAHR then p r in t ed  out a  l i n e  i d e n t i f y i n g  the vers ion  number and prompted 
t h e  use r  fo r  a  command by typing  COMMAND-. A t  t h i s  po in t  t h e  use r  en tered  a  
command, which i n  t h i s  case  was a  DATA command., SPAHR i n t e r p r e t e d  the command, 
read i n  a  populat ion from u n i t  4 ,  and p r in t ed  out the  name of the  population. 
Another command prompt was then i ssued ,  which was answered with a  LIFETAB com- 
mand., LIFETAB executed a s  ordered and p r in t ed  out  i t s  log f i l e  l i n e  by way o f .  . 

confirmation.  Because LIFETAB wrote something on the  p r i n t  f i l e ,  t he  SPAHR 
command processor  a l s o  p r in t ed  out a  log  f i l e  l i n e  i n d i c a t i n g  which page(s)  i n  
the  p r i n t  f i l e  a r e  t o  be a s soc i a t ed  with t h i s  command. A s i m i l a r  sequence was 
followed fo r  t h e  MULDEC command. Whe>n the  PROJECT command was en tered ,  how- 
ever ,  t he  f i r s t  l i n e  terminated with a  s l a s h  (/). SPAHR recognized from t h i s  
t h a t  t h e  command was not ye t  f i n i shed  and so  prompted MORE?. Af te r  f i n i s h i n g  
the  p ro j ec t ion ,  the  END command was en tered ,  and SPAHR terminated,  r e tu rn ing  
t h e  use r  t o  t h e  CMS system. The p r i n t  f i l e  ( u n i t  3) remained behind i n  t he  



form. o f  a f i l e  named SPAHR 3 LISTING A. It can be p r i n t e d  o u t  by us ing  t h e  CMS 
PRINT command o r  viewed by us ing  t h e  t e x t  e d i t o r .  NOTE: I f  SPAHR is executed 
i n  t h i s  f a s h i o n  twice  i n  a row, t h e  p r i n t  f i l e  SPAHR 3 LISTING A genera ted  t h e  
f i r s t  t ime w i l l  be o v e r w r i t t e n  by t h e  p r i n t  f i l e  genera ted  t h e  second t ime. 
The sequence of runs  must be planned accord ing ly .  

To run  SPAHR on CMS i n  a n o n i n t e r a c t i v e  mode, t h e  u s e r  can c r e a t e  a f i l e  
named COMFILE COMMAND wi th  i n s t r u c t i o n s  s i m i l a r  t o  t h o s e  i n  CMS Example Ses- 
s i o n  1, a s  fo l lows :  

Example CMS F i l e  COMFILE COMMAND A 

OPTIONS BATCH ; 
DATA ; 
LIFETAB ; ' 
MULDEC TERM=O 
PROJECT STOP=2070'TERM DOSINT=6 / ADJUST MODEL=6 REM=O.l ; 
END ; 

f i e  commands have changed s l i g h t l y .  The MULDEC t e r m i n a l  ou tpu t  h a s  been sup- 
p ressed  by s p e c i f y i n g  TERM=O i n  t h e  MULDEC command. The amount o f  l o g  f i l e  
ou tpu t  from t h e  PROJECT command h a s  .been i n c r e a s e d  by s p e c i f y i n g  DOSINT=6. 

Now we can execu te  a SPAHR job wi th  a s i n g l e  .command, t h e  f i r s t  l i n e  
shown h e r e  : 

' CMS Example Sess ion  2 

. spahr-comfi le  d a t a 1  

(SPAHW VERSION 4.1  

COMMMAND- 

d a t a  ; 
<DATA> UNITED STATES (WHITE) 1970 
l i f e t a b  ; 

<LIFE TABLE> EXPECTATION OF LIFE FEMALE 75.616 MALE 67.942 

<LIFETAB > PRINTED PAGES 1 TO 1 ON FILE 3 
MULDEC TERM=O 

(MULBEC > PRINTED PAGES 2 TO 5 ON FILE 3 
PROJECT STOP=2070 TERM DOSINT=6 / ADJUST MODEL=6 REM-0.1 ; 
INTEGRATED DOSE ESTIMATORS 



