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ABSTRACT 

Time-ser ies a n a l y s i s  p rov ides  a usefu l  t o o l  i n  t h e  e v a l u a t i o n  o f  

p u b l i c  p o l i c y  ou tpu ts .  It i s  shown t h a t  t h e  genera l  Box and Jenk ins  

method, when extended t o  a1 1 ow f o r  mu1 t i  p l  e  i n t e r r u p t s  , enables researchers  

s imu l taneous ly  t o  examine changes i n  d r i f t  and l e v e l  of  a  s e r i e s ,  and t o  

s e l e c t  t h e  b e s t  f i t  model f o r  t h e  s e r i e s .  As ,app l i ed  t o  urban renewal 

a l l o c a t i o n s ,  r e s u l t s  show s i g n i f i c a n t  changes i n  t he  l e v e l  o f  t h e  s e r i e s ,  

corresponding t o  changes i n  p a r t y  c o n t r o l  of t h e  Execu t i ve .  No suppor t  

i s  g i ven  t o  t h e  " incrementa l ism" hypotheses as no s i g n i f i c a n t  changes i n  

d r i f t  a r e  found. 



THE. APPLICATION 0F.A TIME-SERIES METHODOLOGY 
TO FEDERAL PROGRAM ALLOCATIONS 

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

The technique o f  mu1 t i p l e  nonsta t ionary  t ime-ser ies  ana lys i s  i s  

becoming i nc reas ing l y  v i s i b l e  as a p o t e n t i a l  t o o l  f o r  ana lys i s  i n  p u b l i c  

pol  i c y  and eva lua t i ve  research. A1 though a  s t rong case has been made f o r  

i t s  use i n  the  ana lys i s  of p u b l i c  pol  i c y Y 1  few comprehensive a p p l i c a t i o n s  

o f  t he  technique have been undertaken. 

Box and Jenkins (1 960, 1970), Box and Tiao, (1 965), and Glass and 

Maguire (1 968) have con t r i bu ted  t o  the  i n t e r e s t  i n  t ime-ser ies  appl i c a t i o n s  

through t h e i r  development and opera t iona l  use of t he  t ime-ser ies  i n t e g r a t e d  
. . 

moving average model w i t h  d e t e r m i n i s t i c  d r i f t .  Under the  assumption o f  

random shocks t o  the  se r ies  from the  environment, t h e i r  model enables 

the  researcher simultaneously t o  examine the  changes i n  l e v e l  and slope 

o f  a  se r ies  and t o  s e l e c t  t he  bes t  f i t  model f o r  ana lys i s .  As used here, 

t he  method has been extended t o  a l l ow  fo r  t he  i n c l u s i o n  o f  m u l t i p l e  

i n t e r r u p t s  .2 This a p p l i c a t i o n  i s  cos t -e f fec t ive  i n  t h a t  a1 1 parameters 

need n o t  be examined f o r  each ser ies ,  and the  best  model se lec ted  need 

n o t  necessar i l y  be the  most complex one. 

The pr imary purpose of  t h i s  b r i e f  s tudy i s  t o  show t h e  usefulness 

o f  t he  Box and Jenkins method f o r  t he  ana lys i s  of p u b l i c  p o l i c y  and 

eva lua t i ve  research through the  examination o f  a p p r o p ~ i a t i o n s  fo r  a  

s i n g l e  Federal program. Substant ive ly ,  we wish t o  examine changes i n  

appropr ia t ions  which are  associated w i t h  changes i n  p a r t y  a f f i l i a t i o n  

o f  the  Executive, and t o  examine the  asse r t i on  of incremental ism i n  

Federal p o l i c y ,  through an empi r ica l  ana lys i s  of a  s i n g l e  program. The 



program chosen f o r  t h i s  s tudy i s  t he  Urban Renewal Program, whose e f f e c t i v e  

l i f e - s p a n  ranged f rom 1950 through 1972. 

A Time-Series Model 

The Box and Jenkins t ime-ser ies  model begins w i t h  a  s p e c i f i c a t i o n  

o f  t h e  1  eve1 o f  t h e  se r ies ,  g iven by 

where 

Z t  i s  the  observed value a t  t ime t, 

L i s  a  f i x e d  b u t  unknown l o c a t i o n  parameter, 

y  i s  a  parameter d e s c r i p t i v e  o f  t he  degree o f  i n t e r -  

dependence o'f t h e  observat ions i n  the  se r ies  and takes 

t h e  value O<y<2, 

2  
fit i s  a  normal random" dev ia te  w i t h  a  mean p, and a  var iance u . 

The model descr ibes a  se r ies  which i s  subjected t o  random shocks from . . 

t h e  environment, B , a p r o p o r t i o n  o f  which, y, i s  absorbed i n t o  the  
t. 