CAUSE DEATHS MAN-DOSE , , ESTIMATOR 
LEUKEMI 1 5 .2 74E+04 2.421Ei09 2.179E-05 
LUNG 1 - 4 .,7233+04 2.421E+09 1.951E-05 
STOMACH1 .417E+04 2.4213+09 5.853E-06 
ALIMENRl 4723. 2.421E+09 1.951E-06 
PANCREAl 4723. 2.421E+09 1.951.E-06 
BREAST 1 - 3.852E+04 2.4213+09 1.591E-05 
BONE 1. . 1.037E+04 - 2.4213+09 4.2863-06 
THROID 1 2.075E+04 2.4213+09 8.5713-06 
OTHER -1 3.1643 +04 2.4213+09 1.307E-05 

 EXCESS^ - 2.2493+05 0.0 0.0 
<PROJECT> ( 0)  POP. I N  2070 IS  292544256. 
<PmJECT > PRINTED PAGES 6 'TO 15 ON FILE 3 
EIPb ; 

<SPAHR) NORMAL TERMINATION. 

Notice t h a t  SPAHR issued  a s i n g l e  COMMAND- prompt l i n e  a t .  t he  begi-nning 
and did not echo back the  OPTIONS statement .  This is because u n t i l  SPAHR 
processed the  OPTIONS s ta tement ,  it assumed t h a t  it  was execut ing 
i n t e r a c t i v e l y .  

The SPAHR exec f i l e  is self-documenting. I f  the  user  e n t e r s  t he  l i n e  
SPAHR ?, the  cu r r en t  op t ions  a v a i l a b l e  i n  t h e  exec f i l e  w i l l  be l i s t e d .  These 
t y p i c a l l y  inc lude  methods f o r  sending the  p r i n t  t i l e  d i r e c t l y  t o  a Line 
p r i n t e r  i n s t e a d  of leav ing  it on d i sk ,  f o r  p l ac ing  t h e  Log f i l e  on d i s k  in- 
s t e a d  ,of p r i n t i n g  it out a t  the '  t e rmina l ,  and f o r  var ious o ther  u se fu l  i tems. 
The d e f a u l t  d a t a  f i l e  name w i l l  a l s o  be i d e n t i f i e d .  Enter ing  t h e  exec f i l e  
given i n  the SPAHK Programmer's Guide w i l l  produce the  folxowing response: . 

SPAHR f n l  fn2 ( PRINT xxx LOG yyy ) 

where f n l  is the  f i l e  name of f n l  COMMAND *, which i s  
t h e  SPAHR command f i l e .  I f .  a * i s  en tered  
here, cornnand l i n e s  w i l l  be taken d i r e c t l y  frou 
t h e  te rmina l .  

fn2 is  the  f i l e  name f o r  fn2 DATA *, which is a 
SPAHR d a t a  f i l e  t h a t  w i l l  be a l l o c a t e d  t o  u n i t  4. 
This is s e t  by . de fau l t  t o  TEST. 

xxx (de fau l t  DISK) is the  d i s p o s i t i o n  of the  SPAHR 
p r i n t  f i l e  a l l o c a t e d  t o  u n i t  3. It may be one of:  

DISK - Direc t s  t h a t  t he  p r i n t  f i l e  be placed 
on d i sk  f i l e  SPAHR3 LISTING A. 

PRINT - Direc t s  t h a t  the  p r i n t  f i l e  be a l l o c a t e d  
t o  t h e  u s e r ' s  CMS v i r t u a l  p r i n t e r .  



yyy ( d e f a u l t  TERM) is  the  d i s p o s i t i o n  of the  SPAHR 
log f i l e  a l l o c a t e d  t o  u n i t  6. It may be one o f :  

TERM - Direc t s  t h a t  the  log  f i l e  be p r in t ed  out a t  
t h e  u s e r ' s  t e rmina l .  

DISK - Direc t s  t h a t  t he  log f i l e  be placed 
on d i s k  f i l e  SPAHR6. LISTING A. 

PRINT - Direc t s  t h a t  t h e  log  f i l e  be a l l o c a t e d  
t o  t he  u s e r ' s  CMS v i r t u a l  ' p r i n t e r .  



I I I 

T H I S  PAGE 
I 

I 
I 

I I WAS INTENTIONALLY 1 
I L E F T  BLANK 
I I 
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