. . 
l e v e l  o f  t h e  se r ies .  The d r i f t ,  o r  slope, o f  the  se r ies  can be seen 

when pt i s  expressed as t h e  sum o f  i t s  mean, u ,  and a  random va r iab le ,  

2  
a which has a  mean zero and a  var iance o . S u b s t i t u t i n g  p+at f o r  fit t. ' 
i n  ( I ) ,  we see t h a t  

A t  t ime t, t h e  expected d r i f t  may be expressed as p y t .  A t  t he  

i n t e r r u p t i o n  o f  t h e  t ime-ser ies ,  changes i n  l e v e l  and changes i n  d r i f t  



may' occur.  Denoting t h e  change i n  l e v e l  by 6 and t h e  change i n  d r i f t  by 

A, t he  se r i es  a f t e r  t h e  i n t e r r u p t  may be expressed as 

Where n  represents t he  number o f  observat ions I je fo re  t he  i n t e r r u p t i o n .  

I t should be noted t h a t  when no d r i f t  i s  present ,  p approaches 0  and 13 

takes on t h e  va lue a, s i m p l i f y i n g  t h e  model t o  t he  Box and T iao  i n t e g r a t e d  

moving average model . O .  

Data which a re  app rop r i a te  f o r  t h e  weighted moving average model a r e  

such t h a t  t h e  graph o f  t h e  s e r i e s  f o l l o w s  an " e r r a t i c ,  sometime random 

path w i t h  s l i g h t ,  b u t  no systematic d r i f t s ,  t rends,  o r  cyc les "  (Glass 

and Maguire, 1968:70). Data which do n o t  conform t o  t h i s  assumption 

v i o l a t e  t he  assumption o f  a  zero mean f o r  random v a r i a b l e  a. 

Data Ana lys is  

Urban renewal app rop r i a t i ons  form t h e  data base f o r  t h i s  ana l ys i s .  

Table 1  presents t h e  d o l l a r  amounts o f  approp- ia t ions  f o r  t h e  p e r i o d  

1950-1972. For t h e  purposes o f  comparab i l i t y  a l l  y e a r l y  app rop r i a t i ons  

have been c a l c u l a t e d  on t h e  base o f  1950 d o l l a r s ,  us ing  a  GNP d e f l a t o r  

c o e f f i c i e n t .  Th is  procedure n o t  o n l y  c o r r e c t s  f o r  general  i n f l a t i o n a r y  

t rends,  b u t  a l s o  helps c o n t r o l  f o r  t h e  "mandatory needs" o f  t h e  agency-- 

those cos ts  needed t o  keep t h e  program ope ra t i ng  a t  t he  same l e v e l  as 

t he  prev ious year .  - The program-project dichotomy i's necessary due t o  

t h e  f a c t  t h a t  commencing i n  1965 o t h e r  p r o j e c t s  were added under t h e  

general umbrel la  o f  t he  Urban Renewal. Program. P r i o r  t o  1965, t he  pro-  

gram inc luded demo1 i t i o n  p r o j e c t s  (1 9651, code enforcement p r o j e c t s  (1 966),  



Tab1 e 1 . Urban Renewal A1 l o c a t i o n s  
(do1 1 a r s  i n  thousands) 

A1 l o c a t i o n a  GNP A l l o c a t i o n  ($-1950) 
Year P r o j e c t  Program ~ e f l  a to rb  P r o j e c t  Program 

T o t a l :  8,978,594 11,069,566 

a ~ o u r c e :  1972 HUD S t a t i s t i c a l  Yearbook, U.S. Government P r i n t i n g  Of f i ce ,  
Washington, D.C., 1974, p. 52. 

b ~ o u r c e :  Economic Report  o f  t h e  Pres ident :  Transmit ted t o  t h e  Congress, 
January 1973, U.S. Government P r i n t i n g  Off ice, Washington, D.C. , 
1973, p. 196. 



neighborhood development p r o j e c t s  (1 968) , c e r t i f i e d  area programs and 

i n t e r i m  ass is tance programs (1969), and f a i r  program gran ts  (1971 ) . The 

program and p r o j e c t  a l l o c a t i o n s  expressed i n  terms of 1950 d o l l a r s  a re  

presented i n  g raph ica l  form i n  F igu re  1 .  

,Two i n t e r r u p t s  were used i n  t h i s  ana l ys i s .  The f i r s t ,  represent ing  

t h e  E i  senhower-Kennedy t r a n s i t i o n ,  was 1960,and t h e  second, represent ing  

t h e  Johnson-Nixon t r a n s i t i o n ,  was 1968. Two p ropos i t i ons  were examined. 

F i r s t ,  i t  was hypothesized t h a t  changes i n  p a r t y  c o n t r o l  of t h e  Execut ive 

would l ead  t o  d i f f e r e n t  l e v e l s  of a l l o c a t i o n  f o r  urban renewal- - levels  

cons i s ten t  w i t h ~ i d e o l o g i c a l  p o s i t i o n s  regard ing  i nd i v i dua l i sm,  federa l i sm,  

e t c .  Second, i t  was hypothesized t h a t ,  once i n i t i a l  renewal a l l o c a t i o n s  

had been made f o r  each change i n  p a r t y  c o n t r o l  of t h e  execut ive ,  t h e  

a l l o c a t i o n  would increase i nc remen ta l l y  each year  w i t h ,  poss ib l y ,  

d i f f e r e n t  r a t e s  of incrementa l ism f o r  each a d m i n i s t r a t i o n .  I n  t he  

language o f  t ime-ser ies  i t  was hypothesized t h a t  t he re  would be 

( 1 )  s i g n i f i c a n t  changes i n  l e v e l  a t  each i n t e r r u p t ,  (2 )  s i g n i f i c a n t  

d r i f t ,  and (3 )  s i g n i f i c a n t  changes i n  d r i f t . 4  

Examining Fig1.1re 1, it. i s  poss ib le  t o  imagine t h a t  a l l  t h ree  o f  

these hypotheses w i l l  be proven. There seem t o  be s i g n i f i c a n t  changes 

i n  l e v e l s  f o r  both t h e  program and t h e  p r o j e c t  i n  1969 and 1968, and 

w h i l e  changes i n  s lope a re  d i f f i c u l t  t o  a s c e r t a i n  due t o  y e a r l y  f l u c t u a -  

t i o n s ,  t h e r e  does seem t o  be a  d r i f t  which may be s i g n i f i c a n t l y  d i f f e r e n t  
, 

from 0. Table 2 r e p o r t s  t he  t ime-ser ies  ana l ys i s  f o r  urban renewal 

p r o j e c t  a l l o c a t i o n s .  
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Figure 1 . Urban Renewal A1 locat ions  ($ = 1950) .  
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Tab1 e 2. Urban Renewal P r o j e c t  A1 l o c a t i o n s  

"Extra sum of squares Analys is  
Parameter 

Change i n  l e v e l  D r i f t  Change i n  D r i f t  

A1 l o c a t i o n  1 8 . 2 6 ~  

d f  f o r  F 2,17 

Time-Series Analys is  

Parameter Val ue b T= P 

Level 23.12<118.16<213.20 2.59 <O. 02 

Change i 'n  Level 1 216.19<320.29<424.39 6.42 <0.001 

Change i n  Level 2 -238.41~-120.15<1.88 -2.12 <O. 05 

b95% conf idence i n t e r v a l  . 

'TWO-tai 1 ed. 

S ign i f i cance of regression:  F C3,20) = 21.85, ps0.001, y = 0.1. 

Two f a c t s  a r e  r e a d i l y  apparent from t h i s  f i r s t  t ime-ser ies  ana lys i s .  

F i r s t ,  as shown by the  "ex t ra  sum of squares" a n a l y s i s Y 5  no d r i f t  o r  

change i n  d r i f t  s i g n i f i c a n t l y  d i f f e r e n t  from 0 has been found, and the  

model automat i c a l  l y  was reduced t o  the  two-parameter i ntegra ted  moving 

average model. Second, t he  t ime-ser ies ana lys i s  i t s e l f  shows s i g n i f i -  

cant  changes i n  l e v e l  f o r  each i n t e r r u p t . 5  The same r e s u l t s  ho ld  f o r  

t he  urban renewal program as a whole, i n c l u d i n g  a l l  o the r  p ro jec ts ,  as 

shown i n  Table 3. 
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Tab1 e  3. Urban Renewal Program A1 l o c a t i o n s  

"Ex t ra  sum of squares" Ana l ys i s  Parameter 

Change i n  l e v e l  D r i f t  Change i n  D r i f t  

A1 l o c a t i o n  3 9 . 1 8 ~  

d f  f o r  F 2,17 

Time-Seri es Ana lys is  

Parameter Val ue TC P b  

Level 32.54<118.16.<203.78 2.88 <0.01 

Change i n  Level 1  233.81 <327.59<421.37 7.29 <O .001 

Change i n  Level 2  32.08<138.62<245.16 2.71 <O. 02 
- - pp - - - - - 

ap<O.OO1 . 

b95% conf idence i n t e r v a l  . . 

'Two-tai led. 

S i g n i f i c a n c e  o f  regress ion :  f(3.20) = 40.70, p<0.001, y = 0.1. 

For  t h e  e n t i r e  urban renewal program, s i g n i f i c a n t  s h i f t s  i n  l e v e l s  

o f  a l l o c a t i o n  occurred w i t h  s h i f t s  i n  p a r t y  c o n t r o l  o f  t h e  Execut ive.  

I n  bo th  t h e  case of t h e  Eisenhower-Kennedy and Johnson-Nixon s h i f t s ,  the.  

l e v e l  of a p p r o p r i a t i o n  was s i g n i f i c a n t l y  hi9he.r i n  t h e  p o s t - i n t e r r u p t  a 

per iod .  Th i s  occurred i n  s p i t e  of t he  d r a i n  on t h e  economy from t h e  

V i e t  Nam War, and i n  s p i t e  o f  t he  obvious d i f f e r e n c e s  i n  i d e o l o g i c a l  

p o s i t i o n  between admin i s t ra t i ons  w i t h  regard  t o  s o c i a l  programs and 

urban p o l i c i e s .  



Conclusions 

The examination of public policies through the mechanism of time- 

ser ies  analysis enables researchers, as we1 1 as decision . . makers, better 

able to  assess long-term trends, and changes.in trends, than through the 

use of less  sensit ive techniques. While "eyeballing" figures or numbers 

i s  effect ive in some cases, i t  obviously was not in th i s  case. Similarly, 

other time-series techniques7 examining only one aspect of the ser ies  

( d r i f t  or level)  might also have led to  biased interpretat ions (although 

the combined use of various s t a t i s t i c s  may have achieved similar r e su l t s ) .  

The poss ib i l i t ies  of ~ ~ p e  I o r ,  more importantly, Type I 1  errors  in t h e  

analysis of more simpl'istic time-series analyses than the method used 

here i s  as great,, i f  not t h i n  with other s t a t i s t i ca l  procedures 

commonly used in policy analysis and evaluative research. The extension 

to  a more complete time-series analysis ,. as shown here, .offers a more 

powerful. tool for  the researcher. 

The time-series analysis of urban renewal a1 locations has a1 so opened 

u p  some questions directed a t  the concept of incrementalism in public 

budgetary decision analysis. Perhaps incrementalism as a step-function 

i s  more applicable to  t h i s  case. Time-series analysis can be an extremely 

useful tool when properly appl ied to one specific program. Comparative 

analysis among programs and agencies would be a next logical step. Social 

sc ien t i s t s  engaged in policy analysis and evaluative research should be 

encouraged to take that  step. 



NOTES 

1 . See, f o r  example ,' ~i 1 son (1 973) and Gray (1 973). 

2. The programming was developed i n  conjuncf ion w i t h  an eva lua t i on  o f  
a fede ra l .  DOT program, as described i n  Vaught, K e i l  , and Bronfman 
(1973). The new Box and Jenkins programs w i l l  al l 'ow f o r  mu1 t i p l e  
i n p u t  t r a n s f e r  f u n c t i o n  t ime se r ies .  

3. Th i s  i n q u i r y  i n t o  components o f  incremental ism i s  presented i n  
Wanat (1974). 

4.  It should be noted t h a t  an examination o f ' t h e  au tocor re ' la t ion  and 
pa. r t ia1  autoco,r re l  a t i o n  c o e f f i c i e n t s  f o r  the  f i r s t  20 l ags  showed 
t h e  da ta  t o  be we1:l behaved. Second d i f f e rences  were used t o  
accommodate. b i e n n i a l  congressional e l  e.ctions. 

5. The " e x t r a  sum o f  squares'j p r i n c i p l e  i s  used t o  t e s t  whether i t  i s  
wor thwhi le  t o  i nc lude  c e r t a i n  terms i n  a model. The procedure 
i nvo l ves  the  examinat ion o f  the  p o r t i o n  o f  t he  regress ion  sum o f  

-squares ( o r  r e s i d u a l  sum o f  squares) which i s  due t o  the  i n c l u s i o n  
o f  t he  term o r  terms. The mean square der ived from t h i s  procedure 
can be compared t o  the  est imate,  s2, o f  s2  through an F - tes t .  I f  
n o t  s i g n i f i c a n t ,  t h e  term may be e l im ina ted  w i thou t  s a c r i f i c i n g  the  
o v e r a l l  'power o f  t he  model. For t he  t ime-ser ies  ana lys i s  presented 
i n  t h i s  paper, t he  "ex t ra  sum o f  squares" p r i n c i p l ~  i s  used t o  
determine the  app rop r ia te  combination o f  t ime-ser i  es parameters : 

' 

Th is  procedure determines whether t he  f u l l  model (weighted moving 
average w i t h  d e t e r m i n i s t i c  d r i f t )  o r  t he  simp1 e model (weighted 
moving average) i s  used. For a d e t a i l e d  d iscuss ion  o f  t he  "ex t ra  
sum of squares" p r i n c i p l e  see Draper and Smith (1966: 67-72). 

6. A ' s i g n i f i c a n t  T f o r  " l e v e l "  imp l i es  a s i g n i f i c a n t  d i f f e r e n c e  from 0. 

7. See Wilson (1973). 
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